-1 14 FEBRUARY 2006 MOTOR SYSTEM FOR POSI TI ONING A LOAD Field of the
.invention 5 The present invention relates to an electric notor systemthat

may be used to adjust the position of a load in relatj , and it
is applicable for positioning a | oad askociated w t h“aﬁgpg{[%f%}fnlzg&est age of

a positioning device such as an XY table. 10 Background and Prior Art
Various kinds of notors are used in industry to nove | oads and to control
their positions. The linear electric notor, i.e. a notor that produces

thrust in a 15 strai glfoTORSYETENTOR PORITIINING AlldABti on, is one such
kind of notor. For exa , at en . 9, , or a "Linear Mtor"

di scl oses several <configurations of |inear notors using permanent nagnets
i n conjunct iﬁ&d@'gtug i %)ﬁt‘o; in air gaps disposed within an area having a
magnetic fl uxs No. 5,087,844, also for a "Linear Mtor",

di scl oses a noving coil linear notor wth a pair of permanent magnet

assenbl i es bot h si.des of entral yoke os{ng.,each other via a gap
t her ebet V\ee%el\ﬁﬂets?ntdﬂ‘égg'f’niraltagﬁslqgc?é‘de%ﬁtf'? moggrpssgﬁtﬁrﬁ&a%ép%y §p in the
ai r gaps sugjidiahe tgtRitlonr sfea poaut eslation @18 pl@se, BME Rt is NEpIedbleseendl y acts
in the sane direction as the other, The 25 magnets are shaped in _such a way
that the vamo&ttichIA lapdgrrseriated yith @griatfar o sfage ©f @i Rasitionig Viseot i on of
the noving Rakch Fexehssie! y approximates the ideal sinusoidal formthan in
conventional linear notors. In the field of sem conductor assenbly nachi nes,
t he pastlOdecade has seen a 30 shift fromrotary notors and ball screw based

transl ation BiR4ks nﬁ%nldiﬁ}?o?%rfmt or based ones. This is so especially in the
area of hi gh—spgeg',—hrg'h—p'r'ecision XY tables used to nove a load in two
separate axes on a plane. XY tables conprise separate noving tables or
pl at f or ns, ch Ci%!@’bl of, novin i n. inale axis.. A conmbinati.,on of
noverrent | n?%&oh:s B K oglrrlmo(;% a[e “gﬁf érbpg%l%‘try B o fodids and corﬂrol their

positions. The linear electric motor, i.e. a motor that produces thrust in a

15  straight line by electromagnetic interaction, is one such kind of motor.

For example, US Patent No. 5,808,381 for a “Linear Motor” discloses several
configurations of linear motors using permanent magnets in conjunction with
coils in air gaps disposed within an area having a magnetic flux. US Patent
20 No. 5,087,844, also for a “Linear Motor”, discloses a moving coil linear motor
with a pair of permanent magnet assemblies on both sides of a central yoke
opposing each other via a gap therebetween. Multi-phase, interlaced coil
assémblies are disposed in the air gaps such that the force produced in one
permanent magnet assembly acts in the same direction as the other. The
25 magnets are shaped in such a way that the variation of magnetic flux density
in the direction of motion of the moving part more closely approximates the

ideal sinusoidal form than in conventional linear motors.

In the field of semiconductor assembly machines, the past decade has seen a
30 shift from rotary motors and ball screw-based translation stages to linear
motor based ones. This is so especially in the area of high speed, high
precision XY tables used to move a load in two separate axes on a plane. XY
tables comprise separate moving tables or platforms, each capable of moving

in a single axis. A combination of movement in both axes allows an object to



-2 14 FEBRUARY 2006 be positioned in any position on a plane. For instance,
XY tables can be used as positioning devices in sem conductor assenbling
equi pment, machine tools and neasurenent equipnent. 3,4 ERERGARY™MOGEL ! onal
design of a linear nmotor driven XY tabl-&- each of the two axes on a pl ane
is actuated by a linear notor in closed | oop servo control, while feedback
is provided by digital encoders, one for each axis riety of designs of
| i near not oPerﬂﬂﬁ'tﬁaeagéa”W?ﬂ{'%%ad’é@]eg oéan‘ieaBﬁ@a%% BAAGYE%i | ot or s
Wi t hout irorsCps&orani@ dewidear int BEmIBOBHUGOMABSENIbIHEE @quippients niabhinéY tabl es
in the backend sem conductor industry. Whether single phase or multi-phase,
they entail 199&and eFSUELMQREIIPMRE D coi | bracket. The cantilever
contributes substantially to the nonment of inertia of a noving nass
(including the | oad) about the axes of notion and al so about the axis 15
per pendi &ul & theocenuentianal desiamofi Hneartnetor drivend¥¥iteblel eaeh ofthehiwvopoi nt  of
view of vi i.ons ...t he Iy oal s of

t he notor %é(glg é’ﬁe$ pi'a{s}'etilog ?(éef@%(e?@ %o"b?é}agsgfe&?r‘?ﬁ yél’%’séﬁglg%gsceﬁ oaé&gro(g’si bl e and
t her eby t o wiilaifeedback iepoaited] byvaigitd] engoders, Tdnesfor eactaaxial A vapiehsef not or,

di stributed coil 1. ndi n are preferred over conc d w ndi ngs. Anot her
advant age oPGE@”aP W?%lﬁ’?@ﬂr @ngevﬂs%gi“ﬂtgss(afsdﬁappeq?%{%gﬁpati on of the heat
generated. Fig. 6¢c is an exanple of concentrated coil w ndings while Figs.
6a and 6b are exanples of distributed coil w ndings. An exanple of an XY

tabl e cARpr MIVRP 6RE MeRASAWIARKIIFOT 6PTESRA ki the mpsf BPRENHYEEeh U
Pat ent No._Gaitfl RPRYI @biedin e/ bdalisemibshdudies MAUBRY! WhetBt sindsi an over

the prior art is nentioned as the use of linear notor$S instead Of ball feed
screws conn@beee of culii-phese, e ertaililen Upe of aicentilgyered erldorarkaig Thehe X and Y

axes. ATONGRLnBE0G oAy sBakdnafpth HErAYRCA & hETE JSFHEIRG mabe o

errors in screw connecti on. h-speed accel eration 30
decel er at i offinckidimgt theodedd)| @boutether kes @ snotiere andolslsemabeltathengxiso cont r ol

of high, a”&‘é’\rﬁn@j ?a{r\fg th C?ﬂ& 0P o‘ﬁgﬂ.”%%r@ undE Bt HEALthE BBt oFViERE
aforesai d patent 1s the effect o e
of vibrations in the yaw and pitch modes. Hence one of the goals of the motor
designer is to keep the coil assembly as compact as possible and thereby to
minimize the cantilever length. Thus, in a multi-phase motor, distributed coil
windings are preferred over concentrated windings. Another advantage of
20 distributed coil windings is better dissipation of the heat generated. Fig. 6¢ is
an example of concentrated coil windings while Figs. 6a and 6b are examples

of distributed coil windings.

An example of an XY table comprising one linear motor for each axis is
25 disclosed in US Patent No. 6,244,192 for an “XY Table”. The improvement of
this design over the prior art is mentioned as the use of linear motors instead
of ball feed screws connected to driver motors when positioning a load along
the X and Y axes. Amongst other things, ball feed screws are less accurate
due to errors in screw connection. Further, high-speed acceleration and

30 deceleration is not possible.

Nevertheless, one problem relating to control of high bandwidth servo
controlled motors such as that used in the aforesaid patent is the effect of the

offset current in the driver circuit which may vary with time due to changes in



offset current in the driver circuit which may vary with tine due to changes
in -3 14 FEBRUARY 2006 tenperature and other aging effects in the circuit.
This offset current nanifests as an undesired notor t he
product of the notor force constant and3the of fset ngmﬁ#ﬁX@@?
constant of a notor can be defined as the force produced per unit current
For a nmulti-phase notor, the force 5 constant is normally based on the peak

val ue of thdeBPRIREIANd cotheEmINt e&;@ﬁ I the ¢ drayitas eis Offseheairenbt or
having a hi ghaﬁrférsfseaeQﬁ%aeé.réosmeea%rhé\éauervtsrrhé BrodtdBbd thamRstBE fored driver
of fset and spurious noise. It is often difficult to neet the contradictory
r equi r emrent scopbtant ghd Preceffsst ghrrantd Tmfomegcwretaéé@fammér o2 he defiagd one

not or, whic h n c ngta f the
motor is i giree Bk pRAEeCO R FIAERL - PR ARATH R 2 fect s
fromint érfemeataemssnmmaﬁys belséd/em thoef rbmctvadxmjofthptsmtmusiahmmt iMbash it
becones diffi.cul gr] skrcz] a. not Er g atg Vi mai ntai ning a

st eady statr%ﬁﬁ&%%%r '8ﬁa QPN % 'gp grc 5PaR'EN ﬁoﬁﬁ@é'@?’e €Y8" {3 om t he
poi nt of Vi eimaif arhasitebf apasralfisenand $guribus@Bigact notor without need for a
very high current fromthe driving circuit, the force constant of the notor
needs to be adequately high. It follows that the disadvantage of controlling

each axis wiig oateﬁldml:@t ekt the dohesdlar@eeréqbaémeﬂtm mg?rarsle@rsiﬁﬁ argai nst
precision. 20 It would be advantageous to be able to iver a high force

enpl oyi 1§ a NiglyRPeedMide (iSRG st ORBLBRLOf.OWRICK Aoy BrNgrae FoRRlamihi | e
moving it O‘Wﬁeﬁ‘ tﬂéef%tr@e( coflsBhtetndNhofdrSR fw@h@?' {h\éeﬁar I WETel By when

positioning wth nor precision over a snal di stanc IS desr red. 25
Summary of twreesm/cémfwroa friom the effectsbff e inteffeneheed aveimad driver offset&nd o provi de

an i npr oved JgpLor. SysLerh Lok PASkEL okl © dHS Wl SRl SepsBgRA and

preci si on as‘conpare prior scussed a
in maintaining a steady stationary position at the end of its stroke. However,

15  from the point of view of faster operation with a compact motor without need
for a very high current from the driving circuit, the force constant of the motor
needs to be adequately high. It follows that the disadvantage of controlling

each axis with a single motor is that speed has to be traded off against

precision.

20
It would be advantageous to be able to deliver a high force employing a high
force constant motor to a table holding a load while moving it over a greater
distance and also to deliver a lower force when positioning with more
precision over a smaller distance is desired.

25

Summary of the Invention

It is an object of the invention to seek to provide an improved motor system
for positioning a load with greater speed and precision as compared to the

30 prior art as discussed above.

According to a first aspect of the invention there is provided a motor system
for positioning a load, comprising support means for supporting the load and a

first motor and a second motor, the first motor and second motor cooperating



According to a first aspect of the invention there is provided a notor
system for positioning a |oad, conprising support neans for supporting the
|l oad and a first notor and a second notor, the first 1T @Qﬂ 9 nd not or
cooperating -4 14 FEBRUARY 2006 to drived4the | oad, wher ebyl% e fiTst notor
is adapted to provide higher thrust than the second notor and the second
notor is adapted to deliver higher_ positioning accuracy than the first

mot or duri ng}odjrkYSStf‘Fi‘%?ﬁ’ﬁfﬁ‘%féﬁbgi?cﬁrsfﬁ‘m?fﬁiqdiaBWdtt{‘?eprPM'QB.h'Sh%ctBB-fséli ng to a
second aspeghaRfthé NRcbAY FRétbP RNk NBE Ssecdn® madtbe fd agapl B dydiREr hiyketr t 1 oning a
| oad, conprising the-use of a first notor cooperating with a second notor
to drive theasgaingwaeewpey than the §ist raeter dpf'@@ﬁdé%'ﬂ@@h@rse@lmﬂmﬁ toto the

| oad, and t sﬁﬁ:(hQHgl or delivers higher positioning accuracy to the 10

| oad. Usi ng e 1nvention, it is possible to provide two |inear notors

wor ki ng i5n tandemthat may nove a | oad on an XY table, to provide fast and

el PRI R SR b e SRR L’
R o A b R e e i i Ay
al so be possiGSPRAePtPLEq fivesthe Iped Wgeéﬁif‘éaﬁtﬁ.f%ﬁ“%ﬁgpEﬂ"ﬁf@rhjglﬁﬁf thfusheat i oss

over a wi dero3dpedoad, Mg theddeaml kdtc de'li?é’@rhi%r%ﬁf}b%rsﬂibkl{n@ RcuRRYtSithon. 20 It
wi |l be convenient to hereinafter describe the invention in greater detail

by refélendead.o the acconpanyi ng drawi ngs which illustrate one enbodi ment
of the invention. The particularity of the drawings and the rel ated

description is not to be understood as superseding the generality of the
br oad i dent iysiogttherinvergioof itt isepdssidnte grovide dwoilimedr inyotorseworkingrin Bri ef

ngrg“ glt Lgnégﬁ%@ﬁgaﬁ\gkgg@/{%gaae% o-hsanafaYi tEBIE?EJ bFon&eeygstané‘%c&rattéabl €

positioning of the load. The overall size of a cantilever of a moving coil motor

15  may also be reduced in overall size, rendering the system compact and with a
lower moment of inertia about the centre of gravity perpendicular to the axis of
motion. Using the invention it may also be possible to facilitate the
segregation and dispersion of heat loss over a wider area, thus leading to a
lower temperature of operation.

20
It will be convenient to hereinafter describe the invention in greater detail by
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

25 of the invention as defined by the claims.

Brief Description of the Drawings

Fig. 1 is an isometric view of an XY table comprising an X stage and Y stage,
30 which incorporates a motor system according to a preferred embodiment of

the present invention;

Fig. 2 is an isometric view of the bottom of the XY table of Fig. 1;



30 which incorporates a notor systemaccording to a preferred enbodi nent of
the present invention; Fig. 2 is an isonetric view of the bottom of the XY
table of Fig. 1; -5 14 FEBRUARY 2006 Fig. 3 is a sche i i \y of the
XY table looking fromdirection Dof Figdo- 1, Fig. 4 @yg%s]@%fgﬁgtip@gvsi de

view of the XY table |ooking fromdirection E of Fig. 5 1; Figs. 5a and 5b

are magni fied sjde views of the second r of Fig. 3;,. Figs. 6a_and 6b

| Fustrate dgi §ira SFeTet: TISE Sisves MechpfatiRakaeriracliup al Fieto coi |
not or and nopi ng magnet notor respectively, that are usable with a notor
system according to the invention: and Fig. 6¢c illustrates a design of
concentrated or non-interlaced coil windings of the prior art. 15 Detailed
Descri ption ﬁé.&&ea %’Eﬁérﬁ%ﬁf&*d%‘v’%@%ﬂm@xﬁﬁb@é [doRGgtifork R e HAVE R9Fig Fi 9. 1 s
an isonetric View of an table 4 |ncorporat|n8 a notor systemTaccording
to a prefeerred enbodi nent of the 20 present invention. Magnet assenblies of
the XY table 40 have been renoved to illustrate the notor system nore
clearly. The XY table conprises generally a support nmeans such as an X
stage 7 and Figy 5 agk5H re inbgnikes shigevidvdef thg seoorvdabotoraldf ¢ 3an X axi s on X
axis crossed roller guides 8 and the Y stage 17 being novable along a Y
axis along Y axis crossed roller guides 16. The 25 support neans 7,17

support a | gags.(6¥hn® BEWUstrafe Bssigeshitih@nated BoifcthfidfationB@siat hewsg of the X
stage 7 are determ nable by an X axis encoder 14 whereas positions of the Y

stage 170ar defofafi #RGhINROVIY &nagnekinotan cesrsctivaly, thepeare ysables Withad e
supported 0r}n@to?%?étie}n%&'b?cﬂra@f@ﬁ]?%ve@]tieﬂ; dhe X stage 7 which conprise part
e a

of a first notor to provi irst, high force constant, 30 el ectronotive
force to the X stage 7. The first notor 1 is thus neant to provide a high

thrust to drrii&.esé nﬁs%at%tsaaggeign of concentrated or non-interlaced coil windings of
the prior art.
15
Detailed Description of the Preferred Embodiment

Referring to the drawings, Fig. 1 is an isometric view of an XY table 40
incorporating a motor system according to a preferred embodiment of the
20 presentinvention. Magnet assemblies of the XY table 40 have been removed
to illustrate the motor system more clearly. The XY table comprises generally
a support means such as an X stage 7 and a Y stage 17, the X stage 7 being
movable along an X axis on X axis crossed roller guides 8, and the Y stage 17
being movable along a Y axis along Y axis crossed roller guides 16. The
25 support means 7,17 support a load (not shown) to be positioned on a plane.
Positions of the X stage 7 are determinable by an X axis encoder 14 whereas
positions of the Y stage 17 are determinable by a Y axis encoder 15. Upper
coils 5 are supported on a cantilevered bracket 6 on the X stage 7 which
comprise part of a first motor 1 to provide a first, high force constant,
30 electromotive force to the X stage 7. The first motor 1 is thus meant to

provide a high thrust to drive the X stage 7.

Fig. 2 is an isometric view of the bottom of the XY table 40 of Fig. 1. This

view shows lower coils 11 comprising part of a second motor 2 which provides



Fig. 2 is an isonetric view of the bottomof the XY table 40 of Fig. 1. This
vi ew shows | ower coils 11 conprising part of a second notor 2 which provides
-6 14 FEBRUARY 2006 a second el ectronotive force to th 7. he | ower
coils 11 are nounted on a support or bdk iron 12. A ﬁg;ﬁtﬁgggg‘(l OIKS

preferably added to the back iron 12 on the side away fromthe | ower coils

11 primarily to facilitate . the dissipat)on of jhe generated by the second
Totor 2 of UhES AFEORPING I 1 6 X Sadferme | Be ST ol BF 2o xv

tabl e 40 | ookbogtetilopma dipmet bobadR iedn 1Zi @. hebt siHkel Xissprafegably iaddeglapt ed to
nove in the X-axis, and tht,% Y,%:]a\ge 17 i s nount efd onto the X stage 7 and is
adapt ed to Bk PR 2Pt sigakayfrgmehe lopyrs opils {1 paimerily to fagifitaiet abl e to

an external RBRAYsRIMON LEALAdeMBrales by tNédt@nd hibtbn2 bRy Bis4psuch as a
bond head for a wire bonder (not shown). In relation to the X stage 7, it is

supported by and noveable along X-axis crossed roller guides 8 The first

notor | is pgeferabl ki =Ql, | t idl | G onst ant .
The stator oot FiocafmdBy bRE ) of LAY talfl A80lq Fofl dRecBhifof P or rad
bet ween two Figws. dhepestaga@ris anaptedtts n®vafifh thecM-axs, anddpe di stage patis ern on

yokes 4, made fr.o terial,of high. net | ermeapi lgty. This results in
a nomnally @PH’&‘E%@E‘? ﬁ\?ﬁ?ﬁ%oﬁna'gq |sg€c&g§?4 @ 'BP‘(S('W ﬁ‘et Sx'aﬂf‘ %8 N€50 al ong
the X axis OThe!’T‘Fltsit@ge 1Fug F:Wectatﬂll@tmaneﬁ(te(rlﬁdllafppE[]aiﬂerﬁmg&iﬁ%ﬁi@g n the
air gap 20 to . al | ow transl| ati gnal, novenent, I n the preferred enbodi nent, 20
t he conf1i%gur'8t”i‘% Qtﬁx'ﬁ'ﬁls'd&ﬁ?la and;heagdefea Wire fonges (198[33?"8?) interlaced
windings, as illustrated in Fig. 6a. The X stage 7 is supported by and

novabl e al ong the X-axis crossed roller :-?Ui des 8 with respect to a fixed
tabl e base 18.reRtiepnsi etk SRS 7alt i&ISEBRYTRI BYIrANEnMOVe}UR P XcAXfh t he

upper. coi 1S Goadh idier gdifieSBANFhE firdtlhitof @Kot StetdbTBVRBRAG B héler
cantil evered bracket 6 and X-stage 7 along the X-axis by electromagnetic
i nt er act i on.providingia kighiferge spnstaat; elheostatonef the-fisstagetor A thigeconsists of may t hus
be chan i~30 | i I | owd t t.he upper
coils S.QI%gO%éﬁgggtjggé&@%gl%s%ﬁ%eq ?Azbs% c?r&iti{esrﬁ%?riﬁtorﬁg\%ﬁr}g% 35%@%'”#& or 2.
The second specific pattern on yokes 4, made from material of high magnetic permeability.

This results in a nominally sinusoidal variation of magnetic flux in the air gap

20 along the X axis of motion. Further, the upper coils 5 are disposed within

the air gap 20 to allow translational movement. In the preferred embodiment,

20 the configuration of the coils § is made of distributed or interlaced windings,
as illustrated in Fig. 6a. The X stage 7 is supported by and movable along the

X-axis crossed roller guides 8 with respect to a fixed table base 18.

A combination of an electric current flowing through the upper coils 5 and the

25 magnetic flux results in movement of the cantilevered bracket 6 and X-stage 7
along the X-axis by electromagnetic interaction. The direction of travel of the
X-stage in the X-axis may thus be changed by changing the direction of
current flowing through the upper coils 5.

30 The X stage 7 also relies for its motion on a second motor 2. The second
motor 2 is described in more detail with reference to Figs. 5a and 5b. The first
motor 1 preferably has a larger force constant for higher acceleration of the
load resulting in faster operation. The second motor 2 has a relatively lower

force constant, which allows it to deliver higher positioning accuracy than the



motor 2 is described in nore detail with reference to Figs. 5a and 5b. The
first motor 1 preferably has a larger force constant for higher
acceleration of the load resulting in faster operati ﬁ]ﬁ} ?% not or 2
has a relatively lower force constant,- fhich allows ??F e}I§|ﬁver |gher
positioning accuracy than the -7 14 FEBRUARY 2006 first notor 1 for the sane
anount of cyrrent dtothe mtors 1.2 ta, 6 fine-tun position of
the Toad. 1 iritmetdroksfe soBbamenBhe! cufatiasbBred Bt onotne 2 Rent fon i s
5 incor por atf@@-tuAé thd pesittonsdfape load. but it is also possible with suitable
nodi fication for the notor systemto be incorporated into the Y stage 17.

The first and second notors 1,2 are coupled and cooperate to nove the

| over, heayh et picéifed’ &RbbdiAHentN thdemeftp B?sﬂé'm afl Hdani@sight ant force
IS derlved fromboth the notors operatlng in tandem while on the other

hand, pr &ci drcorpongtgchtietaatiiee %fstpaei 1. Gkt il l&cﬁlb‘@véﬁs%biﬁewht Aitaldth cont rol
of t he Seco?ﬂ&dlﬁpattgﬁ fgr %t]%r gweﬁfto%eﬁgé&égraté intd ﬂ\‘aerY L& fe his, the

two notors are pre era rrven an ed I ndepen dent y of each
ot her by sepiastasre selcondemtorsm 2 e canpled ramigeraperateatot mnoughhé)dn\faerrmt ors
servo

contribute to the, noti iLle xcutln as C|f|ed myvenent ,
Control of ke 3 8Bbt osd et Sl g B BB eRBRGl DGR ERERTEL Lo s
'tgdy t he secolritbmirwom triél motork Qyw?,\t;]r@r iDEtan OBt \anite mhtthe fdﬂgé‘reiﬁarmr PeecseON. I
ternatlve i_cations ere the qyire ition control at
Ches oo Ot miaialeRanEe,or Hhyias s artevash SokBLIPRGR Lophig BRihe sRBoRDr or o' may
be 20 conneghe@r Drat R érRbofd sirékedaharlié to a'i:ﬁleb@tﬂﬂéltM@fﬂw@fM?bt@@angPé ed by a
single driver and a single controller respectively. This would sinplify

driver and d68fEFraRly éiriverigndyceatrlied Bderendentingft ﬁ@c@mt%égp@pte
conpact ness o@ﬂérsbetlﬁ%cﬂ' SPerRgeMent, tﬁﬁoh?@tb&ﬁnﬁéﬁ?@@on@@u@ b tie 1S a side

view of the XY table 40 |ooking fromdirection iIg he Y stage 17
is illustratreetivg fqnceawéwlﬁgwcwwassmtf@ﬂ nmoverpert, &8N eenitdl Ioévee &d  br acket

21 hol dgga SRI4LS oPlhe e@bﬁgg‘%ﬁn%ke g@g|§b§§ﬁ@a9d 'oﬁlgarw e Q%?oﬁ@rrga'?&‘r Y stage

17. The Y-axis notor co are posed In an air gap
of lower force constant with higher precision.

Alternatively, in applications where the requirement of position control at the
end of the motion stroke is not particularly stringent, the motors may be
20 connected in series or in parallel, to be driven and controlled by a single driver
and a single controller respectively. This would simplify driver and controller
circuits while retaining the advantages of compactness and better dispersal of

the heat generated.

25 Fig. 4 is a side view of the XY table 40 looking from direction E of Fig. 1. The
Y stage 17 is illustrated with a single Y-axis motor 19. A Y-axis cantilevered
bracket 21 holds a series of Y-axis motor coils 22 and is attached to the Y
stage 17. The Y-axis motor coils 22 are disposed in an air gap formed
between top and bottom permanent magnets 23. The permanent magnets 23

30 create a magnetic flux in the air gap. The principle of motion of the Y stage
17 is similar to that of the first motor 1 for the X stage and will not be
repeated. As previously mentioned, a second motor may optionally be
included for the Y stage 17 although it is not preferred in the described

embodiment.



bet ween top and bottom permanent nmagnets 23. The pernmanent magnets 23 30
create a magnetic flux in the air gap. The principle of notion of the Y
stage 17 is simlar to that of the first motor 1 for §RkepRIGARYS0GHD W | |
not be repeated. As previously nentione®l; a second notor nmay optionally be
included for the Y stage 17 although it is not preferred in the described
enbodi nent. -8 14 FEBRUARY 2006 In the described enbodi nent, the Y notor 19
for the Y stage 17, which is |ighter and hence easier to control, is of

conventi Ona|anﬂ§'d¥%cr|WcﬁEﬁi‘b@Elrﬁ(erﬂf themMP\thbi@r 10 for tti@ey ceRe 7, gm@a).s nount ed
on the Y stage 17 and supported on 5 linear crossed roller guides 16. These

| i near crosd@AterAncehents gageny §pntoleis §f cenygational q%'%rﬂﬁeﬁfﬁw &4 on the
top side of rﬁB\‘ﬁn?fcéﬂ%ﬁb"e %ee%g f@gqn@umw ontths wgfaggtﬁwses pdrid@ ¢ axi s

crossed roller glides 8 the X’'stage 7 recel ves feedback
f rom t he Sy- dicesr drogseélrollﬁmg@w@ﬁ 6. Theﬁeallwruqr%sgdr@tl@roguwhesﬂg of4hé s t he

X-axis enco r.t h 3 is also
shown in m)ffrs?ét% ?ménr%h%oﬁﬁf%gl rrg he ESl(geg?(f) s{t%é?? 8@‘"@@@(\‘/‘% f eedback
fromthe di ghéaineb(taamn of ¢imee Xebotis ﬂ:nbss&i galleBgundesaB OfBI@BIX istedjes’.d@hgiew of the
second notor_ 2 of Fi 3,,. Which s posi the X stage 7. The
stator of tHBOQELBA SofFe%b?%cff%”aH?S%am '9'%1' FEF?C% c}g | ower coils 11
preferably in the formof distributed or interlaced w ndings as illustrated
in Fig. 6b. The |ower coils 11 are pounted on a netical |l y_perneabl e

support & bNER Hysgatetoin g vhis hgst-as erodsaclid fqrghe X 3tegg healP&ink 13 is

arranged to dlsiH Rl ReAtsiAk 981 fa%osﬁmmmr%% détaill nB@ch@edﬁ& &Ry of the
second notor 2, permanent magnets 9 are affixed on a yoke 10, nade from

material of $§CcgAd an»réﬂ.%rqy@%fgs@quwomrﬁ@ %I@XI@anmﬁﬁﬂéd on the
underside of the X stage 7. The preferred enbodinent is of a noving nagnet
design, using slotless distributed coil w ndings 11, because a slotless

desi gn does Mot Sgiive mageified sidsyyiemyof hecercondhineter gl Eigvd, ivdiete isont rol .

25 FIg. 20 iR ety HISx S5 AL Qatdr bARK! di8ohd HBLSH 2 GitidcRR £ of Fio.

multiplicity of lower coils 11 preferably in the form of distributed or interlaced
windings as illustrated in Fig. 6b. The lower coils 11 are mounted on a
magnetically permeable support or back iron 12. At the base of the back iron
12, a heat sink 13 is arranged to dissipate heat from the second motor 2. In a
20 design of the second motor 2, permanent magnets 9 are affixed on a yoke 10,
made from material of high magnetic permeability. The yoke 10 is mounted
on the underside of the X stage 7. The preferred embodiment is of a moving
magnet design, using slotless distributed coil windings 11, because a slotless
design does not give rise to cogging forces, which may complicate control.
25
Fig. 5b is a view of the second motor 2 looking from direction F of Fig. 5a.

A positioning sequence to position the load will now be described. In order to
actuate movement of the X stage 7, current is delivered through the upper
30 coils 5 and lower coils 11, such that electromagnetic interaction forces are
generated to move the X stage 7 in one direction by combination of the first
motor 1 and the second motor 2. The combination of forces results in
accelerated movement of the X stage 7 to a desired position on the X-axis.

As the X stage 7 reaches its destination, the first motor 1 is deactivated, for



A positioning sequence to position the load will now be described. In order
to actuate novenent of the X stage 7, current is delivered through the

upper 30 coils 5 and lower coils 11, such that el ectroupapgio SRYYo6E acti on
forces are generated to nove the X stag®-7 in one direction ‘%y corrf)i nation

of the first notor 1 and the second notor 2. The conbi nation of forces
results in accelerated novenent of the X stage 7 to_a desired position on

the X-axis. eXaRI¢ebYx Culting ot thee st Frad-fiewsin 88 tYnk&E iCBPE St heoveVeh thetor 1 is
deacti vat ed,sdc8hd T@ot&ﬂch%%BH&&YtogQQ:@eraféag%@te hfgb/ fiﬁé'-ttﬁdirg@tﬁg bosifién of

current-flow in the upper coils 5 However, second notor 2 continues to
generate a ftbecestf@® 7fi ne-tuning the position of the X stage 7. 5 The force
t akeoff elenments of the first and second notors 1,2 are situated at
different heights fromthe centre of gravity (C.G) of the total nobving mass
of the R sthgefordhtakeaff @laroents chthefirst had sebendprottustt dfre bidudted @ (F1) of

the first or W it f fro j m nal | qual to

t he pr oductrgci erepﬁ@engét?rféogﬁélﬁ%F%rgl?eqégﬁrtaivt¥ @k{-}g%&*‘g’)t"'ﬁii’ﬁq’w ®gé%r?§ not or 2
(ﬁee Fig. ?)theWéthe.lmhg\ﬁerém) sxprgeistash the prodﬁhxaf:ﬂﬁéxbrcg'llhi.)aafehﬂ?lﬂn’ses thgt .
there is alnost no resi nt on _the X-axis Crosse 15 r er guides
urt ng oti GROr dathgs iest I gFEn tonGr Gt isdmim MY BSF) 10 the Prosthches. S noe
the force deRaR@feShoridiy JUSHABSE (F,, B PoraRé isbchiRf MRRIR X ReefFig.s3). aryls second
notors 1,2, each notor is smaller 1n size than in the case where only 20 one
not or i §'0pr FANRRIEXRILSIEHASX stage 7. In particular, this translates to a
smal | er and conpact coil assenbly 5, which results in a shorter cantilevered
bracket 6, thus |leading to a higher dynam c stiffness of the coil bracket 6
and also a Iowerﬁmgﬁzxdf inertia of the XY table 40 as a whole. O her
variations in design, enploying a simlar tandem notor arrangenent can al so

be 25 conceived by those ordinarily skilled in the art. The invention
descri bed herhes ensgres Usatetpeiebisealnost/ ae iregidwatsnomenti dn et Kends anodsed

15 roller guides 8 during motion, leading to a higher operational life for the

guides.

Since the force demands of the X stage 7 are split between the first and
second motors 1,2, each motor is smaller in size than in the case where only

20 one motor is provided for the X stage 7. In particular, this translates to a
smaller and compact coil assembly 5, which results in a shorter cantilevered
bracket 6, thus leading to a higher dynamic stiffness of the coil bracket 6 and

also a lower moment of inertia of the XY table 40 as a whole. Other variations

~in design, employing a similar tandem motor arrangement can also be

25 conceived by those ordinarily skilled in the art.

The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that
the invention includes all such variations, modifications and/or additions which’

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



addi tions other than those specifically described and it is to be understood
that the invention includes all such variations, nodifications and/or

addi tions which 30 fall within the spirify and scope 9} FEBRERRYS006
description. _10- 14 FEBRUARY 2006 CLAIM5:" 1. A notor systemfor positioning
a |l oad, conprising support neans for supporting the load; a first notor;
and a second apaMlis: the first notor and the 5 second notor cooperating to
drive the san® I'oad, whereby the first and the second notors are not each
driving respective other |oads rather than both driving the |oad, and

wherein the fjrst eroris?s}%%%pg?ggm%&\éiqi@a&i ﬁbpoﬁ hﬁ@aﬁsgf‘orsecond

not or and the 'second noto S ada 't ver Eiigrstt"-:ﬁrH lép05| tionin
accur acy t hansuppertirigr the lwedoa fidstrinatyr,aansbei seicond mgoterdherficet motor Emdptbei t i on

t he | oad. 2. o} S rdi to clai rel ecfir tor
has a hi gh%r %‘%B @e%ggo\rﬁs‘%ogﬁe Paci'ﬁgngt ﬂ%esg?o%%hgolt% 89%5%?& %%rrg{sgra%éys em
accordi ng to sdcanth motors cdrai mt2eachhdriéng respedtivetothet toadssratleetaihiaedbdth
generate a force t ve the | oad qver relatively larqger.distanceg, .and
Phe second nofioing heRah and wrfen et sl ls.idapted i BRyde FloBepBivstion of
the | oad at ithani theessieshdpasmtdrd and tRe gecoAd Nbdr isyadsste@ceodéliveg Highetny one
of the precedi n(1:|_cl_ai ns, wherein the_ first and/or second notor conprises an
el ectrical coﬁ’q’SthW“Q:(?ﬁBH'iﬁCVné‘aa t6r fieshtmotop FHrge Pe PASHPRIPG $8IURACRIIYP gap
formed befyeeposttidipihe 104d.mMagnets with the coil being positioned in the air

gap, the magnets being adapted to create a magnetic flux for
el ectromagnetic interaction with the coil to nove the load. 25 5. A notor

system accordsng tRQ rrﬁt@fi §sfern YaesRIHY toRFaifnl 1 ShhdfBinthe HPIRAOBFRad a HIgHENY

coil linear notor and the second notor conprises a noving nagnet near
nmot or. 30 6. fargecanstantshamihgesesead mytaro claim 4 or claim5, wherein the
coil has w ndings conprising distributed or interlaced w ndings. -11

15 3. A motor system according to claim 1 or claim 2, wherein the fist motor is
adapted to generate a force to move the load over a relatively larger distance,
and the second motor is adapted to generate a force to fine-tune the position of
the load at its intended position.

20 4. A motor system according to any one of the preceding claims, wherein the
first and/or second motor comprises an electrical coil for conducting a current,
and wherein there is an air gap formed between a pair of magnets with the coil
being positioned in the air gap, the magnets being adapted to create a magnetic
flux for electromagnetic interaction with the coil to move the load.

25
5. A motor system according to claim 4, wherein the first motor comprises a
moving coil linear motor and the second motor comprises a moving magnet

linear motor.

30 6. A motor system according to claim 4 or claim 5, wherein the coil has
windings comprising distributed or interlaced windings.



14 FEBRUARY 2006 7. A notor system according to any one of the preceding
clainms, wherein the support neans is a stage of an XY table. 8. A notor
system according to claim 7, adapted to _d1r1i_ve an X st3ge R(yggyﬁogw t abl e.
9. A notor systemaccording to claim7 or claim8, adapted to drive a Y
stage of the XY table. 10 10. A notor system according to any one of the

precedi ng cl ayns, M’%{;@ﬂt %ysténqra,egirdg@qg\ﬁm%nsiowe &@eeéiﬁg%wmmﬁér%whea

adapt ed to be ‘conbi ne pr ovi st to nove the platform over

| ar ger di st anguppRrt maendied staoe gl @t XX taplesi ti oni ng sequence, while the force
fromthe second notor only is adapted to be used to fine-tune the position
of the load towards the end of the positioning 15 sequence. 11. A notor
syst em accor d8.ng tA naotgr systernfaachesing teceldinmg, etiaptad to dhive einnXtshage 6f thet and
second m)té)rs grtg 8ontrol | ed i ndependently by separate drivers or

controll ers. é 9 A notor system according to any one of the preceding
clainms, wherein the first and second notors are connected in series or in

I I el d troll b ingle dri . trol 9 13. A
et hod 1 or podi 1 GRITGR VRIS SEERIPPSPreIT ¢ Ui et T HePLEH ey FBre & ¥

cooperating withhe af FROMNG®t Or to drive the sane | oad whereby the first and
the second notors are not each driving respective other |oads rather than
both driving the | oad, and, wherein the first notor provides higher thrust

to the |ogg, ¢@nd Ahﬁot%?%?&@m”?&&irdiﬁ?'tbvaﬂyfsor‘iﬁ ghtde PREEHINGNEIBAGMErSRY O
the load. 30 14. A nethod according to claim13, wherein the first nmotor has
a hi gher f or ctorcasdiem dhe fitshand speorsbmeinis At adapted fo bg gombERUARYrOGGGa15. A

met hod accor difgut %c’ﬂ)&mtﬂe?‘ rp%tfo?rlnaio%r]'%’ & Gitarl ea{itﬁétbg@ﬁﬂmegﬁgerat €s

a force to nove the Ioad over a relatively Targer distance,
positioning sequence, while the force from the second motor only is adapted to

be used to fine-tune the position of the load towards the end of the positioning
15 sequence.

11. A motor system according to any one of the preceding claims, wherein the
first and second motors are controlled independently by separate drivers or
controllers.

20
12. A motor system according to any one of the preceding claims, wherein the
first and second motors are connected in series or in parallel and are controlled
by a single driver or controller.

25 13. A method for positioning a load, comprising the use of a first motor
cooperating with a second motor to drive the same load whereby the first and the
second motors are not each driving respective other loads rather than both
driving the load, and, wherein the first motor provides higher thrust to the load,
and the second motor delivers higher positioning accuracy to the load.

30
14. A method according to claim 13, wherein the first motor has a higher force

constant than the second motor.



second notor generates a force to fine-tune the position of the load at its
i ntended position. 5 16. A nethod according to any one of claims 13 to 15,
wherein the first and/or second notor co, ri ses an e:ﬁ%tE é&ggﬁlylzoﬁgnduct| ng
a current, and the coil is positioned imZan air gap ween a pair
of magnets, the magnets creating a magnetic flux for el ectromagnetic

i nteraction Wah thenchoh JQoMANE tbaliPad: orlGiatd. 14) WELIHH (RS GOt O

claim 16, wherein the&;ﬂl rst noto nprises a novindg coil |inear
t he second nogeneratesa iferee ta mové rﬂ@ mginever a |rﬁletavelynbarger distark®, andntbehod

acoor ding o Sl K8 oSIALALLY UIeleRe iR 68l lodaaRn gy, sPlgct

froma group conprising ced

accordi ng to iatendedeositionl ai s 13 to 18, wherein the first and second
notors driyve a stage of an XY table, to which the load is coupled. 20 20. A
met hod accbor di ng to any one of clains 13 to 19, conprising the steps of

driving the | o@d ushigghsd aamadmgm any ohe af é|ern¢se1$td)m5 tagerbin ik firgitapt/cand a
force fromthe sgcond not or comrenc of posi ti oa tﬂg Iguence;
S

and deacti vat¥5?§ t'ﬂ@tolfoqowrﬁfeéxﬁrbéﬁcw "E‘H’ec?r? '”Qn?t GW?’H\N&P Ad of
the 25 sequengesitioMealican dap fohfied Berechla biie op REGREISTRIcANab ety oRthting.

fine-tune a position of the |oad. 21. A nethod according to any one

clains 13 to 202a0Rgks Bipfar ﬁ@cﬁ"PF@Qnaﬁ'ﬁj'ntejé@&ﬁ'dN'H%ﬂ‘Gr@”é?@%’Gﬁh?éqded

i ndependeqf | y by separate drivers or controllers. 30 22. A nethod according
to any one of clainms 13 to 21, wherein the first and second notors are
connected in $éries raethpa qr&pedlm@lto Hrimai e woatein|the dirgly metorseergpisasr Aver or

controll'er.  noving coil linear motor and the second motor comprises a moving magnet

linear motor.

15 18. A method according to claim 16 or claim 17, wherein the coil has windings
selected from a group comprising distributed and interlaced windings.

19. A method according to any one of claims 13 to 18, wherein the first and
second motors drive a stage of an XY table, to which the load is coupled.
20
20. A method according to any one of claims 13 to 19, comprising the steps of
driving the load using a combination of a force from the first motor and a force
from the second motor at the commencement of a positioning sequence; and
deactivating the force provided by the first motor towards the end of the
25 sequence, whereby only the force of the second motor is used to fine-tune a
position of the load.

21. A method according to any one of claims 13 to 20, wherein the first and
second motors are controlled independently by separate drivers or controllers.

30
22. A method according to any one of claims 13 to 21, wherein the first and
second motors are connected in series or in parallel and are controlled by a

single driver or controller.





