;mme3e[ X\ . 6T: A) 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 relation to a pl bod S
applicable for positioning a | oad associqated with a platf Mﬂlmm@%ﬁw of a
positioning device such as an XY table. 10 Background and arious

kinds of nmotors are used in industry to nove | oads and to cont’®¥ their
positions. The linear electric notor, i.e. a notor that produces thrust in

a 15 straight line by el ectromagnetic i , ne such kind of
Satey : A-Mr Mot or" di scl oses

notor. For exanple, U =LA =181 308 3

several configurations of |inear notors using permanent nmagnets in
conjunction with coils in air gaps disposed within an area having a
magnet i c f| (sieldiogthminsentiono No. 5, 087, 844) also for a "Linear Mtor",

di scl oseg a noving coil linear notor with a pair of pernanent magnet
assenblies on both sides of a central yoke opposing each other via a gap

t her ebet weenfhevprieséntineardioniraliatas tacedcelediic mats spdtieimethabmay dieysedéal i n t he

ai r gaps sucly; t he..far C i n nt . ssenbly acts
in the sanme |J\§%§E‘?c?rr%’%glgﬂtﬁga o{)%g#'. ?é?ﬁgﬂzgj gné’gﬁ%??@r&e 'ggggggb?nﬁguch a way
t hat the varpositioningod |casigaesociatdd with dentetfary orrstédeeofda pesitioing dévioet | on of

t he novi ng par}1 m)re)%llt%iel y approxi mates the ideal sinusoidal formthan in

convent i onalSYER" & 'In the field of seniconductor assenbly
machi nes,0 t he past decade has seen a 30 shift fromrotary notors and ball

screw based transl ation stages to |inear notor based ones. This is so
especial ly i&ﬂtﬁﬂé@:@w&r—'%ﬁw speed, high precision XY tables used to nove
a load in two separate axes on a plane. XY tables conprise separate noving
tabl es or platforns, each capable of novi nq in a single axis. A conbination
of novenment Y#ISKINAEMAdPISATE UsRY Bhindestrtg move loagsanghio; qonbldhelr n any
position on gheRlcABE. THONinkASERBER metér,tiab! £ mdteNthBE pkitRde 2 $hrDaSIHt 4 Oni ng
devices in sem conductor assenbling equipnent, nmachine tools and

neasur enént VBRIGHHBAPLY eleciremageelioimiesattionnaiongsyrykingrof moternear not or
driven XY table, each of the two axes on a plane is actuated by a |linear

motor in closed |oop servo control, while feedback is provided by digital
encoders, orfeorfexampis HUSatent Ala, £8083810pr aékingarsMetor) dipdlesesrasverel nay be
used with s desk: ; t ek j ' tor ' mg\; il Fon cores
are by far t eflg.rgéglgﬁgog’fr{{)n a;rﬁé’t'gﬁﬁ%ﬁ%ygﬁé%@@@!a{gg e@ ci%rq}ané aI(t:}ll‘<end

seni conduct oioilf ij@itaaps dirasedrwitlimgn @rgshbadnep Mmegnsticflis dJS Patept ent ai |
the use L aNglbst BXLT B, ?&'%"L%&?Kﬁ&tor",@@cl&s%@?é hiRVRG ofhe rerBt%F
substantially to the nonment of Inertia of a noving naSs (including the

| oad) about WitteadegsofqrermaneninmagnetAssemblirsuen bold sifessofld cprirgdynise cul ar to

t he axis of QR oSS undes) r t Qi of4 vl ;
Vibrati ons. 1OPReRDS, et el LR G e pg R 1uBrBhe st BLY oy oy
desi gner i s dssekdiies areedisposedainstbataingaps stonpizattthadorpe psidiced imdne her eby t o

Coi | "w nai ng apbehHBaprCasny 28R onfe 3l srdPio8 MRidberer B ant age
of 20 diz# rirhagests aci Shapeudinrgshiswiptiaethedsistipaof ogaétid e deaity

gener at ed. Fih glhe E%:lcx;relc:t%n 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
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an exanpl e of concentrated coil w ndings while Figs. 6a and 6b are exanpl es
'of distributed coil w ndings. An exanple of an XY table conprising one

| inear notor for each axis is 25 disclosed in US Patent No. 6,244,192 for
an "XY Tabl e". The inprovenment of this _design over the prior art is
mentioned as the use of linear notors instead of ball feed screws connected
to driver notors when positioning a |load along the X and Y axes. Anobngst

ot her thi ngshe padifiorfedd apg pesitioRbe al k. e insadrced XY thibleSEEObE UsBd SCT eW
connection. Further, high-speed accelgration and 30 decel eration i s not

possi bl e. Ne¥emOREPRIEE IRRESHIHISERYRAONEYEPT R§SeBP o EABPMENt NPgHB&Ndwi dt h
servo contr opbRGMROhesureHER éigrhéft, used in the aforesaid patent is the
effect of the offset current in the driver circuit which may vary with tine
due to changes in -3 tenperature and other aging effects in the circuit.

Thi s of f set nife ' I r e t he
product ot e e nveaneCReTarPor & inedh SRRl LA iabie) e iR 1,
const ant of axesotror Eame iseadedieddyy adinedrembtor de ciosedUcer spryp aontrpl, cur rent .
For a multi-ph r. 3 t_ ] - t he peak
val ue of thewglﬁﬁgg?%%l 'S ghﬁde%ﬂfﬁg@%%ﬁ@%c#e??,tosrfe;fﬁQg&e@%}{l?S{éﬁ%y%&t or

havi ng a hi giedigirsod linearshatot niay tearsedwithesuek ersigo of Xilteblanount s of dri ver
of fset and spurious noise. It is often difficult to neet the contradictory
requi rements of high precision and 10 hi gh speed whil e using just one

nmot or, w0 chMbaing wdilymetees Wwitheet tengbretareWietartthe rhestceontmosyasedof the
notor is higher, iohrz)@l@ar r be the undesirable force fromthe effects

.
from i nterfenaire i s 'ﬂ%?@?cﬁmﬁn'mu§%m%§y-n hethergingle ¢

beconmes di f f hidset ortrAUEPHaES) thé?‘%ﬁtaﬂ thOLSE of 8RAGeRérled doll bhdiket aTRENg a
steady stationary position at the end of its stroke. However, 9 5 fromthe

poi nt~ of vi et@rBievERSeRErb R bstantialy ththg reemsalcef ineitiaof AiNfeMng M3sed for a

very high Cu(ﬁrﬁ&urﬁingfz "AEN 1bA® dbbMtl Bk GkéL Wi tmotidle dndl 6RoCAMKHL ARE Rfist he not or
needs to be adequately high. It follows that the di sadvantage of

cont r ol 11%g RefeANdigylar aithe axis<af matienndhisris Lgdesiablesisen dhepaint of VWt r aded
off against gf@rafibiin tdydk 2NA\biteh RoaddlVABhADEIRIST the gBSis A life hgiael T ver a

high force enploying a hig orce constant notor to a ding a | oad
whi | e novi ngdesignsyds takenretiretoil dissemhly ésannracs es pessibliandrtherebgier f or ce
uhen posi ti Ofiri bl hb IRFiEydHIERYA! S fa MUATRAE mBloP Al s red. 25
Summary of the Invention Tt is an object of the invention to seek to

provi de an i windingsderacreferegseven dopregtadgd mbndings. a Another widvantggeafer speed
and_pr eci i OfsauRAMANGAiAGS NRRPaRLbOFaRblnEhedl SEHASEH_ BRP ¥R s AcCOr ding
to a first aspect of the invention thefe Is provided a notor Systemfor
posi tioni ng an exardplecd epriasitnatedseqipandingsewhie Figs. §uppd b iangyexdraplesad and a

first notor Mﬁt{;}?@ggggﬁw@&@s, the first notor and second notor

cooperating rrve [ oad, whereby the first notor is adapted to
provi de higher thrust than the second notor and the second notor is adapted

to deliver hjgh i £i.oni.0g C than the fir tor . dur.i a
posi tioni ng égq%{«?ﬂﬁ’iestoﬁ) 3 055(?,[ ‘agr% #é@gﬁ%éﬁipﬂg I&@@E@hb@oe%hsgﬁéﬂg aspect
of the iZvendiscosédiardsS iPatgnt dlo. 62d 48 9aderhard XYOTalpiesi Theoimprgvemérdad,
conprising the yse of a first tor _cooperatjng w a second tor to
rive the i ol SSer et the,Bpr FR 1< hefBPRE 3uhadst st Srdr PRt el oad,
and the secopichatitfead sdeWsvE@hsebteghe drived shotoWwhen pesiticravy aticad &ieng

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



10 load. Using the invention, it is possible to provide two |inear notors
*working in tandemthat nmay nove a |load on an XY table, to provide fast and
accurate positioning of the |load. The overall size of a cantilever of a
nmovi ng coil "'notor 15 may al so be reduce_q%_i n overall size, rendering the
system conpact and with a |l ower nonent of inertia about the centre of
gravity perpendicular to the axis of notion. Using the invention it may

al so be possirpberdtdrel anl! bthat adifte eReiketatho il diThrebféanc@ferfieat | oss
over a wider area, thus leading to a |ower tenperature of operation. 20 It
wi |l be convesiitasts 2panendesieent aptoséyes eaaltn i predretiadthe motpr defcer det ai |

by 1 o1 o1 eNCeoh@iehEnd ROGRARKL AN AR LR b 4 HitkerieR B rmghoc e

of the invention. e particularit e draw ngs an ated
descri pt i on asstheoforeeo ptesiucedi ges tuodccuarent uper setuitiphalse nyetnethé ifarge of t he

Descri pt pon NP ARy bt b RS VR chibs PRCoRda Afeflf efBhal o
conpri sing ahitX plaage Aridedt sioagaavidg atigl force congiantds esnsitivendven teyst em
according to _a pref erreg errbo%l ment, of the g.resent invention; Fig. 2 is an
i sonetric viSBRoIMPHYS PHETYGROTFEt I SBYriPUBPRISGT Fig. 1 Fig. 3is a
schematic side view of the XY table |looking fromdirection D of Fig. 1,
Fig. 4 is a schematic side view of the XY table | ooki rp‘g fromdirecti on E of
Fig. 51; Fillgs oftey dd‘?‘i&“‘!s}? Regt Wﬁéﬁf‘??‘é_ﬁmﬁﬁ @BUW'BQBBM Bﬁé"%‘_‘é%’hé”%t or of
Fig. 3; 4bi th-igr@%fnéé@ mﬁhe'ds'ir?}ds@bﬂe%&'ogr\ﬁhi@ﬁ haBtdHly BR€dore@idonstant.
configurations of a moving 10 coil notor and novi n‘g magnet not or
respect i vel yYhenaheafascq cappianhial tha metasrisshighemm theclorasr ngillt ke tthe
| nvent i on, %@earafue %6rck PrHquS\threaéf%%tsafr&ﬁmﬁereﬁcé‘soafcﬁf&sr&tvgﬂoﬁget and
non-interlaced coil wndings of the prior art. 15 Detailed Description of
t he Preferr S8UERBD APITENtTIRET Broecages iffiguit t@repniragstichm gotar, espegiglly somet ri ¢
vi ew of an ; [ @%ar ' e S , i
preferred eﬁ@cﬁ‘%ﬁl‘@? st eygsggtgérdea@gﬁt '%@L‘Prﬁgm‘gﬁsﬁ@ig@#ﬁ??@s of the
XY t abl 540 fieeny dhdpeint pémieweef faster bperatiomwithtcheompaddmatgswidimutneedcl ear | y.
The XY tabl i Vi : e 7 and a
Y stage 17, q?ﬁgr@wsﬁgéeﬁggﬁgﬁég trﬁ%&ﬁ@ﬁgggﬁ%ﬂgﬁ%ﬁ?r%g%sg%éﬁ& a@?’_g’gcrossed
rol | er gui deee8s tartk atenudtaly digh. 1% fblsiwsgthab thebtiieadNantageaoNtairolingl ong Y
axi s crossed_rol i de . The . uppor ns..7 port | oad
(not shown) %taggbé)‘?'%ovgh %oﬁ@@gowog"?dggﬂé g‘)‘r‘?’ﬂbesdlt Plggg . ot tr%%%d$§ﬂs?g£&s€i‘7 are
det er m nabl erbgisian. X axi s encoder 14 whereas positions of the Y stage 17
are det ?rrri nable by a Y axis encoder 15. Upper coifs 5 are supported on a
cantile gred bracket 6 on the X stage 7 which

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 suppont means for supporting the load and a
first motor and a second motor, the first motor and second motor cooperating



conprise part of a first notor 1 to provide a first, high force constant,

* 30 electronotive force to the X stage 7. The first notor 1 is thus neant to
provide a high thrust to drive the X stage 7. Fig. 2 is an isonetric view
of the bottomof the XY table 40 of Fig, 1. This view shows |ower coils 11
conprising part of a second notor 2 which provides -6 a second

el ectronotive force to the X stage 7. The lower coils 11 are nounted on a
support or b@f&ﬁvé rtrﬁ?éuoia% wﬁefé%f;’«tthé'stHt ridol & @da%fté?f @Jbﬂawwaddﬁghérqwg@ back
iron 12 on the side amey fromthe | ower coil primarily to facilitate
the di ssi pattham the sheend gotrsrandethepyeaand @@@Grﬁj aﬁlﬁp*@ﬂ to Qﬁhvehélgkvrtam e 40.
5Fig. 3is i direction
D of JFig. 1PORRENRECtechisty el G ot b BrkE Sopong eliedccl® e v
stage 17 is;nnumhéuabaﬂo the X stage 7 and is adapted to nove in the Y axis
on a plane. The Y stage 17 is connectable to an external apparatus
requirin§ positioning 10 in the XY-axis, such as a bond head for a wre
bonder (not Adeowting td & seedrat :iasmct of thednvéntibadtesrd js povided supetiodedr by and
noveabl e al ong. X- axi s cnpssed r ol ?{ ui des 8. TQ§ first notor % S
preferably POFBONRG 24939 RSB TIEaHRy Oh ahiTgh MR MGG Bhe st at or

of the fir stse@dh®motorttBusive ARG icadswhkrelbtrenfire ho@apratiiesi Mghadhet ween two
rows of perrranent magnets 3 3 affixed in a S@GCIfIC pattern on yokes 4, made

from materi dP 108 Q?Pgﬁn%%ﬁqoé‘dﬁ@t%gﬁivﬂst ghqfkﬁ%s't't"@@ﬁl%@”faﬁyéoﬁ'?ﬁn nal |y

si nusoi dgl Mggdaation of magnetic flux in the air gap 20 along the X axis of
notion. Further, the upper coils 5 are disposed within the air gap 20 to
allow transl ational novenent. In the preferred enbodi nent, 20 the

conf i gur at| qiuial RdGALS £id HoBaEle B pRUserMetiRtl bRl khaRed wi ndi nos,
as |Ilustra§UedR§ b (?n Ibﬁ Tt %g%gag@% IS supporté ?:) ﬁ@ﬁ%able al ong
the X-axis dao@mdhatdnabmcg/glaj@@d&m\mﬁ(\/r tebiade previde faSkéddt&'&bW@tEbase 18. A
conbi nati on I c I 5 and
he 25 mmgndi oA RS TAE kBoC he el G4 5% LiNE ol B e¢ 6 and
X- st age T8 alroayalshéexedwdes inypvelal sizeorengaeng thei systenaearnpact anbdavihia ect i on of
travel of t g the

di recti on ofower MR pllnktE oFpltshe cEfite LMW hebRAGar Y it BROLTD. 0%,
al so relies rhotiori.t sUribgi the dveatigredbrdayreisr ke, piﬁhsibleetooriaiciliteteorthéz is

1% pr of or abl ypRISAER g aneHelloh 3L BREGSS b Mn 2Py Bpahsln 1 e

| oad resultiloger tenfpesdtare aippeedtioon. The second notor 2 has a relatively
| ower fqyce constant) which allows it to deliver higher positioning

accurac han t he -7 first motor 1 for the sane amount of current
provi ded to It il b®icongenlen? to herdinafier tjemnbtehbe pmtehtnbmin ogfeatehaletadbly I n this
preferred enbpdlmat t he not or sgtemof | thlonlg .

erence 1o’ the accompanym@l rawings w ilustrate 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;



5 incorporated into the X stage 7, but it is also possible with suitable
‘modification for the notor systemto be incorporated into the Y stage 9 7.
The first and second notors 1,2 are coupled and cooperate to nove the

| oner, heavier X stage 7 so that on the one hand, a large resultant force
is derived fromboth the notors operating in tandemwhile on the other

hand, precise 10 mai ntenance of position is achieved solely through control
of the Secorﬁgn@ﬁ@é séhéthatld@d& NRRWOHT the Y AKR: lobIn@ FrelRY difeRtias D §vggt his, the
two nmotors 1,2 are preferably driven and controlled i ndependently of each
ot her by sepﬁrate drivers. In such an arrangenent, although both notors
contribute to the notive force while executing a specified novenent, servo
control of the X 15 stage 7 at the end of the stroke would be effected only
by the seconkignbtisa seherhaticoside view afethe ofYstahtet loaking froirgtheactipn &Ecofdiign.
Alternatiyely, in applications where the requirenment of position control at
the end 5% tﬁe notion stroke is not particularly stringent, the notors may
be 20 connected in series or in parallel, to be driven and controlled by a
single driver. and a single control|er respectively. This uld sinplify

Gt ver and. CHREreR ff SE RienRORTES piE SR i 3Ecad a0k AL oS o
conpactness and better dispersal of the heat generated. 25 Fig. 4 is a side
view of the XY table 40 | ooking fromdirection E of Fig. 1. The Y stage 17
i s illustrat@@5wa ﬁ”%egi"w@p@te\(‘-?%%@@s Mdpisracest coll spniigyralienseh @ BP¥INGd br ackel
21 hol dsy sgdif RivtéH and Fdvin et Phdtsr Febpabsldls bt arhadatie wileaY stage
17. The Y-axis notor coils are disposed in an air gap fornmed between top
and botton1p@p#ﬁﬁéﬁ@mﬁﬁyﬁéﬂ@lQBmeTH@ng@WﬁWﬁent 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 nmotor 1 far the X stage and will not be

repeat ed. AsFigr 6¢iilustraies reedesion ofl conceswetaddornmarninteti@ged goil wiredings dfe

i ncl uded fo“ﬁ%ﬂﬁby gtage 17 al though it is not preferred mthe described
enbodi ment . g P t he descri bed enbodi nent, the Y notor 19 for the Y
stage 1715 which is lighter and hence easier to control, is of conventional

desi an, pref ALY ool o h 19 iOPlerd WAPEABERNERD- O2) mounted on the Y stage
17 and suppo des 16. These |inear crossed

roller guides 16 of the Y-stage are in turn nounted on the top side of the

X-stage 7, o n o the oriegntatjo X= axi Il er
gui des 8 of F%%?&%s?%é%e ?}&Hgg'f@bﬁob g@q%%rhgtl?'\(}evs'gpe%o%ggﬁﬁfa%%n%tohe Y-axi s
di gi tal encoideorpbtatingOa Ahctor islyétast eedoeding toFa greférred enioditnenti of thecoder 14
for the stage 7.. The desjagn of the heat,si i,s.al sp_shown in nore
ot ai |- By neERemnyeliiofn H<iBebneraiinias 8f 10 table 3 AV BrSb Mt e
di gi tal X-axicsillesicatelte rhdtor By gemSaotescieariyaditief X edalse demyiisss gdnerdlly second

t 2 of Fig. 3, _ which is 15 iti d b th 7. . Th t at
g? ?Le sgconlaj%HB'Pcm mflaﬁﬁéq,l%h@g aﬁg(slstabg[}eand ae %\"(\ége ‘?7.>’§hess(as(?aege 7 bem% stator

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



multiplicity of lower coils 11 preferably in the formof distributed or
“intéerlaced windings as illustrated in Fig. 6b. The lower coils 11 are
nount ed on a nagnetically perneabl e support or back iron 12. At the base of
the back iron 12, a heat sink 13 is arrgnged to dissipate heat fromthe
second notor 2. in a 20 design of the second notor 2, permanent magnets 9
are affixed on a yoke 10, nade from material of high nmagnetic perneability.
The yoke 10 4 serpndtedstt@matine foruecs itttke Xotahber. X waw& colee1'praeé erred

enmbodi nent i s of novi n net design, usin t es strjbuyted coil
oiodi e 11 MERtial % STk SLB N TP, b Seangnk 4B b Prelebb GASREIf no

forces, whi clhelBagk #BAARIRANE smwal fror35hé:!09/er ebils B &leth@fathﬂﬂe second
notor 2 | ooking fromdirection F of Fig. 5a. A&emtlonlng uence to
flele

posi tion t hetheskssirgation ofBeatigengeted P‘b@& secanh@ir 4 ¢f the XY venent of

the X stage 7, current is delivered through the upper 30 coils 5 and | ower
coils 11, such that el ectromagnetic interaction forces are generated to
move the X sFiggd i¥aisshematiasideoigvonf the X0Otablan4l iankingf frerndirectiasx Dbt or 1 and

t he second o] ' j [ C Ul i

novenent of 'ﬁeq-x%g‘ﬁggg‘a-s)g?gé ggé%@pr@hmggéﬁ ﬁ?cﬁ\'gg‘%’ %i\de{hg-\ggﬁgngggthe X
st age 7 reacinesnietionttetiei Xataigery, andis ddapted tomtave ifh the Yoedecon aqtiaee, f or
_g_ exanpl e, tt| off th rent-flo s .5. However,
the second nbEeY SeeenfiinteniapHit i b e pRursils hfifhe BRHITYRS ne
positi omof inthtee XYsdxgeudh ab aHomditeaddortakieobonddr gnatrshewn). the first and
second notors 1,2 are situated at different heights fromthe centre of
gravity (C.G) of the total noving mass of the X stage. They are so

arranged thafy idistiopr @dmetx etadehe, ﬁqg @.@p;ﬁdﬁe)j ®f ahdhendveasdle éwah?rx -Axigd th its
offset (a) fromthe C. G _is nonm nall qual to _the product

cor r espondi ngfogsehiqlier guidesB, hhe figst "f“ﬁ%’ %é%BFﬁfP'ﬁBWO? ”PV("Qe@"F'P@to%) Thi s

10 can be expigritRfa fghhbréa ThhsBnt Mke ﬁaguéﬂﬁetrmrmcﬁ&ef fhuk ToAkigRYF NoO
resi dual nonent on thé X-axis crossed 15 roller guides 8 during notion,

| eadi ng 1% aa'magw@np 28 &araned dredvedn o fows of mér@m%@agspﬁc%atﬂm o ce
demands of { Bechciialeh dh RsSPidadiRiNRRRe(oDG: {ibh Mochafk pefRatipLors 1

each notor IS smal |zethan in the case ere 20 one "not or IS
provi ded forThlﬁéewlt§tla@enommaw plavsqidal variationrefimagnetis fuk 3 thepaingapral | er and

compact coi | ﬁ(ﬁaxlé’"ﬂ’f H&u&‘?s%pﬁeﬂ {he%ﬁ*é%&‘?‘srs%fé‘g?rsgﬁeg{ﬁ‘gw iRr acket 6,

t hus | eadi ng to a dynam c stiffness the coi : and al so a
| ower nonent thefair m?@ép alfow enstianabmeveroents o thehprederred: ¢rabodimentat i ons i n

desi gn, | @y I & : 5
concei ve%érg Q%éhé@é@%rrsadﬁgﬂqet 8&% ﬂs”!?\taQé °© Ers{:@r% f?ége %g@ﬁséelé\t%& odr?l escri bed
herein is sussélpsiraiEém Digvéa.i m Srdagardi$i Suipperte by anth tloyable 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 5h. 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



addi tions other than those specifically described and it is to be
“undéerstood that the invention includes all such variations, nodifications
and/or additions which 30 fall within the spirit and scope of the above
description.” -10 CLAIMS: 1. A notor systemfor positioning a |oad,
conprising support neans for supporting the load and a first notor and a
second notor, the first notor and 5 the second notor cooperating to drive

the |oad, WhREEROIME f6r thetsame @moust afeptad dreviee®'o dee Ridgbrer1 2 hioust than
the second mptor and the second motor is adapted to deliver higher

posi ti oni ng WR&ngdRe peEhon AENEIGa% notor during a positioning sequence to
position the load. 10 2. A notor system according to claiml1, wherein the
first notor has a higher force constant than the second notor. 3. A notor
syst em accor i ngist prefededn embedigieat. mtre mAator ebysteme of i thet imvengeni is adapt ed

to genergte o} the_lQad-o e i r i stance,
and the géecoﬂagﬁofa%& 0 ggetgd‘c’ttagégénér%gt'g Iga %I@écé&{s}'bl% awg"?tsu‘#gb@he
position of miodificatah fat thet motontsgstelacto pesntdrporatet inte tet\ostagy serfihaccor di ng

to any one of {he preceding cl wherein the first, _and/or, _secaond notor
bomor) sea® anfist 8fq ReEER bifor: 2 Be cHSRR A Shpeldip et ing BR&Re: m 1 her o
is an air gapedwernedidgetTveenhat qrathe arie hm@netlargm rebultdme feroe lis beriveg

PPo for o1 clomifahiths Fifors AfertiitoR Greem SuRoah ¢ g JieanBracishd o5 &.

A not or ﬁO’Stﬁs@irﬁ@%lbdlcﬁfgpéQuﬁ @ &ﬂevé@@bl@lwﬁrb@gﬁ lcbﬁtrol”@tt tHe ﬁ@dffmijl Ses a
noving coil linear notor and the second notor conprises a novi ?%g magnet

|i near ot or MoEr 2atibe spd §§/§§Hﬁ'feac|@c9’€|?rﬁ@ achiexe éﬁ'ﬁntﬁe §¥0 1048 En 1 aher ei n

the coil has r%@brwpdamﬁ 864 eehBeidd mabaerwewp SOBRH SirRe 1 §édar£w ed and
interl aced WI ndingS. 7. A notor system according to any one of

precedi ng cl @iVeES. Ressnan hiranggpent, aibereh bothy ré@tagieC@'?t”EWe)W ‘thﬁbl e.
-11 8. A not H{otﬁé’ %rﬁg‘ml%oé@cﬂgn @ éﬂé&lﬂ 7mo@&ﬁ@ﬁtegeR8 éUHt%FoP'EhQ(XStage of

the XY table . not or syste accor toclaim7 or claim$8, adapted
to drivel®a Ystgga@eatdme ?ﬁ‘éokmet%@lk@ wopl beAe ted oplydiydhe gseeddmatpr2o0 any one

of the prece mthe first and second notors
p GHB eFio?é | ?8‘ %%@f%e sidrf

are adapted to e co a thrust to nove the platformover
a |larger distance at the beglnnlng of a positioning sequence, while the

force from tﬂﬁerﬁﬁoa t|owg§ dca‘?u'&h¥ v deag-@p{eﬁﬂ;rérﬂeﬁt[eofjﬁc?s%otnocédtr'aieaf ffae the

posi tion of e en € positioning seguence.
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 18. 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.



15 11. A notor system according to any one of the preceding clains, wherein
“the first and second notors are controll ed i ndependently by neans sel ected
froma group conprising separate drivers and controllers. 12. A notor
system according to any one of the prquging clainms, wherein 20 the first
and second notors are connected in series or in parallel and are controlled
by a single driver or controller. 13. A nethod for positioning a |oad,
conprising the use of a first notor cooperating with a second notor to
drive the load, wherein the first notor 25 provides higher thrust to the

| oad, and t hin $ecdensrined @mbasiments henY gnator g&stor |t|@ﬁ1Nn§}a%dﬁr #MNehtis t he
load. 14. A f@"t&o?n&‘%‘éﬂ Q'e%g el % %bﬁfrﬂ‘ fs30f Mﬁffgh% r&%s; Fefé@B@or fas a

hi gher force Tonstant t an t e second notor od ac ding to
claim 13 or olosing codl, typehésesi higt fiz) mpurded oot the Ygetagedﬁ@dasmodedtoo nmove the

| oad over,.a ti a r rates a
force to 8 pniehdioiel oitiodd 14.°PiEeq AkpriSs2B B TR 0B ReD

16.d/ A net hodYastagy drenpy fuin arounteteomtheciopi side bf%trteoXkEageV\heasrmorgohMetofl rst |

and/ or secong notor an electric coj an

The oo T o hsiauetta Srih8 Koafs cipssed baifr GOies iR IE X 30 3T L < e
5 magnets cr aRiérM® RceRENRIddBati tom tey Y @ixRCdigierepewier 651 nt er acti on with the
coil to nove the load. 17. A method according to claim 16, wherein the

first notor conprises a nmoving coil linear notor and the second notor

conprisegpa ARG NgstfRenet Fi 4 ey XBXisObncoker 13 fROX a@eerdi et 0 claim
16 or claim 17, wherein the coil has w ndings selected from %tﬁgroup

conpri si ng dA8SIEN B tey aALSINKSr IS Asushawimeere gstailg Both fee a€cor di ng

to any one 0§e€drﬁ'rﬂ§toi‘§1 tz%ééi Méebfdkﬁrénh‘%\é‘a@%l)@&@séﬁ&%mmt ors drive a
stage of an XY tab to whi c | oad 1s coupled. 20. A nethod according

to any one of clains 13 to 19, corrpr|S| ng the 20 steps of driving the toad

Using 2 COMDDAIEOR Sinde8el VUM b Licha e} 280rg, BOYRR koM he

second not or the comrenc S|f|on|n sequence;
deact i val$ ngpositoriest badowtbe Xdegdgdy. tThe sﬂatosof tlnatsenomd)mtmlsZ inhiedesn@ of the

sequence, et NcAbY hRE oLy PP pRlietBE 50N B Aliib AP it dane-  une 2

position of cording to any one o alms 13 to
20, wherei n wiredifigsr 8¢ ihusdtrasssic om&igmdbor §har|eweorcbﬂso|1neajelmdwpiedlcmnal y by

separate dri %ﬁe%allygx@rp\g#lsfslﬁpp%? Lgécg‘grt ) gtct%%'agg e a5 Of

clains 13 t second nptors "are connected in
series or in1paa abdatesllnlamzilsaareartgedtw diskipdtethyead frermihk secoridveotool. doat rol | er.

- A AKSE. % Ade5|5n o’fb‘lfhe se'Ac‘%rqclj moftor 2A‘L ermaﬁbt‘elﬁ't:mpé\g(;nAfg‘zs;@a%x%d%n% 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
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This ensures that there is almost no residual moment on the X-axis crossed
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.
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3. A motor system according to claim 1 or claim 2, wherein the first motor
is adapted to generate a force to move the load over a relatively larger
15  distance, and the second motor is adapted to generate a force to fine-tune the

position of the load at its intended position.

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
20 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.

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

windings.

7. A motor system according to any one of the preceding claims, wherein

the support means is a stage of an XY table.
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10. A motor system according to any one of the preceding claims, wherein
forces from the first and second motors are adapted to be combined to
provide a thrust to move the platform over a larger distance at the beginning
of a 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 sequence.

11. A motor system according to any one of the preceding claims, wherein
the first and second motors are controlled independently by means selected

from a group comprising separate drivers and controllers.

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.

13. A method for positioning a load, comprising the use of a first motor
cooperating with a second motor to drive the load, wherein the first motor
provides higher thrust to the load, and the second motor delivers higher

positioning accuracy to the load.

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

force constant than the second motor.

15. A method according to claim 13 or claim 14, wherein the first motor
generates a force to move the load over a relatively larger distance, and the
second motor generates a force to fine-tune the position of the load at its

intended position.
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moving coll lifear motor and thesecond motor comprises a moving magnet

10 linear motor.

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

15
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. A method according to any one of claims 13 to 19, comprising the
20 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 sequence, whereby only the force of the second motor is used to
fine-tune a position of the load.
25
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.

22. A method according to any one of claims 13 to 21, wherein the first and

W
o

second motors are connected in series or in parallel and are controlled by a

single driver or controller.



