;é3erL6Tp{Q - 1 - Decoupled Planar Positioning System Field of the

I pvention This invention relates to an el ectronechani cal plzmaﬁ’ﬁbtfﬁﬂoning
system whi ch 5 enabl es hi gh-precision, high-payload positiohing of
wor kpi eces such as integrated circuit wafers, photonic conpone

m cr o- el ectronmechani cal systens and the |ike. Background of th B@MHMWMWMMF
conventional XY planar positioning system stacks an X-actuator

onto a 10 Y-actuator assenbly to formthe-ttwo orthogonal axes. One*159159+
significant drawback of this stacking approach is that the positionin

accuracy is substantially affected by the errors in each of th mmmw@wm““

actuator assenblies. Since th@&gﬁﬂ@&ﬁamm{o},@ ﬁs?e,ﬁoum ed ,
a

the errors of an actuator in every direction w contri but e t cctotwe
overal |l positioning errors of the system 15 Another di sadvantage of

st acked staggfelégftﬁlh?m}%gpr efficiency of the actuator power used for noving

t he payl oad. em an actuator is required to nove not only the

payl oad but al so Thi ilesEoR telitb€totinéctdfdedRinal plafsiRAitoRing QR steh Which Thi S

necessitates the use of higher capacity actuators to overco t he probl em
t her eby i Acr eagblesdighpresision, kighaaylond pesitioning ofwerkpiscesueh as integsated kircujt

approach red verall rigidity,of the system Wil he _
convent i onal %gge%sr’éggtﬁ&gfws 4 dmg@%’ﬂg&@péechgﬁqﬁ ﬁY?PH%F‘ldS%FE)‘gF’enE of

i naccuracy and | ow power efficiency, some prior art systens attenpt to
address the praoblens of stacking X and Y-actuator assenblies. For exanple,
U ed St at emmmm48, 690 to Hinds reveal s a design wherein

t he’actuators are ; £ Nt sa lLane in i ch, the
payl oad pl atform A%é‘é%fh%ﬁé%gzﬁ%é#ﬁééddé? Sg"ﬁ{éﬂ‘aggﬁkﬁé‘g}g%\’@?ﬁ e ipa

poor ratil® o¥-gehatdrassembby tofpranketwesrthogohdlaxesy cbmd digisifieat dfavitask of aee
footprint. Thig.ratio icg,g:@gerred to herein as the footprint efficiency.
i .

Anot her apprYacHng apProf ke ppsitipping acourasy ds substatiellyjafbersddnthe errarsdni r |

has a sim| | 314 ' . ald. enblies ;are
fixed on th?agg%mgﬁgﬁghg%ch%t&%q\%%%%ﬁ a%?%?%e%ﬁﬁlé?té%%se@ﬁﬁss?ﬁﬁo% ators
to push and togtther, e eploat 6fmnacatatdriie eydradisctiprwitingl @mtritutd © théeveralyi Ny

-2 directions of the Iatétgrmas presented by Hinds, the Shamr

confi gur at i o?f’s?tg)é'l'qgseé"g)r?)? P8YSiT™otion with a pair of screwdriven
actuatorgsarranged at two sides of the platformin each of the two X-Y
directions. The fact that both actuator pairs are |ocated outside of the
di mensi ons of t heAngsherrdisadvantagerafistacked stagesis the ippoweffioisncy ofithp actnstor power

fel;];lt ;Ir ieztcyé f\%@é\?ééﬁlé%/vil?% %@g@@%ggﬁmﬁﬂ% sglgtgr?lla\ﬁlag anrl] ?s Peat?llrotlade tr(pn?(];vel n%\{vonly the
payload but also the mass of the other actuator stacked on top of it. This necessitates the
'(_ ) use of higher capacity actuators to overcome the problem, thereby increasing the cost of

20  the system. Furthermore, the stacking approach reduces the overall rigidity of the system.

Whilst the conventional approach of stacking actuators has intrinsic problems of
inaccuracy and low power efficiency, some prior art systems attempt to address the
problems of stacking X and Y-actuator assemblies. For example, United States Patent No.

25 5,648,690 to Hinds reveals a design wherein the actuators are not stacked but are fixed in
the same plane in which the payload platform moves. However, this design has the
problem of a very poor ratio of platform moving area versus the overall size of the stage
footprint. This ratio i's referred to herein as the footprint éfﬁciency. Another approach, as
disclosed in United States Patent 4,676,492 to Shamir, has a similar configuration in that

30  all the actuator assemblies are fixed on the same plane as the moving platform. Instead of

using actuators to push and pull the platform at the planes perpendicular to the moving



United States Patent No. 5,523,941 to Burton et al. In this design, two
sets of actuator assenblies are nounted orthogonally bel ow the noving
platformw th one set positioned on top of the other. However, in order to
achieve an inproved ratio of noving range 10 versus total footprint as well
as suitable platformrigidity, the platformhas to be supported by at |east
four points on the base. As a result, the positioning accuracy of the
systemis negatively affected. Furthernore2-.as the vertical distance

bet ween the noving platformand the | ower actuator assenbly is long, the

| arge of fset required for the force transm ssion reduces the stiffness of
the system | i ] Siw]ﬁﬁr - | i,on | n.accordance
with the predgghﬁ&?sno\?éwggﬁ{)@%eﬁ gs el}]gedp oVl gé’dtﬂéasil) a'rr1<'(;1:Ir)W fﬁ%u;rll'tﬁnorﬁ? hc’ﬁs system
having a ri gilatfdraseotiemeithiarpair ofisctewadrived abiua®es arteigbdhivorsiRe SF IRWMtESt O

or thogonal b EATPLIPBITRK: T Strectons The fa6f ot hetb sgwrloneers e lisaironisids afne
base, and a tﬂ@xﬁ%kiﬁnpb%g%mg);gﬁ%géeﬂ]ptﬁ%]%%?@otbﬁntse?ﬁagx%ﬁ&ggo{.rg‘fen

novenent on the rigid referenc ars are cou
nmoveabl e portions of the respective first and second actuator neans, the

two push bars bei arranged tq be on.t he veable platformfor _
transni ssi on of é@g’%ﬁﬁ@fﬁ&sﬁmgﬁﬂ? l’l‘é’b"e@é m@gtppinf cighey sclessribed in
act uat or e asifited GtRéd Patént Wy 8150 .' | ghed b
reference surface. In a I:)r ef erretoslm?fct)?r%tig?gtéthzg ﬁ\%{\cﬁs%&’ ﬁ?%gehﬂtggglafolrnear
act uat or neassmbbiepaegaenntedooritiogenallydriom tiwr mmoving plagform withsdrrertd pdsitioned

parall el to each her, with the second |inear actuator neaps positioned
t her ebet vveer?.nq E‘%}‘FQBWC{] RECYTInOndes tp achigvsan improyeddatio obmawingrapest t he

30 first10 i ReRas R4 YSStBAnIRWE ds%uﬁﬁlﬂégﬁaifom?%i&it}é tHeFP 1ol ha3% bO5h g»Brt&i‘e
second linear actuator -3 neans. The second lI'near actuator meal? I'S
preferably &viagleest feurpnints on the basat As heesuiinthegositioning acangsy affthedistepmisof

the first a : t he preferred diment, the reference
surface is %%%a\?vagfgqa rfge;%}{%t F:“@Q?fn%%é’s ﬂ?‘f%‘f’“@ig}%gf’é’cgsﬁ}&’ﬁﬂha\ﬁfﬁ@“% Riatfomn
upper surf aasd theewert achetsitasseiitbl P isd6kig, 1R REgd Bkt RYQuREd foh $hd fofledraagmRsidh

| east parti g‘Hgy bet ween gui di ng mechani sns of the first |inear actuator
means. Pref Bwﬁsstfﬁilqssefthpémmnwblcmrwmsmblpr ovided with the second
| i near getuator neans therebetween. In the preferred enbodi nent, each of
the reference blocks is kinematically supported and at each supporting
points is afi nventibm br ati on and 10 al i gnnent of the snooth upper
surfaces thereof . to formthe reference surface. The planar positioning

system of the prZt%cP %W%MF%&WF‘H&“UH’&T%QJFQW%% plagas ppsitjompans f or
cl osed | oopsysessl havitig & Figld Bise, ahd 6 ahll 58dond Ml eRHeARbr MdAG & Mokl 8 Ml rg? ans.

15 1n one formof the invention-the positional sensing neans conprise
pai r of |i nkafe thpfirdand serond inear aotwaton swans beinglamirgded oethbgamfal tohumelanothar:

ead: noad Avieid KteRard fFAEe SR GIRESSE ARAROUBRlFimRr hofhinga o
posi tion of woikpieex isssupported fopmovaineitnaht vigid ef@aide salfadel ﬁgﬁpﬁ\ﬁ%gg a% each

20 opti cal IinE%r encoder is fixedly nounted on the rigid base ere
t enper at ur eQPRIgd4e mayeable pertigns ofthg respegtive firstaandse¢andlaciuetod nteans] thef tweac h

Cespoct i ve sn UERRR ariabelt £hACH e RRRRA pP il o PR JoreR ot her

f orm of t hetheretoefndr din respeetipofiist mhsdcond aGtiater AeARI0 CHBRTHGRS. At dARET

i nt erfeﬁﬁrretler nmeasurenent system _such as conprising a | aser source and

pi ck- up e RldtEormon said ngwd refstence swfacet er, and two precision ninor surfaces
nount ed orthogonal to one another on said noveable platform Preferably the
| aser source and' pi ck-up device and beam splitter are nmounted on said rigid-
base. The opti cdh atpeefirrse farmtafithe mverstieh, the fosnireat a@ud6r meaglcompasartwbeam

fromsaid | r source intq t r £ hogo | aser beaps in directions
paral l el t gﬁ%ﬁr.eacg.gggogs B Fﬁt}lf\?%’?'abﬁgg@ﬂ?]lstp eaphiotber iR the sseend lineptagtentor
means, respe&ink p&ditioned therebetween. Preferably the distance between the linear actuators of the

30  first linear actuator means is greater than the range of motion of the second linear actuator



t “.

-4 The orthogonal |aser beans are directed on the said mrror surfaces
respectively so that the distance fromthe mrror surfaces to the |aser
'source is varied when the platformnoves in the direction of notion, and
the distance can be neasured precisely by the laser interferoneter. 5 In
the preferred enbodi nent the two push bars are arranged in orthogonal
directions of notion for transm ssion of force fromthe actuator neans to
the noveable platformto effect notion im3Xhe respective direction. The
push. bars may conprise straight guiding surfaces to guide the orthogonal
notion of the noveable platform In a preferred 10 enbodi nent, the two push

bars t oget haneans.t The:eoondlit@e betiatshleattEis PRTREHS alibAaBMbtakIISes tfd QM he
first and second actuator neans _to the noveable platformw th m ni mal

friction. | PIEHFapsRtdntionef the fisst petuatenmesnsvent i on conpri ses a pl anar
positioning system 15 having a fixed flat reference surface; first and
second actuator neans nounted in relation to said reference surface, the

first and second Indteyatforredrembediarat) thenefdrehca shEBRAS piovRleABYARNag der t i On
i wherein the first and second act uator noveabl e

that is |jneatl | e,
porti Iofls g’ar églrrefe%'f‘ﬂ’)]\éé% YIRS AEReBIPPETsuriacs dhe ateast enedlockheingsoowrted on

ort hogonal Ithdgad bR Sk i Sal . urf.ace; veabl e
pl atform for holding a 20 #ﬁ%?&%%ﬂd‘ﬁgﬁéﬁﬁfgﬁ%rﬁ%‘ 7%6"@3&80“%
for planar masaasrdneferablyra pair of refekarce bloeks ispravided with itesdecsiMBlehPActRRbMNEEN
the first actuator veabl fmﬁorti on and the noveable platformfor

ccglgr ol I i ng K8 PEWSRD-oIn the prefered epbadimentyeachiof the referense bleickeissi on, t he
fi'r

t coupl iy v dil r : i econ
[ mear i meneymadlly opfiticd 1 o ek borfhe bt AL 0} Al BB A1
noveabl el Gorligunend nfithelsmonthveppet surfisepthatebbtonfofatheefiremelsinfget he position

of the platformin the second |inear dinension, the second coupling
permtting free novenent of the platformin the first linear dinmension. The

decoupl ed pl anar m@mahhﬂs&ﬁﬁnﬁﬁg%fy@t@nddﬁﬁé %%&%ﬂ@?hpﬁ%ﬁaﬂ?%ﬁtg@% 0

provi de high speed, high precision planar notion wth exce 00
ef ficiency AFI§Inganeans Earictosed lqopriestbaciDeantiopbf the fiwst anth secand lintarrastuatvat
provi de the ogonal axes of notion nmeans that none of the actuators is
carrying the werght of the other actuators and hence

15

In one form of the invention the positional sensing means comprises a pair of linear
optical encoders, one associated with each of the linear actuator means. Each linear optical
encoder may comprise an optical read-head, and optical linear scale, and an index sensor to
mark a zero position of the axis of motion. Preferably the optical linear scale of each
optical linear encoder is fixedly mounted on the rigid base whereby temperature variation
is relatively small. The optical read-head of each optical linear encoder is preferably

mounted on the moveable portion of a respective one of the first and second linear actuator

means.

25 In another form of the invention, the positional sensing means comprises a laser
interferometer measurement system, such as comprising a laser source and pick-up device,
an optical beam splitter, and two precision mirror surfaces mounted orthogonal to one |
another on said moveable platform. Preferably the laser source and pick-up device and
beam splitter are mounted on said rigid base. The optical beam splitter is used to convert a

30 single laser beam from said laser source into two orthogonal laser beams in directions

parallel to the axes of motion of the first and second linear actuator means, respectively.



5 inproving the overall efficiency of the system In addition, decoupling
al so neans that the errors and dynam cs of one direction of notion will not.
propagate to or reflect in the other direction of notion. By having

I ndependent axis of notion also neans that position feedback can be taken
froma single independent reference surface and hence reduces the S cost of
achi eving precision notion. In addition, by using non-contact nechani sns,
there is virtually no friction in the notidn of the platformthat carries

t he wor kpi ece. Hence very hi gh-speed and precise notion can be achi eved
easily. As wll be appreciated fromthe follow ng detail ed description of

the i nventi orhe okthoRb@dl PAseLBeaBiERRE HFBREFon R ISBRAIMMRoRshaces R4p&lfivalyoaRA the
positioning systemwhich has all of the advantages of a decoupl eg X-Y stage

i n addi ti on digancg\frope thei ralror suidades ¢o thedaser sausce ig yeped whensthe platfomi mevesiin e
to achieve f . 0 | ver i |t onin ccur h rior art
systens nenttﬁ%?]%%‘?lgk%%\?gﬁﬁqﬂ& ok %1'3{! %gatnggﬁéa" ?fa'\?garfg é%é’gg%‘cf%?)r%aﬁﬁ%%ﬁ e 15 and

smal | f oot printfeonievdet be achi eved at the same tine. Stacking up the driver
assenblies below the platformnakes the footprint smaller but at the sanme
ti me incrdases the hei ght of the profile. On the other hand, fixing the

actuator assenbli ' B4 t tfo qusl w enl ar ges
t he system f oot prlﬁ%%&lg%%gi nen gﬁ%ﬂﬂzeﬁ%vo rglé[e;lr‘f? a'?enven%%ﬂ;e%ﬁ]og\%é bal ance
bet ween t he dirsiissldfendtivndbi trisafissdich e fdrdedaing tHeltictuatvlt nfdans ®Nth® tad¥eable 0
achieved by fixing a pair of parallel actuator assenblies outside the

movi ng pl at fRItRRrHPIe8egh raetionyintheresperdive direqtingo e pushskars mpy eompeise 9tr4jamerf
the Invent it SieddBefl fdd & ophopdifs MoRth Bt b RIELREERE, T BePRAL ©

only, antd wientbodithamghe ewéd pushtaarsitogetipewith ngn-dortuét pysher infechétiisihs trimspnit e 1
IS a perspecfive_vie f a planar positioning systemaccording to a
preferred erf%fsef Fremtyl\%%rﬁt ﬁ@‘? greand Actuptarmsansdh themavgakls plsormuwith minimealt of
the two axesgigig pl anar platformw th respect to the base reference; Figure

2 is a perspective view showi ng the X-axis conponent |ayout of the system
30 of Figure 1; -6 Figure 3 is a perspective view show ng the Y-axis

conmponent |ayout .of the systemof Fiqure |, Figure 4 is a perspective view
showi ng t he corrpdﬂé?ﬁ?gfoéaéﬁﬂseo ©PHse |lah%%"°13r33‘?'?6§%a planar pbitioing system

15 having'_a_ﬁxed flat reference surface; first and second actuator means mounted in relation
to said reference surface, the first and second actuator means each having a respective
moveable portion that is linearly moveable, wherein the first and second actuator moveable
portions are restricted to movement in respective first and second orthogonal linear
dimensions parallel to said reference surface; a moveable platform for holding a

20 workpiece, the moveable platform being supported for planar movement over said
reference surface; a first coupling between the first actuator moveable portion and the
moveable platform for controlling the position of the platform in the first linear dimension,
the first coupling permitting free movement of the platform in the second linear dimension;
and a second coupling between the second actuator moveable portion and the moveable

25  platform for controlling the position of the platform in the second linear dimension, the

second coupling permitting free movement of the platform in the first linear dimension.

The decoupled planar positioning system disclosed herein uses novel design to
provide high speed, high precision planar motion with excellent footprint efficiency and
30  dynamic stiffness. Decoupling of the actuators that provide the orthogonal axes of motion

means that none of the actuators is carrying the weight of the other actuators and hence



5 Figure Sis a perspective view of the planar positioning systemincluding
a.laser interferoneter for positional feedback; and Figures 6, 7, 8 and 9
‘are schematic illustrations of various |ayout configurations of a planar
_positioning systemin accordance with the present invention. 10 Detail ed
Description of the Preferred Enbodi nent A decoupl ed pl anar positioning

apparatus 100 is illustrated in the draw ngs, constructed according to a
preferred enbodi nent of the present i nventioon. The overal | structure of the
positioning apparatus 100 which is illustrated in Figure 1 can be

consi dered as a conbination of several sub-assenblies, nanely an X-axis

assenbl y 200 isbmmng the dvé&rall efficiéricydf tHe Syk@hi. Gn%,ddﬁlo}(-(wébﬁplﬂl%m}éar?s(iﬂat the
shown in Figure 3, and a, planar platformassenbly 400, shown in Figure 4.

The positi onueﬁgfwsé#ya{"wsaﬁen? diregtien o moen !l mohpropagateiquir spfest i thi other

di spl acement gRasdd t

positioning appa?dél{ uﬂgﬂ%dsd?ltsﬁ;o{/ﬁim%{gﬂég%@x t%?%cqf@&m% d SEﬁy‘{é‘gt oppéggﬁn and
ref erence pl deeibadk/caarbd t@n fidm asiighy iadepeniém referchbée sizficatrd Kénte lrédicys thez ed
rect angul S .supported. on an uplaer surface of the table top 1, and

pI at
posi ti one %‘é’gﬁ? higyiag presisipnymgfion, agéwoael?mﬂg pefEeentagh mes lsreﬁghﬁge is
The two referv%afaﬂgra Hittor? i A thofibh B Mo IAARIRY thfilatries ARG RAe. CHlch 8y drgl! @
top 1 at three locCation per plate. Level Justing mac ani s are provi
to al |l ow for highatpeed sndapriegisermrotion tart becachvaved edstlyence pl ates 2A 25 and ZB
to achieve a flat plane upon which a planar platformassenbly 400 may gl i de
dufgbng operation of the apparatus. The X-axis assenbly 200 as seen in
Fitgdres 1 and 2 coiRgil RIS Asth W Rlio@iHaer leﬁ'd‘éﬁ"@
X-axis actuators 4A and 45& an X-axls pusﬁggigdd 5‘9 X-axi hggéﬁng%ggﬁﬁan
scal es 134 (mfersmodamdnt&ﬁmedmdn)o poovBlepqulanidr positiening systdR Avhictohasalian )

d 12B. Th 4B l h
posi t 1 oned pUthafedts'of 3 ool Zr¥phes Rraginatrio 1of qedieakbrole, modgiince
pl ates 2A, 2Bodtprifteze! 41 i@abRfto Baﬁe\&qﬁst%t%%dt\@?y Hbﬁb@ﬁuoﬁhg acdaRdyS

actuators 4A and 4B are nounted on the table top I and its notion gw ded by
the X-axis actuator guiding elements 3A and 3B, which in turn support the

X-axi s push bar 5 tuat ui nts

and 3B 5 may be aTR@é}r‘}%g ah@? Selg?llnlr?émjsy verﬂ’&(?? ﬁli?aéﬂ% gg‘ﬁg%eﬁrﬂ mo-fi g a
hydr ost atlisc hﬁhﬂmﬂgfoﬁmﬁimmﬂm bl ediieved ut theappleitiimd. | Stckingiip theldivel Aemblies
beari ng systs%w gp t atl ng i n vacuum environnment, for exanple. The X-axis

push bar 5 p orm makes digfoolprantsmaligr Wﬁlaéﬁﬁwa*fﬁgnepmgw&esmmm §>rffs
6A, 6B, 6C

the Xeaxis puotariic: Qual BukPhald, Heme IhPackuits) o litbilhs i ihe b BHEITE L ",

t r ansf er r i ngplatfernh temendpeisbr atladesiiie systenX{f@otprinta Emisddimentd Af ﬂnacﬂ)reanlt ot he

Pl noar ot or TEPE v bHice R AP (iR B 0k POl SELiEP L PSP oo
and’ ser vooot sehidved b?r%g §9ﬁ?gf ﬁd?ﬂlel a&ﬁ@?%s%ﬁh%tﬁ@@hﬂe%ﬁ%ﬁlmﬂﬁﬁ hile

voice coil for small stroke, lig i cations, for ex

posi tion of Ph@nxﬂmtbenosﬂm@mlmam@lm@lmcnauxdmmspmm on sensors 12A and
12B with respect to the X-axis neasuring scales 13A and 13B. The X-axis
measuring scales 13A and 13B are symmetrically positioned on the sane |evel
with the V\DanbﬂDeﬁcnggateMmeD}Ewinme positional information generated by
the position sensors is useful as a 20 feedback signal for controlling

circuitry that dripeeferpbernbedinentef thainvention igdesd pb@qtall tmpmgeloah bbevay
achi evedys T onprises a
Y-axi s a%? ug(t?f oe:ﬁalgl ecsP ?% pmr%éehnrgﬁ:?en%g t‘fﬁlam S a@tr%“{ graﬁ W}QC% rrBus her 9,

a Y-axi s positi ornfigeredois alpérspectiview aka plaﬂaqmﬂtidmg@@aie%acborﬁmg’iwh Y- axis
pusher nechani The Y-axi's SSsserrbl 300 is mounted on the

table top 1 Rrﬁf%frﬁﬁe %dlﬁ"re{)‘{/?%l\gapffé’t’%%‘ﬁnf‘% QB 1ngethE Paie laygriefdhe bro axtg 2B,

W th the Y- apdsisafat patein $ithaei-0do s nebdipuaL.l y to the X-axis actuators.
As with the X-z)ms igllgsenbly, t$§ rrgtlon ogé #!ej Y-axis actuator 8 is guided

by Y-axis actuat dnigefaiZds agerspestiyatviel shibwangythiexX-sxscompboent dajiodt ofithelspstemt 7
may be Hh of Figure 1,




30 aerostatic bearing system a hydrostatic bearing system or arolling -
beari ng system as appropriate for the particular application. Simlarly,
the Y-axis actuator 8 may be inthe g formof a linear notor, a

bal | screw and servonotor, or a voice coil notor, for exanple. The Y-axis
assenbly al so houses the Y-axis position sensor 14 for measuring

di spl acenent in the Y-axis dinension. The Y-axis neasuring scale 15 is
nount ed through the centreline of the wor K &iol di ng device 17 to reduce the
potential for occurrence of Abbe errors. The 5 Y-axis pusher 9 together
with the Y-axis pusher mechanisns 10A and 10B serve as a coupling for
transferring the faguse3gemperspestiveyiemhshowingihe Yaatinadmpor@knt biybiieofYh@xystem
push bar 1 Io?f:ithee planar platformassenbly 400. The planar platform
assenbly 400 as gé’ée%f in Figures | and 4, includes the Y-axis 10 push bar
11, planar platfo ré 8594 pREpIREE s rk

hol di ng devi ce 17%‘{1e pl alr)1ar pl atformmgggggn%%y 4 Ogeéﬁgagoﬁgﬂgg{g%t \eMDX- axi s
pusher nmechaBlatieemsA, 6B, 6C and 6D. The Y-axis push bar 11 is supported on

the reference pla : thin layer. of air. by virtue aof .the planar
platform fl ot at i o?@é%ﬁgn%gﬁg}éfgﬁf Vlfgg)fiﬁaplfggpoﬂﬁo SRR Hf’mﬁlallgi% f or
snoot h and nénérfaemetet forplobitiondldvaIback; aafi t he planar 1 S platform assenbly
400 over the surface of the reference plates 2A, 2B. The work hol di ng

device 17 is ki neftguwesd, 7y8 andi® asersehempticiillugtrations of varibusdaydut configurations sh
bar 11. The ! jce 17 comprij.se, for. ex | e, a vacuum
chuck, a mg%ﬂ#’g}%ﬁiﬂ%ﬁlg}%{gﬁmcﬁ?ﬁ%@%ﬂ%@Eh’ﬁr"ﬁ?ﬁ?tIBH?I@E’B' sticky tape, or
sonme ot her form of work hol ding nechani smas appropriate for the desired
applicati ﬁn. 20 _The features of construction and operation of the planar
posi ti onilHg Rstsiled Descrintion of the Preferred Embedimentbel ow with reference to the
acconpanyi ng draw : ie onents | ntroduced above.
25 ' The table topArltfé%(r)%{ih ]E[?ae{%gg@gmf" ra%P %gpuﬁg | si’@ﬁ?tﬁaae‘%\’ﬁpé?gfaﬁvénﬁsé)o, and

conpri ses a edmbucted aéverding® hprefentedaensbodirhaiiof &le predehtinvamibnl aHeloverner
surface. The X-axi Sfﬁ{g‘d Y-.axi s assenblies are nmounted on the table to

upper surfac T of Hig PesIoning appajatus 1 08 whuchds dliustyatsd in Eigwre Lican ‘P%/Cm{%%‘én
h Il el j . i 2d b
the paral | el a9 @hinRfdlFsOFePal 46b fbgir?g,@agﬁbf&?&? lssgsfé&%tgcznoﬁ SLS&Jggn y

the two indepenqlengll%/_ adj ustable refe es’ 2A, are
ki nemat i ¢al | polatipminr Figdre, a Yhaxds apeinbl s 3¢hsHolna ihdHiguere Bpandla pliha plaf@mence

pl ates 2A, 2 C i se.stone (e,qg. gr.anite) slabs or exanpl e, _and
have finely %8?“3%% ESWH?%%%C k :[getpgS‘HP’P‘Bﬁ/aPPﬂra‘E'élllpé}saﬁ'ft oWRdn Figure 5
al i gnment  of edulysped S displideniefit Mbaeinglilteraeetd spdtbmg t o each other. The
reference plates 2A and 2B are al so nobunted on the upper surface of the

table top 1 between the two X-axis actuators 4A and 4B, with the Y-axis

assenbly ther ebetygahy, I nd 2B.are construct i th
smooth, flat upper B sur a%%tgéE%%ﬁgﬁﬁggﬁﬁﬁgg%%?wlﬂlpgﬂ%ﬁr‘ﬂaﬁé?é’r@i’qﬁw%o
i s suppo?@ edl anttrefepéraa platqsi2at drat 2 A The pferenddPlaks TR, DBaSe SinfiRMYy Bized! at f orm

i ece, andiski\nematically supported at three points by

for carryin WO KP 0

flotation ngﬁﬁgn%@*grp]‘itffes“%?@dé%@ Wﬁ'&‘@cﬁ%@?ﬁé&ew { randmpesitionedadigtent es
2A, 2B, ins i Y, t s, . ndepend

or t hogonal t%??gﬁﬁ]g?ﬂtﬂﬂg gg#g%%r?nﬁ}e? aéiﬁ): 8%{%5&%@ tg{?srr#eggll‘c ?ag?‘% %%2? rom
t he act uat orase kinematitally sspposted onShatabld tof 1\at thrpeibbstion s phité. Deveb Adjfimgnd
10A, | 0B. The pusher nechani sns 6A-f2é) and 10A, |1 0B can act @n the push bars
5 and 1 | vi“&ecgﬁ'ﬂ%ﬁf‘ﬁed’ﬁ%‘f‘d%‘z‘ﬁtagev é‘ﬁ@eﬁfﬁ sment ofghe tworefrencenlates 8t act
nmeans t @sm ahdRBetd dchievi Qmaﬁﬂ%@ﬁﬁ&ﬁwhﬁﬁrag)‘hﬁmg}ﬂﬁm ng%Hb‘i’& H@@@ﬁg ngiHlafs

arrangenent allows for better 15 payload capacity and iInprove rgidity
of the plat fyring opyrationeefdbatppathtin t he planar positioning apparatus, the
pl anar pl atform assenbly can be noved in two di nensions through action of
the X-axis and Y-axis actuator assenblies. As best seen in Figure 1, the

X-axi s push bar FheX-eiislss8abWer0 dsfieenin@iksres 1 and 2 comprises X-axis actuator
guiding elements 3A and 3B, X-axis actuators 4A and 4B, an X-axis push bar 5, X-axis

30  measuring scales 13A (not shown) and 13B, and X-axis position sensors 12A (not shown)

and 12B. The X-axis actuators 4A and 4B are linear actuators that are positioned parallel



20 pusher mechani sns 6A, 6B and 6C, 6D which are nounted on the planar
phat f orm assenbly underneath the workpi ece hol ding device 17. The X-axis
pusher mechani sns 6A, 6B are inmedi ately adjacent one side surface of the
X-axi's push bar 5, and the pusher nmechanisns 6C, 6D are i medi ately

adj acent the other side of the X-axis push bar 5. The pusher nechani sns 6A,
6B, 6C, 6D are not attached to the X-axis push bar 5, however. 25 Wen the
X-axis actuators 4A, 4B are noved in one direction the X-axis push bar S
bears agai nst pusher nechani sns 6A, 6B so as to cause correspondi ng
novenent of the planar platformassenbly over the surface of the reference
plates 2A, 2B.onblanetherddjsent dides ¥ ehd Bferéiice plabis2 A, 2B ilehOfdgRin Hitkesdp ON
cause novenent of the planar platformassenbly through action of the push
bar S on t he><bWeraythe platesy Tﬁéé&&’ﬁﬁﬁ%‘ﬂeé‘ﬁ%md are moyngedrofethy tabté toppluatd itsar

11 extends : 3%01@' : . I | side surfaces
ext endi ng pé}ir?l B‘Z‘ﬂ{dg‘éﬁ% to)%'%ggggtg%t%gg?]ﬁlsngggesnp %@ﬁﬁ‘gé?swﬁﬁgﬁ%ﬁ"ﬂﬁwm SNnB
10A and 10B the X-pospushdned betweeditldngl Yhaljaiertuatt gulding elepenats 3eand 31 S
push bar 11 si dg surfaces., The Y-axis pusher nechanisns | 0a, 10B are not

att ached 1 o PREDSANJsrestaficheagng system ffor high speed apphisationss a hydrostatic hearing: or 8
is noved in 5 i r i . b i de
surface of the I\ffgiﬁs ?@#%‘Eﬁ sboas p @e%%@%ﬁ@g%o@gﬁhggﬁﬁ%ﬁe“ﬁk of
the pl anar pinairbumentafos exdhpleoThe X-inds pushfbar & pafviddsa stidingrsarfaee Nomd WhicRA,
2B. Movenent_ of, t he Y- ast _actggtgé)ﬁ:bi n ége ot her direction causes
rrent O}‘ X%is pushes meshanigms Gdo F‘}flf arerablefoghdec TheX-axis mshdar Husher
echani sm t ' e SHEan TS t i r :
Tho . axl s pobnios iy b XORRE bt lepunitiis @ BEC 68 o 308 P BB A
of forcel0 f romsferringtheforse gerteratedby theAX-axiB attoatbhset Hhadh4B tethrtplanrpageanbl v
400, al so serve law gui de for novenent of the platformassenbly in the
Y-axis di medStBPY Thi's is 15 achi eved by the X-axis pusher mechani sns 6A,
6B, 6C, and 6D on the platformassenbly being constructed so as to slide

al ong the side edge surfaces of the X-axis push bar 5 during novenent of
the planar platf %18 pbtugtonObA iand 4B anay-coxipsisel iahipeari rootor fur highckipeed snd i t

i s advant ag frictional forces between the X-axis pusher, mechani sns
S AN Sy bab Gl B S AR SV g, Techan e
20 use of5 navectani@rippliestitiisfdr aCvdiedddiNessmalPtrakealiEit ButyShpplicationy, fot he
Y-axi s push bar 11 serves as_a a{ui de for the planar platformassenbly 400

movement i n SKHBPIR. Re pogitipp pakihe i-any isdeterminediby the Xvaxix pesitinnstsasorsrtzhand sms

1 OA 10B bq'QBGxihPﬁ@ﬁ%@t KNS H%g_j ' ' d ur f aces of
thereof. 25 A contro eroat?gg?ﬂslﬁom &ﬁgggﬁégﬁép@%@)%ﬁi gge et TAN8%s so
as to posit seales 13\ awsi 13B ercsymoieticallyesitioredmrthe dame ldvel with det vesrki hotding
program or the |i The.contraller. prefera controls the actuators in a
cl\gi_ed I OOdeVe‘E?jLJQSEh%P?Sé ?ml?gpﬁée‘ﬂfé%‘ﬁﬂ%ﬂ%ﬁ PositigRarRsogel il 45%m t he
X-axis @0d Yeed¥ack 1 fdr@Bn@SMAL Citeuifty that AHVE th@a&hatbR! 85 Gl fegLEr system
(described bel ow), Tor exanple. The controller may i nclude a nmenory to
enabl e 30 cPedtiomng ean be aphieved.abl e to record systematic errors in the
overall notion of the systemw th respect to a precise external reference
during a calibration phase. The data in the table can then be used to
adj ust the noti oThel -ixicasebmblyBd0 ad dednia FIQIreP] anbs, cothprdad a YRisSahlaggrat i ¢
errors are m_g! msed. As wll be readily appreciated, the above described
const ruct | oBUdinBsIEnenhd, XY axisactnaten § a1 Yonxis pushen, a8 -amisiposition ssnsartldat or 8

to . act t eyl : r | ' I f 0 ot her

whi | st %?)vement lg?g?ﬂgég‘]gé%aﬁ’ %Fﬁ??%r‘ rﬁu%g%sdé%?@%ga}\%‘gﬂpq rs]ﬁ?ﬁa 4 ned
in a flat pisaemebly\309lis diongted onthetablertdm e @sthefgap Peovidddtetnes tht B & Fefébnce? B.
Thi s structéjre ?Ilo for several advantages, such'as: 10 1. The pl anar

pl at f or m asR'8iH 9@@%%%‘% ??f'?"és Rithater gxlengigarerpspdiqubarbyctoibe Yraxisahi ch are
anchor ed oMmcuARSCAS VilHRE ; ' r Ve t ' f t her .
As a resul t',o?t': he | oad é{‘mt rﬁﬁ;@%ﬁ%%tqeﬁnﬁt‘%%r@%g‘%ﬁ%xﬁgﬂ;@%{géﬂ@ l}) ed

al | owi ng a Yerisactudiongmiding dementh e Biaxishetmys tgaiding BeReniThmapbanar

| at f or g as Ly .400 assenbly i.s orted directl n ri.gid surface
P ot eac 0 TR bR SRR athyiFo TR b tens i salbing Do sysietes
rigidity fapptdpeiarl fat ﬁferpmioallarxbﬁidahaﬂ.asmmz@rcyt ey 32280 RIar 490y P5SHTRL Y 1S

separated from ot her physica



conponents of the systemby a thin air gap. This gives the system enhanced
operational 20 life due to reduced wear and tear. The non-contact coupling .
al so provides very |low contact friction characteristics, yielding snooth
backl ash-free notion. 4. 'The noving planar platformassenbly 400 assenbly
is supported by three aerostatic couplings in a symmetric arrangenent. This
provides a determnistic planar 25 notion for the planar platformassenbly
400 . In addition, as the planar platformé&ssenbly 400 is supported
directly on a surface, any kinematic errors in vertical direction in any
actuators do not affect the platformvertical accuracy. 5. The total height
of the pref domadf elihextinmsat, aiballshhew bad sérlemoarorhs oaetiod WestoMifditxainle.

st acked- act to&a;?ﬁproaci{}gs. Ihe | ow profile of the system m nim ses Abbe
errors. - 10T -af§assymblyplse hpwise theeY raxisinositipnisensanly far seraswyng displacpmant
act uat or ar RQEE-a%RY, t € : ¢ L it t .
i o6 he et s imBRabn | Bhe PRk AL L A AN ARG Garpine

pl at f or m pr ofithiewerkdoldigg detige i 2tpuiedut the potehital fort dcotrréntetolf A bbe eRog0 ele
directio ai r_aqf wer, power . acjugtorg can be used so that a high

rigi dityrkS é{ 8P8§Fr"h3°%ff&‘#§\<}ﬂ§'dhat -axif yer pysehanisms HdeandolAfbseneesas 4 bed

enbodi ment  ebupliif Bl BRNFerRng iu&ééjf&@i_%é%?édﬁ{? th 9E4fi4 Q&ﬂtcirfﬁﬁq@g?aﬂ& Pysh

provi ded t hrough the X-axls an S posi'ti on sensors and
However, evddar gt efithe planacpiatfoyn essembly 406hi eved by directly nmeasuring the
position of the 10 workpi ece hol ding device 17, rather than the actuators.
In Figure 5 the positioning apparatus | 00 is shown including a

di spl acerrent measthephiia oo/ bgRb) 4082t R urtd? afll 3PBRATTRE y-gris
measuring interferometer system 500 ‘as shown conprises a |aser ea(}, 5’?, a
beam splli0 t @pshybar 13, planat platfrom fhgation mechpeisni Hok, 168 add 66), ambtheiwsrk holding

el et r oni cs SEHEe K TPerey Ry dobaoehis 1 Xonmahassbrniamag

appar at us c8R, 6B, 60BA®EDI THe Y-Bfis PASHPPR19is SifppbRed'bh theleferdite gﬁ?é& A 2B
di spl acenent neasuring system The displacenent neasuring Interferoneter

system 500 Bperthindayesefair dlyvrtuesofithe planer. platforouSotatioymbetmniss 162\, d 6Btandd
froml aser hgad~ g1 i Q beamslitter 20..19, where rtion of
the beamis lg?'r gﬁs e%?%iﬁgnqt%hggﬁoarﬂns? %?‘b‘ﬁ&ﬁ' 5“?’&?%‘?”&[‘8?@‘%??? planar

i nt er f el6mepletfodil agsechbhN4@D oveY-tikxsusfaseiof ! eefefentdiflatel 388281 MhevolB hollift
stage mrror, 18 L7s ‘re{g(l)ﬁmt ed on the workpi ece hol ding device 17 such that the
Y-axis surf devacs hLis e"?"é‘cﬁlgf ﬁ‘éﬂ‘(ﬁ"@:‘!]?tﬁlf’albbs"cpﬁem?‘_i o the Yopxis pushshart ldmThehe
nmeasuring bgam l?&_ldﬁx@‘d%vi'i:@flbﬁféy%oﬁ{p?ﬁb,ttjﬂfcﬂrﬁg&’ama%lﬂégh%%s?Ha%ﬁgtfc aagk, to

the plane mnor interferonmeter 22, enabling precise
det er mi nat i ¥haisrhuckea mechqnieat ehuvl sticky tapey bromeothércfoin af woridheteiig on.
Anot her port| f the neasuring b amﬁ£4 asses through the beamsplitter
19 to a fold m no@%p%?pmcdﬁofgﬁ@“f APPISANRT: ng beam 24 to a second pl ane
m nor ipOerferoneter 23. The second plane mrror interferoneter 23 directs
the measuring beam 24 along the X-axis and onto an X-axis surface of the
stage nirror 18 Thefeatugesiaf¢ansmction anboposationi of dke plohatipositiding apparetus 100
per pendi cul : -axis. T asur.i beam 24 .thys reflects fromthe
stage - 1%5 %L%P%?&g%@ églz)wl‘ﬁﬁﬁeg%e?%e ?R@e picsmeanype g’?“f‘?ﬁse?“fj ®Sneter 23,
enabl i ng prassémidigand tompodenticingodicedabeve. of the workpi ece hol di ng device
17 in the X-axis dinension. The enbodi nents descri bed above illustrate the
general configuration and 5 operation of the decoupled planar positioning
systemayhi ch encgjiy |, @ ;1. Th uat,or neans are
arrange%mi n an I—I—coﬁ??ﬁg}(a)rgp ﬁ(ﬁ]&gﬁ %%@H‘%ﬁ%ﬂ{tﬁ)@in a“#Ba'BFJéﬂ@b’ and comprises a
slab or the like having a substantially flat and level upper surface. The X-axis and Y-axis

assemblies are mounted on the table top upper surface with the Y-axis actuator 8 extending
perpendicularly between the parallel X-axis actuators 4A-and 4B. A reference surface is
formed by the two independently adjustable reference plates 2A, 2B which are

30  kinematically supported at three points on the table top 1. The reference plates 2A, 2B

may comprise stone (e.g. granite) slabs, for example, and have finely adjustable mountings



on the supporting base to reduce footprint and the vertical profile of the
system and hence | ower Abbe errors. 10 2. None of the actuator neans is
carrying the other actuators thereby mnimsing | oading on the actuators,
.and maxi m sing dynamc stability of the whole system 3. Al actuator means
are arranged very near to the functional point of the systemso as to
mnimze the nonent due to offset, and hence naxi m ze the overall power
efficiency of the system 15 4. The actuatb®r means can be independently
assenbl ed and aligned on the supporting base with appropriate guiding

el ements via either conventional contact neans to | ower cost, or

non- cont act torekwve fdr@alibration 28l dligneicnPSf (AB App&ofacd MARY thedddT3lhve to each
per f or mance reference surface is forned by two i ndependentl

. 5.
adj ust abl e ;ﬂ“&ﬁe@’%{eﬁ%ﬁ%ﬁ%m *}‘\§H‘1?)QBraF%éFS@moﬂlh@fiwpbmmenglrﬁasQf%;lﬁhai)le
pl anes have t§) PBeddbd B TO5E 248 aé’t'u&tﬁ)gré@%,;@is;\glvtiﬂ %ﬁ%{ag,g?gﬁ%ﬁ%bj‘y' | gnment  of

the two planes relative to one anot or carrying a

wor kpi ece i sherehetmeeni dhk Irgfercenppplates d AndiIBireicopgtrusransittostidoth, Tht bEj&@r ence
surface SO th&t t he ac\gdg@t or mean o0 not have to bear the weight of the
pl at f or mandUH#FES WRAEhich the planss plattesmastsmbly 480 i supprrtedn of the pl atform
is effected by the pusher nechani sns via non-contact neans. This
arrangenent allows for 25. better payload capacity and inproves the

rigidity of the [FheploamplatfornilissernblgaiOicomiphisesd mboing platfoffid gt or
means to the Iatfo&ﬁ mechani sns and two push Dbars

i Eﬁv\éi a tﬂ@ J)usher [
aginged or t 51 a0ds guemagenly, suphertediat shaee ppintbybBgtation meansiower the t he
X~aki s act updferendBAfacApdvided bl iR e j 1), 4t X-axis direction
is via four nonr-lcont a?:t pﬂsherss, gl cfieirngﬁlp%%zé%ﬁgﬁért%gcozgelg# s’t’??é)r%fi bt:"he
X-axi s pdshthsact@®rsy Independentyrthhgonahinotigapf thEtatioraxs sffpuedbpainsndissiomi dl Y

attached to e Vi | atform and t transm ssion of force fromthe
Y-axi s act ugﬂg’ ce%%@_%l E_EJW?ISQJS f%u%r)i\.@ﬁgf’éfs - Heyia pysher meghpnisms 6A-§J and
actuat or Meaps, B! THe flishé& rAéARtisthE 8ASSID ha¢ $6A 0108 B a6t 8X IS ﬂ?}yﬁp?rgl%rans th a

thin air gaE. 8. Position feedback nmeans for precise notion-con I
t aken di r ectl yiaiconyentineal pontapigmedng té lowar wpsthomdé eoepadadt mdahetormingmiace

surface. 5 8. .. s ans are closed-lLoop controll ed th position
f eedback n13§11nc§1'.8gr %&ﬁ%&%g}lgééagﬁ%%mgé’ﬁffg{]?%t ai"?"%%‘?“é?ﬁﬂ”’i r &F&rri but e
dynami c 15oaphyiepdanpadity and timptove she@giafy bPtRGMEH,. Opti mal dynani ¢ notion
performance for stepping and scanning notion of the platform 12. A data
table is created to capture the systematic errors in the overall notion of

the 10 stage wit i .ext.ernal_reference. The data in the
tabl e i s used o ad aaprplcl olERL pey AR ABark LIRS o bon ity
errors are ¢anbemaved in hediardnsidhstthandughertion bethei Xagishad Iy -Hey finpdkiove has a

%ﬂ;g}ié}"‘? ofteorafliel g Bt e o Hihe oot s st b criands brfrows ther Caaio uat or
afrd gui 80 ngpushamRéthafithe BAS6B Rh@YEN6D RhiQPRYe nfoutted dHfthe planar platform
assembly underneath the workpiece holding device 17. The X-axis pusher mechanisms
6A, 6B are immediately adjacent one side surface of the X-axis push bar 5, and the pusher
mechanisms 6C, 6D are immediately adjacent the other side of the X-axis push bar 5. The
pusher mechanisms 6A, 6B, 6C, 6D are not attached to the X-axis push bar 5, however.
25 When the X-axis actuators 4A, 4B are moved in one direction the X-axis push bar S bears
against pusher mechanisms 6A, 6B so as to cause corresponding movement of the planar
platform assembly over the surface of the reference plates 2A, 2B. Move;nent of the X-
axis actuators in the other direction cause movement of the planar platform assembly

through action of the push bar 5 on the other pusher mechanisms 6C, 6D.
30



reference surface. This configuration is referred to as an "H'
configuration, and is illustrated schematically in Figure 6, wherein the
ref erence surface is shown at 60, the X axis actuators/guides at 62 and the
Y-axi s actuator/guide at 64. However, other configurations are al so
possi bl e whilst remaining within the teachings of the present 20 invention,
including a "T" configuration, a "U' configuration and an "L"
configuration. These configurations are scH®matically illustrated in
Figures 7, 8 and 9, respectively. Alternative enbodi nents may include any
or all of the above, and may further include: 25 (a) using any appropriate
al ternative positiThe Yaaipushbat 1 Ineadrlsbeneatiehd Dagtis phshcad Giang hadpsrallel side
interferoneters, optical |inear, encoders, |inear variable differential

transfor mer, SHHacessnieamgmemendisplon kathepushbarsites . TheyY-axis pughemmechanisms
appropriate lygne. ] g SHehy nWP i J e I
tubular |i nealrO 5&”%{%@ ﬁl%irbgggg@é:d u Jr;hégtgl iC ?’?}teog]rtnéro@g‘%cg,%\%fl’glgsg%}} +arql
nmotors, or 3GidesyrfacesbiThetY-axis phsheicohanianila, #0B are not kBached Yo thei "axBPnsh
appropri at§ qqouﬂi ngv and i ding nmeans, including air-bearings, PTFE
bearings, 1 ol%REfLAOWeNE| %ﬁc%@sﬁﬁ@apbrgé@@ioﬁ@ ipomgidirectionthe ppsheron of
the preferre i t e t j LON : 20, by
way of exanpqué on ;!/;'n ri‘(a(t")r;i“dbélz’gs %%’.mslp{r?t% §n esﬁa%§%§ﬂégﬁ%l%@'§g§gf?lmp§ igﬁtg’q{aggﬁ he
present i nverbirespoadingahovertbnt of thh plankeplafompasaably dver theaurfidy efithb edferehdd s
speci fication, and claims which foll ow, unless the context requires

ot herwi se, t A m‘&’%%bo%f’@ém,"fé]i‘ﬁj AXS aptyatr S 18 theother direstipn Fauses monement .
" CoNpri siNg" ortid plak pHIERRSLERAI) Gt | ' 18hiZhPfom Bh e’
or step or grooup P;of I gt egers or sl%gg{s)(%hygﬁn%?o?ﬁghgyc%g%rﬁg% anyp%}? E;ér%g:

i nt eger ol0 stopposite sgtecupface of the ¥garis push tsirdps. - 16 Schedul e of

Ref erenced Conponents 1Tabl e top2ARef erence pl ate 12BReference plate
23AX-axi s actuator guiding elenment 13BX-axis actuator guiding el enent
24/ axi s act uat oL@ phsh BRISUA RIEHNo AHidind W mba | r
mechani sm 16BX- axi s pushe)rbll.lrrechani sm éGCX—O XI é pgsher mggﬁ%(ﬁr‘\%ir%ﬁ%s%?(gﬁm S
pusher mechadérees fond-the Xsaxasaatuatens 4du 4Bi tn dheeplenre pla@formessentdy 460,cl®\semvess

pusher 1 QAY- axi er nechani.sm 11 .OBY- axi.s pusher nechani sm 211Y-axis
Push bar 12 A ReRTEE o TRROR AL B clarsm sy B R Y ARG aioghsiom SIS 5 o
measur i ngl 5% catidieveddy th&2ax%xkis pidhes thetGhisihid £, 6BL4C, ¥n@ED DnRS platf8fn assembly
sensor 15Y- axi s, measuri ng scal el6APl anar platformfloatation mechani sm

116BP| anar pPEPBSPRSIICEEsqie dhslifscliens heswiesdes sntcesniabe Sranis pushibar Son
mechani sm 3140k K mOLAERAD FIRVIGET PRI AR 43kehilY 400 in the Y-axis dimension.

Accordingly, it is advantageous that frictional forces between the X-axis pusher

-

mechanisms 6A-6D and the X-4xis push bar 5 surfaces be minimized, such as through the
20 use of non-contact aerostatic bearings, for example. Similarly, the Y-axis push bar 11

serves as a guide for the planar platform assembly 400 movement in the X-axis dimension,

by virtue of the Y-axis pusher mechanisms 10A, 10B being located against the respective

side edge surfaces of thereof.

25 A controller (not shown) is coupled to drive the actuators so as to position the
workpiece holding device according to predetermined program or the like. The controller
preferably controls the actuators in a closed loop feedback arrangement using positional
signals derived from the X-axis and Y-axis position sensors, or from a laser interferometer
system (described below), for example. The controller may include a memory to enable

30 creation of a data table to record systematic errors in the overall motion of the system with

respect to a precise external reference during a calibration phase. The data in the table can




19Beam splitter20Fol d m nor2lLaser head22Pl ane Mrror Interferoneter
123Plane Mrror Interferoneter 224Measuring beans - 18 dainms 1. A

pl anar positioning system conprising: a rigid base; first and second
actuator neans nmounted to said rigid base, the first and second 5 actuator
means each having a respective noveable portion that is linearly noveable
relative to the rigid base, wherein the first and second/ actuat or noveabl e
portions are restricted to novenent in resldective first and second
orthogonal linear dinmensions; 'a flat reference surface nounted to said
base; a noveable platformfor holding a workpi ece, the noveabl e platform

bei ng 10 supgehtbedsédio adhRDee nidtisBTMe SIMEmSRIrh g REAAPRE Qo ShHt HRCS stepalit ! St
coupling between the first actuator noveabl e portion and the noveabl e

pl at f or m f or CEPBAEYMHEMISdenent of the platformin the first linear
di rension, the first coupling also serving to guide the platformin the
second |inear dinension; and a second coupling between the second actuator

nmoveabl e portion Asdvill be rendilgapprcihfedpiha bboerdet@ibedichasthiction AMVeSBRIX-akist he
platformin the second |inear_dinension, the second coupling al so serving

to guide PhedPPHPRAARNAAR Ard ¥raxds agyater S to @etAnybe lnapplafomn assembly 400

posi tioning | i i | eafder st | near., ac tor
means conpri ?ggf’ %ﬁﬁ #e(girer%c%hﬁayglrlg @@ﬁé@?@% é"{' %rﬁl%tg asﬁé{f’]@?’l“gp 1{5%1‘?
each ot her wistriaihfainedn s flaopldné by gliding 64 thtsoifaces df theneférénicephfles 2A, 2B. This

t her ebetween. 3. A planar positioning systemas clained in claim2, wherein
t hey di st anceStctie alowstorseyesaliadyantagescueh 8% the first |inear actuator

Teadls i s greater than the range of notion of

10 1. The planar platform assembly 400 assembly is directly moved by theactuators
which are anchored on a base so that no actuator is carrying the weight of the other. As a
result, the load of the actuators is minimised and well distributed allowing a better dynamic

performance of the system.

15 2. The planar platform assembly 400 assembly is supported directly on a rigid surface
instead of the actuators. This allows a better payload capacity and rigidity for the platform.

3. The planar platform assembly 400 assembly is separated from other physical
components of the system by a thin air gap. This gives the system enhanced operational
life due to reduced wear and tear. The non-contact coupling also provides very low

contact friction characteristics, yielding smooth backlash-free motion.

4. The moving planar platform assembly 400 assembly is supported by three
aerostatic couplings in a symmetric arrangement. This provides a deterministic planar

25  motion for the planar platform assembly 400 . In addition, as the planar platform assembly
400 is supported directly on a surface, any kinematic errors in vertical direction in any

actuators do not affect the platform vertical accuracy.

5. The total height of the preferred embodiment is shorter than can be achieved with

30  stacked-actuator approaches. The low profile of the system minimises Abbe errors.



the second |inear actuator nmeans. 25 4. A planar positioning system as
claimed in claim 3, wherein the second |linear actuator neans is aligned
substantially at the centre of the range of notion of the first actuator
means. 30 5. A planar positioning systemas clainmed in claim2, wherein
said reference surface is provided by at |east one reference bl ock having a
snoot h upper surface, and at | east one - 19 bl ock being nounted on said
rigid base at least partially between thelli-near actuators of the first

| i near actuator nmeans. 6. A planar positioning systemas clainmed in claim
5, wherein the at |east one ,,\ 5 reference block conprises a pair of
reference bléocks Ererashigtea poveheffiaieticyssanandmised®yhavindGintebator ARaAged very

t her ebet ween. 7. @ El a}.nar ositioning systemas clained in claim®b, wherein
sai d ref er ed€8" 9 thgRlat 8%15‘?%%“ BPI15heO 39/ tp anainaise theunpmapritdue 40 the offsptodFheed at

at least thrag &Qbﬂﬁ@r%&gdé&eipwg)lﬂﬁn@g&?%é };ﬁe:'?%%\&@§ %ﬁe& FiRRE ﬁ]'ﬁﬁ%{r prﬁ@?z 8.

A pl anar positioning system as ereln eac
reference blasthiegonshdizecinu st piit ef Ibiverowaiactuatord par bsused ko St 'hlhfgiﬂi%ﬂitﬁnd

al i gnnment,_ of . the spooth upgper.surfaces thereof to formsaid reference
surface. L5 S&ge,&mb@?\ evﬁﬁ?Fﬂ%Yﬁ’ﬁ@“syst emas clained in claim1, including
positional sensing neans for closed | oop feedback control of the first and
second |linear actuator neans. 10. A planar positioning systemas clained in
claim 9, wher ei nInHe 3bove désoribéd embrsiiment2d theplasarqusiionigSyste@apssiénal | near

tical i at i t h, f the || t uat .
o b anancsiete BB AIRORDER thetk arisnd & -Pris eosifinn SosomREhol 1B sk | near
optical enceiRieveREnd S@stePibcaitty ¢l bé &%%J%ﬁ%gidifé@ﬂ ARbLrRg 41& ﬁ@s@tﬁor?&ﬂlfg’

on o t% 0 I on. A

and an index sensor to 25 nmark a zero positi e axis
pl anar pdsi taskpiees hojding device 11, aitherthamthelaatuatots.| In Figeress the pbsitioihg cal

g d bace BREPER]0h BRbeFRime ity piatiens memutng wllecorartet svam 5000
: The displacement measuring interferometer system 500 as shown comprises a laser head
21, a beam splitter 19, a fold mirror 20, a stage mirror 18 and plane mirror interferometers
22 and 23, together with the necessary interfaces, electronics and controls (not shown).
15 The accuracy of the positioning apparatus can be improved to the nanometer scale with use

of such a displacement measuring system.

The displacement measuring interferometer system 500 operates generally as

follows. A measuring beam 24 is emitted from laser head 21 and directed to beam sP]itter

20 19, where a portion of the beam is directed along the Y-axis through a first plane mirror
interferometer 22 and onto a Y-axis surface of the stage mirror 18. The stage mirror 18 is
mounted on the workpiece holding device 17 such that the Y-axis surface thereof is
perpendicular to the Y-axis of the system. The measuring beam 24 thus reflects from the
stage mirror 18 surface back to the plane mirror interferometer 22, enabling precise

25  positional determination of the workpiece holding device in the Y-axis dimension.
Another portion of the measuring beam 24 passes through the beam splitter 19 to a fold
mirror 20 which directs the measuring beam 24 to a second plane mirror interfert'ameter 23.
The second plane mirror interferometer 23 directs the measuring beam 24 along the X-axis
and onto an X-axis surface of the stage mirror 18 that is mounted on the workpiece holding

30 device 17 perpendicular to the X-axis. The measuring beam 24 thus reflects from the stage



13." A'planar positioning systemas clainmed in claim 12, wherein the optical
read head of each optical |inear encoder is nounted on the noveabl e portion
of a respective one of the first and second |linear actuator neans. 5 14. A
.pl anar positioning systemas clainmed in claim9, wherein the positional
sensing neans conprises a |laser interferoneter neasurenent system 15. A

pl anar positioning systemas clainmed in claim 14, wherein said | aser

i nterferoneter nmeasurenent systen1conpri§é§‘a | aser source and pick-up
device, an 10 optical beamsplitter, and two precision mrror surfaces
nmount ed orthogonal to one another on said noveable platform 16. A planar
posi ti oni ng MyEr serfags 18Ibarktadthe plapk airrod Biterfdremeten 23, anablinegeecisquusitionaind

pi ck-up devi - splifter ar unted_on said rigid pase. 15 17. A
pl anar posi t‘liiegerﬁill nﬂ‘g“g'igﬂé‘ﬁn‘%‘)ﬁ‘%’r:‘éﬁ @%ngﬁeﬂcgﬂmqﬂg%-mépgpqpsgog, d opti cal
beamsplitter is used to convert a single |aser beamfromsaid | aser source

into two orthogonal |aser beans in directions parallel to the axes of
noti on of the firke cabadiseenthdesriibesaboye illistrate thegersral cadigpcdtionang. 20 18.

A pl anar pos{t.l.Qni clainmed i.n claim17, wherein sai r t hogonal
| aser bea?ns Sda?tr&ea%glll' ?gt(}:l?’ égéogﬁieﬁ?f’ém?é PEHYMPE PY@E}PP’%{E&CI}C@@BQW \3& ﬁ‘}l?os?ﬂ“g hat
t he di stanceedtiepa the mrror surfaces to the |aser source is varied when

the platformnoves in the direction of notion, and the distance can be
measur ed prdei selhpeggtuates meansare arrargeddn endt-configusativn and\ fixbdiom thesasietplanei ng

system as clai ' ' , reei.n.the first .cqupling.jncludes first
pysH bar mlﬁttg%g?g%%@g%e%tr Wi f% r{@étﬁ%ﬁtfaﬂdstbe X?Rlﬁ%tpg?ﬁ_lﬁﬁf/ 1§V§e'ﬂo?’laq R§RE or
transm ssi ordlowér Abbeeasrd.rom the first actuator neans to the noveabl e

pl atfornid)n t he Hrst |i near dinmensjon, the first coupling allowing free
movenent bf % he Bloae phthnacthatos meaps iscaning the ether aitvntors themeby mindrnisiR. A

pl anar posi tyj o o I, | L wher.ei he first push
bar incl udeslbétavq}\glg’tt?%?gﬁ%%g?@ 'ﬁg‘ aﬁgﬂ#gpﬁéﬁgnﬁﬁa&ygg Ogg}eéﬂEﬁﬂﬁ’SFW-t he second
linear di medsi on Adl whgtoshnezns bierstanpabvdrpgeanURé Rilc@dhal PAnIBMBEY) sfem so
platformcan nove, said guiding surfaces serving to transmt forces from
the first aéf E&‘B‘E“‘ﬁs preni{iietp ofssl andhence maxingze theoweratlipower effisieacy

di mensi on. 3ftheAyfit@nar positioning systemas clainmed in claim20, wherein
the first bearings conprise non-contact bearings such as aerostatic

beari ngsl> 16- 22. The piteator mpansican baindgpendentyassembl el amd dlipinedodrath8shppordigy ei n
the second B%%thna%propriate guiding elements via either conventional contact means to lower

cost, or non-contact means to minimize friction and hence improve dynamic performance.
5. A reference surface is formed by two independently adjustable planes
» kinematically supported on the supporting base. The planes have fine adjustments to allow
.'}-\) 20  for calibration and alignment of the two planes relative to one another.
6. A moving platform for carrying a workpiece is kinematically supported by flotation
means over the reference surface so that the actuator means do not have to bear the wei ght
of the platform and the workpiece. Independent orthogonal motion of the platform is
effected by the pusher mechanisms via non-contact means. This arrangement allows for
25 better payload capacity and improves the rigidity of the platform.
7. The transmission of force from the actuator means to the platform is via the pusher
mechanisms and two push bars arranged orthogonal to each other. The X-axis push bar is
coupled to the X-axis actuator means and the transmission of force in the X-axis direction
is via four non-contact pushers gliding along the surfaces of the of the X-axis push bar
30  with a very thin air gap. The Y-axis push bar is rigidly attached to the moving platform

and the transmission of force from the Y-axis actuator means is via two pushers attached to



i ncl udes a second push bar nounted for novenent with the noveable platform
for transm ssion of forces fromthe second actuator neans noveabl e portion -
to the noveable platformin the second |inear dinension, the second
coupling allow ng free novenent of the platformin the first |inear

di mension. 15 23. A planar positioning systemas clainmed in claim?22,
wherein the second push bar includes two s %ai ght parallel guiding surfaces
extending in the first |inear dinension along which second bearings nounted
to the second actuator noveabl e portion can nove, said guiding surfaces
serving to transmt forces fromthe second actuator neans to the 20

nmoveabl e pl athfeo¥-axisractuator seonsishd gliding alvngthessuoiaces 24 theAY ik srpash parswith e thing
systemas clained in claim23, wherein the second bearings conprise

non- cont act B&&Mngs such as aerostatic bearings. 25 25. A planar

posi tioning 8yst epvsfion fRUPRY rhéhnS Ifgy predise MBESEEMONR tilleniredit rogCMRd
actuator neans are selected fromthe group consisting of magnetic brushl ess
U- channel | i mexingnietéorm with geferenee torthe rifersacesubfatear i near notors; voi ce

coil linegar tor sy RLE [ [ nye |Linear tars. .30 26 | anar

posi tioni %g g};st e%]“ d(%(k)u %f)o?? g‘leﬁ%g ‘l“s%f"%%%ﬁ‘"’ﬂ%ﬁé?‘é?%le)w@he%s“é%%s%b@?“ pne-aﬁi first

and second ato.uat grclogedsop@ntoEthethodristmploged todistiAbete dohanRI16RNifE bA Bfee t he

first and second actuator neans each having a respective noveabl e portion
Q

that is |ine3nafornseas b echieyeoptimel dynrantic mation perfemnanael forsteppingrandisoanaing
portions ar emrogglgg)}‘&%&qm{bgmrroverrent in respective first and second
ort hogonal |1 near "diménsions parallel to said 5 reference surface; a

noveabl e pl atZ.or mAfdaka tableds Bi@ated W@ EARERERs systtthalie ¢HoRif ti RlebA Mblish Bfthe
supported for planar novenent over said reference surface; a first coupling

bet ween tfe $trgeswithzespeetde apirsisgisterpal refersncendhie dnta inthedalle is ysied te adinstithe
controlling bt g“ .min the fi. | i near di nension, the
first 10 coup :ﬁ%’ggg{é‘%ﬁ] gﬁgér’]{i};a rﬁlgég&mvghgﬁ#&gtapﬁlﬁge%?%ﬁ ormin the second

| i near di nension; and a second coupling between the second act uator

noveabl e portion d the, nmoveabl ¢ platform for controlling the position of
the platformin t'ﬂﬁe %g%@em ‘ﬁé‘é‘?be@i indstail hisreinabave baga go tiomgn yavi¢h o ng

free movenenk-dis dhfudts 8hd giitingtidént biidd IbAEAPALAPOIIQRE thtefefenct

pl anar positioning systemas clained in c wher el e firs
act uat or 1heaswsfacempd ithee X -axianchiatgand guidicg dementraxtande throughsthe né¢ritad dfythe

Ilel t h oth i.th th d_ actuat i tioned ..
Eher ebet weerf Sthed xifihech This confialEAidnds (el Ges 88 AnephEyraion, s,
wher ei n t he itleéteitenehemutiéaliyan Bnirs 6f Whérer the fiferehed sAfate BRRoWA ACK0, iRVXNY a

flat upper surface. ) . .
axis actuators/guides at 62 and the Y-axis actuator/guide at 64. However, other

configurations are also possible whilst remaining within the teachings of the present
20 invention, including a "T" configuration, a "U" configuration and an "L" configuration.

These configurations are schematically illustrated in Figures 7, 8 and 9, respectively.

Alternative embodiments may include any or all of the above, and may further
include: _

25 (a) using any appropriate alternative position measurement means for feedback,
including laser interferometers, optical linear encoders, linear variable differential
transformer, and capacitance displacement sensors;

(b) using any appropriate linear motion means sﬁch as magnetic brushless U-
channel or tubular linear motors, piezo or ultrasonic linear motors, voice coil motors, or

30 any combination of motion means; and



29. - A'planar positioning systemas clained in claim28, wherein the
reference surface is fornmed conprises two reference surface portions spaced
apart from one another and wherein one of the first and second actuator
means extends between the two reference 25 surface portions. 30. A planar
positioning systemas clainmed in claim26, wherein the noveable platformis
supported by the reference surface by neans of support bearings. 30 31. A
pl anar positioning systemas clained in cFd?Pm 30, wherein the support

beari ngs conpri se non-contact bearings such as aerostatic bearings. -23
32. A planar positioning systemas clained in claim26, wherein the first
coupling i ncl udes (a) 6singanypappograte coupling tnd guridin vesans)tinobi:difg biiSekrins!

act uat or novsﬁﬂifgb%)orti on for %r?nsm'_ ssion of forces fromthe first

actuat or neans! toPeaRassIoleend ball hearigs in the S first linear dinension,
the first coupling allow ng free novenent of the platformin the second

| i near dinension. 33. A planar positioning systemas clained in claim 32,
wherein the first Theshregaingidetiiled descriptiors bf the gteferpal ahbodimentiofittigpresent aces
ext endi ng gn .t he .seréon | i nearllea]ibrrensi on 10 al 8{19 which first bearings
mount ed on® t HEVYRUORLA} Reep presenierhby Jypyrf ez amplgionlyy andiishigt diendsd dabeeqnidered: o
transm t for afithf @hclyfesthiifiheriioh 43 Uefinddi B ddlnds ABpdLG AR, P at Form i n
the first linear dinension. 34. A planar positioning systemas clainmed in
claim 33, wherein the first bearings 15 conprise non-contact bearings such

as aerostatic bearj,ngs., 35..A pl.anar positiqning systemas clained in claim
2G=ywherein the sgégﬁ%?;h(?}}h%%sﬁgc‘ﬁﬁﬂ%&é‘at@é@ﬁﬁ%ﬂ?éﬁéﬁ%’af’%ﬁ? eentexsy
ovenent Wi t eduifes GEepMRE, ah@Watd QoMphRe”, hid: r%@ée 8 Pg& 5%&5 R f4:gm t he

second actuator neans noveable portion to the tformin the
second | i Hear"compuising’owill baundesstooditocionphy thegnabdiomofrgsthtee éntegey enstep opfroupe

platformin t |- Vén'na %Ension. 36. A, planar positioning system as
claimed in clota}?nﬁgéﬁs,s by téé)rsgllu notfhe e3clusiop ?J@QNOHEFWQWGH%I’PW‘%‘P P& nyegers or
paral | el gui dtepg surfaces extending in the first linear dinension along 25
whi ch second bearings nounted to the second actuator noveable portion can
nove, said guiding surfaces serving to transmt forces fromthe second
actuator means to the noveable platformin the second |inear dinension. 37.
A pl anar positioning systemas clainmed in claim36, wherein the second
beari ngs 30 conprise non-contact bearings such as aerostatic bearings.

-24 38. A planar positioning systemas clained in claim 26, wherein the
first and second actuator neans are selected fromthe group consisting of
magneti c brushl ess U-channel linear notors; magnetic brushl ess tubul ar

| i near notors; voice coil linear notors; piezo or ultrasonic |inear notors.
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1. planar positioning system, comprising:
arigid base;
N
first and second-actuator means mounted to said rigid base, the first and second
5 actuator means each having a respective moveable portion that is linearly moveable
relative to the rigid base, wherein the first and second/actuator moveable portions are
restricted to movement in respective first and second orthogonal linear dimensions;
a flat reference surface mounted to said base; '\*f‘\r“’ L L\t . F"rt@ »/
a moveable platform for holding a workpiece, the moveable platform being
10 supported for planar movement over said reference surface;

a first coupling between the first actuator moveable portion and the moveable
platform for effecting movement of the platform in the first linear dimension, the first
coupling also serving to guide the platform in the second linear dimension; and

a second coupling between the second actuator moveable portion and the moveable

15 platform for effecting movement of the platform in the second linear dimension, the

second coupling also serving to guide the platform in the first linear dimension.

2. A planar positioning system as claimed in claim 1, wherein the first linear actuator
means comprises two linear actuators arrangéd substantially parallel to each other with the

20  second linear actuator means positioned therebetween.

3. A planar positioning system as claimed in claim 2, wherein the distance between
the linear actuators of the first linear actuator means is greater than the range of motion of
the second linear actuator means.

25
4. A planar positioning system as claimed in claim 3, wherein the second lineap
actuator means is aligned substantially at the centre of the range of motion of the first

actuator means.

30 5. A planar positioning system as claimed in claim 2, wherein said reference surface

is provided by at least one reference block having a smooth upper surface, and at least one

————
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block being mounted on said rigid base at least partially between the linear actuators of the

first linear actuator means.

6. A planar positioning system as claimed in claim 5, wherein the at least one -
AN

5 reference block comprises a pair of reference blocks arranged with said second lineal'\“;,
“
actuator means therebetween. - :

(,j 7. A planar positioning system as claimed in claim 6, wherein said reference blocks

comprise stone blocks each kinematically supported at at least three points with
10 independently adjustable supporting means.

8. A planar positioning system as claimed in claim 7, wherein each of said reference
blocks have adjustable three-point supports for calibration and alignment of the smooth
upper surfaces thereof to form said reference surface.

15
9. A planar positioning system as claimed in claim 1, including positional sensing

means for closed loop feedback control of the first and second linear actuator means.

10. A planar positioning system as claimed in claim 9, wherein the positional sensing
20  means comprises a pair of linear optical encoders, one associated with each of the linear

actuator means.

11. A planar positioning system as claimed in claim 10, wherein each linear optical
encoder comprises an optical read-head, and optical linear scale, and an index sensor to

25 mark a zero position of the axis of motion.

12. " A planar positioning system as claimed in claim 11, wherein the optical linear scale
of each optical linear encoder is fixedly mounted on the rigid base whereby temperature
variation is relatively small.

30
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5 14. A planar positioning system as claimed in claim 9, wherein the positional sensing

means comprises a laser interferometer measurement system.

15. A planar positioning system as claimed in claim 14, wherein said laser
interferometer measurement system comprises a laser source and pick-up device, an
10 optical beam splitter, and two precision mirror surfaces mounted orthogonal to one another

on said moveable platform.

16. A planar positioning system as claimed in claim 15, wherein said laser source and
pick-up device and beam splitter are mounted on said rigid base.

15
17. A planar positioning system as claimed in claim 15, wherein said optical beam
splitter is used to convert a single laser beaxﬁ from said laser source into two orthogonal
laser beams in directions parallel to the axes of motion of the first and second linear
actuator means, respezﬁvely.

20
18. A planar positioning system as claimed in claim 17, wherein said orthogonal laser
beams are directed on the said mirror surfaces respectively so that the distance from the
mirror surfaces to the laser source is varied when the platform moves in the direction of
motion, and the distance can be measured precisely by the laser interferometer.

25

19. A planar positioning system as claimed in claim 1, wherein the first coupling
includes a first push bar mounted for movement with the first actuator moveable portion
for transmission of forces from the first actuator means to the moveable platform in the

first linear dimension, the first coupling allowing free movement of the platform in the

30 second linear dimension.
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surfaces serving to transmit forces from the first actuator means to the moveable platform
5 in the first linear dimension.
21. A planar positioning system as claimed in claim 20, wherein the first bearings
5 comprise non-contact bearings such as aerostatic bearings.
£
10 22. A planar positioning system as claimed in claim 1, wherein the second coupling
includes a second push bar mounted for movement with the moveable platform for
transmission of forces from the second actuator means moveable portion to the moveable
platform in the second linear dimension, the second coupling allowing free movement of
the platform in the first linear dimension.
15
23. A planar positioning system as claimed in claim 22, wherein the second push bar
includes two straight parallel guiding surfaces extending in the first linear dimension along
which second bearings mounted to the second actuator moveable portion can move, said
guiding surfaces serving to transmit forces from the second actuator means to the

Q) 20

moveable platform in the second linear dimension.

24. A planar positioning system as claimed in claim 23, wherein the second bearings

comprise non-contact bearings such as aerostatic bearings.

25 25. A planar positioning system as claimed in claim 1, wherein the first and second
actuator means are selected from the group consisting of: _
magnetic brushless U-channel linear motors; magnetic brushless tubular linear

motors; voice coil linear motors; piezo or ultrasonic linear motors.

30 26. A planar positioning system, comprising:

a fixed flat reference surface;
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first and second actuator means mounted in relation to said reference surface, the

first and second actuator means each having a respective moveable portion that is linearly
moveable, wherein the first and second actuator moveable portions are restricted to
movement in respective first and second orthogonal linear dimensions parallel to said
5 reference surface;

a moveable platform for holding a workpiece, the moveable platform being
supported for planar movement over said reference surface;

a first coupling between the first actuator moveable portion and the moveable
platform for controlling the position of the platform in the first linear dimension, the first

10  coupling permitting free movement of the platform in the second linear dimension; and

a second coupling between the second actuator moveable portion and the moveable

platform for controlling the position of the platform in the second linear dimension, the

second coupling permitting free movement of the platform in the first linear dimension.

15 27. A planar positioning system as claimed in claim 26, wherein the first actuator
means comprises two linear actuators arranged substantially parallel to each other with the

second actuator means positioned therebetween.

28. A planar positiorﬂng"’éy's"tém as claimed in claim 26, wherein the reference surface

20 is formed from at least one block having a flat upper surface.

29. A planar positioning system as claimed in claim 28, wherein the reference surface
is formed comprises two reference surface portions spaced apart from one another and
wherein one of the first and second act:ctor means extends between the two reference

25  surface portions.

30. A planar positioning system as claimed in claim 26, wherein the moveable platform

is supported by the reference surface by means of support bearings.

30 31. A planar positioning system as claimed in claim 30, wherein the support bearings

comprise non-contact bearings such as aerostatic bearings.



@ 10%& () - 09%& ()- S10%& ()- yZ109%& ()-F CyZ109%& ()-F
&-!‘{O%Ex&' (§?'w@><g|l[:+5(2)s 1 £ 3"109& ()- f% " L0%& ()- y" 0% ()-
11109 ()- @109%& ()- y109%& ()- “4[[:+5 0S 1 @ 109%& ()- 9 1109%& ()-
Syl 10%&' ()- S "10%& ()- f@:!10%& ()- L)10%& ()-4RSTU | obU40
10% ()-101010 @"10%& ()-4 &99#10%& ()- @L0%& ()- @4@ |
109%& ()-[)Es{Z9bU40 1109%& ()- 10%& ()- 1''109%& ()- r 3!10%.& ()-
1"31109%4 1 & ()- 3 3"109%& ()-yW|[:bU40-23f- 109& ()-F f*109%& ()-
2f L' ' 109%& ()- y" 10%& ()- 10% ()- 10% ()-twxyzvU40 3 ! 10%& ()- o
109 ()-101010 910%& ()- F4nm' 10%& ()- 9f/"10%& ()-.Z8|[:vU40 " $10%&' ()-
@O%& ()- f10%& () W@10%i & ()- | 109%&' ()- !109%& ()I-YK|[:vU40
y&$' 1 109%&' ()7 " 0%&' ()-.. 10%& ()- yY:109%& ()- !'109& ()- Z
109%&' () - K! é msﬁ@mswemﬁsz@&e@ in-clom 26 veiefejn thefirgtQuRpling

* o/R' 0, O/

202109, ()Ym‘%% MR R o pmoyem i e A Aty grggile pogion

109& ()- yS! q;mmsm)sslo@zf@msg&c(m the ﬁﬁﬂ%tua%ox(ﬁlcanls’f@ihb mdlz?egblé §0f6Bm (i the

5109 ()5 3A109& () 8@ D onoll L0V ( ., M 109%& 3dC410
1098 ()5 ‘ﬁJS }«B"*t‘) ansF% L coup maeﬂww ee pwvEment ofdopitorh ir0he0

yZlO%&' () - secbRiEinéar difBlsidfh?®& () - - 109 ()- Y109 ()-  GLO%& ()-

8| [: Cc410 @!10%'()- (10%: ()- '110% ()- "!109& ()-y !10%& ()-

() - 109 ()-101010 )f9#10%& ()- FAF'10% ()- 1@LO%: ()-
1098 () 8I\/lz{|}|obU410 s10%&' () - ) O- A Lo () e (

| ?1% 00/e(:e/f'&l( § G)ﬂ’ | 103&’]‘?’3” %‘}glig‘@g}“%n?@%%%mi&m(c}m 32owkerein the firg poskebar) -
A $109& ( inchi@éGwoldibdigh¥phontdl gtiidi¥&uidce@ddding FAK second linear dimension
10 along which first bearings mounted on the moveable platform can move, said guiding
surfaces serving to transmit forces from the first actuator means to the moveable platform

in the first linear dimension.

34. A planar positioning system as claimed in claim 33, wherein the first bearings

15 comprise non-contact bearings such as aerostatic bearings.

35. A planar positioning system as claimed in claim 26, wherein the second coupling
includes a second push bar mounted for movement with the moveable platform for

transmission of forces from the second actuator means moveable portion to the moveable
(3 20  platform in the second linear dimension, the second coupling allowing free movement of

the platform in the first linear dimension.

36. A planar positioning system as claimed in claim 35, wherein the second push bar
includes two straight parallel guiding surfaces extending in the first linear dimension along

25 which second bearings mounted to the second actuator moveable portion can move, said
guiding surfaces serving to transmit forces from the second actuator means to the

moveable platform in the second linear dimension.

37. A planar positioning system as claimed in claim 36, wherein the second bearings

30 comprise non-contact bearings such as aerostatic bearings.
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38. A planar positioning system as claimed in claim 26, wherein the first and second
actuator means are selected from the group consisting of:
magnetic brushless U-channel linear motors; magnetic brushless tubular linear

motors; voice coil linear motors; piezo or ultrasonic linear motors.



