WD 2011/ 087453PCT/ S&2010/ 000008 Direct Drive XYZ Positioning Systemwth
Reduced Moving Parts FIELD 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.
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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. WOt20r1/685458 Parts to be driven/Load nass to be RO¥SG200/000008 coi |
X nmotor 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 ths fperaent deady andya faxihle 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 kefsénaduntd abdofigmisaind fdaroesghat bliew next
| nt er f aGe/,6ABNERLL D%y PAbEnB & SHANNkim T8RbE RELBW 100 BhaS Rl 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 ‘ghe entire length ‘of the rails of the Y axis. Moreover, with so many
-connecting parts; the stiffness of the system is comprbmised, especially when most pérté 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



A first object of the invention is a direct drive XYZ positioning system
providing notor force in the X Y and Z axis respectively, said XYZ system
conpri si YO 281108458Bs notor to provide notor force in t h&CT/SEG2PVHPI00%; and a
pl anar notor; wherein the planar notor conprises an X voice coil notor and
a Y linear brushless notor which provides notor force in the X direction
and Y diltiscaljoodesireip ac KiYebystenyihipy #s thaying maags s refecs es preiasdwossibiptsoms f or ce
in the Z,difi&e iRl dydahdds®s a8Rlypostibe X coil and Y coil of the planar notor
are smaller than the magnets, fulfilling the desired stroke or travel for
each axis with the followi ng relationships: Sx = LxI - Cl Sy = Lyl - Oyl
wher e Sx {sSalidRsifild 60 XiyDkpteal fohahXfordd Fod¥adhSndtdioil®xbdTUranshitieke of
the Y axis Lxl is the distance between the edges.pf the two rqws, of magnets
i the SOQFASEY ol B10FE oG p vk A BT e iR einett e il ext r eme
magnet s lowertn@ing nihs$, alibwing highkr dcselérhttonyinlt shorodr sétthieg fkmesoi | in the X
direction Cyl is the length of the Y coil in the Y direction Preferably,
the X coil of the planar notor is smaller than the magnets, also fulfilling

t he fol | SUMNMARYE OFt INVENIFON Lx2 - Cx2 Sy where

A first object of the inventionisa direct drive XYZ positioning system providing motor force

in the X,Y and Z axis respectively, said XYZ system 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:



Lx2 is the total Iength 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 planar notor is
al ways i M¥P@e1Yaga4Bwo rows of magnets, even at the extr @E/SGRENWAP0HS t he 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
where LyExA-sCsheSyotal |ength of each Y magnet Cy2 is the width of the Y
coil in the X direction Preferably, the direct drive XYZ positioning system

all ows the planar notor coil to be connected . directly to the Z axis,
t her eby whérei nating the support structures for X and Y, resulting in fewer

novi ng pﬁ}(éﬁthe'%&tglflgl{gﬂp%%a 116 oqltl{e%ltna& isVe XYZ positioning system has

non-contact | aser 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

system p?’@&@@@é the e otk ofothe eleptr Peton s dBpYs MFIE 1Y V9 FORS O ThaeREfS:nBeR

di rect | yatt @ebltenicOfdlcl bEME Y bAg in a systemw th higher stiffness, |ess
nmonent | oads and | ower noving mass, allow ng higher accel erations and
shorter settling tinmes. Preferably, the direct drive XYZ positioning system
al | ows oB&faﬂﬂy, @ife i doil ko€ dfei phgiar inotobid stslé titao tigunabeetsomnil anust alse féfilkthand Y
directio rnatl veI y, the direct drive XYZ positioning system all ows

| i near §HQWH*&§ 60115 ‘applied for guiding notion of the planar notor coil

in the X and Y directions.

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 d1rect drive XYZ pos1t10mng system-allows the planar-motor coil to be connected .
directly to the z ax1s, thereby ehmmatmg the support structures for X and Y, resultmg 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.



BRI EF DESCRI PTI ON OF THE DRAW NGS For a better understanding of the
invention, its advantages, and the objects attained by its use, reference
shoul d noXOB811/8@S3t 0 t he acconpanyi ng draw ngs. The ac®6Wp&AYI0980088 awi ngs,
one or More enbodi nents of the invention and together. with the description
herein, serve to explain the workings and principles of the invention. Fig.
lis an illustration of a XYZ systemof the prior art. Fig. 2 is a plan

vi ew of p e PR VIREst he i nvention, cutting across a coi
sectlon ggiﬂ§£$¥&?ﬁ%§rspé?Fuve V|e§Fof the XYZ systen1of t he invention.
Fig. 4 is a side view of the XYZ systemof the invention. Fig. 5 is a side

vi ew of Faanfatm[er SARAHInARA ofOfhe IdVEnIENZitsS ¥&/afByRf arldnBe loBjéaB taiPied BEEAI LED
DESCRI PTI ON OF | NV NTI The present |nventlon seeks tgp?ggrove t he

per f or niife e eGTengh Seowld Pt BRPRE dBighe AHEMARE IS AT PEYt  dPP SOMBIIE.
| nst ead dgfvintsl fllhsirite @ge Sﬁﬁﬂéﬁteﬁlba&hidﬁ§ of Sthe ampbramw a]i!d)ttfbgethéi waB dtHeo
provi de ,not.i on for naLntal d.2 third actuator

i ndepend&HHPYFS ?i518€8’863? 1’1‘“? @&wtoﬂ%ngf)laﬁﬁﬁ nc%?so? hf5 Y %el ow shows a

section plan view of the planar notor, of the |nvent|on, cutting across a
coi | se h OlR, RGN and the magnets are shown, wth
t he c0| ovef@ %uggﬁ&“%%to %#%éﬁ%§ﬁm gﬁﬁ% track plate is not shown in
this iIIustratlon The planer not or COI| conprises two sets, of coils in a
singl e pyan; 1saang%aﬁ§l§€/”m %g,aﬁ%%qh 1 ap%ﬁr%@'mg iR, O butlR} £Edsel s cothi ch can
be ceramT, num or other sul le material. The X coil 1 conprises a
singl e ﬁﬁé@@, and is effectively a v0|ce coi l nDtor. The Y coil 2 on the

ot her hand conprises three phases, so it is effectively a three phase

brushless not or. For, each rack and bottom, two sets of
magnet s g3 alﬁoFEPrS&F‘éW%lé’ée@’nﬁrTFg}ﬁMéysfFﬁbﬁtt the X axis conprises 2

rows, wth the sane polarity for each entire rom/ whereas the magnets 4 for
the Y a§154have olarit Eha& 2 ternat |n tge Y direction. The X coil 1
and Y c&if 425 4t Gyl g BR Sé'ﬁtﬁrf‘l eﬁﬁ‘ﬁa e magnets, so as to mininize
coil resistance and inprove notor efficiency. A person skilled in the art
woul d obser.ve t 0, .ager than the
raonet o e 4 R & o en B P oF L 0 B b BB
stroke or travel for each axis determned in the deS|gn the foll ow ng

relati Oﬁﬁf‘t&ﬁ,ﬁi‘ﬁ)ﬁ%‘tﬂﬁ?@k'éﬁeﬁv@Tmﬁx' - &
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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



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 wb 2omgsesss in the X direction Lyl is the di stamce/Soeommencs he
edges of the two extreme 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 r ect i opossiblectaatrethenils bigaet thanathe frognetsh &Vitk theéadls swmeltey thandh@mamtm adt he two
coi | por ignge tmhnm @tr&@r&e&av@ﬁ@m %El‘l‘lal(i@lde ePninb® in 1 u&lén Wﬁ%ﬁs
desired force in the X direction, e two shorter coil tions are
par al | el relaggiopshipskanbg established: a] so produce forces in the Y direction. These
forces are not desirable as it wll affect the force (add to or subtract
from thg gte;ég fromthe Y cG 1l in the Y direction. However, as long as
the X l‘ Xithin the X magnets, the force produced by one side of
this coil will be cancelled by the opposing force produced by the other

si de of the c il, . To ensure that this is the case, we need to ensure that
the X corY |L§' él%ys inside the two rows of nmagnets, even at the two
extrene 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 Simlarly, the coil portions of the Y axis that are

per pendi &ulisthe maxihe styoksof thedy axit hose portions that create the desired

force mhgplsq}{éﬁlgﬂhﬁmsr&yolfawm The other portions that are parallel to
the Y axiS also create forces but are cancelled by the opposing coil

por t i ons Lxirés the dgtagee bengenirrrdsesrofhed W spvseod mapngts ijthq X directier t he pr oper
oper at i onypfs thd\@staRk BétwehRh s S d?eff‘eqwb CxtRRR RNt B thd Y Airectfoh2 SX

Cx1 is the width of the X coil in the X direction
Cyl is the length of the Y coil in the Y direction

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



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 desired travel
in the XwoadoM/@r4secti ons can be | ess than Sx and Sy, treTrs&2otmwnoms avel s
al lowed. Fig 3 shows a perspective view of the XYZ system of the invention.
As conpared to the prior art, this design is nuch nore conpact and
sinplifiedereReferring to Fig.4, which is a side view of the XYZ system of
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surface of tor coil t hat .end. Hence, no_X table or Y table
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Simlarly, 't ne o rce epanar not or
the X di PEYENEAY OVE tgve dgn G#Sﬁ&her@napmﬂysf@llsatr in ithe eyambeofla proveptfrdiues, @@@ugls

| ocat ed. fzed art 6t hiliBReLh tl"i’é;&‘a@ﬂgé) fl“hfe Qﬁlpﬁ) Ry tm &hHs hsalgo%@\h?éa cﬁitecr‘]tt}hﬁjt& ent er

of the Y coil, there_is a small from C&2 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
summary @fs shown inffig #,0CGEirkiicates thaebntefodfQfavitgiof tHe, &ﬁﬁﬂ)‘éﬂﬁ(\ifhﬂdcdnﬁpris&&hend

ef fector h.th interf cqhnnec ar t n T

bel ow. I\/b%cgéf?eg%l Efl ané 2 °§ﬂclﬁ§’tw °HEs E&égq?cg‘ﬁ?tqsé %%e 6(5 %%8 léyn%ﬂg‘? fect or
Pl anar nettoe mowing n)ﬁSdDrfam entirgropoing omsd ineladesulmnend dﬁﬂectok $a1bTO Z motbscoitllrai | of
Z axis -3 I%eretﬁ'ééks 8 andat'ﬂg pﬁMr?r?o‘i&' coil 9' ﬁlgﬁr bené%gé}(fed(\tﬁét the line of action of force, Fz

from the Z axis motor coil goes through CG1, 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 -> runner blocks of Z axis ->rail of Z axis -> Z coil ->

end effector. Z notor coil Z notor coil -> end effector. Wth the
el i m nat iwo 20f1/08B488ng support structures for X and Y, tkreTiSorew/oheoosn each
motor coil is transmtted nore directly to the load, resulting in a system

wi th higher stiffness, |ess nonent | oads and | ower noving mass, allow ng

hi gher accelerations and shorter settling tines. Wiile it is preferred to
use air t [ &S o its
sinmplici ? ; {é“ﬁ% f?ﬁhgﬁ%{%?gg%g%g? %ln oQ?r eol lpgfmsm%&gst% |hg ?%GC%r%hI%@hgm cal
beari ngsntX(bHgﬂyfaddcqnhectlpgantaaremmvorm'ﬂab}tsﬁéoewwand Y directions. Fig 5 shows a
side view of another enbodinent of the XYZ system using mechani cal
bearings._1n Fig 5, the planar notor coil 7 is supported by two sets of
linear bhakatorregd, - 13 f of Payds hahtrensmit theelesired forsette the end plflectar f or gui flance in
the ¥ d!mmm&wﬁwzmwmm 5%3 tﬂzubn cant
change iin the center of gravity of the noving | oad, and t | anar pot or
coil is|still driving feemefetd | oad directly as descri bed | n the previous
pref er r ePLEIRASTTRNY. | Pland?oubist BR TRIAE TIdHY of 1B @NGEN B 97, chille Pl anar
notor amnd the Z notor gre exarrpl es of the present invention. Oher
concei vabl e conbi nat i oh% @A&f 5‘25%‘& bl e, such as placing the planar Hot or in
a verti¢calmdbrad® and hpYhitbricBE -F Bhd &ifrS Per pendicular to t he prapar
notor, tto provide XYZ potion in a different manner. It is understoof that.
such variations or nodjfications fall within the spirit and scope of the
above description. ADVANTAGEQUS, EFFECTS OF THE | N' VEI\FI'I ON Unli ke

conventi gnal . XYZ . S|t|on|n syste re ther t he axes are
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act uat or sragsomntpdi thore slitebity cethe dpad, malttinggini 4 symnwﬁomgmwxffﬂ'dse 1esssﬁcﬁnanf

making a I 1 kln eDar at.e actuators,
with | esé&h%grl?%%ﬁoé@&éa%’%ﬁg&@gﬁj c%{}%ﬁdo 1oc?(s')nnec rlte%gé%%a% % 2%l so’ reduces

the effort in manufacturing and assenbly. Stacking errors due to nachining
errors a%ﬁu@@f@a;ed% BQJ%béiﬂﬁésrlg egéaé%ﬂ:%&oa if? 113156 Shd AHCRMn, cﬂa% g§ anar
not or can_be assenbl ed easi two coils are rmde on on€ Sol | pi ece.
It is al Spheissms @Cflém%én%ioﬂ: bdnplpngessitd togisk dieaepnicakbesgegson mdetth@se t wo

axes, t h@LeMmdidMRtHe Y kDY UhectidRs] Fgrs Ebrdsnesids @ ¥r Qhes @ﬁab&lflméﬂt rofgar i ngs
is neede bot h -axes and ‘a_ ver act design can be achieved. Since

or 0

bot h coi ngo?ys?lﬁe ub‘P&rfﬁ?"%ﬁ‘B?aéPeaé‘P H@aée@e Bﬁn%ﬁ@tqs'ce%élwpweﬁaym erial,
Wi tg t he s@é aﬂIﬁlléaﬂHaﬁmfg,s, 13her 'gLﬁMneéle‘ithUlﬁﬁ@i’oh a‘htiflmifdrlgﬁi@%cﬁ edhe 3 &rebiydl cal |y
used to n Qi ot er t or ,coi ot her_. nov.i n arts
can be eﬁﬁ}dt té'g’ eé‘aﬁ’él Lot eanPfL? ca%tf"hﬁ%ﬁﬁtl’éq?e fier eerayife etﬁ

r educi ng ntoling fadj ang thaglsnaamomlcbﬂ is\Afitl hiriging elebIC ixdiOload dirdomys s, debdripbé in the

accel eraéie@{&ﬁs;%%{}{r?c?erﬁ g]*xggq:d with the sane anpunt of notor force, which

er

transl at ormance. More inportantly, with the reduction of
connecting parts, the stiffness of the entire notion systemis inproved.
Wth hi ghahagd bé B&@é at thE gﬁﬁggﬁl&ﬁ%!f ﬁfeﬂ)tldngpﬁlot%iaghdt}ﬁe 2%&0?\5?&%a%ltepo{stngrt

settllngtlneater een
present invention. Other conceivable combmatlons 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 Ttis understood 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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Moreover, with the planar notor design, the notor forces are acting very
close to the center of gravity of the entire | oad mass. This reduces nonent
| oads durwogohiogmsaccel erati on and decel erati on, whi ch ean/scau®®00008

vi brations. Hence, having the notor force driving close to the center of
gravity gives better dynam c performance. WD 2011/087453PCT/ SG2010/ 000008
CLAI MB: dur'QIg aSSemblweoa algbriedumek Yihe plasartmaion qag bs pssembledeasily abi theytwondtodds arkor ce i n
the X, Y,ad aylif ifspectively, said XYZ systemconprising: a Z axis
notor to prOV|3e notor force in the Z direction; and . a planar notor;
characterized in that the planar notor conprises an X voice coil notor and
a Y |inegrisbhigsisans tmseralyveba@mgao mvgmﬁg s ﬁfotx&P of %he's@ t\%ch %ﬁé @Hefe% tion

and Y directjon respectively coi| anpd col | r notor
as cl ai ndeplifyngthg fgsign fm@re@rﬂy ong %rt GBPIF Seagjngs §rpgpqeéro&h?§ha>qeﬁ@n HiBt s,

fqu|Illagmﬁaﬂhdg&mh@eaaﬁ@@he or travel for each axis with the follow ng
rel ationships: Sx = LxlI - &I Sy = Lyl - Cyl where Sx is the nmaxinhum stroke

of the X axis Sy is the maxi mum stroke of the Y axis Lxl is the distance

bet ween Sinee sdigesdls of the bhniﬂdﬁbtdimvserﬁﬁeddmlgmems plete mﬂa;ehd@nsiemae GirithotHe t;l}aﬁllarl s the
Irection

dlstance tween the e wo  ext
o Rl ey R Bt el R oGy e BT o B Ve o 1 he
Y co| | i motoh goﬂ{omhth@mtqvmg_ parts can be eliminated. This reduces the number of parts required,
thereby reducing the moving mass as well. With a reduction in mass, higil‘er accelerations can be

achieved with the same amount of motor force, which translates to better performance.

More importantly, with the reduction of connecting parts, the stiffness of the entire motion
system is improved. With higher stiffness, higher accelerations can be achieved, with short

settling time after the end of motion.

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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3: The X coil of the planar notor as clained in CCaim1, said coil is
designed to be snmaller than the.magnets, , also fulfilling the follow ng
rel ati Onlwp:201108745€x2 ?_ Sy where L2 is the total | engtircoiSGeawwosoosy of t he
X magnets Cx2 is the length of the X coil in the Y direction 4. The X coil
of the planar notor as clained in Caim3 wherein the X coil is always

i nsi de t BEAIMS: rows of magnets, even at the extrene travel of the Y axis.

5. The Y coil of the planar notor as claimed in Claiml, said coil is
designed to be snaller than the magnets, nust also fulfill the follow ng
rel at i onbhi pliregtybive XX7 pesitioping @sterpprowding anaten force] dhdhhXo¥ @ndhZ wxismgnet

Cy2 is thgpertitHly] safd XWe sfsteRi borhgtislipe X direction 6. A direct drive XYZ
positioning systemas claimed in Claim1 that allows the planar notor coil

to be connected directly to the Z axis, thereby elimnating the support
structures forZXxBRtor, tolpeSidemagr fotcelif\WsZ difveiidiy aparts. 7. A direct drive
XYZ posi tioning,s st%m_ as clained in daim1 wherein non-contact |aser

f eedback sensi’)g?n%/ﬁnéc’?fSed for position feedback for both X and Y
directions. 8. Adirect drive XYZ positioning systemas clainmed in Claiml

wher ei n .20 . i troll o | A rok. th tion of
the X an g'nagcﬁe%l?% 1%1 %I%E tl%%%l%}n%ﬁ ngo(r-t:% %o%)(ﬂmr é’es ap :szr?g:% %911 FBtot A 4 % I11near Bruifess
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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9. Adirect drive XYZ positioning systemas clainmed in any of the preceding
Cl ains wherein the force fromeach notor coil is transmtted nore directly
to the | ow0,20remswsBi ng in a systemw th higher stiffnesecTiseaaiomemest | oads
and | ower noving mass, allow ng higher accel erations and shorter settling
times. 10. A direct drive XYZ positioning systemas clained in Caim1l
that allows one set of air bearings to be used to guide notion in the X and

Y directs @3Sy coil bf Lhe/;h&hm&t)r A NN €108 SiPHiNG déé(éie@'iﬂ Ssofabigi dRA 10
Claim1 that also allo ear bearings.to be applied for guiding notion

of the ﬁh%l’i‘?é%“eﬁo‘f%ﬁt aléofqlﬁli trli‘e M@W}@gaﬁefw?sben rections.
Ly2-Cy22>8x

where
Ly2 is the total length of each Y magnet
Cy2 is the width of the Y coil in the X direction

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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