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~, 6 MA's 2004 10 Rel ated Application This application derives priority
~fromU. S Provisional Patent Application No. 60/175,993, filed Janga4p 2804
., 2000. Technical Field Léijhis invention rel ates @gjhystens or mnethods for

positioning one or nultig¥e "tools, " such as |aser beans or other
radi ati on beans, relative to target |ocations on one or nultiple workpieces
and, in particular, to a systemthat accurately conpensates for Abbe errors
associated wth the novenent of one or nore stages of such a beam
positioning system 20 Background of the Invention A variety of
..technol ogies enploy tools to micro-machine, or deposit patterns or
(j/naterials on target |locations on a workpiece. For exanple, a
m cr o- di mensi oned punch nay be used to punch holes in a thin nmetal plate; a
| aser may be used to precisely machine or selectively erode netallic,
crystalline) or anorphous specinens; 25 and ion beans may be used to
selectively inplant charged particles into an integrated circuit: Al of
t he above-nenti oned processes share a common requirenent for accurately and
rapidly pgsitioning a pertinent tool to target |ocations on the workpiece.
The foll ow ng background is presented herein only by way of exanple to
| aser 30 beam positioning systens; but skilled persons will appreciate that
the description is r' ~) 26 MAY 2004 , . 2 applicable to tool
positioning systens in general. Conventional tool positioning systens, and
particularly beam positioning systens, typically provide novenent within a
t hr ee- di nensi onal coordi nate system and can be characterized in_severa
ways. 5 Traditional posiABREERRGR SQGRREGTION HafSIEMrANBIMEIHOP
translation tables in which the workpiece is secured to an upper stage that
i s supporfed by a | ower stage. Such systens typically nove the workpiece
relative to a fixeng AW RYstidtigR and are commonly referred to as stacked
stage positioning sysg%ns—g@tagse the | ower stage supports the inertial
mass of the upper siTagespplidationedetivek priexisy: frdindsS. Posvisionali Pejent(Appjlicaton No.
have rel atively good positioning accuracy because interferoneters are
typi cal |y usedb6&/1gad%aéitedalanaaryd 1d@P@-ni ne the absol ute position of each
stage. Tn U. S. Pat. .4 402 of Overbeck, a high-speed short-novenent
positioner ("fast pégaﬁﬁgﬂ§i5¥, such as a gal vanoneter, is supported by the
upper stage of an: XThid ingaslcatreRiesttalsy gers ot wthods ifér pusitidhningonk oheulpier
stage and the workpi ece 15 are supported by the | ower stagg The, conbi ned

novement of thétoole" pachi s lases bearam onpther fadiationhgpmggrelative S%F/gﬁblé’icf“il%é?n to

posi 1 oner . mo P Y ERLE SO RRiesE e RB e’ o8 By Hpi SpAREY Sokbensla
stoppi ng the f ?ﬁﬁAHQééﬁrbﬁ%fociMitﬁ%é RRvéaett dfoneRe naire stages bfsuchrgbéam

| ocation, and then repeating the process for the next target |ocation. 20
However, the cootitioridgsysteram of Overbeck is also a stacked stage

positioning systemand suffers fromnmany of the same serious drawbacks as
t he af or éfenti oned %%@%Mhe staxting, stopping, and change of
direction delays asspgl £\ bBRs eRPIdy RblsTBIRicRA-malans ! GHoRposiR Pakerdk
posi tioner unduly irfg?%géstg%t he&??ng ?eg%i r}Jed for the tool to procesg t he

~wor kpi ece. Ovelgbegdtérials ys tarpetdbsmionspn aesorkpi2be.s Foi exmnple asmzicto-dipansigned

conput er - based machi ne tool control file o, "database" that
punch may be used to punch holes in a thin metal plate; a laser may be used to

precisely machine or selectively erode metallic, crystalline, or amorphous specimens;
25 and ion beams may be used to selectively implant charged particles into an integrafed
circuit. All of the above-mentioned processes share a common requirement for
accufately and rapidly positioning a pertiner;t tool to target locations on the
workpiece.
The following background is presented herein only by way of example to laser

30 beam positioning systems, but skilled persons will apprecigte that the description is




typically commands the tool to nove to a series of predeterm ned target

| ocati ons across 'the workpi ece. The database positioning the tool across

within the limted noverffeny range of the fast positioner when the s
eeds this novenent 30 range. 2 6 MAY 2004 3

t he workpi ece nust be "@I ized" into abutting segnents that each ilzbte%Y 2004

| arge circuit patterns e

.S, Pat. Nos. 5,751,585 and S, 847,960 of G-tler et al. describe split-axis

positioning systens; in which the upper stagg is not supported by, and
noves i ndependently from the |ower stage and in which the workpieee is
carried on one axis or stage while the tool is carried on the other axis or

“stage. These poﬁjggi%;%gé i taRl ﬁée{s:iﬁ&ﬁﬁo Qgéeflgm% ?fa%éﬁrera{fo r(?on\'@%a.f IEO%? gﬁ%l&ﬁ%g gce s

~each support a

ositio and n otess one or

si nul t aneousl| y sytehisghlnd pamigglafiythetmtRiithatmusetetde tsip'fﬁiﬂpgﬁdﬁaé | moSata@gr t ed
e

stages each carry |ess inertial mass and can accel erate, celerate, or
change di r ect i oWithiracthige-diriepsionalpoprdinate systern and can be Rearaeserized inyssvenal
Thus, because t mass of one stage is not carried on the other stage, the
resonance 10 frequéncies for a given |load are increased. Furthernore, the

sl ow and fést posi tiDRgitnal SosabHiEsy steths MY @hardb eS8 by RCeSSRklali¥n tables in
stopping, in response to a stream of positioning command data while

coordi nati ng t hehiehthgiworkpigee|iy seeuvddrig apomper stage that [Srsoppented: bynp dower styge.
stationary tool sitions over target |ocations defined by the database.
These split - axi %&Brﬂftﬁ?%@C%QSWY%%%V&OIE‘?’?%ﬁegaqvéofﬂé’eg’feﬁleb%l’o%gq A
15 novenent ran@@nrhbily tréfet@A%o a8 stﬁéke‘&rsta%%éﬁ'{oﬁﬂﬁﬂlgg{@gtﬁﬁﬁ %\ébeﬂis@r@ke lower stage

significantly increased tool processing oug can wo

panel i zed or urjuapeits thednertinliassas. thSupper stege tand thes wprkpidceoriThege pysitionimgar e
becom ng g en nore advant eigeo s as the overall size and weight of the
wor kpi eces’ i ncrYSIERS NaVe FFI3HVYY BoRROSIgMNG, accurACHDegauss datprferomesgfesre At t he

same tine, feat j t ko FLU : . [ t eed
Fordi monsi onal Tpealt 863 A CRH SO RAHE B88 e BB M Hed'®
likely to exhibit ranadiSorRak. Nor 4532 1402tof iOvertedluc e hihbspeed slursmoweieht ar e

errors indicative, of th,g physi.cal separation between the effective position
of a stage and ROFBIONAGE dast BRSIHORST ) SHCIbaS 2 Balvanosgater, ApBwpperted by the upper stage

1 P 0l S i B 0

upon which the stages sli

i mper f ect 19ns  adre Sliygpotited \by the (dvedtistdge. tTHR! copibiyddd@oPeM&R® thd Qvd PEsiGdRIES -
FIG 1 shows three nutually perpendicular translational notion axes, such

as X axis 10, enaisdirsbmoging the gawpositionpmto ajknawielogation rear @i taxget lasation on

awes. (her eat ¢ or'ts SPDm&H PR UHER posi BRE SReyiSE uil P RiedeBtp Rl prdl
yaw axi s 22). Skiget Rdatiéif, k@ippireytB ¢k b¥sifiehe?! chRing the tool t6" oferdRYor2 B4 arpet ~

~C.~.~4 roll as an angular rotation about X-axis 10, pitch as an angdul ar
rotation about lecasionsandthensepepting he pracesaden the nexttargedlocatiout Z- axi s 14.

A housh Agser |1t g i . BRI SRR Y0 B S L 8510 ke opiionng

because they typiemldnd suffers from many of the same serious drawbacks as the aforementioned
fixed beam system. The starting, stopping, and change of direction delays associated
with the inertial mass of the stages and fast positioner unduly increase the time
required for the tool to process the workpiece. Overbeck’s system also imposes a

25 serious drawback upon a computer-based machine tool control file or "database" that

typically commands the too! to move to a series of predetermined target locations
across the workpiece. The database positioning the tool across the workpiecé must be
"panelized" into abutting segments that each fit within the limited movement range of
the fast positioner when the size of large circuit patterns exceeds this movement

30 range.




5 require reference mrrors that are nearly as long as the conbined stage

| ength plus the length of travel, e.g. as nuch as two tines the tra\ﬁeb

"di stance. Such mirrors gr“ difficult; if not inpossible, to procureé&f r MAYe2004

| ong travel dinmensions j‘i arge stages, such as with a | engthw se di nension

of 76 to 92 cm (30-36 inches), needed to acconmpdate | arger workpi eces.

‘Furthernore, split-axis systens would requite at 10 | east two

interferoneters for each stage and/or a ver% conpl ex system of optics to

i ndi cate angle and position, and the additive weight of the interferoneters
_.would increase the inertial load on the stages at the expense of frequency
{_'response tinme to cHarfyeRati Nosronght,68a and $.84PH60 ofiCutler 6od, describe sphibdger et

al . discloses the use of small haF‘ 15 di splacenent tr ngduc rs to

ndi cate pi t QROSPARNESMERGH 5 AhSP I PPRST SEES L AelCHPRQrSY BY, 3 mBRYS angul ar

errors by pontiﬁ&’égehﬁ%ﬂyﬁoxﬁ?ﬁ{ei 1B dRedardd inShBER ma&gﬁ&ew@sxni@a%ﬂi iR dxhe
use of a highty conpliant magnetic or air bearing system The correction
speed of the Torumperwiite thk todl)is tamied onltherptherlaxis or ktagdaAtiesecidsitmminghe
| i near stage system and therefore has sim |l agr mass versus. bandw dth

limtati ohs asysteRsihade 8RagEMoss FRRES STages: Jouch sachraupport pdast pagiteRes pad can
d/or | ' : rect | o
Tt hod 15t horapuss oS8T i SRkALGes SRR REN Ry SONER B0 S bause

present inventthemdepedenily Guppieted stiptheAhWarrglpRrintnial by ardcaargetelyrate,
non-contact snall displacenent sensors, such as capacitive sensors, to
det er ni ne Abbedeselerate; afehangs disectianineP quicklyethan cathoje af astcked stagesistem-e

not i ndicated an_on-axi s Siet L hdi cat syc i_near

encoder or |aser ﬁ?ceapiseef,ﬁ&%%groff Ogggtagg%rgogs? r%)edcogl _8%?}5 es_talgg‘r ﬁ)g urg%ﬁ]lﬁg%ee
errors. 10z ~ frémeddedforagiven RMadidhencRas@l:t Farithdri®re, e Blowoind fast 0 enpl oy
such sensors to determ ne and correct Abbe errors due to |inear bearing

vari abi | i ty orpaditionerstireagapted tocingye dvitiauh neeessaridy StoPpIAgoin TESPANSE 40 @rsgream
et er m ne- and & ROGTPBHSLAPEIS PR ame cparihaiae o MEn g o BA REURSLoRS o
that are errorg f&dﬁd&%ﬁ?&ﬁsﬁy Y8tihRey tdo? Poftiond $ved Yok @Mt diRns ALBnéPby the
i ndi cated by a position Indicator s;;h as a netal or gldassel;:?l ela&tq&%gr (ﬁr
| aser interferdatatace. Thesetsplipaxishmuitate positioning sy$temnk eeduca ast 1 t he
| i cat o8 pos: B GHIGH 188K GgEatoRs chPHPRFETELYLE PRETLE SEnen Y etased
i ndi cat ed” posi ° } ) I d
agai nst 10 pregj,sd ; il : ; ]
corrections dgt%gﬁ gﬁ%}&gﬂmﬁgﬁﬁ n%ﬂ?an%wrgﬁ%ﬁggﬁﬁ@ﬁgg@eﬁg{%&a@é&ﬁaﬁgs and
not on absol ut e accSuchcgpliohxisipesisioning systeras aregsecoingenegmortecadpantagenus as
invention is preferred for use jn split-axis positioning systens,. jt can be
iln}[)lhoyeﬁ i nI _sttaé l@@ﬁfagtsa%}eaﬂgy‘g?lé}h%‘)ft € WoBkRigees H&r?asﬁaw_fzg%g éﬂg%%é?@?_' I
ough a lin : m na
on- axi g st age ‘§§fse| @g%ﬁl‘%tsgégegd%tetﬁgg%{g%nﬁg? te}%é?g Sggf gﬂécekp ﬁﬁ%@gé F(ZP %gr‘r}\%= er can

be used phen acMERAlRE ntcRvdr diherdtuhdl preyisipAdb dficresssphnd split-akis syetehisede
Addi ti onal objects and advantages of this invention will be aEparent from

the fol | owi ng merealikedy teiexfibit petrienaberrprschatyipgaduaenbehenaiFIs, WREASBE SRITh
o C e B o nooBREREGP Uk RO TS GHIRA BRI AR L s BB bl

of the Draw ng’§l . X "axes, udirn
per pendi cul ar {apAcdHsRIdAIOfTRS 5tagk. AX86e erfors Yare &fpically catstdt by @gpertectiond or
per pendi cul ar rotational notion axes, ) )

' thermal variations in the bearings upon which the stages slide and/or alignment or

7'y

25 acceleration imperfections of the drive mechanisms that provide movement to the
stages.
FIG. 1 shows three mutually perpendicular translational motion axes, such as
X axis 10, Y axis 12, and Z axis 14 that define a three-dimensional coordinate systém
16, and three mutually perpendicular rotational motion axes (hereafter refe;red toasa

30 roll axis 18, a pitch axis 20, and a yaw axis 22). Skilled workers typically refer to




S

"a fragnentary pictori al

roll, pitch, and yaw. FIGS. 2A and 2B provide a pictorial block diagramof

a nulti-stage | aser 25 beam positioning systemof this invention. FIG 3 is

side view showing a prior—art gal vanonet ef BirMAYer2004
mrror positidner of a lf\yp suitable for use with this invention. FIG 4 is
a plan view showi ng preferred positions of Y-stag€ Abbe error sensors

‘mounted on a Y-axis stage (workpiece stage) relative to a reference urface.

71 FiG 5 is an end view show ng prefef‘red positions of 'the sensors
anused axi the Y-axis stage of FIG 4. FIG 6 is s side elevation view
showi ng preferred positions of X-stage Abbe error sensors nounted on an

"X-aycis stage xolloslansinggla) rotetian abaut Xoaxis 16§ pit@nasarsangudaraotaBoflaBout7Yaxisan

end view shovvigzga%referred os'La:tri ons of the sensors nounted on the X-axis
stage of FIG & and yap gsmn spgpiar Jotghiom abqu\d-aleMing preYerrcd positions of
t he sensors nounted ~axi Tolc) ; i

obl i que pictori al v‘f“gi\?\?&sér?]@\ia\%éﬁgﬁﬂg&%ﬁl t1- hsggtgﬁ{sgsa%}%e%% F°n‘5E§a§,£‘d1°@;°“?}é‘Fae‘%q
enpl oyi ng the foresedih Abbeasrioransuch systemsd Brei cdstly andvhédviyi tedaeske ebdy typidallybl ock
diagram of a digital signal processing systemincluding nmultiple fast stage
si gnal prdcessEaAdire sfpreagemiiprstthet arg nearbhasalgng as e nefl stageslengdnplys the
FIG 9. FIG 11 | inplifi ect.r] i agr o} . tiple
fast stage 1S %’P%t%aoﬁ t.f)ar'vglcg.s%oﬁg?@r?p S&ygéﬂ#%?tkjggé&?lg@% 3‘%‘@ _Siéglhca brr?z?)lljéeasrés)i ng
system of FI G diéfidoet, 3f herdmipgesble plo procet f6¥ gkasne tatridadefedts of 1kgeStageé)
and 28 (generically FIG 2) show a nulti-stage tool positioner system 50
havi ng posi ti ofch@s ovithem tengshadse: disensiap #bi7pite P3sm B0ad ickiedcressfediot hi s

i nvention. Positioner stem 50 i.s desgribed herei.n _aonly by way,of exanple
with ' 20 ref SFGRRMAGIEIAEE yRLRiEees) THLRTIIE SBliiaRE Stayrths NGUld table ha
enpl oys 3pdi gi feddt Wb IRRHeRIMIAT IOF edch30l5e Jan@Br befP Béhplex&yét@Slof optics to

gal vanonet er positioner stage 54 (scanner or "fast” stage 54"), a slow

X-axi s transl| aindivatesangtpeargiopsitoingwnd thegpsldidre) weightdofzhe ingerfatomeiters would
transl ation stage 58 ("slaw stage 58") to direct a |laser beam b0 taq.target

| oeat ons on_ attieag e g Red05 5 shess B siPend ety Fonub dmels
Wth ref erencecﬂaﬂggsi S mémehtdm? Preferred split-axis enbodinent, the X-axis
transl ation stage 56 i s supported by bearings on rails 46 and generally
noves al ong an X-2 Pl&nkat. Niod 51698,62 120 Brutnpanet &t disclosdsafe uSBof smallipaget ed

by bearings on rails 48 , and generally moves along an X-Y plang. Skille
persons Wl | afisplacamaans trapsducersite IRAicAGRItEE YaNe 258 r‘é‘i@é‘*ﬂ‘?’&niﬂ@%ﬁy&t@g

Gepondent. - oriseR ARt B E0n@ing Shebear g eeb Bl oS GRRANEL el vl g

7 enpl oys hi ghthetus¢ bhessghle compliatt atdgngtioor gif Gssringodylsein. b&aE cogestiat pesdt o
support and direct the novenent of stages 56 and 58. A system contr ol

co gput er 63 pr @Tﬁ@g Jesmper Gl gyatem isdinaiedte the drrdyvidih of e diapasdags W?@éalfld
64. i ired. i . er.
Ut ey ng hot es HEHGR AR SERIE IR B DRl RIS B a0 BB BT GHiRG ' '

dat abase2ps cogugits. onal |y conpiled using a tool path generating program
such as | DEAS Generative Machi ning grovi ded by Structural Dynam cs )
Resear ch Cor por at i oA Iegscexpesivenand/orf lepsimassiveandSiesy eeausda tAbde esmmPoreetian

conveys parsed portions of .the stored. database to a |aser controller 68 and
posi tion cont r@f%teﬂbpf P5Hod s g}eﬁ%fto &?Bﬁ@g‘ -

Summary of the Invention
An object of the present invention is to provide a method or apparatus that

25 employs non-contact small displacement sensors, such as capacitive sensors, to
determine Abbe errors due to mechanical stage pitch, yaw and roll that are not
indicated by an on-axis position indicator, such as a linear scale encoder or laser

interferometer, and a means to compensate for such Abbe errors.




10.as a data streamto a delta process 70. Delta process 70 resol ves the

data streaminto x and y conponents for delta position ("dp"), delta
‘velocity ("dv"), and delta time ("dt") for each intended change i tfpﬁmaqﬁ(}l‘
of | aser beam 60 across (workpi ece 62. Consequentlly, yeach novenent “‘of | aser
beam 60 is defined in dp—dv, and dt components that axe further processed
.by a position profiler 72 into nove profiles 15 including accel eration
and/ or constant velocity segnment position sggnals. Delta process 70
preferably generates the dp, dv, and dt conponents in accordance with a
preferred BASI C | anguage signal processing procedure described in U S. Pat.

“Nos. 5, 7S1; 585 and 60 .of tler.et. al, ich are assigned.to the

C assignee of this apgpgtﬁéi ﬁ%@%t 05(51%{3‘?’ 8{}t}q%h15%%8%p¥g§tsgcﬁsgso§ tot(%éCI ?)ne?ﬁ‘f{] and
dt conponents @gnef AbBE eRYrsdRle!td 1RENCHRESIng F aAbsllifylsr diStortRirk GESeRedWith
position profiler 72 into the nove profile positioning signals required to

nmove fast stacgpecelaraging osltemperatigregraggntsnd 58 as conmanded by the dat abase.
| deal |y, positioner.acceleration is proportional to notive,force, and
motive force is pr oB@er P’ieﬁ‘?{’éllmfeBagﬁ’ 85‘5’?&3&1 Coéﬁ&? © D3Rt fodeternine 23‘?
posi tiones dringipentd f@Slirfat Sﬁg@ﬁos@ﬁorlfh?é %ngen% @%ﬁg et fhaCire @ rided Xlﬁﬁ@m?t er

C

coil. Therefore, 'the positioning signal produce y position profiler 72 is
a series of "feffdctisppasitiomds thelsfystsimrthatparefibt mdicateddiyea pasition indtbatdirrsgclansia
constant vel ocity-induci ng positioning steps that cause system nov nts. .
The ful | - spect’PE# OF Bldss e 596 r&mlys%bglta'gﬁeme@séum pisch, 2 0PI of the
sufficient to J i J i 1 . t
ts. maxi mum {roRebagee APl e, PROIS! SleiCe BN o R BSOPRRI R, |
ful | - spect r um indishted pokitign of grstdgear® Memimizt codt, hye SSEREND R allibeatédhgaindt about
10, 000 poj nts per, second enpl oying the dp, dv, and dt. conponents
gener at egb by owp%laloaf?ga% g’y pesition fpfarenes| standargs sq the ¢araetpPRRdepeRd oaly o
program runni L; : Lvely, . , ts may
rg%gélg% v Al %ﬁanrﬁk }xg El'{éasteh%? r¥adu§§§mq.qmt g B?qﬂeda%c@%%f‘

be 5 enpl oyed ess a chassociated sinusoi dal “waver orrm val'ues
stored in a sigasorakatiingsd OKLtRoughthe ptdart ihfention 9 pRf@taiifopusd imsgIeRxk2. The
resulting full-spectrum positioning signal has accel eration and position
conponent s t haposgioaingesysiemsd itman bepmployeadry stackedestagegsyistemsrig redussrtbeiant
si gnal propagation. delay and el | ement, 79 that c ensat i n.DSP .52
For ¢ he” conet AR STER 6FEw,. BuEGH » Fdi e ReagPhar PREPREDEERo e jn8
exanpl e, 1slel ayngphiaBEsH-ax9 s@pé PYsitibM® 1edS&@ cdsts fUBBEr, R addy li B FeRDRRAErRiaBChbedY
position profiler 72 to coincide with the del ayed novenents of fast stage
54 and sl ow stusgeésviss agrdatgslevelraffacturagy and/orresqigtiomis disirag. el enent 79 al so
cooperate, as descrj bel ow, to ve sl ow_st.ages 56 and.58 snoot hl ver
the average positi %3‘@&8‘@0&% W%%lv?ﬁ@gﬁgj’fmé'we%%w b i3pRareRt &0%/[’ €15
and cooperate foflowid detdiRaldesdritiRnt pROBIrkd SO MEAKNERLP whitlprbleeds with
mllimeters. The position conponent i's received by profiling filter 78 to
produce filt erreftergmeito itiaccompamdngldtawifigs. dri vi ng sl ow stages 56 and 58.
Profiling filter 78_i r ef er.abl ourth-order |ow pass filter. Because
profilingfilter 7 Tl lig AR&RES | on command data having a 20

constant tinme del aygy tih ; o- 'rfha!h i LL . QR I :
positi on conponent ,Fl‘tﬁ%iel %:Hc())‘r?%&g’?\ Xétsi lr%“'@é ayfr?e:ﬁl{g@r%ggﬁé@teggh% ﬁ%gagdé?n%
el ement 79. DehatorebesprX, YOand Zpand tredmyniatip lperpentdiedlar notBXidbhad Znationaaxes,

programed del ay in conveying the hal f-sine positioning signal accel eration
and position c@ﬁp@ﬁ@ht@df%?&m position profiler 72 to fast stage 54 signal

processing el enent sgrdde f L Fbp ?)];oxyf@é QBic%r?al %‘fl&ﬁrcﬁagram of a multi-stage laser

25 beam positioning system of this invention.

FIG. 3 is a fragmentary pictorial side view showing a prior art galvanometer-
driven mirror positioner of a type suitable for use with this invention. |
FIG. 4 is a plan view showing preferred positions of Y-stage Abbe error

sensors mounted on a Y-axis stage (workpiece stage) relative to a reference surface.




25 80 and 82. Thereby, half sine positioning signals directed to fast stage
54 axe tine synchronized with the filtered position commands directed to J
s] ow st ages 56 and 58. The accel erati on conmponent from position profil er 72 |

is also filtered by profiling filter 78 to provide a fiItereEﬁﬁWﬁ
command to adder 80 and a feed forward process 94. er 80 ons’ as

" high-pass filter by subtracting the 30 filtered acc ?TVBG@ o
t he accel eration conponent of the full-spectrum r . r*b IVAY 004 ;

positioning signal to forma gal vo accelerati ormmf)@rv@@ E%OZ Wm ¢

rz conveyed to a feed forward process 86. gLi kew se, the filtered positi on.
‘command fromprofiling filter 78 and the del ayed position conponent of the-
hal f-si ne positioning signal are conveyed respectively to adders 90 and 82

for processing and KiGstSris huéddaﬁew%dvdﬁg&@@feh‘é@bblsm&ﬁ of eWeRdoRORSunR cind 58

and fast st agey er 97 and a servo filter 98 are conventi onal
| oop conpensati gﬁf ?XA??‘%e&tPtha‘f unction to keep fast stage 54 and slow o

stages 56 and 58 stEIOl 6.is Psidé blevanion iewi Bbwib préferréipRIRAL SEX ¢ Eiﬁﬁé‘d' ng
two or nore segond-order fil @ggavm critical danping ra}tlog
number of cascaaoec?e?’ofst%?"sn?d:f@r B §1329, QA S1A8Y) Kelativerfa are -!f‘lffacc

frequenci &s i ncr eastIGhY ivdostd vidve s sre frionb 8F i 3R . ars (&. -,
g. , two f'lteﬁéx!gﬂgus cutqgﬁé %hat arepli‘ 414pc§§| nmes the cut'otg‘?m}l%)r a single-

filter) . Prefe el's are cascaded to pr ovi de .good snpot hing ;zf-if:
whi | e keeping the (ﬂlerahdaﬁlhhbi&{vsh hd G 16e seabl b ’
filter 78, the ferred ﬁﬂléq%' an per seconc}ﬁcut of f frequg?tg{?

Hertz (Hz)) is ency conpared to the 10 kHz -rate:at
DSP 52 updat es posrmcoammﬁmlmméﬁnﬁ@d’mf"'
~hilter 7§qruns,af tcnsg, tlz sl ow, sta e update frequency, tf
~filter coefflc?’en?s é WW&“ B roundoff errors be
of the discrete fi [FI@rl0vis\acimplified cleﬁtri‘chmlwmaagﬁd,ﬁgfgdy 16"
al so receive osition
ge?ter at esI {he ?’p‘?@?%%“%@ﬁ“@ﬂﬁt?m%’gmémsrét "HI“EI"&%.”
f orwar d procesi@egmaamﬂngsysmdefmﬁlm The desired nove: pr of
preferably cal cul atF?g flt Q@MM rate, ..and |
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adders 8@5and Mwom@umployﬂﬁpa&tmg&elﬁgnﬂbﬁ)céﬁﬁg ;taggf“"“"amcel eration.
and position comrapg s!&gls .The ] age_ accel eratl on comand si gnal s

processed through ZO0er 8t aRgs hEmbodimsate < o 86, while the fast
stage position conFEGS! MWB (@nq@fcw;emd) hﬁﬁwuﬂhltﬁﬁ%fm&%oﬁmal Vo

Loyt A0S P oot ol Ll i ° ¢
Li kewi se, the xs\reoumstagmoheﬂwmcsoaembmtueam smmm loseﬁ’:m@ﬁﬁ@d t hrough

.—-af eed fopya 9 il,e, th efllt osition command is
\,processedt hroug %Serasg%l%e l vg’aﬁep?‘f’v%@ P 4Bl st age
signal s are c@M@@cmoan"MEﬁ 22 oarnol mnwesbmeeer@okmawrs &540 notor

driver 96. SGaI |des defl ectiop control current to a
pair of mrr or%g%%%{ ?{r?gds grélgg% °§f‘3§%g‘§h SIoM 288 SP\)e 2t Or
driver 96 pr ovlsmehtumlemsam 58 slowieage SBEY MQLEOL Dlaserbaih 60 Wfafgat t he
positioning o t FlL. G a rior art

gal vanonet er - Ilj(rclaé\lléeﬁr%,o?rltar g - W k? |onersu(fh(f’ﬁaﬂtmcg ‘il?)ﬁé%‘ le for use as fast
st age 5425 Gal vanorrbﬁ@rrefstmmeto B8. 7,Fh Gprefyrrodr splii-aiiS erhibddihb ik X060t r ol

current on Copgugh r Lipve, X axis an
hi gh- speedr es nse%B§méQ§6 P@%Z’ygﬁﬂmfbgnfﬂlét PB‘?&?’&-?’%‘W&P?@S 3igne a
bearings 108 @laee,tﬁﬂdehs/'fmx\ﬁotandaqmsxageﬁsmsruppcsr&dlb";rfbeaﬂ‘iﬁlgsjoh%aﬂm def | ect

:gigtl gﬁagnnGOa&E%l ece’ ZI%Q’% %I vel'y, 3 ]%‘?gcﬂl? o prr‘g%‘i‘b ttgtﬂbner

such as a pi eﬁfééqséétarnﬂéseblddﬁhtmmﬁraly\holad@mlnmhmpmnel plunes)idaafe linited
angl e hi sp
gal vanorrg{] er- g?ﬁ:ﬁg%ﬁa?@gf& &g&{d?%ng?u | i 6% tm%r‘re&"sg’%‘iréﬁtgﬁ i kewi se

with reference to FIG 2; alternative accurate rotary or |inearpositioner
mechani sns may be substituted for the linear servo notors driving

sl owst ages 56 and 58. However, @?“%ﬁd LNGhedy st em 50, | i near notors that
preferentially20respond to the sIo age position command are

preferred. Two signals are conbined with the slow and fast stage position
commands toreduce positional errors between the commanded position and the
actual position oflaser beam 60 on workpi ece 62. The del ayed fast stage
position command at adder 82and the filtered sl ow stage position conmand at
adder 90 represent the |deal srgnal25values requrred to cause proper
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commanded position at adder 82 to generate positional difference data that

.are conbined in adder 84 with acceleration data fromfeed forward proces&
86. Likew se, sensed positihon data of slow stages/56 and 58 are QeﬁeMéXe I\
by position 15 sensor 12<Lgnd subtracted fromthe. c nded position at
adder 90 to generate positional difference data that are conbined in adder
92 with acceleration data fromfeed forward orocess 94. Coordi nat ed
positioning is particularly beneficial for dpplications such as | aser beam
hol e cutting that requires rapid novenent between target |ocations along a
~.tool 20 path conbined with pauses at each target |location to fire the |aser
_to cut a hol e BUWPloystighostifress resciratlatingrgrtcgasstroliehbgariag sy stems ito supporhard

features and pr r j a rs of a conventional |aser
drilling s‘yste%ﬁé&eﬁ%ﬁ?&%@ggﬁ;& grgggﬁg%éaggg . No. 5,841,099 of Onen et al.

FIGS. 4 and 5 are r@sgetim ¢enthdl 2Bmpier 8D Droded¥s aSHOM A dRiaBiL itions
25 of Y-stage Abbe seﬁ?ors | 24 m)g%t ed og) Y- axi sal t?l\z,i#]sl at iaoé]sgssg(gg%[?@%
relative to yadatebdsestonage subsysere 642 cllierdatabasy chtains thetdesiaed peopessingof thi s

Chowi g pPet o PRI 10 iing FORE DS suHtlsees beos S0 wonpicee i Thoo.

nmount ed on X- ayi J i e e
Surfaces 134 anarode iy Borieh@hably YfhpAcd hEing o' teh iy Vel Bz SiBptand PHBR ST
aspect of thi sDEARGEnemtive MacRERIgASDvNENDy StaEfirdl BySintic?ROstaich Copoddhivn
2004 Wth reference .t E@% ﬁg d 4-8, be sensors 124, 128, 130, 131
and |32 are pr étrealﬁ’ll&r 1,3 aﬁg’,“eghﬁq'r}“ REMPHER OAEPBYRYS PREssH postanstof the
sensors. The i .a_f j

Mo tedMRLHREL RF %W&fnﬁfogglgégjfuﬁd gm LGS pgﬁ”g)gla 'of n‘{ &aﬂ?thagg

di stance froma given reference sur preferred i me

Abbe sendfrs hawve datagapameangelelta procesan: e Dokt peeRssSPNER6Ivas the! ©it£ ERRSE into
surface) of 50 ,umplus or mnus 25 ,umand a resolution of |ess than 50 ~n

and pref er abl yX/284 & qomponsnts defdaltapestion ndp "SkdeltactelorayGAw")wand delta time

appreci ated t hat,.. S n r iLhl.e including a,w der_,or
narrower gap r Qﬁé@*ﬁﬁ%&p&@@% ?%aggfgﬁf@%fgﬁgﬁﬁf%e&?‘@c@nﬁrgﬁ?fw FEPERES2c ot
ef fective. NonCoasqasitlys @asomsvenentfeiser besn BO GaUSEnddNGMpe uh Mhplie wear
that mght lead to 10 inaccuracies. Preferred At~be sensors include. Mbdel

PX405H seri es §rBeprnentsihal apferther papdessed byrapositiamprofilest72 inRamoye profiles ot a.
O her sui;kabl e; i r ol or_sensaors.are available from ADE
Technol ogllges Op%@@gxfgv\%cggl% ?at%gsagﬁgbﬁ&o %%1} Ovlg[%:}tygﬁgxa?n (Brogl’eglﬁ&ﬂgd‘,a@(;errmny.

Ref erence surfaces DERSprocdds 7@préfekaly Boderas e dF dvoAn@BPESRPpomies & des of
15 bearing rails 46 and 48 as shown in FIG 2B or may be otherw se

posi ti oned neagccprdaneepitha préferredBASIEhnguagersignat prpeessbl mmdednde descsibedin

in FIGS 4-8. (I 155, \,4- 8 Y- ari 138 Lapd. three, X-stage
bearings 140 aﬁﬂu"gﬁtgaﬁ%ﬁgg@ G?C?%%%?sd%ﬁé’fﬁgfeﬁﬁ al. TiRICh e ASSHENS! 10 the
surfaces are piRf@EaBE Hid RpiRaidh.| ength as the base for the stages or at

| east as | ong a~ the noverment ranges along bearing rails 46 and 48. The 20
ref erenc@0sur f aces Beferpngagaimbd FIGt Zthe dhudv dmdnditcompederits gbreerpred fog adel ty

strai ght because the sensors are cal.ibrated agajpst_the entire |epgth of
the surfaces sBmPT"Fée’QoW N S Rﬂﬂtﬂ}mdﬁ'oégﬁ??d@ms‘ﬁﬁmo"étﬁﬁ %s in the
sensor readi ng Tl g i r
stage positi on@?ﬁt%tl%%}éﬁﬂg?%ggjgat&)%@%glr%&g%ggéﬁﬁggggﬁggg q[se (§in ?%\3% in
paral | el pl anesommended W5thenlatabasel | deslbp positietercaccelepeion énpropbhiforfabtd owi ng

description is, for convenience, presented herein. only by v~ay of exanple
to addressi ng RoHWei forcnand mefdve fosee is Prenostional sppleetrigrl eirpras seppdieditg asyst em

i et oA 1 BoAdHel ik tuch s ihflar g 9eby bR b Bl 8Fh 5 ahOety BB S5 ana
t2 884t ool (| aseThefforé, the Pokicichiag sipnaPprotiaekd Bbpositioh profiler 72 is aseriesof-"flMAY

spectrum” half-sine profiled acceleration-inducing and constant velocity-inducing
positioning steps that cause system movements. The full-spectrum bandwidth need
only be about 250 Hertz, a bandwidth sufficient to drive a typical galvanometer-

30 driven mirror positioner at its maximum frequency.




Wth reference again to FIGS. 2A, 2B, 4 and 5, the nomnal aon-axis posjition

of Y stage 58 is indicated by sensor 122a, which is preferably a glass or
netal scale . encoder oré'a‘ | aser interferometer depending on desiregdt MAY 2004
positioning accuracy spe Lﬂi cations. In a spli t-ax\id; configuration, Y-stage
yaw typically produces the nost 5 significant X and Y Abbe errors. The yaw
error is indicated by preferably a pair of Y.;stage Abbe sensors 124a and

124b (generically sensors 124) that are preférably nounted as far apart as
possi ble along Y axis 12 and as near to the top of the side of Y stage 58,

-or a chuck that it 2@\4 sttéggort; as practical. Reference surface 126 is
_preferably integrat ed™{2Rta8°qus; valueg 0f the fudl-spaeteurn positionivig stgngbamsgeeptiiad by a

that 10 t.$ . i.ndi ti f th 18
bossrbl o a5 a rosp el asfed BbRONCoRTRbiBf skl srebie B viiey e camtmoivy and dt
tenperature, anmngioagetsgenerhRddyid@ha pT&%smPQév‘b%:gde%%} gqgngg,a%&ngfﬁp

conponents of the distance fromthe reference s ace o
detect ed by serF8EEINIEntIdSE &% akleerpatisely, abe gp,odn \wad tde dompoRenys A9 dR

yaw probe 4riv i nt DC voltage suitaple faor 15 processing into Abbe
error cor r5eict i ge;]mp;l?)' erﬁila sa%d%ﬁﬁgléa/gqtﬂh%sg‘”ﬁtﬁ sipusQifial sravetpringvalugsastened iX-a/thhe

and Y- Abbe errqralL&dldek@ tbAi2 tﬁ,ﬁ‘tdisjrﬁc%rﬁﬁ'ﬁﬁﬁgviﬁﬁ@mﬁﬁ't ed to adder 82 and
S.

i ncorporated into scanner position conman reference again to FlGS.
2A, 2B, and 6-8, pi tBe requlting &nbispestrumogosiionimpystorid ha@iccglesftionPadEposition
20

significant X si;tion err.or The preferred split-axis
confi guration, acgg]pgﬂ%&lﬁtqaﬁ af%rgc?lf’%fﬁp}é&lx aling 1keratfehayinga censtard signabdge;

such that the ; ! 8 are rse and
Such that st agarRERUOebIRe andY do RO 7o Mhimpsal in TS 505 e opgrant
enbodi mentQ X sigrgbp®pagasionrdetayt afchrufiling fittkr ¥8. Wbt Exafpié AdGaPSennP 9 ﬂgltaﬁg

hori zontal ly. ‘I{QUf,gpi tch, yaw, and roll in this context ar€ defined wt
respect to the "Xct3oe TgREHRE BYlssseaniatad byf positionayefils 73rtd camicidet with tie

. . ) ot atlon Sl on axi
et on of X efaytd BictBinetteier 3P Abe 3% SRR Saiss SR | BroBe i 1f and
gl ass or metal dskagletersem G8ailsoosoopertatts @5 dbdetiBed Bél@%&@ho@@@%’&dgt?gegsoﬁlgrg?% ed

posi tioni ng accuraﬁ{ speci fications. The X-stage Abbe sensors
131, and 132 m&{Poginly geerithe 2x¥erage psition profiler whils Himiteng theirmeselérarion Yo st hge

124. . 281 i cal | 28 .
or ot or abiy moueneioaRiae b6 il dEdbd ARG oleRels o 3 10 militepes 2 o
MAY 2004 apart as p@deipakiionlcoRBorerdld fecdifed %g&%@g&r%ﬁ@%&p%{i&% fiftded >

are preferably npunted as far apart as possi axl s ensor- 132
i s preferably RBYUHeREOMBI2NE dplatfnnfiriving slemetages Feandaffar PrafllingoBissiigisal ong

Z axis 14 fro 1..Because X s e 56' is preferably kinematically

nount ed on thrgge?%égbi%go rtfzfﬁa%ru@?'%‘?‘?émg{'n FIGS. 6-8, ch~nges in distance

fromreference rf &e - ~e 128,
su efusd fofaing 18R 7@?}:&8&%039 fitérelt \Pz)trsrglﬁﬁ c?ﬁf?lgangl dalﬁ% having 2

130, 131; and 132 will result predom nately in no
associ at @8 wi t ponstant sige dedayawith mespeétrtonhelhalf-sine ppositiofinX sinabposhfon X- st age
Abbe sensors 130 _and g:;ql] det ect di s%ei\anc,es from X—stage déaw ref erence
surface 134a and"PHENEANR Consian: fme detay iscompansatng) for by deley eltmaens % Rekyage

SO ool 0PRSS DB oS 6 3 EDR SRR aXS ASenl Bl

reference surfaces 134a "‘and 134b,  respective vy, and

rol | angle of thedalftsineparitioning signalHEceldrativmgad Ho¥iGorsesERSRnE&A P08 Rftion
di stances fromt lp,}tch ref erence surface 136 and indi cate changes 1~ the

pitch angl e of PRRIN§I{fetocfst siage Xignal prasessing elements, thg firsteofwhiobl ave adders

conponenbsg of kst r . f renc urface .134a of. ~he Abbe
errgr detzgct edg(ggn &sig?fsgi:hgfe fgoﬁgﬁn’%%ggﬁgfngcﬁ%% %Fegtegrtgfféﬁ}ég’lgﬁ SEATG dime g
b~ an X-stage yynchpomided with therfilfedéd paittorocdmiistBEBeAUb SRR &afdy 56 and 58.

processing int~ Abb% error correction signals. Simlarly, the Capacitances
i ndi cating th X and ke aehelssafean eomponeniciramosition profileny2 healse fite pechy

surfaces 134a : be error detected by sensors 13l and 132 due
to roll 20 ar eﬁ{éﬁé’#‘g&gf?ﬁﬁggﬁeb&l&%ﬁ filfered agﬁfﬁxag?%@ém{r@p to pddss 89y andoa feed7
into a DC vol t ige&asdiptoadds®4f OX ddd? rROCRaSH L Rt h SR I.on: Signal s.
Simlarl § t he capaclljt ances indicati ng&%d?hlg ai@éxﬁ%tﬁ %glggﬁgﬁtﬁéﬁ%{ﬁ@htgg

di st ance30f r ondiitered peealeration cemmand ErotrBtheakcel bratidib bemponent ofl eefall leshebtriim
sensors 128 due to pitch are preferably converted by an Xstage pitch probe
driver 1~8 into a DC voltage suitable for processing into error 25
correction signals. Skilled persons will note that sensor 131 feeds both

yaw pr obe driver 126 —amndTott robe—drrver—t47—Sortabte Pt obe—dr+vers—ate
wel | known to skilled persons; however, Ithe Conpact Probe Driver
manuf actured by Lion Precision is preferred. These yaw, oll, and pitch Abbe

Sy . e



in effective beam position on the work. Fast response is achieved by adding
the Abbe error corrections to the scanner position at adder 82 becapsea#&e
bandwi dt h of the fast sfage 54 is significantly higher than the band 2004
of the linear stages 56 and 58. 10 However, the Akbe/error corrections
resulting fromthe system of sensors could be added to the |linear stage
position servo loop directly at adder 90. This inplenentation would be
appropriate when -fast stage 54 is replaced by a fixed beam positioner. A

fi xed beam positioner would typically provide nore preci se beam positioning

~than is provided by fast stage 54 and would he enpl oyed in applicatipns 15
where greater aCGHIORRE ﬁg@qittgggﬂaggplyg@p@el%r%cpp é@difﬁr\wdérgnag wiich éhcanveyed

submi cron si zedyglg 2 ' 0 kL jate.that X-axis stage. 56
coul d be adapt ed sogﬁrﬁ%t %E@S%@ Ei(e\r%%’ g%p@?ﬁ?gar @%%H%g%@m?{wfgpﬁﬁﬁg}g
beam posi t i onerfiltayr78t dngit thiXdebayed pdsitpn &ﬁnm;nmmﬁ@hmﬂgg{erbd‘sﬁﬁ,tm@ ﬁggﬂfﬁe and
a fixed beam positi oger si nmul t aneousl é% In the | atter case, Abbe error

corrections wolloRYBediietPertvely drpddeps G ard §2 forf processing sind glistfiuticn, enpl oyed

and fed tosadd : nev, f itioner, is enplayed, FIG 9
shows a r(rjlsul ti _-er(ﬁsé%gtl#gg’l iSgé\vér%t?%%ei%%ﬂgg#nﬂ@ﬁastfta%%ig’% ?‘n%%ﬁ? %ﬁ‘?r PR 3RAiacKrvo
mul tipl e wor kpifilee 9812 BonvendBral 166 compensat AN INTE tik ?ﬁﬂcﬁ@ﬁ%’ﬁé& fast stage 54
processed. (Hereafter nultlézle el enents are referred to collectrvely ©

wi t hout the | etandrslow siages $6cande38 gtable. " wor kpi eces 152"). Ml ti - head

ositioner 150 enpl ne ~.each, of. sl.ow stages 56 and 58 configured such
!to hat wor kpi eces rlrgzo%/{i’gﬁﬁ )ﬁ?ﬁﬁ? 2%1 lsalﬁl&ol?fﬁ?l?t?‘ggy S#ngéwew\m@@ég@r@sorém

mul tiple fast dHilages Sritide? 4BmpieAGtios. - ' -.axi s sl ow
stage 56. O cour se,awtjhﬁéel rl.gl es op Sl ovbogstééé?lygﬂgﬁcﬁ%gd&ggd glgegéel\%}reé%eﬁ, or
two or notd fadeyendes theid cuteff frequeacies mdrdaye by ebart thosduale ROt B SheoWuraber

stages 56 whil e, Y¥axis slow sta 58 carries a single workpiece 62. ,~ 2
6 MAY 2004 16 AL ﬁlﬁés ?S‘?u&mgWo 33;“3? Ve&@&éégaf@&e id‘rlai thesoiie SHiphf forgsingle

i ncreases, theifftepccC ' ' ifficult t .
accel erate. Ther te}ca%rgfgf%%gl?%ugz%rr p%&%‘%&é@%ﬁ%&@%ﬂ%@ HHiBg, WJHI%QTeSan
stage 56 is préheowrhl fillemmpldmentafionsimp.t hough N nay vary with positioner

types and applicati %ns. 5 Eac#:u of_ wor kpi eces 152 has associated with it one
or nore processing tobPETRERke 1, thepreferead 38mdianime econg@atotf frequasy

that dir S pr, i I | at fast, sta 54A, 154B
154, T N ERER LR Ok 4 PR 16w ARG i B0 B BB Teth agifith oo
stages 154 def ISR 52 hpdgeopusitunig ENL@sldw saedss ahPS&t TOPD Mg filter 78 puns

substantially square, such as ZOW%y 20 mllineter processing fields
10 162B, 162C, atthe shhlp slowastage undatesisemieneye dhendiskasteclilber coBificiaritslbecarasrer as

160A, 160B, 16 Ry d on s| ta for view n

associ ated pr ogglssglwr? gto?r ?%FA(? Z’f %églg%ée é@ggﬁ'& R(ﬂ%s %ﬁm/ﬁ ﬁffﬁ%& gﬁsfr FO¥E g?ose 16’ the
rotations, anduditeioRi OP@IiIMATIRE 78 A%k0FkcMsKRE G6&BferadRA: codtflaft floRPpGiion
focusing lasers 156. 15 In the preferred enbodi nent, the sane proceg5| ng

pattern iZ dupPrefdecd? end gencraeedilesal appeleration ebminzdrtbatlis Gomvedetias servo
stages 154. Ho iNn sone RLocessi plications, processing pattern
variations my?%e\é%é‘a%rpéacﬁsﬁeﬁépgio ?%%fggt tern to variations anong |
wor kpi ece geomet ri eThedesir@ fhnoed ?fo?ne edrhe8hds ark @%&%ﬁ%@gﬁ@@lhéﬂs&%g%gg) kHz

Al ternatively, it may be desirable to have one asers
si mul t aneous| y updalingsraten gnditief dow stage hotelgratidrearmbicguad gnotrabnyariddeh posiabn o

repetitive (slave t single Y sta atterns on the sanme workpi ece
152. It may al §‘bbt’i?§?qﬁl§£‘8r§g'§ﬂlatt§5ﬁ‘é§§%ﬁ)&% gr%cfP pradyces respectively ithrotast 288 and
mount i ng 2A5nCongtl it and position command signals.

The fast stage acceleration command signal is processed through adder 80 and

feed forward process 86, while the fast stage position command signal is processed
through adder 82 and galvo filter 97. The processed fast stage signals are combined

in an adder 84 and conveyed to a galvanometer driver 88.




i ntroduced by nounting position variations anong wor kpi eces 152 nounted on

sl ow stage 58. Unlike prior nmufti-spindle drilling machines, nufti pﬁaﬂiAY
positioner 150 can 25 co ”'"?sate for the above-descryibed variations Oy 2004
enpl oyi ng progranmabl e cg}jrecti on factors, descrihed/with reference to

FIGS. 10 and 11, when driving each of fast stages I54. Similarly, the Abbe
errors, indicating the degree to which a cogﬁanded tool position does not

mat ch a sensed target |ocation, can be conpensated for in a manner simlar
with that described with respect to Figs. 2A; 2B, and 4-8. y w.' ~ ~fi
MY 7f1(14 17 FIG ..Shows how nulti-rate positioner DSP 52 (FIG 2) may

be adapted to coor di HXEEISEhEeY stege filtgredraceeleratiph eomsmnd ss pryessstBhmagh a

sl ow st ages 56 : i i fti-held DSP 170. In |ike nmanner to

e 55 it rioedfetsiard BRAL 910 wilenE MO SR o] it G hyamand dSpigessed.

and dt conponertheoughatidar®0 fu séhes fifiePINCTHS BrbcRYseBQRv biage ﬁ'g;iﬂg‘akeeéorﬁﬁingg
so- | n€l'udes” Sone

into half sine profiled 2L-)losi tioning signals. DSP 170 al
the sane si gnal FPaddes?handranverrdtosimap serp matoetsiverdd.i ling filter 78,

del ay elemngent 79, f I d, process 9 vo driver 96, slow stage 56,
and posi tin%n sensor eﬁ%%%éru Veﬁ%gprgy)\é?ssgeﬁeﬁ%cpq FORLEP] CHHEDL 1R-2RiE OF mjppor
stage 56 procesdiflogtig gaIPdtomnetdrs irf RRVRageAd, | dn| r ' .gi.and

that 10 corresponding Y-axis el enents agre irrr)?icégl:y.es @{ozdgwéﬁl %gﬁg"e‘@%st"é’ﬁf“’l
control conput EUIEBt {oslinear s¢rve dnatersdhatwensblothe positioningf aliy bBgansk Md st

stages 154. Ml ti pl t .Sstage signal processors 172A, 172B, 172C, ...
172N each recei ve f?ﬁ?t%&'sgoqﬂoégﬂ %ﬁ%‘}’)%tqrrdémegy@ﬁ%p@@ﬁpm 1QbehHatype

63. In this wawnithisie t otk . sl.ow stage .

position data 15 are ?ﬁ%%gg&%g/a%ggh o¥ ‘iggfetég{}gﬁ%yglégﬁgq %r%ﬂ?&’gggr"%taﬁ‘?@l

such thatl®ach cofitrpleurrest agesndifefors 102t esspestive K-axis AT a8 hidf-speat 9et

| ocations that are fu]étger osiéi onabl e b%/ uni que error correction data. If
g sil

only a single X*URNE Yt 8Rp Lo Bt rasate shafis Y ini heiasings1308 &1 ages 154

and a single Y-gapk$y el IrraER | ti

wor kpi eces 152,s t.hene?}{l Ee hg%gir;:ortr or Og%gbc%#hoﬁﬁs%f g‘?ﬁ%ﬁk’vﬁ%é@%@%@@zo
in connection wptibndilgs. 1 1240 2RedaethideBtaedn |RQtEAPhWERHpES Ut

modi fi cation, and the Abbe error correction data 190 can be fed to' adder

80 of Fig. 10 or fadtitesnatiyelgroadeartg pedeoepesitiontsOsush aFiagiezbleatricstioment,

FIG 11 spxows RY f_.fast stage signal. processors 172

recei vi ngﬁ?ast a‘&a\rr?(? scl%gl\?v&s té%ré%ﬁgg}%{ i?‘BH{eﬁ&“a%t*a 'F%q?ﬁlﬁgﬁmg‘?@r SeceAULBE | on

data from 25 sysédin slase 6f0dalePBRtR/drRen miR8r BOSifiSSr 100 iﬂgbagbftikﬁ-' é;@fén?‘:»@.w
0

stage and wor kpi ece rel ated correction data that are conveye geonetry
correction processofl-iNgusawithiraterense 4 E1Gi ealtermativardesael rotdraot dinear

correction dat : eyed to f ast, st .correction processor 18~.
Skilled per son?o\g/%nﬁﬁlltlergé%rh élgiig ! %na&yht%ﬁs %melégtfg%&’géé?aﬁ%v%ﬁpt%@ﬁtvé@ gaw
separate X-axi stagéa§®snd88. MovienigbBsiabhet sHa¥S 50 ﬁ&@ﬁ%@b?ﬁggt@g}ﬁgégﬁ%gﬁggd

but may he unsynchronized, then each such X-axis stage
by its 2 6 Mespondp theistovowagpposiierscommatd are mefepredcessor . Furt her nor e,

each such stage 56 gtoul d rleferabl e equi pped with its own position
sensor122 and five X“ot HERA AR50 with g’%‘@%@ﬁéé@% sfage pasijiompemmands te
associ ated wit bsieby4d r L: equat j.on-
or | ookup tabl zedgggggﬂﬁllz%dvl\g\&}gks %@gﬁf?g;&? W&é@{’%ﬁ%ﬁ %%%ebr%&gagg’ﬂ%ﬂm of

correction prodasesbyani 60 oambrkpiste 62.afhe delayetfaspstagy pesiidOfonhend heiRIABD Y

equat i on- based aé %ngfl i nées described in U S . Pat.
and thefiltered slow stage position command at adder 90 represent the ideal signal

25 values required to cause proper positioning of stages 54, 56, and 58. However,
practical factors such as gravity, friction, mass, and inaccuracies in the full-spectrum
positioning signal generated by position profiler 72 are not contemplated in’ the
unmodified position commands.

The practical factors are accounted for by sensing the actual positions of

30 stages 54, 56, and 58 with position sensors 120 and 122 to provide predictive position
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‘No. 4,941;082 of Pailthorp et al. ("the '082 patent"”), which is assigned to

the assignee of this application and is I ncorporated herein by reference:

-Fast stage linearity and ale factor errors are relatively constant and

depend 10 nostly on the 'Yrjﬂi vidual characteristics of fast stages 15@ 7004
Therefore, fast stage correction processor 182 requifes relativel M

.and i nfrequent correction data changes. CGenerating this correction data

entails, for exanple, directing each of fasE stages 154 to at |least 13
calibration points on an associated calibration target as described in the
082 patent. A reflected energy detector senses any differences 15 between

the directed a?d actu | target point |ocations and tgéovi des difference data
“to system cont f&f %‘&%‘ﬁ@ra I5 &7 ang 3 B PSR 2. MNatertha addemge iothe festistagedat a

are conveyed t g,ahhi J : rection processor 2.

A co, any i1 E2aRiE B eldh B0 ee s AR bl fioP SRS 12050

| ocati ons sensé2R bPosisisncembed1 20 ggiol 86 whfikridbva t‘}?ési ShFibPie F0ehtin
conpensated for. Slow stage linearity and scale 20 factor errorS are dal so
rel atively conSiPRHorplatesolinggr and Fermfencederrsegjes, rar iterfqroamttercmotier tewotodat a
changes. th .hand. wor kpi ece-rel ated errors are relatively

vari abl e gd dgoﬁg{r?ngﬁfgﬁp\ljﬁ%ﬁl% (&s{oadigitel tdigifp{Q-apalog gpmyergign ang

di mensi onal vatechiiqegts among wor kpi eces 152. Therefore, geometry correction
processor 180 requires relatively 25 large correction data changes every

ti me workpi eces 152Aareser hearg&0.undergeesumongmertiasrose moekiiea@no ) aha sastdibbgm
for exanple, directing sl.ow sfages 56, and 58 o at | east two, and preferably
four, predeter RREY @%Ioi“ ?Iéquisg'n&'%ﬁaé%dc@ ﬁc%&@g‘é‘LMP%ﬁ%r‘R@é@e 152.
Al ternatively, podiicHal BITRQEHIBRErMIRINE ol (MBraki (5 A ' h
the fast posi t?orjer , both the 15érleow sgaailgegréSéEStaan °‘§§ééﬁ§a"f°§‘s¥ﬂs°§%§g§é%‘3&gre
30 directl@d topesitibrihgenatsi bingtarieuldrasersed posities data af ifdx sfap® 84 taad GRIVE s

be, for 19 6 Mg Z004 exappl e, .corners, tooli ng hol es, or photoetc
targets of an 1d P2 AFf gETgERLe pHtiapensensdl apd flge apd seliragtadem thee
directed and a | d [ r i . . i i fference
data to syst em&%:dgﬁt&rl%éla é:ogﬁg%t%;ad%% %Ero eﬁ%@%s@#ﬁlgoi lgﬁggegl\é%ﬂ?ﬁ%r{gatc%ﬁ ection

data for each vambipedieadde? 8dvaticanteleyRidnidataafiemseal Riwhnal ploceRSHCi ated 5
geonetry corref ion processor |180. Far each fast stage signal processor
172, corrected ﬁ‘ﬁg‘?ﬁei S5Tse Padition dyr of slowsiages Sqrand Srare gererated by easitisy i on

180 ..gal vo, dri 88 d
Pact st ags 1o4ARd {2k ubEed MR BBEaR% BRGufRUROBE DY B efitrnllr 100
(as in FIG 2Apositivhat differéieed dacy theoArt @6inbRied if addiFenSwilB4c@tatidh 84a from

Skilled workers will understand that the sanme process applies to X-axis
fast positioni f?@c.l forwaggpragesig®4-he correction data to fast stages 154, each

fast st i f Limted t 8 8 ni.l.ljmeter. pasitioni
ange i onin i bs 20Chg s bstthat s R haninlRb engisial BT -piRRgt S lasere
remai ni ng 2 m bdaniRéIEICRtRE tRASekhifsy A drrﬁ@&%xelaﬁbét%zeemirgéﬁacaftﬁpsw v4 1391

the above-descri bed corrections. The foregoi ng describes signa pro§essing
for a si A8l e axdth combinedivath pasesatciaclvfargdidodation tafide tHedasepos uti hele but, of
stages. Skilled workers wll. readily . .understand.how to replicate the, signal
processing to %oélﬁediliﬁ?tehrf“r‘i"ed {?tha’Pto‘?F\f’BFatﬁ’(S‘t h tiz%ge,anggg ?‘P‘L,H‘glrfé’ée% PIRECSINggI e
or multiple fasiraRefid O ESentdhabIAM %rﬁgﬁ‘%rsy%rﬁ%e 1139bsedRR! th 2B "No.

enpl oyi ng positioner system 50 and i ncl udi hg e error correction is |aser
cutting of hol £841 908 nf&swdy étredl. vi a holes, in nultilayer ECBs 25 or ot her
wor kpi eces 62. Ml t%@% ECBs are typically manufactured by registering,

st acki ng t oget her, R arereapsstize Blangnghend Viws showing prsferred positions

0. 08-m | bk et egs i ' ' rS.vi : i gal . jps a
differ entb' 5i nt eéfcg% ct‘llg%tﬁc%g%?rgg%! gq(?lrlll uctozlrY Eg‘fst}}gp%l?éﬁ\g’\%lgtégé g?tr%‘%“g‘?g‘@%si ng

constitutes a mferphexsuefacel2é rahcconimpon®ith afigpdct 6t thveid, Qa0 FIGS. @8
assenbl y: The conponent and conductor density trend 30 of ECBs is

i ncreasi ng t og¥EHBIPEGH Y sige alevasion, ghdoandinien kiews shewing preferred pesitions of X-
stage Abbe sensors 128, 130, 131, and 132 mounted on X-axis translation stage 56

relative to yaw and roll reference surfaces 134 and pitch reference surface 136 in

30. accordance with an aspect of this invention.




v] ~ ~J z ~ ~~~ Zoo4 positioning accuracy aid dinmensional tol erances of
_holes in ECBs is increasing proportionally. Unfortunately, the pressing

“step causes expansion and di mensional variations that ' » r
and orthogonality variations anong the ECBs. Mor eoverl}hﬁ%%wmﬁgows
(~orkpi eces 152) are attached to slow stage 58, fixturing anigigSﬁmsztﬂg?n

cause dinensional rotation and offset errors anong the ECBs: AddiTg :

that, ECB thickness variations nmake it difficult to mechanical Izrgvgél 2004

hol es havi ng an accurately predeterm ned 1aepth. Positioner syst . or

150 sol ve the above-descri bed problens as follows: 10 Two to four

“dalibration targets can be etched at predeterm ned |ocations, preferably
~one at each cor né¥jthgeferact tEEES iBlend d&yeibbe sed0rs &2isel 281 13@rBicesd

bet ween t he mranded and actual ,calibratiqn target |ocations and_provide

di fforence dagart BrElFabl ARG AIFSH SRR ERSeIEht GiSplacsancnt Sgsomhelees ul 11 ng
correction das pRirErrE@RUBYRInER 4R0ed ad B AORABE OF MisERKE ok £BivRpOCESSOr
180. 15 Two cal |Pbratri-on t ar get suprogi d]e su?fi cl ent glff%serence da gg{lo
syst em cont rreferamaputiare. 63 4 preforaedegbbddimento that Abbe sensorsfhreed ge@rdangti ons
.anong the ECBs. Three calibrati targets_p e sufficient difference

n rovij
data t o syst'@tREhPFIBICCR 8RS0 g{pdoﬁerpgcec%ﬁr facex O%f QRIS PTMINUg 25 4ap and @g)| e
factor, and aTaTelo) i [ 5’&1@%}% [ f h
calibration II?‘f‘;l(?get %rk%sh%?ﬂg{)?g&v\s r cor ?elécgtgl%}(])% ofeqtur apezol als(ﬁg{?td
di stortion ipersasivibfappleciatedBhat dubikroly cheeaagyadre pobsible indtedihgadvitlar or
accommodated by the t 0.13-ml]imeter ( t 0.005 inch) |aser depth of field.
Processi ng HaTFoaveyigap Fige and bstemtesolytion Mhes the teghnologyrpsomes cosh pifertive.

" processing t e of the tj di..anet.er d i.tianing

tol erances Zlg&lL ﬁ@ng%\?g%?so%?rtse P?Eftegg@;ﬁ‘gaglg%ﬁe&fh{/m at%&ieglgalﬁ g’?§1§g?a§3ﬁ y
process@d t hingiegtacesf iPreferie@hbetsehsdraiRiudeqModel PX40SPP&Ries phobed Bvbilabro! d,
ni ckel, silver, palladium tin,. anci lead), through one or nore dielectric

| ayers (e. dfrom Ijon Precisden of-pt. Pavnk Minnesodn z Othes Isuitable papacivanceprdiesiode
triazine, cyanate_ester-hased res| ceramc du bu ot through a
second condudhys P AYALla ﬁi“’?‘éégﬁ ?ﬁ%h’wgﬁgéesl@%&Wgagmﬁ%sﬁnébﬂﬁ%ducti ve
- material to %‘qul@hroifcﬁ{elnyu%o@%h hhe first and second conductor | ayers.

t ~' LAC~I1TT SET 19 FEB Z2(~ 21 6 MAY 200 Blind via processi ng w ndows

are presented i n Referinte irficepd@nt34hand 338 ataydedouhedone apprpprddte sides ef ri ng
20300 48 F Go,Bng Tl do HPAS RSO RFIGH 3B P BE bR 3SiAhc BRar but

separated from translations stages 56 and 58 as shown in FIGS. 4-8. (In FIGS. 4-8,

four Y-stage bearings 138 and three X-stage bearings 140 are depicted instead of rails
46 and 48). The reference,% surfaces are preferably the same length as the base for the
stages or at least as long aé the movement ranges along bearing rails 46 and 48. The
20 reference surfaces are pref¢rably stable but do not need to be perfectly straight
because the sensors are caltibrated againét the entire length of the surfaces so the
corrections depénd only oﬂ sensing small changes in the sensor readings and not on
absolute accuracy of the se;*nsor readings or stage positions.
Although stages 56 and 58 could be adapted to move in parallel pianes and be
25 inertially separated or dependent, the following description is, for convenience,
presented herein only by way of example to addressing X and Y axis position errors
in-split-axis positioning system 50 where substantially flat (100 to 10,000 times larger
inthe X and Y dimensionsi than in Z dimension) workpiece 62 is carried on Y stage

58 and the tool (laser 76) iE directed by X-stage 56.




10 blind via cutting apparatus,in which N equals an even nunber, such as 2,

4, or 6, but preferably 4. Lasers 156A and 156C are UV Tasers (waverength
‘is less than about 400 manoneters and preferably about 3S5 or 266 nnm), and
| asers 156B and 156N ar eg’l | asers (wavel ength is/inya range from about

1, 000 manoneters to about-20, 000 manoneters, preferably about 9, Q0§ MAY 2004
.manoneters). Because the UV and IR | asers have substantially different

wavel engths, mrrors 158 and optics for fastzstages 154 are configured for
conpatibility with each associated | aser's wavel ength. LYV | asers 156A and’

156C are capable of cutting both the first conductor |ayer 15 20 and the

pul se repeti t1on rateet SRS AROFIGEIE B o b s, S ortilinent BpRuth”
damage to the seyosishecsBdUaERAted 3YQEnsof NRSa r\ﬂlﬁb‘l'l‘isspﬂefbrﬁ)l?%rélgéé’ orhOSPSSle

wi ndow. " Ther ef ore, | asers 156A and 156C are preferably "enpl oyed to cut
t hrough only tEecdder or 2 dasalinterfaromatee depending qrodésired pofitibhingdicedracy r i ¢

| ayer, a process that. has.a w.de process w ndpow. Once the first _ conductor
Iaier i's Permvé%ecbt)lf IRBS- AR "I“é%lgf ﬁ%@iéHWOES%étageQ’Q“ég@ﬂ@hI%Bd%?é thesRest
whi ch havg a w.dea: b c i : LGl .

el ot o |ay SERIRaRCR R\ ABYCrBEe CThe VW chidt S 90icll by SRRy ibair of

| ayer, are enplYostegk Abbe somsom 12He ahd$241tp (eneienliyfsehives dR4) et irb%réi&yszﬂy
Thus, the ECB blind via cutting ap,gar atus_enpl oys WV | asers 156A and .156C
to cut through™MoyBtediasder BRAFGRIRAsHbIeAlens YaKisad il aschesr 16the tapof thpside d

IR | asers 156B t 4 i J.1,C rkpi.eces
1528 and 152N TREE T roaiek (i suord of bRELEN” REVERE SREIEIR'S

t hrough the coprhfertably idegtagdimgo ral 4¢/pt t@lHaye bOMGEY sfaP@ aésBidUO 4 Rfanner that
dielectric layer. processing throughput. Bec tools on nufti-tool positions

provi di ndVappr &skitatets stehle an indicationeo! the) stRgeYRY ¢S PEesibie 8¢ & furBsiBnAfPIEEN

to cut Cherefor . PrQCcessi. ime dictates the use the target
| ocations are gﬁ %t% amnaéhlmahﬁé] ggalrn nr?ﬁecaza}smlﬂgr TrHETARE a{uﬁgtaa? P?Cgfe_éﬁt_ﬂmbr ocessi ng
times are accounted ’Ifh@rcapméithﬁ&@ﬁndi@é@ﬁ%éh@m&n@h@n@%% digfagtd froRtHeat es
for the 30 W and IR | asers. O REPLACI E S~ 19 F E B 2003 22 Z 6

MAY 2004 Some fplenemsuréass of thegAbbeerson ddterjed by aarisors| §24| duege yaw! are girefiesibly
of about 200 m crvortrre@ﬁ)rs gr | ess. Beﬁagse 45I a erﬁffS%A and, 1‘?6 have a
beam di anet er STVELCRNY\R LIASE Y3 BIORE SHEETH0 1R ¢ P& iesssuitblp At 150
must causg t hepkdy tPABBE LAY SordddtibasighhlsCiT t

holes in a congucfor ayer. Therefore, SStzg(l?t tsi ngkﬁ\et%lgigrelaﬂsﬁe-‘f}igttfév&ea thTQde#rEr)he

hol es takes a pepapase Xi-Ahb¢ byd YeAbbe erromaddetiolMvand, 144 Peffars dreinglfofiBedatockdiBE N

have a beam di mr of aboat 400 mcroneters, which is about 20 tines the
W | as~r beam {EPTPOFRAIEH ARG SEANDGH BOSIUQR ¢4THRaRdSese rel ati vel y | arge

di amet er hol es t hroggl fall j |l 2@ Sh:+ FORELPQL b i t he

IR | aser beamwi | | co?‘e?é??rﬁe egéf‘ﬁe‘ﬁ{ed%I(ﬁsg%is%laé%fﬁ%@é%?b%%\%@%ﬁg

spiral or circstage 5@athalid chuse significanoXeandnY posidonlentes. They prefertiadigplittdxgsse
| R | aser, beaps are on the_target |ocatjions for a

ci rcumst ances, tr}_e (
rel ati velag | on§UHIBUTFHODA A ShaTEn H the dleurss, Bas Etaste Snrisaiedsehedae; such thap the

agai n accounte QM A safmﬁéﬁp i | I r el s
and pul se repe lla%i@s{)%é??hae? gg@%?ﬁg%e a%%%{e%a}ﬁg‘géé%é;ﬁ{cﬁh%gﬁ ggﬁggg‘lﬁgsagb%‘é
power is avail ateligertiallgiseigrgted a$e b neay phfersdtbérabodineng XlEta?&llS@ ibfented
wor kpi eces by enpl Oili nggsui tabl e power splitting devices. It is also

Lyt

envi si oned tﬂat’eféiﬁﬂl)b ¢é’-%@gﬁe:’p?er$gqri¢nredslmr§od y b hpppieshe yawn apdirell in this
ac \éﬁpglc;m pos: ?‘?’gﬁ’%’teﬁaé Qg@‘ée@r‘%ﬁi‘l ﬁ‘?esﬁ?ég?j Al bl gtrgg&l n‘°§YtF8' ‘608? ﬁf‘gx%??ﬁ?y fg@mn i

nonpanel igsed t agd witRképeata Aas6S tydiesl Horbiiaf §erfididn, St age movenent range

that dramatically i ngr oves 20 processing throughput .whiled reducing g
wor kpi ece rej ects cdbeadminal @hraxisspasitioin of X stage 66 énindidated byasensan 2R, which

Skilled workers will .recognize that portions of .this inventjon may.. be

ol enent ed di TP @ r A o0 BT AT & 45EH AP gier AGPEIARE 981 on
descri bed abovgesifEAlpogkdiieGeodtaly SRcHRRISHY Dhe KOPsS AR ShitH 3281 130
nmuf ti - headed ZSeécl:gnfpiogur at ?ong, a%ryﬁ%%ﬁe r%ved byethe ast pos??%one? st’age,
Euch as m ;:yol- di3 hyeansli kﬁrierdb aylall bk she ganmec ﬂggss_aslcasnﬁff_sxent apes fmaa}!fsstagemsctajsi oln
met e, _andhc Sapioss T208 £ TA4G GohericRLY Seisors el Fiobta ey REasIeHgs Be
enpl oyed in different conbinations drawn from anong gal vanoneters, voice

coils, piezoelectric transducers, stepper notors, and | ead screw 30 _
positioners. The DSPs need knot be conpletely digital and nay, fox exanpl e,

i ncl ude ~~ ~ g~A'~ 2004 ,. any suitable conbination of analog and
digital subcircuits. O course, the positioning signal profiles, spectral

o . o



CLAIM5 1. A positioning systemfor positioning a tool
ponse to a positioning connand conprising a

.location on a workpiece in res
“sl ow positioner for effecting
t he tool and t heworkpi ece, the
stage capabl e of novenent gene
effecting small ranges of
wor kpi ece a positioning sign
posi tioning command sl ow and
osi tioner driver for controll
“the translation stage in resp

relative to a target

relati: Fﬂf‘l@l‘
i ncl udi ng.a transl atro

a fast poth3c3ﬁn 092

al processor. for deriving fromth b6 MAY 2004
fast novenddt-controlling signals; a slow
ing the |large range of rel atuve novenent of
onse to the slow novenent-controlling signal;

a |large range of .
sl ow positioner
rally along an axis:

rel ati ve novenent between the tool

a fast posi tapanes fpdksﬁM@ aldn@ X @RIt 10| inlikiriyhSensom|130aa0083 apd pxre@ératslyve
a

nmovenent of fthe st position

er in response to-the fast

nmovement - cormewited &ngas agatahs powtpaalongfx spiade- Spasor 132 smp@é@a’dmtm@em@r s in

comuni cat i otn Wi
transl ati on 8

et 35 st

sitioner

h th
aparDpossy T e i

e e aR i s iR

proximty to t he Bécans! Rt 5% @gﬁ'efeﬁﬁlyaaﬁé}hétﬁhmt toufiRd drthioe Yengs 140

transl ati on stage bei ng capabl
the  di$pl acasshownse F$GB s648¢ich:
their relati

d
i nf or mati on egecﬁ‘%’zgﬁaggft%asﬁﬁd&?‘?q

associ at ed Wb b ofX
2. The positioning sys

~yaw. 3. The msKt—smgefM@esseﬁsm
is a first trauslatlou stage t

further conmpirfes %%@Ejo‘ﬁﬂmﬁ%
10

f®': fs£d?:fnzﬁéd \

clalm

e of novi'ng along the reference surface and
apges padistancd framqeferéncg surfamsriéﬁland 186ncer ni ng

hors S8y B85 SaT it BB, SiesaR b bl ig in
'x C GRe gﬁ&g%a& &1 didtSrtoh ¥ XM a d age.

e rotational novene
1160 aad aB Indétettrdisvhmceh ﬁotmx-sw@rysal“atdfﬁened age
hat supports a worg&ecce t he sl ow p03|t|oner

apgasi 1B theyayyanale phibe Plagre o siage 56 X-

134a and 134b; respectively, and indicate changes in the roll angle of the plane of X-

stage Abbe sensors 131 an+d 132 detect distances from X-stage roll reference surfaces

stage 56. X-stage Abbe sensors 128 detect distances from the pitch reference surface

136 and indicate changes 1

the pitch angle of X stage 56.

The capacitances iﬁdicating the X_and Y components of the distance from the

15 reference surface 134a of #he Abbe error detected by sensors 130 and 131 due to yaw

are preferably converted b#'

an X-stage yaw probe driver 146 into a DC voltage

suitable for processing intT Abbe error correction signals. Similarly, the

surfaces 134a and 134b of

capacitances indicating ﬂj

20

X and Y components of the distances from the reference

the Abbe error detected by sensors 131 and 132 due to roll

are preferably converted b& an X-stage roll probe driver 147 into a DC voltage

suitable for processing mt? error correction signals. Similarly, the capacitances

indicating the X and Y coTponents of the distances from the reference surface 136 of

the Abbe error detected b / sensors 128 due to pitch are preferably converted by an X-

stage pitch probe driver 1)18 into a DC voltage suitable for processing into error

|
25

correction signals. Sklllec? persons will note that sensor 131 feeds both yaw probe

driver 146 and roll probe brxver 147. Suitable probe drivers are well known to

oll, and pitch Abbe error correction signals may be

skilled persons; however, the Compact Probe Driver manufactured by Lion Precision

is preferred. These yaw,

| .
directed to separate X-Abbe and Y-Abbe adders 142 and 144 before being routed to

30 |

adder 82 and incorporatew into scanner position commands.




along a second axis that is transverse mthe first axis; and ' the fast
~posinioner is notcnced on the second translatxou stage. 4. "T' he
“positioning systemof claim3 in which first acid second translation, &ﬁpes
carry respective first and second inertial masses REIﬂA&CE?EENTfWg%
positioning systemof claim3 in which the fast positioner is igéigggégmgt
positiouer. and is which the second transl ation stage supports S '
fast positionrr. | 6. The positioning systemof claims3 in}whiqhﬁnMR{iﬁm&
wor kpi eces are nounted on the first trant¥ation stage. ?. The positioning
systeut of claim3 in which the second transl ation stage conprises a second
ighir of spaced-apart displacenent sensors in communication with the fast
posi tioner driverrharklas®¥ppsitidnocomipodeiss tiat theespondieliticasiabbé babrssirage
along the | second axis, anti in which a second reference surface is .
posi ti oned Galcplatediinireal tinge aHROSIQNGH 8Y e 08 Imorvies ands pepgessavierkpigcab a@indt o t he
second axis) _the ~ssocond translati gn stage bej.ng cagablc, of novu al ong
the second PEY &1 o8 cmerisapoirdiop i et paSHPE sPaRaT e CHeB e 53 ng

capabl e of agSIMbbé ?&iﬁ&p@@&sl T EBAg P hansesafd B¢nbined Kvit'h%@?édiﬁet?} of ances
fromthe second retference stuface and conveying the second information to
i be fast podha opticsdincinding locaigny efghe beam pathdenbermnpighs)aelative 46 thecstageed wi t h

d of f-axi,s,. or ti L f.th dt | at i t . 8.
second o 1" asupr 1 el MRLETEN G Ui e g TN UL Shgge. ®
i's pitch or j¥@pectire bEIS PRI ANME oY S T%Htregigngé Rldhidvedy dﬁg%rtﬂkeAﬁﬁéond

transl ation stage conprises a third pair of aced-apart disp enent
sensors | n coronenirectionsno the dtahiee posisipn posdder 82 becase therbaadetidtlo op thedfagto

move with the secand, translatjon stage al ong the second axis) and in which
a third ref Sfa8Rc8 1§a&gf15@énﬁbéhw3§1 %ﬁ&bﬁnﬁwmﬁ Hhetljpepr,stpgrs mp-
translg{ion stag | & <l j t - i on

st age bei ng capab %@%{ef‘,n%lsi%%b@g oﬁéaﬁgﬂ%ﬁ%ﬁ?gf%%ﬁgi%ﬁéggg@gﬁfg. t he
third di spl aveliEs adled sotle lneangtagapasition sefvosloGp idirectty atdder 901f Thisat i on
concerning their relative distances froth the third reference surface and

cot | veyi ng timplengniaionydie pBpropHaterghendayt siage dfilh Frplacgd by @rfvied hegmy et x
for athird rQr ' R [ f ' I [

novenent of q%?gﬁggrg o%cfl )%Q }%g#)g%ogglr?\ﬂg ‘gaﬁelh &lpg?aq&ﬁ)erag%lgi 6 ﬁ?éncgges%s em of
claim9 in vwhasitionidgahihisrptovidediby dasabtagose amhivoulsl hei dmplopsd maapplidations The
positioning systctn of claim9 in which the second transl ati on stage

. . C . ag
conpri ks a Wisie Sreater asrHashiyght e degiFable,such aprimpeysting miGHopprsHhmiczen

posi ti oner dgl n I . ) 3 r Eil?et. tage is
a plane i ncFIS{Jlid:l}é ﬁg hgkgi&g%ﬁg&%&%gf% &e&a{e&%ﬁéﬁ %%%tg ?%ﬁ% @ 1@@@ pB~
26 ~. 6 MAC tBaCMstafgeisd mdy bdimerthanptible @tk acied tebmf sRioner, @@ Shdtidoaei i n
proximty to the second trans|lation sta arallel to the second axis, and

in a second §AEEMO HahsRerybath fstisipgr>1 %@i %8&%@%?@%@@ sptageusly.he
second tr ansﬂpﬁﬁé @'&eﬁ §%9 eA%% Qﬁoféé}?&kisn%oﬁ‘a‘ﬂe’}gd & oRf %E‘%vﬂegg&ek Fadief erence
-ne n nw

surface and our di'spl acenent sensor 1 n cooperatio one of the

second2@li spl ek eapleed and fd® wdpedld whedevacs fixed beanh Puitibodrié or mat i on
concerning their relative distances fromthe respective tourth and second
reference susmpplexssl. and conveying the fourth information to the fast

positioner driver rrect for, a.fourth e err.or assqciated.with fourth
of f-axis or rot at]i:lgﬂaqc %\?é’f@“ l'lbqadtpﬁéllilgléeééﬁﬁ SRR ﬁ"%f%’&gt.loﬁlf The
posi tioni ng gi3h eMiGple W@kﬁb&silﬁzmillsm,t d ourishN £t sirhalp@akousprenent is

roll 13. The positioning systemof claim1l in which the displacenent
sensors conpprosessahpétireaftes nudtipleelements arfnefepod ta callectively yathent & lettexi m 1

Idln S}[/\/I;in St ggs s f’%g;?%gﬁm%%g i%'ﬁ %ﬁltﬁﬁ‘&%%o%tigﬂerdf Ceenrxﬂlio{'] onreee!ac io¥ Slow
| stages 56 and 58 configured such that workpieces 152 are fixtured and carried on Y-
axis slow stage 58 and multiple fast stages 154A, 154B, 154C, ... 154N are carried
on X-axis slow stage 56. Of course, the roles of slow stages 56 and 58 may be
reversed, or .two or more fast stages 154 may be carried by one or more X-axis slow

30 stages 56 while Y-axis slow stage 58 carries a single workpiece 62.




15. The positioning systemof claim1l in which the disp|acenent sensors are
capabl e of neasuring relative distances as |large as 50 ~cm 16. The =
posi tioning systemof claml in which the tool is a |aser beam 17. The
posi tioning systemof claim1l in which the displ acengnt sensors are ier| 04
conmuni cation with the positioning signal processor—fox adjust meni Bt Muam
positioning signal processor of the fast novenent-controlling signal based
on the information acquired by the di splaceMnt sensors, to thereby achieve
real time conpensation for the abbe error. 18. A positioning systemfor
~positioning a |laser beamrelative to a target |ocation on a workpiece in
response to a posi t iAsrthe gumbenefifist stapepr 54 cagiednf 416 st S6tiheregdesefbget i ng
a large range of relative venent between the | aser beam and the

wor kpi ece, t he2fGUHAS Z1as3 beremes prareasingdy difficultto aocalesdtert Thearesaragehecapabl e

of supporting i i nd, novi n ener al | long, a first

axis; a fixed %%?P%Kﬁergsg%ldﬁgﬁ 3%‘?%33@ $P>§g°av Btﬁg‘igéglls Ef&fleﬁa%?'ﬁl’é‘&‘fe@dtoafp}“’and
transverse to, altheghlNnesyofary h&tthkibh&C@Fe@arﬁieWi@atﬁ}ﬁﬁi tioner effecting a
| arge range of relative povenent between the | asér beam and the workpi ece,

the second positi on&Ach AbWaEkpiRges | 8% basassaniated Wathi ibnns bagere ppebising tools),

PGTI | ~~r~ Pl ~~ N 0 el et ~ rting the fixed optical
bead and novi né)}%e Séer%_ﬁellyér’\_ llailer;f!'S 8 g%géggké‘ﬁ-g .axféﬁlfﬁﬁfa}rgctg BWW‘?@’ faveard
fITS( aXi S; a pw6tibicdTastGiagbIIRIA PIABEISAHC, .d.erlstacg $5P0F m&igféﬁ'x{afrfﬁgk ng
command xnoveneut controlling signals; first anti Second positiotux drivers

control ling th&8%yr 8B, d3§€, of. 158Nat Fast stagascifdrdefiett the procesgieg thetgy fib tabet

and second trapslation st S..in response t he mavetaent-controllin i a
pair of spacedf-z) s 1?53‘?5%%1%%1”38%%“@@5&&% 20 mmetes processing {t‘wlctsrﬂgﬁZA,

posi tiongo dri YeTB, afCE oUPEaN fopaBR YR Aok Hidd\RofiRkelir3d Al O stage al ong
the first axis; a first reference surface positioned Improxinmty lo the
first Ratrsiarion sVidpe cmedaspkfiOal, 1160B; 66aQe.. f L66N asd pissitidriee ohaséw stage 56

transl ati on stage.being capabl e. of. movi l ong. the first reference
surface and th fvil?Vgng%FSQﬁ %msé@gg‘@‘gglér sefistigcthe aligaments. offsataf n~aat ~n

concerni ng t Aehtonk CAR di [ - r oL r Nce face and
conveying the inf oorn nnaaonlyr?gg%) ﬁﬁelq%glgﬁ?ésodrﬁ?ﬁ%ﬁe%g(ggo “g{%r%g‘g@@ af@%(é%l%be
error assoei arkeemsilf6. of Y axis or rotatioiual nmovexuent of the fast

translation stage. 19. The positioning systemof claim18 in which the
rotati ond? movenent I depscierred emppdimess the same grospssingnpastere issduplicateil on

whi ch: th : i i hat .
wor kpi ece: .t nenoti@ireBs 154 BY Eadfoftatart 136 MARS 3 8o8: HEHRL T HEREL o1 age
capabl e of novprogessing dpglicatDa&Frdcesdin® paltérh vafatond MYEbSeeduBeling matdh the

$X1S; and the fast positianer is nounted on the second translation singe.
21. The posi t i RAtieRy s yaTtations Ameng werkiedergepmictriest beada fagiods,sefsetsx rotations,

The posi i (or & SHERSGRLAGRRRER, el b6 SesiBRls RERBene S e RIS T s 11 st
fast pospoi 0animuftE@cohEly‘éd%bé‘é%ﬂh@ﬁifﬁ@rﬁ[‘Guttﬁréfé'?étﬁif n@fhirsAl Q_Serﬁlzéﬁp_Qf F&Vﬁﬁgﬁe |

second fast posixioncr. e positioning systemof claim?2U in
mat | ri pl e wor k{slaxe ¢s asinglerifustagedl patterns on the same workpiece 152. It may also be

yr——

necessary to correct for fast stage nonlinearities and mounting inconsistences

introduced by mounting position variations among workpieces 152 mounted on slow

stage 58. Unlike prior multi-spindle drilling machines, multi-head positioner 150 can
25 compensate for the above-described variations by employing programmablé

correction factors, described with reference to FIGS. 10 and 11, when driviﬁg each of

fast stages 154. Similarly, the Abbe errors, indicating the degree to which a

commanded tool position does not match a sensed target location, can be compensated

for in a manner similar with that described with respect to Figs. 2A, 2B, and 4-8.




on the fast translation stage. 2d. The positioning systemof claim20_in

.which the second traitslatina stage conprises a second pair of spaced-apart
di spl acenent sensors in goiinnmxutication with the fast gositioner driver
a~ad coupled to nove with_the seco~i translation {t:;e along the 2 A MAY 7004
~ o~ r~. GL3 ~-t~~f 2$ | second axis) and in which a second reference
‘surface is positioned in proximty to the second translation stage and
parallel to the second axis) the second trah&l ation stage being capabl e of
novi ng al ong the second reference surface and the displsrnsors being
~capabl e of acquiring second Information concerning their relative

-di sca~ac~s from t he RR@Ca06hdwd B Mt Thire PositibHerCOSP 8YI(RIG ! DEPmap b8 Hdapted to
information to the fast pogi boner drlva to correct for a second Abbe error
associ at ed wi t RoYdistedthe ppsisioring of muyldplatfash stages 1 54arul-slewtstages 66 and S8ond

Second 1ot at; oGEBB T RE R RSN G, B e Faner'is b SZemultrfad Bsb o

posi tioni ng sysdcefedFrof @s@n?éoﬂtfbl%lﬂ? te}%’j’l%g?ﬁ@?ﬁﬂi &trc%rxﬁé)%h@ﬁtis%.t aaé sther

conprises a third pair of spaced-apart displacencrn sensors couple nove
with the 3 secpratessaddy position preffer 22 ang haifsmegwofiled positioning| signals. DSP 170
in.caicatiou w .fast&gositioni,n in which a third reference

h.tie 1{? -, and

surface is posPtP Frderes ome oFiths e sigral prcsssipgielemants 25 05h5 3 t nagesly
parallel to th teh i V. n f ~GeS U
Phe second uantlor i g i aue har SETEE7e) RES forkird HooBRi SeiE s o Yol
reference surf stage &fcartdhmosttivinrsensbir 4A a Beorusa FEGN101s sibglified comgK axtf slow
acquiring third i n;gr maxi Qrt concerning their relative distances froaa the

third referencd8ur? REACCSIRE Slomemtsiapryshoma. ¢ Pkiled warkerswili ynderstand ghat ast
posi tionggr drjyeks Bﬁ)diﬁgly_%g eleMents eriiﬁmﬁliét%bbe error associated with third
[ At 0 g T anst At

off-'axis . novene the secon on stage. 27. The positioning

systera of clai m 2f Onlya ginglelsystem ¢onitrotl compitat 6 RodeqiibdPity &iMe 36w stfeBisbCh
or yaw. 28. The positioning systemof claim26 in which the second

transl ation st afe38amhN asisstages da4+ Melfiplsl fagtstagatsignehprocessotspl 78 ,t 7 2Bopv e

B e seoo HGNS! B0 U 888 L o LU R0 o N5 R o e
reference surfé¥eln thiPaay] fengskd poshioexdomfirhahds And RErreMCINE stalzd Pokidibh Adta
stage, parallel to the second axis) and in a second plane ge~aarally

i ncl lt.)lfll néf5t he Q@déqudebk%@h?é fe&ﬁﬁﬁa@elfgnalmowm?% Ismhsté)at ﬁ@hfcﬁtfagesta‘ges ng
i Sl acemerit s LREToR R df BB gh1iof TerionHiON AL gie UDeR BYY ety
sensors bei ng gRARERERoPEorR& A dafald il LR ] '
relative dist ancggé)f ;;gxuo t he reg%eclzf?\gg?%il}g%%t g?%étaggggggeﬁlgwgr@gﬁég%
surfaces and comltipje fagt sthgesflddrant a-simgl€&SY~axis stag@ 5% iddip1aPaHtoRGFone or
VP~~"~~ph ~-~'" ~ I'g 2 A%PR 20%% 2&5% ig;or mation tg the fasE1 posi ti oner
driver w cor r TRIHPYG WQrkpigees gp2, thegh bRsy eTRIQSEGCHPR @Y SFRIShe W apd dgseribed) S
| NOYCYNCyppy O ; | aji . i 14 Qni .
pOreiCab, O itenseagadyi B! oK, 98, SheH% cae cHifoPASHhA BRI Bl
posi tioni ng sysiecibbecdroricarmectidh data Who cim b feddv'dlierc8usf BigndOros fastptdgee
capacitive sensors. 31. The pgéi tioning systctn of claim18 is which the
di spl acenent SEMESHEN B ACeEsoR 1. IogtFilg_/euqu. @WBes as .sutall as 10 nm 32.
P arat tve o B alsd b skl it dr e U FRRTBRLERBROL R, TPast v
system of cl ai racdiSingifavthinaisldvietagé podiAGENE Bhta TR OSP BFRaid coriviaHidat! from
with tbc gositi oni ng signal processor for adjustrucnt at the positionuag
si gnal p2isor Yteheoried CompRERBAt -Ihsrmormsrliomdats iinplude. sl stage @nd trrkpiece

i uf or mauon acquk.r by t.he djsplacenent sensors. to thereby achi ave. J.eal
time conpensat fe:!)“%g‘f%?%?ﬁ&i’fmf%%eﬁ@tr?SFPH‘?X?E}-‘\) ﬁﬁ?mﬁq goIr g@%ﬂ%‘fﬁsﬁ%ﬂ fs%}d
output rel ati vRst Qage lidabigf atdosealel fatoP BorRectiOh atLH8s are @BRYdyeH A9 a fREQvdedi NY
sl ow apd fast novernenc-controlling signals frora a positiadning signal
processor; coneargiction@radesdor 488! Skiljpdgiersons avill dppreciateathhtif dast stagge 154 are

relative novenent of a translation stage, ge erafll_\() | ong_an axi s.and al ong

5 reference sURPHEE! SBSPRRERSCTARS SHEBK o1 WHICR BTeIREOD) DAY s BANIZES b vament
Il el th j ' ' ' ;

ont ol 1 70g i (s F bg PASRERRADSE, bign o SLRX SRY SHEP S0 5% By spfitndi by

novenent of a fast positioner in response to the fast noveatent-controlling
signal; effccdng the |large range of rcladvc novenent between the | aser

output—and e Wor Kprece—on ‘Lilt tTarst gil omStageTacym T T XSy W thapait
of spaced-apart displacenent sensors coupled to nove with the transl ation
stage aWvhg the axis, information concerning their relative distances from

oy



2 6 MAY 2049 ~' ~~L A~f~2~QZ~' effecting with a fast positioner the small

.range of relative tnovenenc between the | aser output and the workpi ece
i ncluding a correction fzyﬁan Abbe error associated-with off axis on & MAY 2004
rotational novetncnt of \Qé transl ati on stage; anzﬁner ating | aser “out put

to inpinge the target |ocation on the workpicce. 357 The ne~od of claim 34

is which the rotational novenent is yaw. 36. ~ he nethod of claim35 is

whi ch: the translation stags is a first trahdl ation stage that supports a

wor kpi ece; the slow positionrr further tonpriscs a seco~ Lion stage capable
of nlovutg along a second axis that is transverse to the #rst axis; and the
fast positi oneowinprocesserelV0oor subprosessond Fusherimire couch sagiestage’/ 56 Woaldret ho$

of 36 in which fros ﬁ&g sec%gd translation stages carry respective fast
and sct: and i o@FLPRPIY RRe@uped vaigh ity AN ROsitieR semSor] 22 and3bve K-sgecAbbee fast

poxi aoucr s acfd f [ §4.Qt i b ch .t.he secon ransl ation
stage supports Sgdsglzsf:tgn%ﬁ#paeg%%ép{gjsr%? %]bé)re ae’f‘%)éé gsfﬁéég%@t%gﬂ&sfm I"?ﬂqlﬁf H8855h,

whi ch mul tipl e wor kffheeesreatich dav Fiag beaubtih- for 16dkupr @R AL NHEHRIE:, 4U.
"the nethqd of claim 36 in which the secopd tratrslation stage conprises a

seeoncl pair ofCEEtBHaihemployed by seenetnt cosetionProcessniBOrandastatagei t h t he

f ast iti i Wih th t . at |

Stage’ ab ong. ne Rttt prafisedi e pRSBLIRN RO betel Afbrdies Gereced i i Se Prs

posi tioned in ani,wdlnasz@fpﬂﬁh@?%@aﬂ (Uasbed bﬁéﬁt"ﬁtﬁgleh?é‘ s@é&ké fle to the
a

secorui axis, the second transl ation stage belng capable o ving al ong
t he second r ef afsignge of $hip ppplisation andhis ivearporitadi kepeindyuefarencsensor s bei ng

capabl e of ac, ~piri second i nformati,on concexni a hei relative
di Et ances from F he i‘ggosﬁar?egg’le_%?té(r?&gﬂ Sg_%llF;rl%ﬁf%r ?fﬁ?fséﬁgfﬁé‘}}}vﬁ ¢onstagbant depend
i nf or mat i1on t onidagy bathe RRAN;tiDOBEraStEH MRS otfqas@fgfagsﬁsi O*rh&efo%%g éQgee
ff al nmovenent  of %e econd

error associ at ed vmjth second o axis or rotatio
transl ation st aemeectpn pratessorei®Badquifesatiaiivels @mall antliinfrequent secewidn data

rotational novement |§Bitch 3{5 aw) 42. The tg?od of claimaO in which
the second trahdd"&tT or?®8tiaHRe M\;qrir ign dagafntails, forrexampls, giregunggach of fast
di spl acenent s I 6541 oTesa B I A £ f : i L Vver. and
coupl ed w novegt\?\nééghpstlthtg ageconI(}3 ?%fr?rés{{bg\él&e&gtf tgﬁgmtaﬁg)tc:éag%g%%ﬁg%fog dtlé}a%gaf n
whi ch a c. ?: ~" described-idl theT082 BaténtNedreflettétl drergy-detéstor @nbddtany diffdrenbéy d
r ef erenCﬁasw-a e is positioned in proximty to the second translation

I

stage, ~ral |l el D¢RyeEmEnes@irsstid ad;agtual Fra2al mobi docatians g piowides diféerpagendpta to
bl e of ' t nd the thi
i optacer aet o SoerdeBRfolicapbib 636! BRRGTe  MEREHERE cbiBeiBt e arg «ei s

rel ative di st acommeyéd anardwortbiin dadhefastr seapeosiet it prodesdor PEV EWilddg dnfpe third
information to the fast positioner driver to correct for a third Abbe error
associ at ed wi t Hiftergncgs betwegn the directedtandiashial targat pointiloations senses by assodiated

t | at i t t | ai m 42 | i ch the third rotafional
move | o pinch. e iferss 1808 GBrdta Snd bolhiknide 1, Shaivioseegebo et e
transl at20n st AgereerRs heaserelaielyonaasind db SRUiHeRToM, tr&%l,{iféefré t

positioner driver add catipled to nove with the seoond t"latian stage in a
pl ane i ncl udi neprrgssionglatarchangdss; and in, whu*h a |:i fouieth reference

surface is Ixisitioped.in.proximty to the second translration stage,

par~l 1~ wthe secoﬁ&qgipggr gﬂﬂ“{&&“&%&iﬂﬁ%%ﬂ@ ﬁ%ﬁgﬁ%ﬁ%wﬁ%ﬁ‘aaﬁ&e&?@
sccottd ref es efmb&ify e B8RS aa~arj i ' : of
movi ng al ong the foﬁé%&%?%rﬁelﬁcc Sug{@g%{,gp%@ﬁ, %Ldedlﬁloutgi gﬁaggaggflggg%gk g%t
sensor i n coopwpikpigpes W62 .h Therefat, gtenasconttctos praessoei80 seqndres Selatibelyng

capabl e acqiuring faonrrh information, concerning . their relative distances
from The%i ve Fﬁgﬁ‘f(ﬁ'reéﬂanélé@:cé‘ﬁngerséf"%rryéﬁﬁ%Wé’ﬂlFHl%"(?gsUgﬁEF ehangedi GeEnerdingaunh

i nfornmation tog i Lk.eac i

error associ at gl @vfn)r%%ﬁ%@rgﬁhény??’- g’)fi%g(hfc{)lﬁrel’ E)l? 5@&%%&%%%%@%%8%? k [{ RéPgegcs:tond.
transl ation stegs.and pterabhefoue;-pdetbrminad oalbtatich wheddion Bachf Bsddifed
rotational novenent is roil;: 46. The nethod of claim 34 in which the

di spl a~nt sensWPEPiRAePII2s cAlserpatively e a8 erthodiment where thernisipn dytemdF avorkizg -

in which the dj C S bl.o_of..di rni rclari

di st ances as s%hgﬂg% a@g?%kﬁﬁgﬂi%&’ ?‘E{E‘%ﬂégﬁg’ tﬁegépaﬁ%%ﬂd%&ﬁ&@ﬁstlﬁg are
di spl acegnt s@its@Ed toWRd @Rpeitibeatioh ARG THeSe EAlhRitiotetakietd Ay 86, &t | ar ge
as 50 fcm 49. The nethod of claim 34 in which the conveying of the

information fromthe displaeeneru sensors to the fast positioner driver
i ncl udes receipt of the information at the positioning signal processor and

agjustTeEnt—at—thepasTuoTT Ty b*“Lgnai processor—of—the faa‘t
raovcnrnt-control ling signal based on the received information, to thereby
achieve real tinme conpensation for the abbe error. i~Pr;; D ~?~~"T..



~6 MA( 200 :; ;. ..~ .i_ 0 C A~ 200 50. A positioning systemfor

positioning a tool relative to a worlcpicce in response to a positioning
command) conprising: a sl ~si tioner including a uanslation stage ca ablﬁ
of rxwenent generally aKﬁEb an axis: a fast pOQlKLEber i 71 opcadb& AY 2004
aSSCClatiOn w1 h the tool Tor e~eCpn~ Iti Oveo>COx of” the noi relative to
‘the workpi ece; a fast pc~sitioner driver for conaolling the nove of rite
fast posintoner in response to the positionﬂ%g command; a reference
surface: and ~ p~ of spaced-apart dispia~ent sensors positioned m

,pnxi 7rilty to the reference sutfaee, they novcrneut of the translation stage

(_causi ng the paiekamplesearsertsotdoliag doldspomphdieetcletasgats af e) ECBe Badpvides daesia
sensors being f.ser~s respet Kl vc . dis~n~s firmthe

r ef fer elnce sur f jg %gl E?jg’tfﬁ?éer’fcﬁ% ngégﬁegﬁwteéranééﬁ%fﬂ@r s grast Vecatigns ank
, df spl acenne "!Er&@é’é%ﬁeﬁﬁc@@aﬁ 3§ esg&ng gﬁlgtrecg%g%}}p%l%g 63 fok P%CE%?A% ;ﬁgg&és?{lﬁintgo

t he wor kpi ece ‘based on the distan i sptace
t o~~er eby conpeoedtionfdata fon ealit worlgiccerl sassecomiesed W it 9bfedah dse Msociated
rotational_ novenem of the translatioa stage. 51. 'fee positioning system of

claim SO Pts wWEPHREheoresionipiedessssl8l. | aser beam 52. The posirioning

sysce>zt of claim Sk, . i Lch: t I sta i S firs

transl ation stage t%{ Egc&‘é%%tr{ﬂasgets?éma&éﬁ%%%s@%Zﬁ_cogﬁg%glpgw 8%0436?1&1 the Y-
further cotnpr lasiegtr@cc&ﬁ@?aﬂfrbmadb?ie@tibﬂpr&bﬁﬁﬁs_ ISP 1200 fERY fd¥eafd BRfdeds
second axis that is transverse of the tast axis; and the fast poeitioner is

supported on t B8 sdveodtverdhandifasstage 4§¢. Paxitionfesdback dite meagereratsd by The

PoTtipre fast” BREMF terfo 140 68 s PIST 087 b BorhBRba BN Ao if Ade¥s 384 and o
ef f ect i ngomovegentskafed WerkeAOkSI ﬁﬂbﬁhﬂ%&ﬂgﬁ@ﬁ#?r&% OPREKR] RCHSs fast

supported as the i"trst translation stage. e positioning system of
claim 52 furthpeesigompg.i sing: a second reference surface; and a second pair
of spaced-apart di S{[ﬂ acenent sensors positioned is oairniry to the_second

reference surface, théP rHR eorEiCtioRdatato Jast sfa,ggq»lgfégtqaglp, fast glgge ispreferably ne

second pair ofyj; t BYOMCmAli : : -1 he
second di spl aclelﬁt!r%ta%'S ali.1§~. ~ ~~%}_@{é%rtdaggﬁﬁﬁgq%éf&@lqu%%g@glﬁ%&
ERROR CORRECT!| GrexiRvi8i Hve AN sivionki@raApst The rembininge? Miildiedetearsbé pSsifibRingrassent

i nvention_preferably eppl oys non-coptact, small-di spl acenent, capacitive
sensors %24, WP%MI? plymgothe agoVfageseHPSICORRSEORS r or s due to the pitch

20), 22), . vl near. . i.
are hot i ndi ot ed by 5 SR 2g PeseibRE Bentl AR AEIOP il A TroRt PR HE

encoder or | asef therfastrahe siwepevitionEietagyst Skilled woakdrb &all eehdalg ainds#stahdHRE ks €
reference standard so the 10 corrections depend only on sensing snall

changes in t herepdraethe gapal Pyacessiag troeoasfinalsdbe motion ©f beticaxess bathetagensand

readings. Alth t 0. ion is preferred for use in split-axis

posi tioni ng sygpglgsokg@)ll%nﬁt%ﬁaipﬁg lksﬁgrltsl y separated stages (56,58), the

i nventiongcan be enployed in typical split-axis or stacked stage systens to

reduce their manufacturing costs. 1 20 ]7M

] 7TMEQ M 7TM TM TMB@ 7TM 7TM W 7TMB] 7TM ] 7MB ] 7TM 7TM 7NDI7TM 7M) 11 7TM I ] 7TMFY] 7TM

|17MB1] 7M ] 7M1 7M. 1 9] 7TM | ] 7M 6] 7TM ] 7M'M/] 7TMAL] 7M 7ME) ] 7TM $4: 845 C

(#.#.°80°8 0@PO@8@B@BO ~<@Opp 880C8@ p 10 0 pp gc<pp 08@ x@

270 "ppOp" 8 00 fQ& QpRaDdBPapIRIHBRPRPTRDERMneLsydtem € RAP MBS Abb

1 0@00x@ 6" 0° 0p0p<§p80‘ S 0@@@1’6%%9’4%0“305’%@’“@ §7080p0 pBPo *© 0

T08@ @8 p>3perrontd@ction id laseér qusting-@Oio@dy,) Rpch@s@tipld viaGoRS, B n@tilgyR: FCBO 8
0@ @< ., @?>>?] 89<" >LC~67-2| 08y ?@W22?????20@

Pg™ oggo%m‘ 29botenworkpiesss 63 w%zbayﬁb%@_e

729~~2x 2522722 > ST =eD . DP~DDG22 . N .
Poro 1~,_,f,§,_,,_,~,_,,_,g&}@@@g%gﬁlei‘,ﬁ}ggrgaglgg,,g@d,g@g&;gg_ﬁglugllpégg@;go 0.08-millimeter thick

????7~??7?7~dc>@ircifBRR @ 1827Y. ~BachaPerAypicall torjtains a different interconnection pad and
??~?~?727?| ???>~?8: ~0??~<??~??>?7?p00 ,
conductor pattern, which after processing constitutes a complex electrical component
mounting and interconnection assembly. The component and conductor density trend

30 of ECBs is increasing together with that of integrated circuits. Therefore, the




8p??7~ 07|7708 8~~7~}7>~7708 ?~72_27~7>~222

'39’79’70’78@ ’7’70x {@?’7l| ~7° ’)’)xl @L0’7’70I < 0@?’70 I00>~ 0’7’7 I010’)@”7’)’)@’7
@7 p @@ @agﬂlp "0 00" 08880° 0@81 @ ? “8“‘@@%‘{@ @
0 p@p 00A807008>0@ 88b" Tpg<0 "c@8 ! bppCI) 8

'0°¢c00" " “p@?'? “3@°?0B° @9@ p0? 0??2p>?" p08 G?9@x{ >?00" G x??30#~?7?! D,
?3 <aF>p??8c’ <8 ?????ca9??? @@ "\ ?20=""" 2720 ~?2?p<p ~?p|~???p ~~?7???

Op@-~?7>?" 00?7~2272<
¢ 2y?2>2220p22@ppx00222xb@ 00272780p?22270p?22p0822820@722220° 0~=220@20~x @
?0af @ ?: a@ 0? pesi@ning aB@ras0 @dm@ﬁ@n&ﬂ%leﬁbnc@oﬁ%l&&ﬁ%@%ﬁ &G@dind @83

800" @ 0@ 01 0@ 0@)0@&&00 0" p OppOX0 00 60 ' 7> > e @singd
C27@ 0" @270 PRRSFIONAI B @ G <x 2@ @ -317<p?>27X080- @a?C27927p0B<p<?? °
~2?; 22204 | <7797°7>?§¢7°7 SRR p22272779]  0L229272~ 2707)
....................... ?r%méé@ﬁwﬁﬂpwwm@wmuow ~0
T, ’)’)’)’&?atma;a%&xefa%?é’ré’{dﬂrm’é%@nﬁl b AR s 55 RERS, yidhsthe

@-’)’)’)’)G~>4 ??7~<?2~?72?7?| >??2?29??CB~~x"? A~??77°

T 0~7| ~2229?G?? Whegnuiiple BCBsom ]9]])1@@5’1’52)?be?&ﬁtl@d’)tb%%v&i@e'ﬁg"ﬁx@'ﬁ@l ??????
2d?° q8?2<??@?? 1’?’?’?’?8’?’?’? o <20-q! >2@ 228° 072
08’7’7’783’7‘7#’7>’7’7Sf @%C%Fa d%ﬁm@ W@Q’ffs& rrm(; ZI’GYBTE@‘@E]CBS Addmg

???????? 2118 7777 229~ 2227<
2] 072" 7| vg@l??g%????g%\g?a;%%% E§§8§§§ etcg‘eéﬁgpﬁd%wF@%%AWﬁgns é’fﬁfe"iably
~a? c?? ?? one at each corner, on each ECB. Video cameras 160 sense differences between the
T @0808>08@@F @ ??7??72<~x@????22??27@Qg??8~#7?| 2?7?77 8??227??27??27?77~
eoppanded and agtuab oalibration target locations and provide difference data to

2~ ??????>~9 ~2@R222~22322~2222522>~2227
5}%&1’1’}) 80})5;6] 63 Tor proceSS1ng @?he resulting correction data are

2227767 2~@B?| 2f 2? ~
8@3?#|@g"@p @0 éggpp;é)%to @rrec@or IJOta%Ol'l and offO se ar1at10n56an(1)o g<t?1§ ECBs. TLree@J@

1x" >7?

27?72?27 p#} "Oé’a?f?)?itfbn'ﬁx"’g%rs"&'o’%@ Eﬁ’ff%?e?ﬁ aiffe?gncg %I‘ata t3°s§7s>tem ?r@]; gq)ﬁ’r)xﬁgtl% §§ ,;o)

22| 27| >~~| ~~2~?x?22>~?| ~?~?? 29~>2T
~2{ ?| ?p>2??72?2eptrect for rotation, offset scale factor, and orthogonahty varlatlons among the
?2>?| 2220~<?~~x222727? o7ooox oooooooo~xooooooo ~27~] ~| 222221 ~?222772| 2222y>?
20722227222222768 %@d@

- }uzupkf ag W cajis@HssH i‘hae]aEI%]oFﬂ'] ﬁg] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c”a] ca
] c~a] ca] c”a] ca] ca] ca] ca] ca] ca] cal ca] caluone"x tl ][Y .0}xsnid_Z]c]ca]calc
a] ca] ca] ca] ca] ca] ca]EGB]thmknes]s vatiatidmsafe eadily acdob@hedateihie teCAD - salliedetet
a] caj ca] ca] ca@é&ﬁ
di 111D " " *#0# éll’%@/&ﬁe’ étnth 0§ feldp] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

| 0

ca el ¢, 2ulc, 2l o) cakeakgalnkeyhial sakol sl shanbhiekealslael o+ )0
U c”aU] cal)] ca] pratdssinp aadlcichusajof allechgit ciaptia Hnaleta Uhad pealiomhe @dlérances
al caV] cakca] caj ca cal cal calcalca] c”a]ca]ca
ql zI 1111 %owomo Yok 3 Fhisvis beoause meﬂaﬂ@sa{rwmlxstrgqqssqdcta}mpoaﬁw] cal ca
] ca] ca] ca] ca] I
a] ca] caU ca] ca%}nca{y? %ﬁ {57 &2 OPRRSF v AU 8 diF kel Silvery allefim, @nyand.

; <U<<, =4=D=F==e83)> 16 diD @&Sﬁaﬁqﬁa‘iﬂ}ﬁﬁ}&é@(éjg,z%l)]lﬁﬁdéqil@@]@ﬁﬂlca] ca] caj ca
] ca] ca] ca] ca] ca] ca] ca] ca]cajca]ca]calc
a] c. a] ca] ca] cajenapeys]abaiiana] am&]mmbEﬁWW@EmEsmw&ﬁmM o\ \

e o gL bRl e bR kel el fpheal oAl 67 Fndidebiedl HRl R hlandd S © 2

a] ca] ca] g@! S] ]dordicte material BNy ﬁﬁé‘cftftl@ ?&85&#@6&9& Béddubtorgyerh.cal cal

cal ca]ca]calc aJcaU ca] ca]ca]ca]ca]ca]ca]calca

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] caltttuvwxyz~~~~NHK2* 4~wj wr m
c’\ﬂ ca] C

a] ca] ca] ca] ca] ca] ca] ca] c
a] caU] caI f E59 TBA73| wr rmc"Y] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] c( a] ca] ca] caj ca]

C e—p—



() - () - # VRYRYE () -#_ce\\ aBN10%
1055 1055 1055! +Y$109658& () - #! 9Y$L0%R5E5& () - #! 9Y$10 \V
,10907& () - 9#1099& ()- F 109F& ()-FO 109F& ()- f 1096T& ()Bﬂﬁémsmm

: N 1 A . 1 _ ' _ &u
-L9aBN10% *'$1090& ()- 1109 & ()- t!10%& () Ylg%ro .
S, 100@& ()- -}UdENLO%/109F& ()- + | 10%& ()- * 109 ()- Y($Lg£g5?)zm%
1096°& ()- !:1109F& ()-omxyzaVK@0% 10T 10T 10T&I10%F&’ () - 11

341 109F°& () - y21099& ()-!y0&10%ld& () -z;xaBVK@O% F  10% U& () 2F8yMA‘0%UU'+
U& ()- 3 10%

)
Blind via processing windows are presented in detail U.S. Patent No. 5,841,099 of
Owen et al.
Referring again to FIG. 9, multi-head positioner 150 is configured as an ECB
bhnd via cutting apparatus in which N equals an even number, such as 2, 4, or 6, but
5  preferably 4. Lasers 156A and 156C are UV lasers (wavelength is less than about
400 nanometers and preferably about 355 or 266 nm), and lasers 156B and 156N are
IR lasers (wavelength is in a range from about 1,000 nanometers to about 10,000
hanometers, preferably about 9,000 nanometers). Because the UV and IR lasers have
substantially different wavelengths, mirrors 158 and optics for fast stages 154 are
10 configured for compatibility with each associated laser’s wavelength.

UV lasers 156A and 156C are capable of cutting both the first conductor layer
and the dielectric layer in a suitable manner. However, the laser power levels and
pulse repetition rates are carefully controlled to prevent unacceptable damage to the
second conductor layer. This results in a narrow “process window.” Therefore, UV

15 lasers 156A and 156C are preferably employed to cut through only the first conductor
layer and a portion of the dielectric layer, a process that has a wide process window.
Once the first conductor layer is removed by the UV lasers 156A and 156C, IR lasers
156B and 156N, which have a wide process window for cutting through the
remaining dielectric layer without cutting through or damaging the second conductor

20 layer, are employed to remove the last portion of the dielectric layer. Thus, the ECB
blind via cutting apparatus employs UV lasers 156A and 156C to cut through the first
conductor layers of workpiecés 152A and 152C and IR lasers 156B and 156N to cut
through the dielectric layers on workpieces 152B and 152N.

The time required for UV lasers 156A and 156C to cut through the conductor

25 layers is typically longer than the time required by IR lasers 156B and 156N to cut
through the dielectric layer. Therefore, the longer processing time dictates the _
processing throughput. Because the target locations are substantially identical for all
tools on.multi-tool positioner 150, the different processing times are accounted for by

providing appropriately different laser power levels and pulse repetition rates for the
30 UV and IR lasers.
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Some apphcat]ons kequlre cutting relatively large hole diameters of about 200
micrometers or less. Because UV lasers 156A and 156C have a beam dlarneter of ’
only about 20 mlcrometers multi-tool positioner 150 must cause the UV beam to
follow a spiral or circular path to cut such holes in a conductor layer. Therefore, |

5 cutting these relatively larée holes takes a propornonally longer time. However, IR ;
lasers 156B and 156N havé a beam diameter of about 400 micrometers, which is ’
about 20 times the UV lasefr beam diameter. Therefore, when cutting these relatively
large diameter holes through the dielectric layers, at least some portion of the IR laser
beam will cover the entire *mle while the UV beam follows the spiral or circular path )

10 tocutaholeina conductoﬁ layer. Under these circumstances, the IR laser beams are
on the target locations for q relatively longer time and the dlfferent effective |
processing times are again %ccounted for by providing appropriately different laser
power levels and pulse rep_ditition rates for the UV and IR lasers.
If suitable laser powér is available, a single laser may be shared amohg
15 multiple workpieces by employing suitable power splittihg devices. It is also
envisioned that switchable-wavelength lasers may be employed in this invention.
This invention provides an improved combination of positioning accuracy,
positioning speed, minimized or eliminated stopping time, nonpanelized tool path
databases, and minimized fast stage movement range that dramatically improves
20 processing throughput while reducing workpiece rejects caused by dimensional and
orientation variations.
Skilled workers will recognize that portions of this invention may be
implemented differently from the laser beam micro-machining implementation

described above. For example, a wide variety of tools, in single or multi-headed

25 configurations, may be moved by the fast positioner stage, such as micro-dimensioned

30

drills, punches, lasers, laser

devices, microscopes, lenses,

optical instruments, and cameras. Also, many different

positioning devices may be employed in different combinations drawn from among

galvanometers, voice coils, piezoelectric transducers, stepper motors, and lead screw

positioners. The DSPs need

not be completely digital and may, for example, include

beams, radiation beams, particle beams, beam producing ..
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any suitable combination of analog and digital subcircuits. Of course, the positioning
signal profiles, spectral bandwidth and amplitudes, and filter characteristics described
. herein may all be modified to suit the requirements of other positioning applications.
It will be obvious to skilled workers that many other changes may be made to
5 the details of the above-described embodiments of this invention without departing
from the underlying principles thereof. The scope of the present invention should,

therefore, be determined only by the following claims.
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Claims _
. 1. A posirioning system for positioning a tool relative to a target location on a
worlcpxecc in response to a positioning command, comprising:
B 'Y Slow positioner for effecting a large range of relative movement between the tool
nd the workpiece, the slow positioner including a translarion stage capable of movement
posit ner for effecting small ranges of relative movement between the 100}

< apart displacement sensors i communication with the fast
: dnvcr and eoupled 10 move with the wanslation stage along the axis; and .
arefereucc mfaceposxtioucd in proximity 10 the translation stage and parallel to the
!he:translation stage bemg capable of movmg along the reference surface and the
cement: sénsors bemg capablc of acqumng information concerning their relarive
dxstances from the reference surface and conveying the information to the fast positioner

driver 10.correct for an Abbe error associated wirth off-axis or rotational movement of the
translarion stage.

- 2. The positioning system of claim 1 in which the rotarional movement is yaw.
3. The positioning system of claim 1 in which:
the wanslation stage is a first translation stage that supports a workpiece;

the slow positioner further comprises a second translarion stage capable of moving
along a second axis that is transverse to the first axis; and-

the fast positioner is mounted on the second wranslarion stage.
4. The positioning system of claim 3 in which first and second translation stages
carry respective first and second inertial masses.

_AMENDED eHEgT
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6. The positioning system of claim 3 in which muluple workpieces are mounted on
the first wanslation stage.

7. The positioning system of claim 3 in which the second translation stage
comprises a second pair of spaced-apart displacement sensors in communication with the
fast positioner driver and coupled 1o move with the second translation stage along the
second axis, and in which a second reference surface is positioned in proximity.to the
second translavion stage and paralle] to the second axis, the second translation stage being

_ capable of moving along the second reference surface and the second displacement sensors
:) being capable of acquiring second information concerning their relative distances from the
second reference surface and conveying the second informarion to the fast positioner driver
to correct for a second Abbe error associated with second off-axis or rorational movement
of the second translation stage. | :

8. The positioning system of claim 7 in which the second rotational movement is
pitch or yaw.

9. The positioning system of claim 7 in which the second translation stage
comprises a third pair of spaced-apart displacement sensors in communication with the fast
positioner driver and coupled to move with the second ranslation stage along the second -
axis, and in which a third reference surface is positioned in proximity to the second
'\,) translation stage, parallel 1o the second axis, the second translation stage being capable of
moving along the third reference surface and the third displacement sensors being capable
of acquiring third information concerning their refarive distances from the third reference
surface and conveying the third information to the fast positioner driver 1o correct for a
third Abbe error associated with third off-axis or rotational movement of the second
wanslarion stage.

10. The positioning system of claim 9 in which the third rotational movement is
piich or yaw.

11. The positioning system of claim 9 in which the second translation stage
comprises a fourth displacement sensor in communicarion with the fast positioner driver
and coupled 10 move with the second translation stage in a plane including the second axis,

AMZNDED SHEET.
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stgga/ OpQratPl‘&l {0 the %9(:0:119 axis, and in a second plane generally mcludmg the second
reference surface, the second translation stage being capable of movmg along the fourth
reference surface and the fourth displacement sensor in cooperation with one of the second
displacement sensors being capable of acquiring fourth information concerning their relative
distances from the respective fourth and second reference surfaces and conveying the fourth
information to the fast positioner driver to correct for a fourth Abbe error associated with
fourth off-axis or rotational movement of the second translation stage.

12. The positioning system of claim 9 in which the fourth rotational movement is

- rolls

13. The positioning system of claim 1 in which the displacement sensors comprise
capacitive sensors.

14. The positioning system of claim 1 in which the displacement sensors are
capable of discerning relative distances as small as 10 nm.

| 15. The positioning system of claim 1 in which the displacement sensors are
capable of measuring relative distances as large as 50 ym. |
~16. The positioning system of claim 1 in which the tool is a laser beam.

17. The positioning system of claim 1 in which the displacement sensors are in
communication with the positioning signal processor for adjustment at the positioning signal
processor of the fast movement-controlling signal based on the information acquired by the
displacement sensors, to thereby achieve real time compensation for the abbe error.

18. A positioning system for positioning a laser beam relative to a target location
on a workpiece in response to a positioning command, comprising:

a first positioner effecting a large range of relative movement between the laser
beam and the workpiece, the first positioner including a first translation stage capable of
supporting the workpiece in a plane and moving generally along a first axis;

a fixed optical head including a fixed optical path directed at, and transverse to, the

plane of the workpiece; = . e
~ asecond positioner effecting a large range of relative movement between the laser

beam and the workpiece, the second positioner including a second translation stage capable
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S a positioning signal processor deriving from the positioning command movement-
controlling signals;
first and second positioner drivers conrrolling the large range of relative movement
of the respective first and second translation stages in response to the movement-controlling
signals; .
a pair of spaccd-apart first displacement sensors in communication with the
positioner driver and coupled to move with the first ranslation stage along the firsy axis;

. . and

- a first reference surface positioned in proximiry o the first ranslation stage and
 parallel to the first axis, the first wanslation stage being capable of moving along the first
reference surface and the first displacement sensors being capable of acquiring information
conccrmng_thexr relative distances from the first reference surface and conveyingvme
information 1o the positioner driver to correct for an Abbe error associated with off-axis or
rotational movement of the first translation stage,
19. The positioning system of claim 18 in which the rotational movement is yaw,
20. The positioning system of claim 18 in which: _
the anslation srage is a first translation stage thar supports a workpiece;
the slow positioner further comprises a second rranslation stage capable of moving
o along a second axis that is transverse 1o the first axis; and
the fast positioner is mounted on the second wanslation stage.
21. The positioning system of claim 20 in which first and second translation stages
carry respective first and second inertial masses.
22. The positioning system of claim 20 in which the fast positioner is 3 first fast
positioner, and in which the second translation stage supports a second fast positioner.
23. The positioning system of claim 20 in which mulriple workpieces are mounted
on the first trénslmion stage.
24. The positioning system of claim 20 in which the second translation stage
comprises a second pair of spaced-apart displacement sensors in communication with the
fast positioner driver and coupled to move with the second translation stage along the
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capable of moving along the second reference surface and the second displacement sensors
being capable of acquiring second information concerning their relative distances from the
second reference surface and conveying the second information to the ﬁas: positioner driver
to correct for a second Abbe error associated with second off-axis or rotational movement
of the second wranslation stage.
25. The positioning system of claim 24 in which the second romtional movemmt is.
pitch or yaw. :
26. The positioning system of claim 24 in whxch the second !ranslation stagc _
comprises a third pair of spaced-apart displacemient sensors coupled ro_move. witk me
second translation stage along the second axis and incommumcanonwnhthefastposmow
- driver, and in which a third reference surface is positioned in proximity 1o the secoud
wranslation stage, parallel to the second axis, and transverse 1o the second reference surface,
the second translation stage being capable of moving along the third reference surface and -
the third displacement sensors being capable of acquiring third information concerning their
relative distances from the third reference surface and conveying the third information 1o
the fast positioner driver to correct for a third Abbe error associated with third off-axis .
movement of the second translation stage.
27. The positioning system of claim 26 in which the third rotational movement is
S piich or yaw.

28. The positioning system of claim 26 in which the second ranslation stage
comprises a fourth displacement sensor coupled 10 move with the second translation stage in
a plane including the second axis and in communication with the fast posttioner driver, and
in which a fourth reference surface is positioned in proximity to the second translation
stage, paralle] to the second axis, and in a second plane generally including the second
reference surface, the second translation stage being capable of moving along the fourth
reference surface and the fourth displacement sensor in cooperation with one of the second
displacement sensors being capable of acquiring fourth information concerning their relative
distances from the respective fouﬁh and second reference surfaces and conveying the fourth
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33 'I'hcposmonmgsystetnofclmm 18 in which the displacement sensors are in |

communicarion with the positioning signal processor for adjustment at the positioning signal
processor of the fast movement-controlling signal based on the mformanon acquired by the .
displacement sensors, 10 thereby achiove real time compensation for the abbe error.
34. A method for positioning laser output relative o a target location on a
workpiece, comprising: , :
providing slow and fast movement-controlling signals from a posirioning signal
processor; | \

controlling with a slow positioner driver a large range of relative movement of a
ranslation stage, generally along an axis and along a reference surface positioned in
\/ proximity 10 the translation stage and paralle] to the axis, in response to the slow
movement-controlling signal; &
controlling with a fast positioner driver a small range of relarive movement of a fast
positioner in response to the fast movement-conrrolling signal;
effecting the large range of relative movement between the laser output and the
workpiece on the translation Stége; |
acquiring, with a pair of spaced-apart displacement sensors coupled 10 move with
the translation stage along the axis, information concerning their relative distances from the
reference surface;

convéying the information from the displacement sensors 1o the fast positioner
driver;
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 VUS10! b 0in @k posiionkP i al hange ¥R kol emenr BAYRER L)
10% +§‘aséz) output and the workpiece including a correction for an Abbe error assocxated with off-
axis or rotational movement of the translation stage; and

generating laser output to impinge the warget location on the workpiece.

35. The method of claim 34 in which the rotarional niovement is yaw.

36. The method of claim 35 in which:

the translation stage is a first translaton stage vhat supports a woﬂ:piece,

the slow positioner further comprises a second translation stage capable of moving
along a second axis that is wransverse 1o the first axis; and }

: thefastposmonetismoumedontheseoondtmzslaﬁonmgé.' o
37, The method of claim 36 in which first and second wanslation stages carry
- respective first and second inertial masses. " A
- 38. The method of claim 36 in which the fast positioner is a first fast positioner,
and in which the second translation stage supports a second fast positioner,

39. The method of claim 36 in which multiple workpieces are mounted on the first
translation stage.

40. The method of claim 36 in which the second translation stage comprises a
second pair of spaced-apart displacement sensors in communication with the fast positioner
driver and coupled 10 move with the second translation stage along the second axis, and in o
which a second reference surface is positioned in proximity to the second translation stage
and parallel 1o the second axis, the second wanslation stage being capable of moving along
the second reference surface and the second displacement sensors being capable of
acquiring second informarion concerning their relative distances from the second reference
surface and conveying the second informarion to the fast positioner driver to correct for a
second Abbe error associated with second off-axis or rotational movement of the second
translarion stage.

41. The method of claim 40 in which the second rorational movement is pitch or
yaw. ,

42. The method of claim 40 in which the second translation stage comprises a third
pair of spaced-apart displacement sensors in communication with the fast positioner driver
and coupled to move with the second translation stage along the second axis, and in which a
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511094, & (e secondmagis, Ric(speond @aadeion aiagd bclﬂé)&pilﬂ%f &Oﬁhg along the third

reference surface and the third displacement sensors being capable of acquiring third
information concerning their relative distances from the rhird reference surface and
conveying the third information to the fast positioner driver to correct for a third Abbe
error associated with third off-axis or rotational movement of the second. translarion stage.
43. The method of claim 42 in which the third rotational movement is pitch or yaw.

44, 'I‘hemcthodofclaxm42mwhxchthesccondtranslanonsmgccompnsesa
fourth dasplacement sensor in communication with the fast positioner driver and coupled to
movewiththe seoondu'anslanonstagc in a plane including the second axis, and in which a

fourth reference surface is positioned in proximity o the second translarion stage, paralic]
to the second axis, and in a second plane generally mcludxngthcsccondreferencesutfacc

°* the second wanslation stage being capable of moving along the fourth refereice surface and

thefowmamphcementseumrmcmpmuonwnhomoﬁheseconddisphcememsenm :
being capable of acquiring fourth information concerning their relative distances from the
vespective fourth and second reference surfaces and conveying the fourth information 1o the -
fast posirioner driver vo correct for a fourth Abbe error associared with fourth off-axis or
rorational movement of the second transiation stage. . ‘

45. The method of claim 42 in which the fourth rotarional movement is roll.

46. The method of claim 34 in wluch the displacement sensors comprise capacuivc
sensors.

47. The method of claim 34 in which the displacement sensors are capable of
discerning relative distances as small as 10 nm.

48. The method of claim 34 in which the displacement sensors are capable of
measuring relative distances as large as 50 pm. _

49. The method of claim 34 in which the conveying of the information from the
displacement sensors to the fast posirioner driver includes receipt of rhe information at the
positioning signal processor and adjustment at the positioning signal processor of the fast
movement-controlling signal based on the received information, to thereby achieve real
time compensation for the abbe error.
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a second rcference suriace,

a second pair of spaced-apart displacement sensors positioned in proximiry 1o the
second reference surface, the movement of the second translarion stage causing the second
pair of sensors to move along the second reference surface, the second displacement
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indicated by an on-axis position indicator, such as a linear scale encoder or laser
interferometer. The system is calibrated against a precise reference standard so the
10 corrections depend only on sensing small changes in the sensor readings and not on
absolute accuracy of the sensor readings. Although the present invention is preferred
for use in split-axis positioning systems(50) with inertially separated stages (56,58),
the invention can be employed in typical split-axis or stacked stage systems to reduce
their manufacturing costs.
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