WD 2011/ 087453PCT/ SC2010/ 000008 Direct Drive XYZ Positioning Systemwth
Reduced Moving Parts FI ELD OF THE | NVENTI ON The present invention rel ates
to a di r w0 2r1V08245XYZ Posi ti oni ng System used for picki RgT&GA0PI00@esent of
m cro devices, such as sem conductor die, LED and optical conponents.
BACKGROUND AND DI SCUSSI ON OF PRI OR ART Direct drive actuators such as

li near not PigebeDeiaaX¥Z Ruxitivaing Systemewitht Redarced MpeipigalPaytsi n

equi pnent used for manufacturing electronic conponents and sem conduct ors.
The conmmonly known advantages of using direct drive are higher

accel er g9 b o meheNaRea®N hi gher accuracy, reduced novi ng nass,

sinplified destgn without conplicated transmn ssion systens, and better
reliability wi thout any wear and tear of noving parts associated with
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transm ssi on devices such as ball screws, belts or couplings inprove the
stiffneSﬁA & .(Xklﬂf SI&VEO?‘(P 6k phigher stiffness will result in
shorter #ﬁ@@ﬂﬁﬂﬁ%% an inportant paraneter in the
performance of a notion system For exanple, in noving a load with a short
di st ancepfy qrfgca rs%ﬁ&pASQﬁl%'Mox@im@%aﬁ@&lﬂéﬂuia%ﬁin%_ nt { QR tot&ngnge of
+/- 10 mcrons at the target position, 1f the tine needed to conplete the
not i on i euipmeFsused fopppanplagiprng pleetionicrapaencaistand jSpgicondustost Tap semmanlys,

whil e a gbsinelivadiats ofusiiRdBre& QIRE aRMHigheF adcbiepsiib, @igan sy, GhigheS Rlclrhéy)g ti Me
of 10 ns, which js 10 tir'ﬂi_z,_g Bat of_t%e sti.ffﬁ%}/stem VA Tl exi blg s%stem
tends t oCHYRFE MAVEERASHTE0P % eyien Wighout cqmpplicRlR BTSN SR SPE PEHE syst em
needs t OrelighiBtytwithéut shyopeanhiidied of @loying patspssdeiaret edthttiadsmissitieméethidigisence i n
performance between a stiff systemand a flexible systemcan therefore be
very significant, and such a vast difference in perfornance eventually
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It is nmerely a clever way of arranging the actuators and the bearings that
guide the notion. Instead of nounting lan entire actuator onto the noving
carriage of another actuator, which will nean that the entire weight has to
be supported, the effect of decoupling actuators neans that only part of
the weight of the actuator is carried, while the other part is nounted onto
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WO 2011/ 087453PCT/ SG2010/ 000008 A summary of each of the notor coils and
their connecting parts and the parts they need to drive are shown in Table
1 bel ow. WO20r1/685458 Parts to be driven/Load nass to be ROFSG200/000008 coil X
notor coil, runner bl ocks of X axis table X, rails of Y axis, runner

bl ocks of Y axis, table or COI| rails of Z axis, runner bl ocks of
Z axis, 4 sBitsysem orl t@f‘F%c%‘E?PteﬁrPéf this fReragnt d?ﬁd} andya flsxle system Withgise coi | |

runner hlopgdsSngoparty wiMi i, mbelddeer¥ely ragedtad. dhe Znﬁmss and uhawe«zelb&@cslyae@fls Z axis,
table Z, . end .ef coj | runner

bl ocks of ?gxl?fée%%% og hgr&%wﬁﬁ? gf??%%lbalt dF. eyt ﬁﬁ\%ﬁdﬁo?ﬁ Wgwdfqh%f H%r ce

from eacslysterntManyon;onknomb' dvaitabBrotioactotieol ketsénaduntd abdofigmisaind fdaroesghat bliew next
interf acu%/ 1§28 Qlei%qha%y Q%E;angrte%t §1t1-' WSthQmTZSIQLCﬁIiI% tf?ee ngyg'd loop bandwidth of the
system. A system that is stiff and with the load driven near the center of gravity tends to have

higher bandwidth, and the settling time for the motion of such a system tends to be shorter.

While the advantages of direct drives such as linear motors are clear and convincing, unlike a
ball screw driven system or a belt drive system with pulleys, a direct drive system has one
disadvantage in that it does not have any mechanical advantage as it"has to drive the load
directly. This limitation or characteristic of direct drive system means that the moving mass

should be reduced as much as possible, so as to achieve highest dynamics as far as possible.

One of the method used in reducing the load mass is through decoupling of the actuators.
“Decoupling” means separating two actuators in a configuration that will enable both actuators to
work simultaneously and yet the whole weight of one actuator is not carried or supported by
another actuator. Decoppling effectively does not reduce the number of actuators. It is merely a
clever.way of arranging the j;ictuatoré and the bearings that guide the motion: Insteaci of mounting .
an entire actuator onto the moving carriage of another actuator,“ik}hich will mean that the entire
weight has to be supported, the effect of decoupling actuators means that only part of the weight
of the actuator is carried, while the other part is mounted onto a stationary support. Many

mechanisms have been developed in the past to decouple actuators.

One such prior art apparatus which decouples 3 actuators in a XYZ positioning system is US’
Patent 7,084,532 B2 (Widdowson et al) , whose workings are shown inFig 1. Figl shows

the coordinate axes of a Cartesian system marked as  X,Y and Z. Three linear motors are

configured to provide motion in the X,Y and Z axis. At the rear end of the apparatus is the X

liheér motor. The stator of X linear motor 15 is ﬁlounted to a stétionéry base, while the coil (not
shown) moves the X table 16 (shoWn as a long rectanguiar bar) in the X direcﬁéﬁ. X table 16 is

the support structure for the Y axis, connecting it to the X axis. The rails of the Y axis are

mounted onto X table 16, and the runner blocks of the Y axis glide-along these ra1ls and are

connected to Y table 17. Y table 17 is another connection part or support structure, It is also'
connected to Y linear motor coil. The Y linear motor stator 18 is fixed to a stationary stand 19. Y

table 17-also supports the rails of the Z axis. Mounted on these rails are the runner blocks and Z

table 20 of the Z axis. The end effector 21 and the Z motor coil are in turn connected to Z table

20. The stator of Z motor 22 is connected to the stationary stand 19.
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The prior art has been able to reduce the moving mass of the system, mainly by not moving the

stators of each of the motors. The stators are relatively heavy due to the mass of the magnets and

magnet track plates. Hence, there is a significant reduction in the mass of the moving parts.

However, as we can see from Table 1, there are still many moving parts involved. Some of these

parts are not insignificant in mass, such as table X, as shown in Fig 1. It is effectively a beam

" 'which needs to support the entire length ‘of the rails of the Y axis. Moreover, with so many

-connecting parts; the stiffness of the system is compremised, especially when most pérts are

typically connected by fasteners. It can also be seen from Table 2 that the force from each motor

. coil also has to be transmitted through multiple connecting parts, before finally being applied on
the end effector. It «can be further observed that with such a decoupled design, it will be difficult

to drive the force through the center of gravity of the load mass, with all the interconnecting parts

and the inherent configuration and positions of the actuators.

It is desirable that a

XYZ system have fewer moving parts



It is also desirable for a XYZ systemfor the force fromeach notor coil to
be transmtted nore directly to the load, resulting in a systemw th higher
sti ff nessWOI28E5908/3dent | oads and | ower novi ng rmass, al | GG 200@NeS

accel erations and shorter settling tinmes. SUMVARY OF | NVENTI ON A first
object of the invention is a direct drive XYZ positioning system providing
not or f dt isealjondashieble a X Vel dysenp hiss itp aeqyingtase | yeduesed jagmyciyasgipssillay so as

conpri siypGchidve Aighest SydAREQ as &R aPpRVibde motor force in the Z direction; and a
pl anar notor; erein the planar notor conprises an X voice coil notor and
a Y linear brushless notor which provides notor force in the X direction

and ;]/ diZIE %Pilécﬂfé_sifa%&ﬁgﬁta} x&dzzé sysvd Ihfer ;:H@fo_Zcea&brg eEYHhtlmi_tclvr%?W lﬁescraililiﬁhﬁﬂ’edf orce
In the I rectlon. referably, .the COl, a L0l of the ar .not or
are smalPUP R fhibedg é‘f%l,t%ﬁ ot AR ‘tk?ﬁ’égqﬁ%gifﬁ‘gﬁ’ E?Sr%%e%ﬁoﬁng\%l f or

each axilswwirhdvidgheas$, alibwinighiphecdcadlératival bpplsshorBer settlihgtidess: Cx 1 Sy = Lyl - Cyl
where Sx is the maxi mum stroke of the X axis Sy is the maxi mum stroke of
the Y axis Lxl is the distance between the edges of the two rows of nmagnets
in the XXUMMXRY OF INVENITONe di st ance between the edges of the two extrene
magnets in the Y direction Cx 1 is the wwdth of the X coil in the X
direction Cyl is the length of the Y coil in the Y direction Preferably,

t he X cohlfirsdfobietteofpthgriarention isra flisectiriiel’e¥Z pasdiening eysiprgreiding anader fHigefi | [ i ng
the fol lqwhog vehatZ 908 hBectivbiyZsaid S8 Hhtem comprising:

a Z axis motor to provide motor force in the Z direction; and

a planar motor;

wherein the planar motor comprises an X voice coil motor and a Y linear brushless motor which
provides motor force in the X direction and Y direction respectively, while the Z axis motor

provides motor force in the Z direction.

Preferably, the X coil and Y coil of the planar motor are smaller than the magnets, fulfilling

the desired stroke or travel for each axis with the following relationships:
Sx =Lx1-Cxl

Sy=Lyl -Cyl

where

Sx is the maximum stroke of the X axi)sl :

Sy is 'the maximum stroke of the Y axis

Lx1 is the distance between the edges of the two rows of magnets in the X direction
Lyl is the distance between the edges of the two extreme magnets in the Y direction
Cx1 is the width of the X coil in the X direction

Cyl.is the length of the Y coil in the Y direction

Preferably, the X coil of the planar motor is smaller than the magnets, also fulfilling the

following relationship:



where Lx2 is the total length of each row of the X magnets Cx2 is the

| ength of the X coil in the Y direction Preferably, the X coil of the

pl anar noWVOr2011908&¥ays i nsi de the two rows of magnets, @C&SGA10{0pIORXE r ene
travel of the Y axis. Preferably, the Y coil of the planar notor is smaller
than the magnets, and nust also fulfill the follow ng relationship: Ly2 -
Cy2 Sx whexeCi32Sys the total Iength of each Y magnet Cy2 is the width of
the Y coil inthe X direction Preferably, the direct drive XYZ positioning
system al l ows the planar notor coil to be connected . directly to the Z
axi s, thehaby elimnating the support structures for X and Y, resulting in

f ewer ”Dﬂmgtﬁ%&ﬁ?“gg{jﬁ% {(kﬁlalnyoftﬁe%mgb gct drive XYZ positioning system has

non-contact |aser ck sensors used for position feedback for both X
and Y di etisitherienstirpidheX goil ip the Wdirgftioct drive XYZ positioning system has a
cl osed-1 oop notion controller to control the notion of the X and Y notors
in both X and Y directions. Preferably, the direct drive XYZ positioning

syst em pPEERObs the Peerikefothe olnarr MBiopAS dBays RAR DY £9 Fos o masaelsnrea

di rect | yatt @ebltenicOfdlcl bEME Y bAg in a systemw th higher stiffness, |ess
nonent | oads and | ower noving nmass, allow ng higher accel erations and
shorter settling tinmes. Preferably, the direct drive XYZ positioning system
al | ows opefatly,die i doilloédfei phaar inotobi stusléxd thao tiguhabeetsond amust alse AdfilXthand Y

direct| OPO?l'owing relationship:
Ly2-Cy2=Sx

where
Ly?2 is the total length of each Y magnet
Cy2 is the width of the Y coil in the X direction

‘Preferably, the di.r‘ectA drive XYZ positioning systemallows the planar motor coil fcb be connected .
directly to the z axis, thereby eliminating the support structures for X and Y, resulting in

fewer moving parts.

Preferably. the direct drive XYZ positioning system has non-contact laser feedback sensors

used for position feedback for both X and Y directions.

Preferably, the direct drive XYZ positioning system has a closed-loop motion controller to

control the motion of the X and Y motors in both X and Y directions.

Préferably, the direct drive XYZ ‘positioning - system pfoduces force from each motor coil
which is transmitted more directly to the load, resulting in a system with higher stiffness, less

moment loads and lower moving mass, allowing higher accelerations and shorter settling times.

Preferably, the direct drive XYZ positioning system allows one set of air bearings to be used

to guide motion in the X and Y directions.

Alternatively, the direct drive XYZ positioning system allows linear bearings to be applied for

guiding motion of the planar motor coil in the X and Y directions.



Alternatively, the direct drive XYZ positioning systemallows |inear
bearings to be applied for guiding notion of the planar notor coil in the X
and Y di r¥020on8745BRI EF DESCRI PTI ON OF THE DRAW NGS For PETS&RE18/000008
understanding of the invention, its advantages, and the objects attai ned by
its us; reference should now be nade to the acconpanyi ng draw ngs. The
acconpanyi ng drawi ngs illustrate one or nore enbodi nents of the invention
and toggﬁﬁﬁﬁ%%?&%ﬁ@ﬁﬁmﬂ?mg@' n, serve to explain the workings and
princip S an illustration of a XYZ syst em of
the prior art. Fig. 2 is a plan view of a part of the planar notor of the

inventi @y aChlibt REARASMADE F GOidveriRE,! it Rdvaltaghs, shdl hedbREE HRSELd ¥¢ il ew of
the XYZ system of the invention. Fig. 4 is a, SI e Vi ewn& ?the XYZ, syst em of

the i nvE#f i FFrenep gshoyd ngw 4 be made VP e 6‘F°°5’H%i’cyﬁ’§r TBHBEYi AQGPMPFNINGy 7
syst em @fawid}8 iRt iofd or DEE&AI ehfbBYiRESCRE Aht Gﬂv@moh NeENThghheF heithr esent
i nventign seeks.ta m@rq rforman f>(t\ﬁels stemthrough t he use

of di r eSESCHPHRPLPFFRGF @Qefﬂﬂkglsﬁﬁ ‘PH"éPées Cpar ATE % vat ors, a pl anar

notor is used to provide rmtlon for tvvo of t he axes, while naintaining a
third agtuat.or t romthe planar notor. Fig 2
bel ow sﬁg@ﬁ/\g lg aélelcgs‘%l‘?1 %gr#%zg%en?%f Igarl{far notor, of the invention,
cutting across a coil sectl on. The bottom magnet track pl ate and the
magnet s gy 9 fsh%gﬂ Wgﬂagﬁrt%? dléplars%b@pwr}ge Qhivefbh, Iheind RposiBORGL track
plate is hot shown in t usttation. The planer notor coil conpri ses
two set §Sctigf. coils in a single plane, and assenbled onto a single solid

pi ece of material, which can be ceramc, alum numor other suitable

mat eri al The X coil. 1 conp sm Si nglﬁ hase and is effectively a voice
coi | mofdk 3 FHPOPEDERivE ViEvg Hffhﬁ fetethah ACBRFHPLes three phases, so it is

effectively a three phase brushless notor. For each magnet track' plate

(top and,.bqtto ets and 4 are assenbl ed. The nmagnets 3
f or the%@ gx’is an%lg?‘rﬂﬁwsgi g“ %Kzﬁg'%erf’hbfiﬁlelgve%OIbol arity for each entire

row, whereas the magnets 4 for the Y axis have polarity that alternates in

the Y ler egt 041 'Sld Q/?e\n%fc gﬂothe%er%@o%arﬁen? %k‘ ! thé XX~ Sg?%lx %?etﬂe Engelﬁ%{lirm‘l ler than

t he magn r-esi stanceand i nprove no
eff|C|ency A person skilled in the art would observe that it is also

DETAILED DESCRIPTION OF INVENTION

The present invention seeks to improve the performénce of an XYZ system through the use of
direct drive motors. Instead of using three separate actuators, a planar motor is used to provide
motjon for two of the axes, while maintaining a third actuator independently and decoupled from
the planar motor. Fig 2 below shows a section plan view of the planar motor, of the invention,
cutting across a coil section. The bottom magnet track plate and the magnets are shown, with the

coils overlapping on top. The top magnet track plate is not shown in this illustration.

‘ The planer motor coil comprises two sets, of coﬂs ina smgle plane and assembled onto a smgle
solid piece of matenal which can be ceramic, aluminum or other suitable material. The X coil 1
comprises a single phase, and is effectively a voice coil motor. The Y coil 2 on the other hand
comprises three phases, so it is effectively a three phase brushless motor. For each magnet track
plate (top and bottom), two sets of magnets, 3 and 4 are assembled. The magnets 3 for the X axis
comprises 2 rows, with the same polarity for each entire row, whereas the magnets 4 for the Y{

axis have polarity that alternates in the Y direction.

The X coil 1 and Y coil 2 are designed to be smaller than the magnets, so as to minimize coil

resistance and improve motor efficiency. A person skilled in the art would observe that it is also



possi ble to have the coils bigger than the magnets. Wth the coils smaller
than the magnets, and wth the maxi nrum stroke or travel for each axis

det er m newoi2nittdsessdesi gn, the foll ow ng rel ati onshi ps caoTise2ewtoadms shed:
Sx = LxI - &l Sy = Lyl - Cyl where Sx is the maxi mum stroke of the X axis
Sy is the maxi num stroke of the Y axis Lx 1 is the distance between the
edges of pessible tachayeothe cailf bigaeyribansthe magrets. Widiitheenils smallsy|thanghd megndissarsince

bet ween thg tﬁggﬁmqu emetalfotragéf l&n&cmgl@eée&nmea hﬁ e @iesqg%cttl&?ol@ln S itge

width of the X coil In rection I's the Iength of the

the Y di Fedatiopghipsicen besstablisheshser ved t hat for the X axis, even though |t is
the two coil portions that are | onger and parallel to the Y axi s that
produces _a g_s‘iir q force in the X direction, the two shorter coil portions
whi ch ar§x I“I_(g‘l to the X axis will also produce forces in the Y

di rection. These forces are not desirable as it will affect the force (add
to or su trziicg5 grr) that we get fromthe Y coil in the Y direction.

However , éf s the X coil stays within the X nmagnets, the force

pr oduced by one side of this coil will be cancelled by the opposing force
produced Ry the other side of the coil. To ensure that this is the case, we
need to ensure that the X coil is always inside the two rows of magnets,
even at Ghiés thowmaxisumeieketof tgdd axéf the Y axis. Hence, Lx2 - Cx2 Sy where Lx2

is the t@k?&thé&%hﬁm@frol&%?hxe Sof the X magnets Cx2 is the length of the X
coil int direction Simlarly, the coil portions of the Y axis that are

per pendi &4l #rthe dstanee bepwesnithe dges thﬁ%@o porstaf aragnatiatheck digecion he desir ed

force whepr gUhd @Rhikee bdtRWnithe daB&IBT tHENGo kiRl dRRALtE BNBe YimbcRhe parallel to
the Y axis_al so cre te forces %é‘fﬁ re cancel l ed by the opposing coil
por t i ons S¥FE E‘?@lﬂélh‘l ey cqiiia s %% orces that will affect the proper

oper at i oCydfs th&RngRbfhe Y\66il BltBOY@@Edioh0 ensure t hat

It can be observed that for the X axis, even though it is the two coil portions that are longer and
parallel to the Y axis that produces a desired force in the X direction, the two shorter coil
portions which are parallel to the X axis will also produce forces in the Y d1rect10n These forces
are not desuable as it will affect the force (add to or subtract from) that we get from the Y coil in
the Y direction. However, as long as the X coil stays within the X magnets, the force produced
by one side of this coil will be cancelled by the opposing force produced by the other side of the
coil. To ensure that this is the case, we need to ensure that the X coil is always inside the two

rows of magnets, even at the two extreme travel of the Y axis. Hence,
Lx2-Cx2 =Sy

where
- Lx2-is the total length of each row of the X magnets
Cx2 is the length of the X coil in the Y direction -

. Similarly, the coil portions of the Y axis that are perpendicular to the Y axis are those portions
that create the desired force when currents flow in them. The other portions that are parallel to
the Y axis also create forces but are cancelled by the opposing coil portions. To prevent any

undesirable forces that will affect the proper operation of the motor, we also need to ensure that

Ly2-Cy228x



Ly2 - C2 Sx where Ly2 is the total length of each Y nmagnet Cy2 is the
width of the Y coil in the X direction It should be also be noted that the
desi red tweveli/ismsBhe X and Y directions can be | ess thanTScG2amdodys t he
maxi numtravels allowed. Fig 3 shows a perspective view of the XYZ system
of the invention. As conpared to the prior art, this design is nmuch nore
conpact awldresi nplified. Referring to Fig 4, which is a side view of the XYZ
systemo e seen the planar notor is placed al npost
at the sg“?rﬁem%évtgié%ﬁétg eea&eﬁnY g?égct 5 wth the stator 6 fixed to a

st at i onaiGy2 fsshe wight ofithepfiecil inthieX direstigr not or coi| 7 extends towards the end
effector, and the runner bl ocks 8 for the Z axis are nmounted directly onto
a coil surI1 notor coil 7 at that end. Hence, no X table or Y table
(addi ti o %bEp%i?Ct begpope Eat g dgsirgd E“YF% é’dh"r‘ X apﬁstlr&%t% fan edess thep Sxigadir i ng
pads aresyaﬁamhﬁmgmltﬁeelmmm inthe X and Y axis. The top air bearings 9a
and bottomair bearings 9b-allow the coil to glide in both X and Y
directions, while constraining it to nove in the Z direction. This allows
us to us@ighshoseh ‘p@fspé}ﬁadf ivregzsoffﬂmxmtdystamesfmé innedtionNAs Nﬁrﬂpaﬁai’tbdifet rloAS er

f eedback f k f th dyY t

and & ol Soal Redat B A hip B R SPRbEEGR RS as RmER Ve A 19k e X
mot or cl oftd XYdogystemnel dhe m;vdntlozens wae behseen ttlhe pleoarimater iaplasgdsaimbdt hiithe t he
desi gned sﬁlﬁéal\é% ’as ﬁ'fa%n& Qf?ec??‘%thgtﬂg §taJOPB fith to a éﬂ%}o%y %Bﬁ%&ltﬁ EDQJ%]ST %ngr act as

limts are use reven ‘any over travel in ca contro alls or
in the e ofl 7a mﬁné% teegrds the enh kg And ﬁ@sr@msarélcrm 8i ﬁ?dﬂ@al@dlslanet he

dr awi ngs mohfted Hﬁ‘édtl{ %Qtofaocfoxltsl&ﬁac% Fthdtod Sile OhUARL Bhcd] ﬁoeﬁttﬁﬁfe QInKQal;l«pe
| i near rmtor C Z axi.s, and this rail is guid e runner

bl ocks 8 (&dtiiqn c?um?ﬁtsrféctwﬁr?é? u3d iRy Fhl% 6?8#@17 Four|pér lzqaa%Padfzrq EﬁEd fihguige axi s
i's nount egbtib®irthé Kadnt OMixiisy TEHRP @r bearMNss 951@1Yﬂ’bdtt6man€beémn al 16l ieAloR S0 t he

ot 10 gl B bhlbe et Ao il Resetthe o P RER e £ AISdeh O HOVGHavi 1y

of the emd iseenasatiofigeanvgsior Btk agsstaf m&;tlbﬁ)\kﬂmgcoﬂBtﬁislaSeﬁ Géed'ﬁteﬁ séiers afthsed

coi |+ 7. Tyl BrargplRE Bion Sina Y PresTiE s GE] gk BP0 bl Men i The 2
axi s not epntbibe ngpties Thh E’(on@hr c@@td loahicattroirp@lhenstiedltat the cail és a4y wm}ntﬁhey
drivin A t get | on
Siml a?l 3%%@ na‘?ﬁhn:ang?% acti %nesﬁ%o r%em%}—o ﬁ%d S{rgr)?g he gagén%rlmrr%t%?g

the X di PEYENEAY OVE tgve dgn éérswliter@naplﬂﬂysfmlsatr in ithe eyambeofla proveptfrdiues, @@@ugls

l'ocat ed. Q¢ arb A6t haiBReOh tl"i’é;&‘a@ﬂgé) fl“hfe Qﬁlpﬁ) Ry tm s hsalgo%@\h?éa cﬁitecr‘]tt}hﬁjt& enter

of the Y coil, there_is a small from CO2 erefore, wt

desi gn, W e %Prewtld 1104 thgtZeaisn én%ﬂlrs\}?w g%cieé@'ytﬂéﬁ wanesPlackns Bonred pre

center Oftheglsi ttoddoilt7h®hd A6 1TBSShES aii0 BShdthfed 13V bihkidralySsufod | gur at i on,
not only is the noving mass reduced, the number of noving parts, especi aIIy
those required for support and connection is significantly reduced. A

S ]lc,l ][nmr y @fs show Irrlxhé%] 1 OCG B irkifcata e?ebrltaﬁﬁfcgfav@giok the. &ﬁﬁﬂ)‘éﬂﬁ(\ifhﬂdcdnﬁpris&&hend
e ect or t inter cqghnnec art n T
bel ow. I\/b%cgéf?eg%l Ef A ané 2 °§ﬂcﬁ$’t °HEs E&égq?cg‘ﬁ?tqsé %%e 6(5 %%8 léyn%ﬂg‘? fect or

entire moving mass The entire moving mass includes the end effector, rall 10, Z motor coil 11,

runner blocks 8 and the planar motor coil 7 It cari be observed that the line of action of force, Fz
from the Z axis motor coil goes through CGl, which means that we are effectlvely dnvmg
through the center of gravity of the load mass in the Z direction. Similarly, the line of action of
force Fx, from the planar motor coil in the X direction, is also driving almost at the same line
where CG2 is located. For the line of action of force Fy which is located at the center of the Y
coil, there is a small offset from CG2. Therefore, with this design, we are able to locate the

driving force to be as close to the center of gravity of the load mass as possible.

With this configuration, not only is the moving mass reduced, the number of moving parts,

especially those required for support and connection is significantly reduced.



Pl anar notor coil X Planar notor coil -> runner blocks of Z axis -> rail of

Z axis -> Z coil -> end effector. Planar notor coil Y Planar notor coil ->
runner blwolksiiaig7483axis -> rail of Z axis -> Z coil -> end/Sekéwovraws Z
motor coil Z notor coil -> end effector. Wth the elimnation of noving
support structures for X and Y, the force fromeach notor coil is

transmtted nore directly to the load, resulting in a systemvm'th hi gher

stiffnessg, | ower r

accel er afi°6ns é’n‘gﬁqﬁnh?gg Sett QQCh mcftor COWDE/WI%F%%?% th%en&)%ecg)rr ?HQYE?} t}tﬁ%e air
beari ngs nmmgﬂyfaddcqnhectmgpanbarelsm\NMeTxblaﬁdaeMWdl rection, due to its
sinplicity and frictionless notion, it is al so possi bIe to use nechani cal
bearings_to guide the plapar notor in the X and Y directions. Fig 5 shows a
si de vi ¢Maser eeflot her epBads Mhtmwmtfl@d)(sizedsfymemmwﬁgffmham cal |
bear i ng$phif 5 n&‘dt&c?lxl nePlQheﬁ‘%ﬁﬁor@QﬂCgrﬁﬁér'bldcﬁ&?mgrr&?gf?é(mé w7 e of

| i near Iearings, 13 for guidance in the X direction or gul dance in
the Y direction. Wth |tigdefeden ment, there will not be any signi f| cant
change IPREIAETER O Pﬁﬁa?\{ﬂckdf cBfl I REnFFDRYof Dads ~ahH of NExiPIgas; 1ot or
coil isjistill driving the Z axis load directly as described in the previous
preferred enbodi nent. v ¥M6HFdhe noted that the arrangenent of the pl anar
not or and dig c4il ot Or Py endr’BP-eenddftdchye. present 1 nventron. Oher
concei vabl e combi nati ops are possible, such as placing the planar nptor in
a vertical plane and hpving the third axis perpendi cuI ar to the pl apar
notor, to provide XYZ notion In a dlfferent mar ner . I S under st.ood t hat

such var nodi.fications f i r and,sco f. th
above deé@h\ B? %gﬁnatm\%&ﬁ‘ﬁx&ﬁ&@ogﬁ & &%ﬁé f\lﬁ%ﬁ‘f‘? %ﬁ’l"l‘jﬁ"l}ﬁ rﬂ%rgr coilis
convent i ¢trassniodZnge siitectnionte $opdt memidting imgasydlemseittohighvn etiffsdss, tike momast ar e
coupl ed W0 of the

act uat or ggaggﬁn%ﬁé{?%rggvf%%%g’saﬁaﬁ ngﬁ%&e%ga%raéms 51%08'11&%? %t&n% %e Tosts of

maki ng a planar notor is also | ower than maki ng tvvo separ ate actuators,

W th | essyiRGES pRleRRRG Gk ail Banﬁgscwghnggrt\he%otfomﬁ'%tx R Pt ma'cﬁl% 8 ﬁﬂuc_es
the effort I n manufacturing ass acking errors I ni ng
errors aﬁ@p&pn}gaﬂﬁeﬁptlgnlesg rrgotlon, it is also p0551b1e to use mechamcal beanngs to gulde the

planar motor in the X and Y d1rect10ns Fig$5 shows a side view of another embodiment of the -

XYZ system usmg mechanical bearings. In Fig 5, the planar motor coil 7 is supported by two
sets of linear bearings, 13 for guidance in the X direction, and 14 for guidance in the Y direction.
With this embodiment, there will not be any significant change in the center of gravity of the
moving load, and the planar motor coil is still driving the Z axis load directly as described in the

previous preferred embodiment.

It should be noted that the arrangement of the planar motor and the Z motor are examples of the

present invention. Other conceivable combinations are possible, such as placing the planar motor

in a vertical plane and havmg the third axis perpendicular-to the planar motor, to provide XYZ.
- motion in a different manner Tt is understgod ‘that such variations or mod1ﬁcat1ons fall within the

spirit and scope of the above description.

ADVANTAGEQUS. EFFECTS OF THE INVENTION

Unlike conventional XYZ positioning systems, regardless of whether the axes are coupled or
decoupled, using a planar motor to replace for two of the actuators simplifies the design, making
it more compact. The costs of making a planar motor is also lower than making two separate
actuators, with less material needed. The reduction of connecting parts also reduces the effort in

manufacturing and assembly. Stacking errors due to machining errors and alignment errors
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during assenbly are al so reduced. The planar notor can be assenbl ed easily
as the two coils are nmade on one solid piece. It is also possible to use
ai r beariwgofios74gai di ng t he notion of these two axes, trhesehyiomnenesi fyi ng
the design further. Only one set of air bearings is needed for both axes
and a very conpact design can be achieved. Since both coils of the planar
not or  ar éurgiaedaibly aoralwmedypied die plansohitor canbe pisambledvedsily 4stbe loaois amt or |
the tabl ggsd cﬁHQﬁﬁ tecstructures that are typically used to connect a ot or
coil to anot er tor coil or other nobving parts can be elimnated. This
reduces the nunber of parts required, thereby reducing the noving nass as

wel |, Whs aalJoeﬁddﬁBleB is8 arm@mngé %?eéuuﬂﬁ§%eehﬁhbr9'8§ R td%e aRGNRYRY W th
t he sane arrgw notor force, which trans|lates to bett perf or mahce.

More i mpHip mgyhe dgsign fuather. Oy opg %ﬂﬁ obpir bepaingt tsi Iﬁ@deﬂéwsoth Pebamgt 3 Pitfiess of

t he entr&emﬁakhgglem$kgah@@drnproved Wth higher stiffness, higher

accel erations can be achieved, with short settling tine after the end of
nmoti on. Moreover, with the planar not or design, the notor forces are acting
very cl oSiacd ot vdls oEﬂhé pranﬁrfmcgdimé étybedded dneone @ie'ber &f sblbflatemes Swiththé plasigeduces
nmonment cel er on.and.dec ratiaon, which can cause

vi brat i ot(j?l%b(%r’l—gnca}%(’a1 r Su Orta%%%lgtmrrer%?ho# g YRy B F’e\?il tﬁgo%]le%saem?t%r ctoﬂéo ERHREr  of
gravity gmwesmbeuﬂbrndvnanmusp@rmn@mmmﬁ@iThM@HE@@ﬁh@ﬁﬂﬂﬁBRﬁﬁhS@a@&af000008
CLAI VE: S r force in
the . vy SUBUEEL ninkfhalis RS 0L 000 L BB ELelihe G o

ot or  t o29heyed With ¥p sasme qrmu@boﬁmptctrrfercz Vﬁllqhér,ﬂmﬂ@iﬁ‘i toeiter perfrirmpnge- ot or ;
characterized in that the planar notor conprises an X voice coil mot or and
a Y linear brushless nptor which provides notor force in the X direction
and Y di Mog irereriplyp @it the rgduction OfW%t@%rpF‘ﬂSaﬁ]éF stiffnsss| ofghe epfire ppofigar not or

as cl ai mp@telnnisGptoved., W‘{hﬁﬂﬁ lef s§ffietl, GHiheS a@eRraSitM| ¢aIbel bBRvAd SitNBABRL S,
fulfrlllqﬂ the desired oke or travel for each axis with the follomnng

rel ati onShi er the,en o’n@WI

Moreover, with the planar motor design, the motor forces are acting very close to the center of
gravxty of the entire load mass. ThlS reduces moment loads durmg high acceleratlon and
deceleration, Wthh can cause v1brat10ns Hence, having the motor force driving close to the

center of gravity gives better dynamic performance.
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Sy r- Lyl - Cy 1 where Sx is the maxi mum stroke of the X axis Sy is the
maxi mum stroke of the Y axis Lxl is the distance between the edges of the
two rows wb 2omgsesss in the X direction Lyl is the di stamce/Soeommencs he
edges of the two extrenme nagnets in the Y direction Cxl is the width of the
X coil inthe X direction Cyl is the length of the Y coil in the Y

di recti ofLAXMSThe X coil of the planar notor as clained in Claim1, said
coil is designed to be smaller than the nmagnets, :also fulfilling the
follow ng relationship: Lx2 - Cx2 ?_ Sy where Lx2 is the_total |ength of

each rowloh dingg deiv pasitioping sysiemerpading HQer forre Jo dbg K, Yn angheZ wxis

di recti opspediively)Gaif ROZ! syoemt &fnsigar notor as clained in Caim3 wherein
the X coil is always inside the two rows of magnets, even at the extrene

travel of the Y axis. 5. The Y coil of the planar notor as clained in

Claim 1, saidagaiisncford@pr@iddndtor hecesmand Bdirdcti@n sble magnets, nust al so

fulfill the fgﬁéﬁyé%ogelatlonshlp: Ly2 - Cy2 SXx

characterized in that the planar motor comprises an X voice coil motor and a Y linear brushless

motor which provides motor force in the X direction and Y direction respectively.

2. The X coil and Y coil of the planar motor as claimed in Claim 1, wherein said coils are
smaller than the magnets, fulfilling the desired stroke or travel for each axis with the following

relationships:
Sx=Lxl-Cxl
Sy=Lyl -Cyl

where

Sx is the maximum stroke of the X axis

Sy is the maximum stroke of the Y axis

Lx1 is the distance between the edges of the two rows of magnets in the X direction
Lyl is the distance between the edges of the two extreme magnets in the Y direction
Cx1 is the width of the X coil in the X direction

Cyl is the length of the Y coil inthe Y direction.

3. The X coil of the planar motor as claimed in Claim 1, said coil is designed to be smaller than

" fche-magﬂets, -also fulfilling the following relatibns‘ihiﬁ:
Lx2-Cx2>8Sy

where
Lx2 is the total length of each row of the X magnets
Cx2 is the length of the X coil in the Y direction

4. The X coil of the planar motor as claimed in Claim 3 . wherein the X coil is always inside

the two rows of magnets, even at the extreme travel of the Y axis.
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where Ly2 is the total length of each Y nmagnet Cy2 is the width of the Y
coil inthe Xdirection 6. A direct drive XYZ positioning system as

cl ai med iwoGhaivosr4s3t hat al |l owg the pl anar notor coil toPog/Scaomnmotces
directly to the Z axis, thereby elimnating the support structures for X
and Y, resulting in fewer noving parts. 7. A direct drive XYZ positioning
systemas clained in Claim1 wherein non-contact |aser feedback sensors are

used fors, RRSidoARs {HRGHRACKDOLs PRhEY iff i 1Ysaqh ERCHS d¥ighed t@be sﬁiaﬁbtrtﬁ&{ drive

XYZ posi tioni nfg systemas claimed in Caiml wherein a closed- l'oop notion
control ItE?maWSu‘@%ﬁﬂalﬁ%ﬁ’é@h@&n%vﬁgr%ﬁ‘w of the X and Y motors in both X
and Y directions. 9. A direct drive XYZ positioning systemas clained in
any of the precedl ng Clains wherein the force fromeach notor coil is
transmi titYéd ®WErESHirectly to the load, resulting in a systemw th higher
stiffness, |ess nonent | oads and | oner novi ng mass, allow ng higher

accel erati ons and shorter settling tinmes. 10. A direct drive XYZ
posi ti on#§ systemas claimed in Claim1 that allows one set of air

bear i ngsLybas e tdislechgihofgahdemagiet on in the X and Y directions. .1 L A

di rect d@veXY 0 t n c{) as claimed in Caim1l that alsoallows
| i near &rfﬂﬁém‘?tg gté’ cﬁflugt&e%s "Gt¥'di ng notion of the planar motor coil
in the X and Y directions.

6. A direct drive XYZ positioning system as claimed in Claim 1 that allows the planar motor coil

to be connected directly to the Z axis, thereby eliminating the support structures for X and Y,

resulting in fewer moving parts.

7. A direct drive XYZ positioning system as claimed in Claim 1 wherein non-contact laser

feedback sensors are used for position feedback for both X and Y directions.

8. A direct drive XYZ positioning system as claimed in Clalm l wherein a closed-loop motion

4 controller is used to control the motlon of the X and Y motors in bothXandY d1rect1ons

9. A direct drive XYZ positioning system as claimed in any of the preceding Claims wherein
the force from each motor coil is transmitted more directly to the load, resulting in a system with

higher stiffness, less moment loads and lower moving mass, allowing higher accelerations and

shorter settling times.

10. A direct drive XYZ positioning system as claimed in Claim 1 that allows one set of air

bearings to be used to guide motion in the X and Y directions.

1A dlrect drive XYZ posmomng system as clalmed in Claim 1 that also allows l1near bearmgs

to be apphed for guiding motion of the planar motor coil in the X and Y directions.
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