-1- DRIVING MEANS TO PCSI TION A LOAD Field of the Invention 5 The invention
relates to a notor systemfor driving and positioning a |load, such as a
stage of an XY table. Background and Priior Art 10 In a conventional XY
table, a first notor is used to drive a first stage of the XY table and a
second notor is used to drive a second stage of the XY table. The second
stage is usually nounted onto the first stage. A |oad, such as that

conprising a bond head Bﬂ@é'wﬁﬁg &!ﬂ&bbeIfléNaAl%d to the second 15
stage and noves with it= ; called an X stage
whi ch noves the XY table in an X-axis and the second stage is called a Y
stage whi (i-hl ) |t he XY table in a Y-axis. A conbination of novenent of
the X and n in the positioning of the load in an X-Y pl ane.
20 The Isoad, together with the X and Y stages of the XY table, conprise a
novi ng mass_of the XY table which mass has a conbi ned weight that is
concent r at e iRvantian, felategrto g MAtOR SysieIn JSLr AHYiIBE yandopesiiRNiB@ @ loddi y in t he

XY table siHGEY fa¥d8hah KyitgbleN an equilibrium position. At the
equi librium position, V\%en the X stage is driven, the orientation of the X

stage is such that 25 a notor driving the X stage ("X notor") generates a

force that é.agckﬁ}élﬂﬁea%dvﬁ’ﬁ EA { he center of gravity of the mass when the Y

stage is i position. However, a problemw th nounting

the Y stiage onto the X stage is that the 30 said center of gravity of the

nmovi ng mass,_shifts when the Y stage noves. his willJ happen no gmtter how

el 1 "he-arina sryBat e X Epib AR Brisea 36 plve'a mrs MEESS 18 4P

. table and a second motor is used to drive a second stage of the XY table.

{

' The second stage is usually mounted onto the first stage. A load, such as
that comprising a bond head and bonding member, is attached to the second

15 stage and moves with it. Commonly, the first stage is called an X stage which

moves the XY table in an X-axis and the second stage is called a Y stage
which moves the XY table in a Y-axis. A combination of movement of the X

and Y stages result in the positioning of the load in an X-Y plane.

20 The load, together with the X and Y stages of the XY table, comprise a
moving mass of the XY table which mass has a combined weight that is
concentrated in a center of gravity approximately located centrally in the XY
table structure when it is in an equilibrium position. At the equilibrium

({ position, when the X stage is driven, the orientation of the X stage is such that

25 a motor driving the X stage (“X motor”) generates a force that is aligned with
the center of gravity of the mass when the Y stage is in a home or central
position.

However, a problem with mounting the Y stage onto the X stage is that the
30 said center of gravity of the moving mass shifts when the Y stage moves.
This will happen no matter how well the driving force is aligned with the center
of gravity at the equilibrium position. Once the center of gravity moves, the
driving force will not be aligned with the center of gravity. When the driving

force is not aligned with the center of gravity, a turning moment is generated



of gravity at the equilibriumposition. Once the center of gravity noves,
the driving force will not be aligned with the center of gravity. Wen the
driving force is not aligned with thexenter of gravity, a turning nonent
is generated -2- that is equal to the driving force multiplied by the

di stance that the center of gravity is shifted fromthe equilibrium

posi tion. Thatss wadakior thiel driving foresy muitiphied tbycthe <ligtandeethab dhengemtes of t o vi brat e

as the mass_|s ved., t.h b ' . I n pef.for e differential and

I ncreasi ng %\gtygﬁoaﬁqteéf%rﬁ”é%éﬁ@% r ecfgqu)@%acg’fjh Sat@%%‘i#‘li’ ot&ﬁwgd]at a given
| ocati on, showeentscalsesithe aoving widsk toodbrate aoitiee pesstis onaledptiezeby The
further the Y stage noves away fromth equi libriu osition, .1he greater
the tur ni ng"FGAERE DREReToRAaRES ATRPRNAT and Msrestsinsine, aBwUNE A8 Jig ¢

di spl acerenkq@ifed fi deeiiats pesiticriay iat ¥ n%sermcamr@@nc@r sudh VigRoh wilhoved are
identified in United States patent nunber 5,844,664 for "Positioning Device

with a For cRRUARtSeEI®OPOSHianab ARy Thshirbthentheny stegf EBoves awayHflam he

Di spl acene i e | A LhsSht W i tioning
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conpensate for shifts in the center of gravity. A plurality of vertically 15

ar ranged { 0bGe, AL LAl Bl Sy S IR oHRARIEAL 6r FRTRRASAY Lo QLGRS dahp! ance an

obj ect table e cen gravity ves as tHAe objec
di spl actdl. loAdtisongNedaalealdentifietirf Oinited i Statge neatantedurabera 5844 Bodefor esponse t o

the novement of the center of_grayit there is no disclosure, of howto
' gn The  HasoRSrRR e Wi AiFeTee AEbbtasiovaIam [ HePeRa BB LEBteT bl o | <
noved, that va}/d Digifladeinriiy e dnae Lithbyfapicefdrivel grevdeddwrR! saerraace.
Summary of the Invention It is thus an object of the invention to seek to
align a dri Fpsilioning &eviget-h The patent difclases Rasitianing daviee arrha methag dri ven
when positi gnkgdioshedle Fof ks in/tRECEHEof Bratit)| " A pIERRECE! QkribhR-1 nventon
there is provided apparatus for
15 arranged force actuator systems generate compensation forces to balance an

object table when the center of gravity moves as the object table is displaced.

Although a balancing force is generated as a passive response to the

movement of the center of gravity, there is no disclosure of how to align the

driving force to the center of gravity as the object table is moved, that would

20 improve the driving efficiency and performance.

Summary of the Invention

it is thus an object of the invention to seek to align a driving force with a
25 center of gravity of a load being driven when positioning such a load.

According to a first aspect of the invention there is provided apparatus for
positioning a mass, comprising driving means to move the mass along an
axis, which mass has a variable center of gravity position perpendicular to

30 said axis, wherein a driving force from the driving means is operative to act
through the center of gravity of the mass as the position of the center of
gravity changes.



positioning a mass, conprising driving neans to nove the mass al ong an

axis, which mass has a variable center of gravity position perpendicular to
30 said axis, wherein a driving force _fyomthe driving neans is operative to
act through the center of gravity of the mass as the position of the center
of gravity changes. -3- According to a second aspect of the invention there
i s provi dedceaomirightoda Eecondpaspect ohthegineentastheoisprovded armagihng fohe nass
along an axis,. which mass has.a varlabg e cent el of gravity. position

per pendi culPRPYPRING A BagRi CMPSING MM the mEstalong mRKEahich MR ati ve to
act throughakhg wfRAbRY cehtedrdv gtavitpfpdsitione pspendiesiat e B&aI hxi®narf the
center of gravity changes.  Usi n& a single drivi nﬂ force, it is difficult to
nove the diwheseRom fasee i@aptaiped greradve & agf thipaighithe cgnigr phaayitywef h t he nass
each ti me. ' | ' bleel ' use a conbi nati on of
forces Itgg éﬁ@ftﬁgqggpggﬂéahsgf&h\%hcgrgrr?p?@h?gﬁ%%%i nation of forces results
in a force acting through the center of gravity of a noving mass as the
mass i s bei [ | S. e~ I 2AGk Fying. force may be
o ovi ded by aasiidle B8 ARl 5;aiffel o3 the cRClLbH e 7,

descri be t Hercerscetitait @ris iatigned avitbrthe ehassl ednh timef disimg ¢he mvehtiorait gonpanyi ng
drawi ngs whi ch.@'} I lust rate aone enbof't?ment of . the i ngent i on,n The

par ti cul ar iRQFSHIE 1 HSRARAMYLRAURN Ok 10ECESIOANE BESAT frassnwhereimiie + o pe
under st1god @miNRRINSEdbres résulBARS Rfdd ¥ctiph thivRighritradeh@ent bidvitpbf on of the
i nvention as defined by the clajns., 20 Brief Description of the Draw ngs
Fig. 1is ahMoythgdnasscashevinass igbeing drivenaloNgsahdXi§- with a bond head

att ached; ‘

{

‘ Preferably, each driving force may be provided by a separate motor.

15 It will be convenient to hereinafter describe the invention in greater detail by
reference to the accompanying drawings which illustrate one embodiment of
the invention. The particularity of the drawings and the related description is
not to be understood as superseding the generality of the broad identification
of the invention as defined by the claims.

20
Brief Description of the Drawings
Fig. 1 is an isometric view of an XY table assembly with a bond head
{ attached;
25
Fig. 2 is a plan view of the XY table assembly of Fig. 1;
Fig. 3 is an isometric view of only an X stage of the XY table assembly and
attached coil brackets;
30

Fig. 4 is a plan view of the X stage of Fig. 3; and

Fig. 5 is a schematic illustration of the combination of forces applied to the X
stage of the XY table assembly.



25 Fig. 2 is a plan view of the XY table assenbly of Fig. 1; Fig. 3 is an

I sonetric view of only an X stage of the XY table assenbly and attached
coil brackets; 30 Fig. 4 is a plan vieywy of the X stage of Fig. 3; and Fig. 5
is a schematic illustration of the confination of forces applied to the X
stage of the XY table assenbly. -4- Detailed Description of the Preferred
Enbodi nent Referring to the drawings, Fig. 1 is an isonetric view of an
apparatus having 5 an XY tabl e assenbly 10 with a bond head 18 attached.
The XY t ablDetailgd Laseriptiomofthesfireferred £mbadiment age, usual ly called an X stage
12, which is driven by dI‘IVI ng means such as an X notor assenbly 22 nount ed
on a platform11l. A second stage, usually called a Y stage 14 is in turn
mount ed orRafwdngt@thasgéraMngmcﬁg st SramianWiQVinftaﬂamemH}avm mount ed on
the 10 Iatfo A er 5 ts poSi nof t he X
st age 15 V\/nfe( et;a e a%s%ﬁ)w(ﬁg enco Q gg%?:tgs a9§%h§&tlc‘)lﬁe g§ {?beY stage 14
at any gi vealssemblymo &'dsmpdwalﬂn&tdstagﬂmmumtaﬂai ameestaget‘na wisieh &f the XY

t abl e assenp| 0 for. 15 sem cqQnductog, wi re bondin Thus mass or | oad
conpr | o1 ng AVBRRY e TRETR BT aB GBI BRETIY 81 ERUAES 8 Bond ¢ p 21
i s attachegydtthrm 10PA §é¢6f\é(‘s@a®f ubhfllyYeaibagey Magel 18 i€ fNieRRURRRPUS
novenent of the X stage 12 and Y stage 14 functlon to position the bond tip

21 of the Bnten siagebts andds dAvemby R ¥ oter ageembly 2f pwsntadoen the a
sem COW%UCte&%tE&?ﬁVWeA%@ﬁﬁéim rl?eg1§§8&f11185‘9e2t§k(32 (§S|ﬁ SanBongdede 15eneral ly,

the X sta Y stage SSOCI ate coh'ponents
may be r ef ewherdas o Yaaxmenmné detects a position of the Y stage 14 at any given

( time.

The described embodiment relates to the use of the XY table assembly 10 for

15 semiconductor wire bonding. Thus, a mass or load comprising a bond head
18 with a bonding member 20 which has a bond tip 21 is attached to a top
surface of the Y stage 14. The contemporaneous movement of the X stage
12 and Y stage 14 function to position the bond tip 21 of the bonding member
20 in the X and Y axes to a position on a semiconductor device whereat a

20 bonding wire is to be bonded. Generally, the X stage 12, Y stage 14 and load
18, 20, 21 and associated components may be referred to as a movable
mass.

( The X motor assembly 22 comprises a plurality of motors, which are
25 illustrated in the form of two linear motors in this embodiment. A front (in use)
linear motor includes a front set of magnets 26 and front coil bracket 30
holding a coil (or set of coils) 34 (see Fig. 3). A rear (in use) linear motor
includes a rear set of magnets 28 and rear coil bracket 32 holding a rear coil
(or set of coils) 36. Each linear motor works on a moving-coil principle, each
30 moving coil 34, 36 being disposed between a set of permanent magnets 26,
28. As each coil 34, 36 is energized by current flowing through it, a force
actuated by electromagnetic induction causes the coil 34, 36, coil bracket 26,
28 and therefore the connected X stage 12 to move in the X axis.



mass. The X notor assenbly 22 conprises a plurality of notors, which are 25
illustrated in the formof tw linear notors in this enbodinent. A front (in
use) linear nmotor includes a front set _of magnets 26 and front coil bracket
30 holding a coil (or set of coils) 34 (see Fig. 3). Arear (in use) linear
motor includes a rear set of nmagnets 28 and rear coil bracket 32 holding a
rear coil Coeespeidingly Ctlniel‘ﬁ)m&'&r aksemblyi me@rcon'mrieés \s0liearanotor RSt Ng- Coi |

principle, ach 30 an i 6 be spos et e a set of

per manent &tg dgye h§8 s%§ fﬂ:thﬁl\F @ﬂg %Isl @0%%88 3? 96 r ent

flow ng t hr1ngufbH that ehd Wé@ﬁt oﬁﬁeu‘ﬁtsﬁbebw & eftie® BRANE Y §talgéd1LECt F&n causes
the coil 34, 36, coil bracket 28 and therefore the connected X stage 12

to nove inthed staggil4, thesY "C‘BtPF é’é‘kﬂ'ﬁﬁcfpﬁﬁl s desjgped tamiwaysasteirughal so
Conpri ses gnd t&Rer ofrﬁ?hﬂ{y &MRé Y 9?56%""1‘3' érf?i tﬂéievlg geReralf %b%‘ﬁaﬁé’n Tife Y stage

14 is mounted on th age 12,7 such he wei g stage 14 is
carried by cen@rxfgrtaargxe IQUS rﬂaﬁYsﬁm Mmllargvébezturtmetéilspumd)r driving force is
designed to always act through 5 the center of gravity of the Y stage 14,
and there is generally no variation in its center of gravity. Thus, the Y

stage 14 wiAig. 2 abhep fiew b{emeoDK‘éctalsleentseﬂﬁbg 1@ of Biga 1t oln thiseviewf tHehe XY tabl e
assenbly 10

Vi ew, ti orientatjions. of the X
stage 12, ["éfg@ﬁ‘i'lfag?ﬂf %ftotﬁﬁxﬂ %ﬂae? Lfarl‘%%PHngW%%bgr 295‘ shown.
Fi g. 31ios aﬁemrarg shbwi of only the X stage 12 and attached coil
brackets 26, 28. The front and rear coil brackets 26, 28 have at their
ends, a front coil 34 and a rear coil 36. Fig. 4 is a plan or view fromon

top of the ?f?mﬁ #98n Igontric %@fbﬂonl? thé X é’l’h@é 1§E‘an'dné1fdcﬁ[e9%1ltﬂi'§élgfe§ nce the Y
dtage 14 is unted on the X stag e center of gravity of the novable
mass of t he26X¥8t alheefrerandi rgahgou: br@ckets 26, 28 have at their ends, a front coil

34 and a rear coil 36. Fig. 4 is a plan or view from on top of the X stage 12 of

15  Fig. 3.

It will be understood that since the Y stage 14 is mounted on the X stage 12,
the center of gravity of the movable mass of the XY table comprising the
combined weight of the X stage 12, Y stage 14, load 18, 20, 21 and
20 associated components supported by them will shift as the Y stage 14 is
moved. If there were only a single motor applying a single force, the non-
alignment between the driving force and the center of gravity would result in a
turning moment applied to the XY table that would cause the movable mass to
( vibrate when in motion, making the application of force to position the bonding
25 member 20 less efficient. This is very undesirable especially in the case of
smail semiconductor devices, wherein the position of the bonding member 20

must be precise in order to bond wires accurately.

To illustrate the principle of the invention, Fig. 5 is a schematic illustration of
30 the combination of forces F4, F, applied to the X stage of the XY table in order
to ensure that the effective driving force from the combination of forces always
acts through the center of gravity at two positions O and O’ of the XY table. A
driving force generated by the front (in use) linear motor is indicated by F,

whereas a force generated by the rear (in use) linear motor is indicated by F,.



conbi ned wei ght of the X stage 12, Y stage 14, |oad 18, 20, 21 and 20

associ at ed conponents supported by themw || shift as the Y stage 14 is
nmoved. |If there were only a single notgr applying a single force, the non-
al i gnment between the driving force and the center of gravity would result
ina turning nonent applied to the XY table that woul d cause the novabl e
mass to Vit arigindhesenter obtgravity shkhegXYhab&pid iicditated b doincant o position

t he bondi ng 25 nenber. .20 | e efficient. This is. very undesi | e especially
i the s ST RRR R AR RIG O HEPSEES WoRBine e Yheagesi4 a8 of ¢ he
bondi ng nembesd Mdirg®tich AR tive ¥G&x@e i n order to bond wres accurately. To
illustrate the principle of the invention, Fig. 5 is a schematic

illustration of 30 the conbination of forces F1, F2 applied to the X stage
of the &Y b@ﬁéfauwr%rd@{enga\?ggglﬁﬁvémms#& (ﬁ{éi%&ibﬁex)?mo@ Bérrder ce from

the co nation of forces al acts through the center of gravity at two
posi tions ©pavded tothetfrant k¥l Bdiand lesa cudienttorife frearccoil@ncCenvedsaly, t he front

(in use) I} r oL LS i ndi e : er.ated by the
rear (in u{évggﬁlwgggrgtﬁgéoiﬁﬁbg\?éﬁd?%%gcﬂs byth%F&%éna?Lgﬁ%% gﬁ%ﬁ%{{t Cent er of
gravity of ptdvidex Yo tiadiearicsil 36 dindaessocusrendtd thedront eojuB4.i bri um position, and

by 0" in a position wherein the Y stage 14 has noved in direction Ain the
Y axis. 5 Generally, when the Y stage 14 noves forwards (in direction A,

nore CYOr ethe reSpdtioy fsteds FQ, F ehalt sRBLIdGRive tRé XaBdgkas sesresérdad yo the rear
coil 36. Conversely, when the Y stage 14 noves rearwards (in direction B)

nore currefi® i%rew&;iwaém%aqrhe rear coil 36 and less current to the front
coil 34. 10 The respective forces F1, F2 that should drive the X stage is
fepresented by the representative fornulae: F,=Ma(2+M. )

F, :Ma(-1-+ﬂ—"i
2 ML

F, = Ma(L-7.2
2 ML

Where
15 F—driving force from the coil 34 of the front X motor;
F,—driving force from the coil 36 of the rear X motor,
M—the total moving mass in the X axis. Since the Y stage is mounted on
the X stage, it also includes the moving mass (m) of the Y stage;
m—total moving mass of the Y stage.
20 a—acceleration required to move the table in the X axis;
y--the distance moved by the Y stage from equilibrium or center position. It
can be obtained from the reading of the Y linear encoder 16;
L—the distance between driving forces F4, F; of the X motor assembly;
O—center of gravity position of the XY table in the X axis when the Y
25 stage is at equilibrium location. At this position, it is arranged such that

1
Fo1=F02=—2‘Ma
Foi—F1when Y stage is at equilibrium position;
F.o—F2when Y stage is at equilibrium position;

O'— center of gravity position of the XY table in the X axis when Y stage

30 moves distance y;



Fz=Ma(2-M. ) \Were 15 Fl-driving force fromthe coil 34 of the front X
notor; F2-driving force fromthe coil 36 of the rear X notor; Mthe total
moving mass in the X axis. Since the Ystage is nounted on the X stage, it
al so includes the noving nass (m of the Y stage; mtotal noving nass of the
Y stage. 20 a-acceleration required to nove the table in the X axis; y--the
di stance noved by the Y stage fromequilibriumor center position. It can

be obt ai ne from t he readi of .the,Y enc t he t ance
ot voen o oot TRl TR dustispin i, Sould) B8 rerBDER Biag the samamited Kt “Oravi ty
position ofmétbeaé@érhwldewing fofoe F1a>Fl2)?thE1nbé tieolgh #e sdérageof raatty

equi librium.]l ocation. osi ti r11 IS arra]nged such t Fol=Fo2= 2
Ma F31- F1 hdhe mog'mg@aﬁ%ah?" @Q herY Eﬁgﬁ $Bestionsn: Thetplative f\Rﬂ@ﬁ R stage is

at equi ki brg %P‘B’é'édn%lle@by vﬁﬁiﬂde{hé)&egfrﬁvddrbénp%ﬂotﬂd?rﬂn@fthrbtlgh>fi¥etab' ein

the X aX| s when’ Y noves di stance y; - mai htai nifng th
rel ations hlfmntland:mﬁrdcmb %s&@ ed Thas, ﬁhed%téﬁblhﬁ@cble@tﬂmtmﬁenasrshmbl y

e 09 L Disybr thelidn i oGl A48 Lol Hasd o pbYioR og' 15 MOVT 19

mass at all I ons |ve orc F2 may be
control | ed thg Yatagenty.t H'(msehelpi; Itd ceduoer amy uné&sumdfmomnggedwrateghby he front

and rear coils .34 6., . Thus e dete |l ectri urr nt ra bet ween
the front dﬁ&aP%fHPe@o?f the ¢ HMngBorcg %{%B?rg %fe%faHQ é‘é‘ag tée 88§'§'? on of the
Y st ageigl4. of thé Bohdihg ndrbéreduce any undesired nonent generated by

In apparatus embodying the present invention, it will be understood that with
less vibration of the movable mass when in motion, easier control and better
performance of the XY table may be attained at different top-table (Y stage

15  14) positions. The difference in bottom-table (X stage 12) performance in the
X-axis for the whole bonding area may be reduced.

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

fall within the spirit and scope of the above description.



m sal i gnment of the driving force and center of gravity, whatever the
position 10 of the bondi ng nenber 20. In apparatus enbodyi ng the present
invention, it will be understood that mgth | ess vibration of the novable
mass when in notion, easier control and better performance of the XY table
may be attained at different top-table (Y stage 15 14) positions. The
difference in bottomtable (X stage rformance in the X-axis for the
whol e bondi ng area may be reduced. $%ég¥ﬁ§ention described herein is
susceptible to variations, nodifications and/or additions other than those
specifical |y described and |t is to be understood that 20 the invention

i ncl udes dli sURPARMUS LOMPHSING0di fi cati ons and/or additions which fal

within the spirjd, g@‘flné\%q’é’afbfnﬁoebﬁrs?gﬁ?*ée description. -8- CLAIMS 1.
st

Appar at us conpri Si vabl e along a first axis; 5 a | oad nount ed

on the5st age arwloadmblhletedejramvstage ahhemevage relating t@ thes stagedaleny &
perpendi cular to the first axis whereby the nmovenent of the lLoad on the

st age cau§§§°B¢|@XEOB¢rPPBH'°H+arttHéh%@Fﬁteﬁx'%whﬁf%m the movemenigpthaloasd to nove
2l ong. e GeGRNGLRE! SiusBs RN SHrl QS Byl et RS to

representati ve nt of e cente gravit a drive
assenbl y opeveationg the seeomd akig; a driving force to nove the stage along the
first axis, the drive assenbly heing responsive to the sensor output si gnal
to vary the drlause@spbrweldau@vm\ﬂ%% ameodtpul i signalorepresentativey of ytheact s

throuqatt?ﬁo\(;eqﬂ%ﬁtrq%i%%gyérdfg%a\e g gngPparat us i rrespective of the 15

novemnen ereo |ng to claim1, wherein:
a drive assembly operative to generate a driving force to move the

stage along the first axis, the drive assembly being responsive to the sensor
output signal to vary the driving force such that the driving force effectively
acts through the center of gravity of the apparatus irrespective of the

15  movement thereof.

2. Apparatus according to claim 1, wherein:
the drive assembly includes a plurality of motors positioned to apply
respective driving forces to the stage in the direction of the first axis; and
20 the drive assembly is operative to control the respective driving forces
relative to one another according to the sensor output signal to vary the

effective position at which the combined forces act along the second axis.

3. Apparatus according to claim 2, wherein the motors are linear motors
25 each comprising a coil disposed between a pair of magnets to generate a

driving force through electromagnetic interaction.

4. Apparatus according to claim 2 or claim 3, wherein the position of the
effective driving force generated by the plurality of motors is adapted to be

30 variable by varying the current flow through each coil of the respective motors.

5. Apparatus according to any one of claims 2 to 4, wherein the drive

assembly employs a total of two motors.



the drive assenbly includes a plurality of notors positioned to apply
respective driving forces to the stage in the direction of the first axis;
and 20 the drive assenbly is operative éo control the respective driving
forces relative to one another accordiAg to the sensor output signal to
vary the effective position at which the conbined forces act along the

second axis. 3. aratus according to cl.aim?2. wherein the notors are

| i near notors Aﬁ%«?ﬁ@ﬁ %%%&'Pgitﬂga@ 8B?I°f3h§rﬂf§8%d'ﬁgt%@‘?’QVQﬂPF‘ magnet s
t o gener atgage afld 'Idéd‘@ofh?ﬁ_ﬁ@sid@e@@@n?k?%tﬁl@ﬁagn_et Ic interaction. 4.
Apparatus according to claim2 or claim3, wherein the position of the

effective driving force generated by the plurality of notors is adapted to

be 30 varj abl e, by varyi he r. fl ow. through.each coil af, th
Fespoct | vel ot AParsS ARG 16 KGR ot BeBa itdides Sinastindall .
wher ei B t hghdsdnthing ARSAPS! of £WReDondert otal of two notors. -9- 6. Apparatus
according to any one of the preceding clains, wherein the stage and |oad

conprise stages of an XY table. 7. Apparatus according to claim®6, wherein

t he | oad ifcl udges nd he nd bondi.ng_nmemier of .a wi,re bonder. 8.
Appar at us é;cpo!’%?%agaﬁ% gﬁflorgﬁ‘@ ﬁq %E'Va‘?'?ﬁ; of (ﬁgm.:,s?tﬁi ipc?ud?ﬂﬂd'ggd?ivve
mechani sm@etadiSmidiRing e BhaMbriditheseond xd.s. 10 9. A method for
positioning a stage along a first axis, said stage supporting a |oad

novabl e relative to the stage such that the position of the center of
ar vt b 9% e 21 8L doh TS 2 2B, AT e PO AR o ©
3} regit ;)1; :n %@pgﬁg{g/fhpggg ngcii(\!résﬁ;lé'gel%ﬂﬁé% tRe Stagh SLAYMathepbaRich bNtHde
center of gravity of the stage and load varies along a second axis
perpendicular to the first axis due to said relative movement, the method
comprising the steps of:
15 applying a driving force to said stage which acts in the direction of the
first axis;
sensing change in the position of the center of gravity; and
varying an effective position at which said driving force acts in
response to change of the position of the center of gravity such that the
20 driving force effectively acts through the center of gravity of the stage and

load irrespective of changes in the position thereof.

10. Method according to claim 9, wherein the driving force is provided by a
plurality of separate forces acting on the stage, which forces are adjustable

25 with respect to each other whereby to vary the position of the effective force to
act through the center of gravity of the stage and load.

11.  Method according to claim 10, wherein the separate forces are
generated by linear motors each comprising a coil disposed between a pair of

30 magnets to generate a driving force through electromagnetic interaction.

12.  Method according to claim 11, including the step of varying the current
flow through each coil of the respective motors to vary the effective position of

the driving force.



sensing change in the position of the center of gravity; and varying an
effective position at which said driving force acts in response to change
of the position of the center of gravity such that the 20 driving force
effectively acts through the center of dgravity of the stage and | oad
irrespective of changes in the position thereof. 10. Method according to
claim9, wherein the driving force is provided by a plurality of separate
forces acting on the stage, which forces are adjustable 25 with respect to
each ot heri3whefMékymiethodhagcordingotrs ahy @meodf tlaamefdf et 2y turth@rdecludingact

t hrough the center of gravity of the sta nd load. 11. Method according to
cl ai m 10, t%é’fe&cﬁqn’ﬁ’éy'g%ﬁafpé%‘etofgfv@e@eapggag)&getkﬁtséﬁoﬁ A%ear motors each
conprising a coil disposed between a pair of 30 nagnets to generate a
driving force through el ectromagnetic interaction. 12. Method according to
claim111l, including the step of varying the current flow through each coi
of the respective notors to vary the effective position of the driving
force. -10- 13. The nethod according to any one of clains 9 to 12, further
including the step of applying a force to drive the |oad al ong the second
axi s.



