-1- DECOUPLI NG OF ACTUATORS FOR POSI TI ONI NG AN OBJECT Field of the
Invention 5 The invention relates to the use of notorized actuators
cooperating to drive and position an object, such as an end effector
attached to an XYZ linear notion table,.4in different orthogonal directions.
10 Background and Prior Art Linear notion tables that are novable in
orthogonal X, Y and Z axes (also <called XYZ linear notion tables) have

é ations used
I n such industri €ss e—C oMo 2 O TS ST 0 trat or s for
driving an object, for exanple a sem conductor bond head which is attached

to a support .tlrduc%tur such as a table or platform By controlling the
position of tﬁ@—&—m&ﬂ@ﬂtabl e, the bond head nay be positioned

accordi nglg/. 20 The sinplest configuration for an XYZ |inear notion system
is the with three overlying linear notion tables, the notion of each table

bei ng cont r ol Theyinygntien relates de dhe veeof aepterizadactuagreceaperaligviondiiveo dri ve
the tabl e al ofty 8hGGH ahfhiedr 589983 BRY IcABORX Bacidy 1d16 XPZiiABar L NE

wei ght of an actuator conirolling an overlying table may generally be
supported by matierhi@ble, ibtifersinhorhegonal dicaatian®r i s designed to nove with the
ot her table. However the size as well as the weight of the actuator
supported by anot her table and driven by another actuator are obstacles in
obt ai ni ngithi gbackgemohdravtd Priprartl position w th extrene accuracy. \Wen the

| pads on the notion axes are increased, 30 various problens such as
\-‘/iJBration of the structure arise so that conplexity of the system may need
t o be i ncreaskifledrombtion tablep tHatiane tridvapleoinl emitogdnial XsY & Zed@se(atkesi r abl e

h | 1 ) i i . ., e 2'
to reduce t ecaliggq(\;flﬁrqgarcr% |<|)negab?ers)q1ralv\éeg%|nbe}(:l Sg;():u antg?1 ?r% %aet Maiching tool

and semiconductor industries due to the complexity of motion combinations

15 demanded for the applications used in such industries. One common
application is the use of actuators for driving an object, for example a
semiconductor bond head which is attached to a support structure such as a
table or platform. By controlling the position of the platform or table, the bond
head may be positioned accordingly.

20
The simplest configuration for an XYZ linear motion system is the with three
overlying linear motion tables, the motion of each table being controlled by an

J actuator coupled to the table and serving to drive the table along one of the
orthogonal motion axes. In this design, the weight of an actuator controlling

25 an overlying table may generally be supported by another table since the
actuator is designed to move with the other table. However the size as well
as the weight of the actuator supported by another table and driven by
another actuator are obstacles in obtaining high speed motion and position
with extreme accuracy. When the loads on the motion axes are increased,

30 various problems such as vibration of the structure arise so that complexity of
the system may need to be increased to try to contain the problems. It is
therefore desirable to reduce the load being carried or driven by each

actuator.



In order to mnimze the effect of increased weight on notion stability,
several nechani sns which sought to decouple the dumry | oads fromthe notion
axes were devel oped. "Decoupling” in this sense nmeans elimnating the
interrel ationshi p between one actuator ang. another so that the whol e weight
5 of one actuator is not carried or supported by the other actuator. Unlike
tables that are only novable in the X and Y axes which only require one
actuator to I|beoraer toenisimipathe efféol ofl ecmgsked dvelighironamotidrestabitityl sevdraing an

ort hogonal notiagn. .axis, . [er I sit o, hayi ng a I .tabl e al so
I nvol ves the %Sglacﬂ'f%f'sf r‘fﬁ“‘%’f gguqrﬁiqtgdé c@ﬁﬂfgtg\g ¥?r8ﬁ1ya'8%?§3¢1°0"9 \E}ﬂe ﬁ?%lo n axes.
10 I'n m)slt gcnmeenwmﬁwab\r/]émﬁed.i Nericoplingdnn Siist sarse lateaheaarmimMgaltﬁeuaL ors
are coupled tpo each other to a certaip extent. Failyre to decouple the

Tari oua ot | TERIGNHIR PetyeRT 05t aFGERY AN SO Hie WEE WIS qui r ed
to take ug tdéfeondEHAtbO3AcPEarAB@bhSlipdoriet Dyansl oftet dafugfor. Uneketiilds onal

| oad may well 15 be insignificant if the actuators consi st of sol enoid,

pneumati ¢ cyl hAk@e ey Brovable ik fee Kiand wiaxeh Whisheonhe reguireang agiatpelo wei ght s.
However, Wt kbe%jﬁfrlﬁggt pdg?é?fgﬁ?e]%ibﬂﬁleﬁ QFon#‘bH&ﬁér 2B élbﬁ@'aﬂ%ﬁ%glﬂﬁé%otﬂﬁd faster

accel eration, the use of & near notor having a heavy stdtor wei ght woul d
cause great eraxsnaeprereq@isita o ihavingra dgnoapleduYehtabie s iplobesatheni rd

act uat or frona&gpﬁ@{qgof%(@ég%g%m%&ﬁ Qﬁéthémogrﬁﬁﬁ@'} ?)Ee%.i s shown in FIG 1.

The three co-or esian system of CoO-ordi nates are marked
with X, YI0and Z, wherein the Z axis corresponds to a vertical direction. A

C ound tablg 44, which.is lven by an X actuat.or and a Y actuator 42,
i's )novabl e al lgnraofth%oqv&-ﬂthﬂﬂ S{yr?/ E%eaé{é%t'% %gerqs qtﬁlggéi%a%?t%sna?xes can
ei ther be couupikdoto dagouttleedo 2Acerfaih axtenit4 S dilaregto decouptd atié vearidus t he
conmpound table 44 by a pair, of I dj ngs, 4 on _the compound, taple 44 and is
rovabl e i n- ¢ HEoRNesBans that af el SHE rbimardipralor FIBAHTE I BIFER o move
in the Z dir eg@bidumrhicd406f shotdittasle aHd act@oeCTiesl atigitionalagd hagrwelcoupl er
47. This coupler 47, which is guided ‘%/ a 30 stationary rail i s nmovabl e

50,
in the Z M rek8 InsignificABt €& aeibatpns eansiges solnoid peedmalis chlinger dter

material, a rg {HeGkdatict hatd Geldtitaly SEnalRAtwhibhSAHoWEVIE wil enfarilll f ace 48
of the Z table 45 while the conpound’table 44 foves al ong
increasing for higher positioning accuracy and faster acceleration, the use of a

linear motor having a heavy stator weight would cause greater concern.

20 A prior art apparatus which decouples a third actuator from a table driven by

another two actuators is shown in FIG. 1. The three co-ordinate axes of a

| Cartesian system of co-ordinates are marked with X, Y, and Z, wherein the Z
) axis corresponds to a vertical direction. A compound table 44, which is driven
by an X actuator 41 and a Y actuator 42, is movable along the two motion

25 axes Xand Y. These two motion axes can either be coupled or decoupled. A

Z table 45 is guided relative to the compound table 44 by a pair of guidings 46

on the compound table 44 and is movable in the Z direction. A Z actuator 43

drives the Z table 45 to move in the Z direction through a contact 40

connected to an auxillary coupler 47. This coupler 47, which is guided by a

30 stationary rail 50, is movable in the Z direction. The contact 40 can be
constructed with sliding material, a rolling ball or the like so that it can slide

over a surface 48 of the Z table 45 while the compound table 44 moves along

the X and Y directions. Permanent contact between the contact 40 and the

surface 48 is ensured by the use of a tension spring 49, which is preloaded



the X and Y directions. Permanent contact between the contact 40 and the
surface 48 is ensured by the use of a tension spring 49, which is prel oaded
-3- between the conmpound table 44 and the Z table 45. Thus, the Z actuator
43 can be mounted to a separate support.snd is decoupled fromthe notion
tabl es 44, 45 while they are being driven by the X and Y actuators. 5 The
actuators 41, 42 and 43 for these |linear notion tables 44 and 45 may

conpri se nechketivean theet@opourchiabler 44 aed the Zdabledds Trws, theod iadivatpr143near

notion. An engd e t t [ abl e of
bei ng noved i%ant héqﬁg%éﬁﬁ azﬁgé?%%%e[ gg#fg&rf%P gﬂah&aoé%lég?hg? idtg?\ r?)ci?tﬁ){illlrornvem::nt S
of the respectables 44p45 emile HEyeme Héingddivet ByAke Xarpldy adtubtorain XYZ table in a

stacked configuration where the Z table is directly nounted on anot her
tabl e, the above XYZ table decouples the Z actuator 43 fromthe X and Y

notion axes. Thactubrdunmi2lanadasise thesé ifcameioitii talfied Be ahdass watyor
nmount ed on anot her table can be avoi ded. However, 15 the weari n%nout of the

auxi | i ary coufneprisgy mechapical, Rleqtical s¢fr PREWMAYC JRRANS 104 BIYYIWR NS of t he

system may adygfie! KnahtiedecRPfotish8whE Wb Githe PRibId B TRtaRblIsRCY Of
the XYZ table. Planarity and snoot hness for achieving positional and

| evel i ng accubeiey mpved(nt the Xt ¥bpedid directiopsr thesught & cembingtion ndf ovi ng
machi ni ng qua#lbg%mgﬁ}g o?%e%%@h?ctiv@?’@‘tioﬂﬁ?bl% 4af1,g>5_nati ng surfaces. However the
of the a cont a par

wear i ng out ove cte S Is inevitable due to the friction
produced Bkt ween surfaces. Furthernore, the force fromthe anti-backl ash or

tension sprin | p i C | shoul d
be )gr eat enouﬁ%%@?’ Hreelrﬁ\ftwssa@ gggttg@gt"ggl Szg%eﬁlceoi'géﬁﬂ?ﬁg'ﬁ g@' gﬁé;{r}egfgbgﬁsr esponse
to actuati on ditectipgnbaded acanbibeatalle, thEhaboveaXyZstabie idecodpise then 4 he

frictional forges Lech will,, expedite the ri f the contacted parts.
Surmary of t FESHAIGEASTOR gAY SRARn Bve: RavePE Sratodiesd B8 e oo
plurality of weighbbdfothe Z actdatov odhted on another table can be avoided. However,
15 the wearing out of the auxillary coupler 47 as well as the surface 48 after
prolonged use of the system may adversely affect both the leveling and

positional accuracy of the XYZ table.

Planarity and smoothness for achieving positional and leveling accuracy of
20 the Z table is an important factor for improving machining quality and to avoid
backiash of the mating surfaces. However the wearing out of the above
contacted parts is inevitable due to the friction produced between surfaces.

y :
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Furthermore, the force from the anti-backlash or tension spring which keep
the mating surfaces in permanent contact should be great enough, otherwise
25 the table will oscillate due to slow response to actuation during fast
acceleration. This causes an increase in the frictional forces which will

expedite the wearing of the contacted parts.

Summary of the Invention
30

The invention therefore seeks to provide a plurality of actuators to drive an

object in different orthogonal axes, wherein at least one of the actuators is at
least partially decoupled from the other actuators while avoiding some of the

disadvantages of the prior art as described above.



object in different orthogonal axes, wherein at |east one of the actuators
Is at least partially decoupled fromthe other actuators while avoiding
sonme of the disadvantages of the prior art as described above. -4-
According to a first aspect of the inventjon, there is provided an apparatus
for positioning an object coupled to a first support structure and a second
support structure conprising: a first actuator for driving the first
support structure 5 along a first axis; a second actuator for driving the

first support,str re.al.on a.second axi g orth nal, to the first axis;
and a third s 8 iestay bt B e 1 BERBR e anparl 5 ne
second Suppor;ﬁos‘ﬁttohlnlgtaﬂﬁajédﬁlﬁdoubl%dguiad&d sfupportmltmenmm]ahd e:csabcbnmsappoﬁhe fijr st
support structure along a. third axis arthoggnal to e first and secon
oo wher ef reUUSGIE GREBEING' bt eRetualor Y- Geen die Jhrlorieped SHGWRr o and
I s movabl & W 41bnd §%iRg akist 8 sbbBSndactlator fardfving ené fidt Stipdott $tRicirk ¥lny
stationary and decoupled fromthe second support structure. According to a

second aspect@ §ecanseaxin peipgens! te tes drstaxis 6od Rethid ateatercemprigiag i@t i oni ng
an obj ect cougled Jhg aa%ltfatcfr%r a@kﬁ@&p{e JoHHtéﬂJg) oﬁ%@ru@tu?&ﬁ%‘t‘gi %MHQ&P?(%ri r;tS

structure conprising: driving I TSt suppoft structure ng a
axi s; dri vi ngmpveméntrelativetapibetlirsttsuppent steuctierajorg 8 dushakisaitkoganahiogonal to

the first axis Rrovidi n . c I S| 0, r to the
second support’® et PA% Rkes? FOdRRs) st RS G I B SeaSRERURRAYL
st ati onary0 ststtueture éind\is npvableewittorespecttto theemtorebad theestator iheelativatyor al ong

~third ' h | h 0 fi d whi | I di
Toyement of -1 IEARROAR Sofpbie T ot e PEORSR AN o 11 st support

structure; and decoupling the stator fromthe second support structure and
mai ntaining the stator relatively stationary. Lt w.ll be convenient, to

her ei naf t er %‘E’F.'B%?q ﬂéepﬂ%ﬁFP%cﬁ c’itf S -l 'Ef?-ﬁrﬁi'? pW'de‘Z’BaF’@f ?ifcga to the
acconpanyi ng shisritinfi@Sar\bbjeét ddublesittb A fsOAPpBRAULRPNEN®h sebbivd support | on. The

particularity of the drawings and the related description is _not to be
under st ootP asSEUGHER SEMRIiping edriyiiee the ififsh BIPPOReSIHSWE PERALY fretadXi®n  of the

Invention as @Ridd e firyt &Lﬁ]ﬁ)dﬁﬂ SriBure Mo hedecHRE ExsPbrtiiyofbl foPelfrgiM Ngs An
exanpl e of an apparatus and nmethod according to the preferred
axis; providing an actuator comprising a forcer coupled to the second support

structure that is movable with respect to a relatively stationary stator; driving
the forcer to move relative to the stator along a third axis orthogonal to the
20 first and second axes while guiding movement of the second support structure
relative to the first support structure; and decoupling the stator from the
second support structure and maintaining the stator relatively stationary.

It will be convenient to hereinafter describe the invention in greater detail by

25 reference to the accompanying drawings which illustrate one embodiment of
the invention. The particularity of the drawings and the related description is
not to be understood as superseding the generality of the broad identification
of the invention as defined by the claims.

30 Brief Description of the Drawings

An example of an apparatus and method according to the preferred
embodiments of the invention will now be described with reference to the

accompanying drawings, in which:



enbodi nents of the invention will now be described with reference to the
acconpanyi ng drawi ngs, in which: -5- FIG 1 is a kinematic |ayout view of a
prior art XYZ linear notion table; FIG 2 is a kinematic |ayout view of an
XYZ linear notion table according to a S5 first perferred enbodi ment of the
invention; FIG 3 is an isonetric view of an XYZ table that enploys the
principles illustrated in FIG 2; 10 FIG 4 is a schematic diagram of the
XYZ table, looking fromdirection Aof FIG 3 along the Y axis; FIGS. 5a-5d

are schemati j K Sl 1l b . l.ar ELG, . 4,

illustrati ngc%llglf ?g%' g%ﬁ’%ﬁ%&t‘%ﬁ@%@ ﬁ%@rﬁ%ﬁ%ﬁ# Eﬁ%:agrn?ée@aé%@ehg to four
extreme 15 positions of the coil brackets of its Y and Z |inear actuators;
and FIG 6 is chemati c di agrgm show n . XYZ t abl ccording,to a second
perferred entol ZORE ORI ERVSHISHR! 2 8YRd ngr! meipa &als AEFRHInGHo Ane

Pref err ed sEnixpdi p@RRirelildmbodiimentaof kheBhtioh; | ayout view of an XYZ |i near
notion table according to a first preferred enbodi nent of the invention.
The apparatus is shown in kinematic |ayout view to enphasize its decoupling
mechani sm as ETPRGE Gn2Rohftdd il gPranaﬁ‘(Z' fbld that %m@o&é Rd prneipRist
structure in the formof a conpound table 54 driven by first and second X
and Y act uat diusteted BFIGSs2novabl e al ong first and second notion axes X and
Y respectively. The X and Y actuators 51, 52 of these two notion axes can

ei ther be coupled or decoupled. The actuators 51, 52 can drive the conpound
tabl e 54 1y nEGhdniscalscharhaint diageim of tHEOXYddabiet lookingainemtdirectipmAt ofl | near

motion. A se S ort structure in the formof a Z table 55 which is
ggj)ded by a g@%ﬁsﬁg&ﬁsﬁiﬁ%&% on the conmpound table 54 is novable by a

third actuator in the Z direction. Unlike the Z table 45 in FIG 1 which
may be drive n;r;,__é(ind f actuator he.Z table 55 here | iyen by a
ear mot or B e afe seneaer Batams 10l sosent siiar s 4. "5a" s
constructed Wiidirating QifferémtOyBRRAS df thd XlYReRBlet btrdspbhding (o fdur dxbreme

15  positions of the coil brackets of its Y and Z linear actuators; and

FIG. 6 is a schematic diagram showing an XYZ table according to a second
perferred embodiment of the invention.

20 Detailed Description of the Preferred Embodiment

FIG. 2 is a kinematic layout view of an XYZ linear motion table according to a

—

first preferred embodiment of the invention. The apparatus is shown in
kinematic layout view to emphasize its decoupling mechanism as compared
25 to the prior art in FIG. 1. A first support structure in the form of a compound
table 54 driven by first and second X and Y actuators 51, 52 is movable along
first and second motion axes X and Y respectively. The X and Y actuators 51,
52 of these two motion axes can either be coupled or decoupled. The
actuators 51, 52 can drive the compound table 54 by mechanical, electrical or
30 pneumatic means to impart linear motion. A second support structure in the
form of a Z table 55 which is guided by a pair of guidings 56 on the compound
table 54 is movable by a third actuator in the Z direction. Unlike the Z table 45
in FIG. 1 which may be driven by any kind of actuator, the Z table 55 here is

driven by a linear motor 53 along a third or Z axis. However, the linear motor



novabl e part of the notor, in this exanple it is the coil bracket 57) and
the stator (i.e. the stationary part of the notor, which are the magnet

| ayings 58 in this exanple) such that the forcer, instead of being confined
to nove along its 5 energized notion axi.gas in nost conventional |inear
notor systens, is also allowed to nove in the X and Y directions while the
Z table is being noved by the X and Y actuators 51 and 52 together with the
conpound t abld@ B4 comteuctédmitbr spacec alldwancesk st betivees thes fayserd (iedjtheent to

the stator or [ . St A | to a
pl ane |ying ar (E)Uralag’rb[ehaellt@-{f%g@égé@irgwﬁ%%@ngigégéﬁ%?%glag%g%mgg d(etlhﬁ the X
axi s here) beatatertiet the dtationary parti of the mstog tvehichd etectheinmeemet Fayinagsi &8 ifir om whi ch

the Z table is to, he decoupl ed and. | so.the distan that it can travel.
he Totar calfeialfielSuly TR e e raBad & bBRe ot hEHER hoRs aloha 38 co!

al ong thats axngrgiA&l indtioh @kizeds inSmaBl édHventidngl dihear vetdr ysleensstibeb | nsi de

t he space, no addi ti onal _m?]c ani cal _cou,gl er aind gui (l“ %g%_are regg}i red for
this embodi mePWeddumavgiaineX apRe’ diregligps whi'e fie Z1all¢ RRFINGRIYEIRY, whi ch
I'S d_ecoupl ed the XaAd® ABLAER S‘ﬁQh@SzftégélHéir with tIﬁ‘@BorhSouri@%iee&.t qha separate
stationary support surface and decoupleéd fromthe Z table 55 such that its

dummy | oad, deiseepareilbragketws igrdispasedradiacent i thepttator 20 magaeklayindsan be

el i m nat ed. ' I, £ i i and second
support str ug%uér}?sé%ln% %Jel}% or{r?i(rahﬁ)({)?é%ﬂgq%ﬁ!%ﬁy?g@%elé@&??e%g.arx?%f this

enbodi nerf0, the object is nounted on the Z table 55 and is capabl e of being

e b bR BEFIAh, l % ARl NP U B LD
that enpl oys stater getiermoings dise akis|frosn manichdthienZ b 53.is Thee Xi¢Louplbt @ndonpr i ses
o O SRR S ot PR, TR OB b pe B o B
table 1 is drdistamcedynovabl¥ by measbjetit slond tR&k ats.shasvthe Firoew i mavlblel | near
O B B it AR aT b hage s ol SecPa A S piTSl®, 25, o0
and Z tabl e FundisgylbieAiuled Yot émbbaRfent. Additionally, the stator of the Z
linear motor 53, which is decoupled from the motion tables 54 and 55, can be
mounted to a separate stationary support surface and decoupled from the Z
table 55 such that its dummy load, especially the weight of the linear motor
20 bracket, can be eliminated. An object to be positioned is coupled to the first
and second support structures in the form of the motion tables 54, 55. In this
embodiment, the object is mounted on the Z table 55 and is capable of being
) moved in the X, Y and Z directions by a combination of movements of the
respective tables 54, 55.
25
FIG. 3 is an isometric view of an XYZ table that employs the principles
illustrated in FIG. 2. The XYZ table comprises as its major components three
linear motion tables 1, 2 and 3, that are movable in the X, Y and Z axes of
motion respectively. Preferably, the X table 1 is driven by an X linear motor 4
30 as shown. However, the linear motion can be actuated by mechanical,
electrical or pneumatic means as long as the linear motion in the X direction is
provided, whereas the Y table 2 and Z table 3 are driven by Y and Z linear
motors or actuators 5, 6 respectively. All the linear motors or actuators 4, 5
and 6 are decoupled, in the sense that most of the weight of each of the



notors or actuators 5, 6 respectively. Al the linear notors or actuators 4,
5 and 6 are decoupled, in the sense that nost of the weight of each of the
-7- nmotors is independently supported by support surfaces that are separate
from the notion tables 1, 2, 3. The X acguator 4 is nmounted in a stationary
manner to a base while the Y and Z actuators 5, 6 are supported by a
stationary stand 22. Details of the construction of the apparatus is now
descri bed wi trotoreisdhdependentyF$ippofted Ey@upéodtSUﬂacHshaaBaﬁe(seﬂbmm romof t he

XYZ tabl e, Ki ng. fromdr 0 YaX|s The first
or X act uatorR b'@ﬁﬂ go#rp&ﬂ%?%ﬁtk’atokgﬂﬁj t‘?@qﬂ ?téo'\a@bW@EBﬁrt ed by a
synbol i ¢ arr ow.a Bise whithtde X éndtzerctuatm@rss 6XHe @npﬁmemsy aeténbhaﬂy%tmt uators
5, 6 are each conprised of a forcer such as a .coil bracket 10 i ncl uding

Zoi | wi ndli ngs22 dietail aftthe sPRSIHEIORSS fas ARRRIALS 'ﬁaewe@eaca9ew§hfﬁe ah in a
not or housj ngyenacket 7, 8. The magnet layings 11, 12 are disposed on two
opposite inner walls of the notor housing brackets 7, 8. The nagnets are
arranged and extended in a direction of travel al ong 15 the path which each
| i near notor B

al ternating poparl ty, §§%érlﬂ?§n<f8.ab E{ﬁﬁer g?t?é \)/(ﬁ?hl%&t #‘Feetl g,t' ggﬁ\efat ed

by the coils FIs. tEheIongltﬂte i ad&.etThedirstLor X Tdutisatord, whmtjlm camprisel ayi onal
forces to driye tft dZtab 2 3tq.m)ve .Eh %ﬁese Lls,
sufficient spﬂ%‘e E‘%‘tfo\?.fa%f&sf’BtP t ea%?‘?" 'BraéWet n??ram% Bste 20

| ongi t udi1aal Iqr sdoond anbehire agiuatard 5t Bearetda@ha:oh‘fpnbeu h)f tahfercér andh ¥s a
directions. 1e X actga{or 4 as we|l . @ the hou3|lg% brackets 7, 8 of

thé second an‘EP bracket 4c1Q dndding cof wiggngs. |a n%ﬁ‘ﬁfé cl ASspeManRat ¢

surfaces. ACCm&QhétgéMn%(s FRINBin taamtagﬁoaa?n@becﬁubxtantnhel magmwnh@é to a
plane lying alo Z axes, and the coil brac et 10 al so extends

subst anti al | y“pé%eﬁrP &isppgedq aB twp gRROSite BNerAlle of i motor honsinohEaekets + he

first SUIOIOOHTSGWﬁéqﬁé‘gné@b%‘atrﬁn@éd aﬁd‘%gtehee@m aefifflon 8f Favalfidhgs Y coi l
bracket 9, is nounted on Y sliders 13 such that their nptions are ‘guided by

the Y guite rtapipath whighieashdineanmoiar &y Bdn0t¢%thx cou'étsaré(et!? 1. ddiasent o
prevent the Yneohdis HAEKS{eriatingORRISRY! 581diioMntdtatiit th® r4gnetic field
generated by the coils in the coil brackets 9, 10. This can produce
translational forces to drive the Y and Z tables 2, 3 to move. Between these
walls, sufficient space is provided for the coil brackets 9, 10 to translate
20 longitudinally along the length of the motors in both the X and Y directions.
The X actuator 4 as well as the motor housing brackets 7, 8 of the second and
third actuators 5, 6 may all be mounted on stationary surfaces. Accordingly,
) magnet layings 12 are substantially parallel to a plane lying along the Y-Z
axes, and the coil bracket 10 also extends substantially parallel to the plane.
25
The Y table 2 comprised in the first support structure, which is attached to a
second force such as Y coil bracket 9, is mounted on Y sliders 13 such that
their motions are guided by the Y guide rails 14 which are mounted on the X
table 1. In order to prevent the Y coil bracket 9 from colliding with the Y motor
30 Dbracket 7 during its travel in the X direction, a sufficient Y recess 16 is
provided such that there is enough room for the coil bracket 9 to move in the
Y axis. Constant air gaps 15 are also provided on both sides of the Y coil
bracket 9 and the magnet layings 11 in the X axis so that there is enough
room for the Y coil bracket 9 to move in the X direction between the magnet



30 bracket 7 during its travel in the X direction, a sufficient Y recess 16
I's provided such that there is enough roomfor the coil bracket 9 to nove
in the Y axis. Constant air gaps 15 are al so provided on both sides of the
Y coil bracket 9 and the magnet layings.gl in the X axis so that there is
enough roomfor the Y coil bracket 9 to nove in the X direction between the
magnet -8- layings 11 but not touching their surfaces. Therefore the Y coil
bracket 7, blasi'ngesHt batvedt! fonghing théie sMrfdcese cEhepefores thec tYl vait baickgt ¥is own

| i near not or Wi t. he .nove of the X
table 1. Throtg G{Sshtr veﬁﬁg”ﬁé@?fﬂeec%g 'gl | nég‘:?]gé@ﬁa?ﬁi ‘Esnﬁgwﬁllu'ﬁg%{c'ﬂﬁ%%ér Ls for the
X and Y tabl ealsdmo%aﬁleqamob@haﬁcd wmﬁthqombtmmbhyofdge?mabmm alrrgomg)uﬁmsed in a
stationary manner.. The Y coi racket, 9 o ecqn of.cer Y magnet

o noa 1) ormBGRsisORRouPS MashRRSR: She actuglir to: e § a5 2iieps X ane
l'ying al ong té Be Xt I%é@ﬁpart@ly”ﬂéo@bt)héd dndemoafenth aWaRRInhrSmBHEEUMEhedl Z
table 3 to which the Z coil bracket 10 10 is attached is nmounted on Z

sliders 17 su¥ieoflpsackeh@ qfpigcend dercenang Y maapetslayings ddi le3pce)d 2@ de rail s
18 relative t%tﬁ@?ﬁﬁ?@ﬁé@gﬁalgﬁér&lﬂfb E%nél Hy %gmb% K-y 4%edir € nounted on

the Y table 2 so t e 31sS vabe only 1n the Z direction
but also in the direction which the Y table 2 travels. Since the Y table 2

, bl e in. , : d b
end of toct or ' STMENY1F ecdt sybrbly IR0 Tr 22808 Y BRknEH ke cBRLARRRE D o &Y
combi nat i tih 010 i, attdched isZmounted 08 £ Slidersehd sedt mat the Rdtiorayf the Edbhidéi a

oDl 1 i ng.wi (R AN guidR g3 16 rafol BIRE ; 6B £, Pl B gSbg s 'O
pr _o?/l ggdbl; 22 kt?are:mnhnhﬁankmte \&&hmelegsdr ﬂgﬁ ItHehzrt@blesa |:rt?$:§b\lf m_n;nrﬂpmst rig z
whi ch-are. kephe 7 arefi0dd alsgia i frefion weh harD sE A rorels nancd B

bracket 9 in vhgble ands Ymodauslscrnl ®ath th&éexaiahd gepaird&ione! e bjdie a& coi |
bracket 10 and the Z nm 12 are larﬂw, enough so that there is

n S
enough. 1 otin 1GPTANREEIGaY) ench EREREY 210ISmER e g ¢ e R 8 F2BBbIE v t hou
hitting the smplingas aal donbu%tl%ﬁ &%M%nb@h{bﬁ%né&he@ﬁd kffb@br 24 im&laps 19 is
therefore greater 'than"the distance novable by the object or end effector
21 in the X aRrkde a semiconductor bond head. In order to prevent the Z coil bracket 10

from colliding with the Z housing bracket 8, a sufficient Z recess 20 is

provided for the coil bracket 10 such that there is enough room for the Z coil

20 bracket 10 to move in the Z direction. Unlike the Y air gaps 15 which are kept
relatively constant during the movement of the Y coil bracket 9 inthe X and Y

directions, the air gaps 19 between the Z coil bracket 10 and the Z magnet

".__. layings 12 are large enough so that there is enough room for the Z coil
bracket 10 to travel in the X direction without hitting the surfaces of the Z

25 magnet layings 12. The total air gaps 19 is therefore greater than the
distance movable by the object or end effector 21 in the X axis.

For simplicity of explanation, the motions of the tables in the X, Y and Z
directions are now described separately. It should be noted that their motions
30 can be in any combination and occur in different sequences and/or
concurrently in normal operation. For X movement, the X table 1 is driven by
the X actuator 4. There is no preference as to the kind of motor so long as
linear motion is provided. Since the Y sliders 13 engage with the Y guide rails
14 which are mounted on the X table 1, the movement of the X table 1 carries



For sinmplicity of explanation, the notions of the tables in the X, Y and Z
directions are now descri bed separately. It should be noted that their
notions 30 can be in any conbination and occur in different sequences

and/ or concurrently in normal operation._dor X novenent, the X table 1 is
driven by the X actuator 4. There is no preference as to the kind of notor
so long as linear notion is provided. Since the Y sliders 13 engage with
the Y guide rthél\Stab!edf2vtbge;therawi§h toeu Wt @il tracket . XLikewise the A tablendwatient  of

the X table | S the Y Wi. Y, coi |, bracket 9.
L eeni Sa t ne 8 ZEE i 1aMGinie 30 fe §.10P8H BRYe Wiltint Kielie Rhtrd Y ant & 2
m)vehvm th tgfﬂﬂﬁ Z&bgeraickefbﬁra M whioth aKrecmmhrlmtbd @lnktaésv tablel Q anﬁliz:ltame nount ed
on the Y table a,n Z table 3 ctive al so Y n the X direction

cor t espond ngoFRPRNEY AL SNE 18NS X AEecHOR s esaonding kulré HRSeMB) dhs ch « he
X tabl e 1sgcanntneisle 1. Sl‘HéQ!@tbﬁbé‘S?vJPﬁth th8& b1 ehn tafel4s dbferdmig bly8 The

air gaps 18 are large enough for_ providing sufficient space for the Z coil

bracket 10 tdhesied’ tog Ztaledapsai$ s The aigaps:18 arnerlawge &1PUDRPdRIoVIH®gZ housi ng
bracket 8. Coc]‘?:%nt dép%chfgre'ihé %EE&PBF&H( { hg tﬁoﬁ'év_?l aﬁgek %« s P efth@m

contacting or ng wt not or racke ts stoppers (not
shown) are prdjmcﬂ@dlrtsrdettheZatprp&rrmharaclmi@nﬂé@uwerblomdmgpr@q‘enttheeccm table 1

Lo 1t the GEpuRlo, oo kb LGy HLIBNP wli HBSALTHAkER Foreh] | 25 Lhe

Z linear not or decou able 1 and
t hei r st atlor sstomerse'lohsbowmjanerprawdeabndhmapparatusanoﬂrdedDatbotl‘namq,s afur f aces

t at are dec ect 5 For v as _the_coil intheY
coi/l bracket qégﬁfgb&nﬂno 'er rﬂgun réétrsiéﬁvgl ﬁ‘ge"%i!'ﬂ% rd?%taf B?st coils

i nt eract Wlthastfne zrlmmrrﬁbtol'ayaregmetéforaprpahmm d%cdmed Tlomn tegXedtse itn the Y

| i near not or ranggd and extended al on %ﬁé%ﬁgtlon of. travel so

t hat adj acenta ﬁ'éls t¢[g-an b mpynie éﬁ?ﬁ@t'BB‘?%{ ?Qﬂ B'%ﬁ{yﬁl'"gﬁ‘?ﬁ?e

transl ati onal thhodreefecb@pléd frem thB®bject.able 2 to nmove. The coils in the Y
coil bracket 9 are arranged in sucf1 a way that they are always encl osed by

the Y maghet l'ayings 11 regardless of the X and Y positions of the Y table
2. Thus, a syidyl ¢i @BledBRNSS! fel ESilsTinf @MYt &8 bracket 8 are energized, the

magnetic fields generated by the coils interact with the Y magnet layings 11
on both sides. The magnets in the Y linear motor 5 are arranged and
extended along the direction of travel so that adjacent magnets have
20 alternating polarity which can produce translational forces to drive the Y table
2 to move. The coils in the Y coil bracket 9 are arranged in such a way that
they are always enclosed by the Y magnet layings 11 regardless of the X and
) Y positions of the Y table 2. Thus, a sufficient magnetic field from the
permanent magnets in the magnet layings 11 is ensured for producing
25 enough translational force to drive the Y table 2 to move. Magnet layings 11
or second stator and Y coil bracket 9@ or second forcer extend substantially
parallel to a plane lying on the X-Y axes.

The Z guide rails 18 which guide the Z movement of the Z table 3 are
30 mounted on the Y table 2. Thus, the Z table 3 where the Z coil bracket 10 is
mounted moves with the Y table 2 in the Y direction. Stoppers (not shown) are
provided on both ends of the Y housing bracket 7 of the Y linear motor 2 to

limit the amount by which the Y table 2 can travel.



per manent magnets in the magnet layings 11 is ensured for producing 25
enough transl ational force to drive the Y table 2 to nove. Magnet |ayings 11
or second stator and Y coil bracket 9 or second forcer extend substantially
parallel to a plane lying on the X-Y axegg.The Z guide rails 18 which guide
the Z novenent of the Z table 3 are 30 nounted on the Y table 2. Thus, the
Z table 3 where the Z coil bracket 10 is nounted noves with the Y table 2
in the Y dirdotorder tcSdeppqis thie & lirdapvmdtoarte fropr thei Weldblen2 btiiehmagdst of the Y

housi ng bracket. 7 1 he L i near .nptaor L i_m,t_ the n ich the
Vtable 2 canttindydp h 2 1R MabPh draddsord Phestueli Rin s ¥ T rom
thg Y tabljed2and Eedimibat sulcayﬂwagst:jelzoilm i ire Z Icomemackabt 10r afe amay&rrﬁnged
and extended in both the Y and Z directions such that t coils in the Z
coi | “br acket IR byl NayseorEh Rl b iPeRaErn e Xay O B SRl o of
the X, Y &d tke Pogbld 9NAsthe 2olid'® thelBBbiEbRACKASIT SR é‘rférd};i&edt,rh si¥fciéntcoi |
bracket 10 are energized, a sufficient nagnetic field fromthe pernanent

magnets in t HBagrajisefield A{om gthe 1permaneah sadnets & $he dirgnet rlayisgsti2oifal f or ces
to drive the | i b OB rovi ded
(ot shown) (21 © RS BHRIA(Gnnl ks (i e 2o R e
novenent s of difestion.adlappensaase uovided (rotshowny te limddheyamaunt &y whith&r s  (not
shown) whi ch tEBI%tsr@atnlrr Iexcitation of the linear notors 5, 6. Each table is
provi ded wit h an encoder (not shown) so that its current position can be
nmoni t oredl@and fed back to a processor for precise positioning. 15 FIGS.

"riust rating 018 MSVERENBo8, TPona Bre eSS dipi B oty BIRIPRSVE™ our
extrenme posihobstoownf) which emitiol thieaexcithtiorodf the finearanstors §,i6)€ach tatilellt or s 5,
O RS M e 55 S S OB B oG,
shown in Fl GSnoBitore®Bnd fsul badkdo ahroeseReE fdr peédise pewitichingel i city, the di agrans
for the o1t5her four extrene
FIGS. 5a-5d are schematic diagrams looking from positions similar to FIG. 4,
illustrating different positions of the XYZ table corresponding to four extreme
positions of the coil brackets of its Y and Z linear actuators 5, 6. There are
altogether eight possible extreme positions. The extreme positions in the -X
20 and+Z, +X and +Z, -X and -Z, +X and —Z axes, are shown in FIGS. 5a, 5b, 5c
and 5d respectively. For simplicity, the diagrams for the other four extreme
. positions at the extreme Y positions, which would be similar to those diagrams
5 ) as seen along the Y axis in FIGS. 5a-5d, are omitted.

25 FIG. 6 is a schematic diagram showing an XYZ table according to a second
perferred embodiment of the invention. The main difference between the
second embodiment and the first embodiment is in the arrangement of the Y
linear motor 34. The Y coil bracket 38, instead of being mounted orthogonally
to the Z coil bracket as in FIG. 4, is now aligned in parallel with the Z coil

30 bracket 39. The second forcer and second stator therefore extend
substantially parallel to a plane lying along the Y-Z axes. Unlike the
embodiment shown in FIG. 4, where constant air gaps 15 are maintained in
between the Y coil bracket and the magnet layings, the air gaps 35 are large
enough for providing enough room for the Y coil bracket 38 to fravel in the X



positions at the extreme Y positions, which would be simlar to those
diagrans as seen along the Y axis in FIGS. 5a-5d, are omtted. 25 FIG 6 is
a schematic di agram showi ng an XYZ table according to a second perferred
embodi ment of the invention. The main difference between the second

enbodi mrent and the first enbodinment is in the arrangenent of the Y |inear
notor 34. The Y coil bracket 38, instead of being nounted orthogonally to
the Z coil brmm edseri dirdetiGn between tiwavnadgngh dalyings b&rina&idi@lthevi‘rt mdtdre Z coi l
30 bracket 3

rcer econd ator t end
Subst ant | al | yPRAEL el oo 5o 6 -7 GG 518 ovtepe el Fe i, e
EnbOdl rrenL Sf;ﬂ@ﬁ‘abilé\ byl ﬁf ébjet\jtg@lbﬂg Gha X aixis. aiFor gAP sakée cﬁr@rem rﬁmthered i In
et ween the COi cket an ne in the air ga are arge
enough for prqﬁ‘?“ﬁ?'ﬁa ﬁ'b%a}?t'PB&tfrmeo%%Peﬁe%W %‘?rl'(’g%;s-a‘ﬁ'wgﬂ agys '%f % in the
X -11- axiss 'dbs%héthﬁf réiﬁtfr@ctb' PR st BRBBdhikht FREEMed AYFIES, 3\§nl'rﬂ)$'t§ée the Y
not or bracket 37. The total size of the Y air gaps 35 are greater than the

di st ance rmvfétS‘Pr@tQS& the object along the X axis. For the sake of brevity,
further discussion of the notion of the tables 31, 32 and 33, which are

simlar to the 5 description relating to the first enbodi nent described in
FIG 4, will mstthedlustraieddnegndidn, therlinehemiotdrasire it the form ofi@i Wiehanmed. | i near

notors are i o] I i ng that
various conf .r‘a%‘?g‘f | bﬁ?"%% vﬂ}h#gg?gﬂﬁfépast W@E rcghﬂ%ﬁrﬁ%éﬁso?ﬂlﬂ su:#]lo %yf | at
type or U ypare appiiddibs, subleps Aaktype os Ungpe, wiether they areninmairidie phasegpdrases.

Addi tionally,. al tﬁ] eggﬁthe present exanples are illustrated wth novable Y

and Z coil brig S ve to the stationary notor housing brackets, the
15 tabl es can be driven by a forcer conprising a novable magnet with a

stator conpr ti coi |l bracket wt di n ead.

it her ror o ASRhA o EioudB o Bt oPEERIGH 1 RBEISH N GOGERE X and v
tabl es are drangez il bidtRats FERtRESto fmvetaaaﬁar?ano@k%ubmgas@@mhl ged by 20
mechani cal , el ectrical or pneumatic neans as |l inear notion in the

cor r espontfl ngabies €@ Rendrivancbyy AJercge §oMpERIBg moaﬁb'Péaﬁg”QSﬁ‘étﬁ awtatorshoul d
comprising a stationary coil bracket with coil windings instead.

Futhermore, in the above embodiment, although the movement of the X and Y
tables are driven by linear motors, movement can also be accomplished by

20 mechanical, electrical or pneumatic means as long as linear motion in the
corresponding directions- are provided. However, at least one table should
preferably be driven by linear motor for decoupling the same.

In the above embodiments, although the X and Y actuators are decoupled by
25 applying a magnetic decoupling mechanism, it goes without saying that they

can also be decoupled by various other mechanisms. Additionally, the

invention is still applicable when the X and Y actuators are not decoupled.

It should be noted that the arrangements of the X, Y and Z tables are
30 examples of the present invention. It is not possible to describe every
conceivable combination of components for purposes of describing the
present invention. Many further combinations and permutations of the

present invention are possible.



preferably be driven by linear notor for decoupling the sane. "-J In the
above enbodi nents, although the X and Y actuators are decoupled by 25

appl ying a magneti c decoupling mechanism it goes w thout saying that they
can al so be decoupl ed by various ot her nmgghanisns. Additionally, the
invention is still applicable when the X and Y actuators are not decoupl ed.
It should be noted that the arrangenents of the X, Y and Z tables are 30
exanpl es of tTe pr&Eeremi emboeitherts . of| tlhei |$|vemitonpofs§e;i thlec atheantmgesr obaigaver y
concei vabl e conbi,nat.i on_of 182 onent s ki ﬁéir poses of ESCI‘IZ B_? {hﬁe
present inven Rest: rﬁyaFﬁ??rﬁ’g " 8R; RQ?“B 8”@8?’ o e

present i nveritnpementstianoss likar mofols witheup satificirey ite néwdtunsindtabitty nhe
i nvention offer t&e/ advant ages .of hi g eed, ‘gllfﬂﬁ% ﬁ@?el eration and
n
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W thout sacrimhbgidnital tdécéﬁmmgtMbﬂiodstu@énlpkéféwea remtsadﬂﬁénttscu& bt Yecfl)f&:
| oadi ngs of the notors e prior art usin mechani cal decoupli ng

met hod, the ;ﬂc@'t@nab@ugmdﬂwraoorngwdmmJﬂwgra%g@dithq yivsationgxfremar y
deg:o_upl ers owqg#g QdL{Pﬁés arsihRiALg the vibrations from these sources are
I1st

el i m nat ed. nmovenent of the Z coil bracket is coupled to the Y
coil bracket, the 10 noverment of Y coil bracket in'Y d| rection is decoupl ed

ilstt t 1 e ot it

(rom the, 2 cophydielBhameline SEHSG ERIRONuBly HPuRBkd o 2ckets
wei ght of1 hernomhemfofmuanaclwth(dimcﬁon |a$ietb:.mledefram lhelZycdﬂdnad:lelt. magnet
| ayi ngs) is rrleg The Ioa ﬁ(h{";t et carries
d%l ng Y nove t ﬁBﬁ?’vﬁ I‘fo Il?gaq gs[q{g Eclagg t h&s Fred to
the prior ar tarsts@bktedtnal@rded@uplaalsmceamd wegitadti taa rest A ¢loel pEtua®r (such

configuration. nthe escr iments, the extra load that  the Y
table carries® '&'e ﬁlﬁyvechﬁe%?b‘ﬁ?g%?ﬁ?ﬂ%gsi ig, Bt capyi kt'ﬂe e@fﬁwlﬁ’é’pQﬂl WAy it is

the wei ght oftht WecalbrabketrcarGacuiigey nadvén’fémseesdrﬁﬁerameismaw ah@#d thes
supported in the prior art using a nechanical decoupling device, and the

wei ght of1% hdeass emp@pzr%tt%th@rprtqﬁaqrt istacked reanfiguratian 3nd piachanisal using a
stack confi gudedblifithg configuration. In the described embodiments, the extra load that

the Y table carries is only the weight of the Z coil bracket. Comparatively, it is

the weight of the auxillary decoupler and the extra guidings that is supported

in the prior art using a mechanical decoupling device, and the weight of the
20 whole Z actuator that is supported in the prior art using a stack configuration.

7 The invention described herein is susceptibie to variations, modifications and/or
:..J - additions other than those specifically described and it is to be understood that
the invention includes all such variations, modifications and/or additions which

25 fall within the spirit and scope of the above description.



The invention described herein is susceptible to variations, nodifications
and/ or . additions other than those spegpfically described and it is to be
understood that the invention includes all such variations, nodifications
and/ or additions which 25 fall within the spirit and scope of the above
descri pti GhAIMS: CLAIMS: 1. An apparatus for positioning an object coupled
to a first support structure and a second support structure conprising: 5 a
first actuator for driving the first support structure along a first axis; a

second acyuat opnf @Ppéfdtué or tpusitiddisg SV IBtgeét Sbupleliuis RIfP&Y sapgegond  axis
orthogonal to the tirst axis; and a third actuator conprising a forcer and a

stat or f obtrdetuie agd arrecond uPPoBEIPGIUre OMPIISIAG t hat i s gui ded for novenent

relatiye to the fi,r ry. .10, st ' | S.;Qrthogonal to
Che f135t and SIS AP uSHER drvink el P S Uliebal St APh6 A 3% R68L coong

support struct ursto_and aicfﬁuatﬁpftﬁb:lrﬂrirvg tHe fiss BEGport @tmbﬁzréfa@dny a se@dnéihe stator
Is relatively stationary and decoupled fromthe first support structure and

t he secon@isfitiwgenst toubedire.axis and An apparatus as clainmed in claim i,
wherein the fo%.ctﬁ{rg %ﬂja%lafztg@pﬁ%ﬁg egro:l{g%sgﬂd %dégtggq‘?g[r)la Hﬁy}iﬁactne%te §hgand

ext end substantially paral yin e¥second and third

axes. 3. SoppmpItaictireathat!igi d fore Inedverdent ralativl tg the ofirpt Bappeen t he
forcer 20 and stator along the first axis that is greater than the distance
movabl@ b§irugtare 6‘5]"8(:51 trt!ﬂdoﬁ?@s priBogenajto Mhe EfSt@ndﬁecﬁﬁﬂé‘P‘ﬁﬁus as clainmed in

claim 3, incl ughngstaBRSESMRUM TP 8 scRBRA'Albdr SRiciafe aR@SEati ve to
bg‘:f f} gothe %@ stak)brao feg

prevent contact ween the forcer an ng t I rst axis.
5. An apparatabie aithaespestdoi theastatoopandfthe lstatpr ec sdatingly stationaryweadei n t he

second actuat or ri,se second, forcer vable wyth respect to a
el at i vel JECOURIPEHENY thekishalRralt SrUCtFRIARM e Secasl FYRRAEE SRS Wspl ed to ¢ he
first 30 support structure and the second stator is decoupled fromthe first

support structure.
15 2. An apparatus as claimed in claim 1, wherein the forcer and stator are

disposed adjacent to each other and extend substantially parallel to a plane
lying along the second and third axes.

3. An apparatus as claimed in claim 2, including a gap between the forcer
20 and stator along the first axis that is greater than the distance movable by the
object along the first axis.

4. ° An apparatus as claimed in claim 3, including stoppers mounted on the
apparatus that are operative to prevent contact between the forcer and the

25 stator along the first axis.

5. An apparatus as claimed in any one of the preceding claims, wherein
the second actuator comprises a second forcer movable with respect to a
relatively stationary second stator, and the second forcer is coupled to the first
30 support structure and the second stator is decoupled from the first support

structure.

6. An apparatus as claimed in claim 5, wherein the second forcer and
second stator are disposed adjacent to each other and extend substantially
35 parallel to a plane lying along the first and second axes.



6. An apparatus as clained in claim5, wherein the second forcer and second
stator .are disposed adj acent to each otfher and extend substantially 35
parallel to a plane lying along the first and second axes. -14- 7. An
apparatus as clainmed in claim5 or claim®6, wherein the second forcer and
second stator are di sposed adjacent to each other and extend substantially

e ol ai med i1 BraparornaP AR L SERCP Fofiebn . WBEBTy PedesPNna the
second st fjreér ah@ngeddnd biatert arxidsposbe adjzeentl to Bacaghebandgegenat er than
t he di stance novabl e bﬁ@t he object along the first axis. 10 9. An apparatus

as cl ai me@ubstaptigiioparaliel toreplape ddag alpna themscond and third@xesst at or i s
nounteg to a stationary surface that is decoupled fromthe object. 10. An
apparatus as clainmed in any one of the preceding clains, wherein the forcer

conprises8a colAn hpparatiis iasctlathed inockimi Ndinisdind Sa Ijap Aetwggarthéus as
clainmed in any one of the preceding clains V\,%]erei n the_staﬁ&re conpri ses
per manent SaeRibiorcay ARgdhaisssead t Ar @lanseihesfigt ais, the sizeptiie 02 12. A

met hod of gy iér%@f&rrfﬁaﬁﬂweo&jsf‘a?&:eﬁﬂb%tg&b&ﬂhéoELeLc?ijfoﬁng;[p:H%rﬁrstsé){ié‘Ct“re and a

second support ructure conprising: driving t support structure
along a first axis; driving the first support structure along a second axis

orthogonal to the first axis; 25 .providin n actuator conprising a forcer

coupl B8 8 t neAcRRRRIatIS B SEIMER B g P2 BreRsritd BN PE R ct Lo

rel ativel Mué&té%drqgﬁﬁddﬁrﬁé@i&é ;stath'aY)r Qﬁlrféé‘tﬁtﬁa?!is,c&éc&%lé’@ﬁ%n{ Pleadtjyg. to the
to t first and second ax

stator along a third axis orthogona e s while
gui di ng novenent of the second support structure relative to the first

e SHhs K cam B e BRSSP A B hoBLRRY
rel ati vel jheSforédrahprises a coil bracket including coil windings.
15
11.  An apparatus as claimed in any one of the preceding claims, wherein
the stator comprises permanent magnet layings disposed on either side of the
forcer.

20 12. A method of positioning an object coupled to a first support structure
and a second support structure comprising:
driving the first support structure along a first axis;
driving the first support structure along a second axis orthogonal to the
first axis;
25 providing an actuator comprising a forcer coupled to the second
support structure that is movable with respect to a relatively stationary stator;
driving the forcer to move relative to the stator along a third axis
orthogonal to the first and second axes while guiding movement of the second
support structure relative to the first support structure; and
30 decoupling the stator from the first support structure and the second
support structure and maintaining the stator relatively stationary.

13. A method as claimed in claim 12, wherein the forcer and stator are
disposed adjacent to each other and extend substantially parallel to a plane
35 lying along the second and third axes.



13. A nmethod as clained in claim12, wherein the forcer and stator are

di sposed adj acent to each other and exygnd substantially parallel to a plane
35 lying along the second and third axes. -15- 14. A nmethod as clained in
claim 13, including noving the forcer relative to the stator along the
first axis within a gap fornmed between the forcer and stator along the

first axig,to allow novenent of the fqgrce |l ong the first ax|s W t hout
cont act i ng4t he ﬁﬁ%ﬂ.aslggml\e‘ﬂﬁﬂﬁﬁn :;13 acﬁ.,cﬁ%.rrﬂ}yu}g merﬁoi%,r rﬁki'?’%?ﬂ_ t he size
of the gagebeta@®@eBlonghthel Afst eixiRgthirha §hptiofmed KKtR@EATtHehRicérhandi st ance
novabl e by the object along the first axis. 10 16. A nmethod as clained in

clai m 14 #tete] alprg 1ke firsiciglto gliewoppvergentefl thefarcen alopg thefEslraxie® prevent
cont a b t r the stator. 17. A nethod as clainmed in any
one ofCé cl ftﬁﬁﬁqfé”[@ﬂ@,ﬁ‘?r?ﬁ@ i ng providing 15 a second actuator conprising
a second forcer coupled to the second support structure that is novable

wWth respect to a relatively stationary second stator, driving the second

Lor cerI t ol froveArreetiod.as £igimad it stadmd! ft%@'ﬁ'fhth@rﬂz@ 9é the; gapietweer and
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cl ai med i alopgahefitst.axidrerein the second forcer and second stator are
di sposed adj acent to each other and extend substantially parallel to a
pl anelq ying along the first and second axes. 25 19. A nethod as clainmed in

claim17 cl gi r el h : farcgr: 3 are
di sposed g%] acgn{ﬂ egtlgo%‘é%ﬁ Cﬁ"ﬁ‘gp g‘ngﬁgﬁgﬁdgf s(gélg% Zfr’ﬁ?i @?ﬁ@%%ﬁ@ﬁgt 0 a
pl ane |yi mpvehemd of the oecartd prevertlvonthcl beswe@d thefomedriard! the sthtwrmed i n

claim 19, including noving the second forcer 30 relative to the second
stator along the first axis with a gap fornmed between the second forcer and
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15 a second actuator comprising a second forcer coupled to the second support
structure that is movable with respect to a relatively stationary second stator,
driving the second forcer to move relative to the second stator along the
second axis and decoupling the second stator from the first support structure
and maintaining the second stator relatively stationary.

20
18. A method as claimed in claim 17, wherein the second forcer and
second stator are disposed adjacent to each other and extend substantially

parallel to a plane lying along the first and second axes.

25 19. A method as claimed in claim 17 or claim 18, wherein the second forcer
and second stator are disposed adjacent to each other and extend
substantially parallel to a plane lying along the second and third axes.

20. A method as claimed in claim 19, including moving the second forcer

30 relative to the second stator along the first axis with a gap formed between the
second forcer and the second stator, the size of the gap being greater than
the distance movable by the object along the first axis.



