1 DESCRIPTION TWO-DIRECTIONALLY MOVABLE TABLE Technical Field [0001] The present
invention relates to a structure of a two-directionally movable table. Background Art [0002] In
bonding apparatuses such as wire-bonding apparatuses, an XY table is used as a two-directionally
movable table on which a bonding target such as a.semiconductor device is movable in X and Y
directions that is two horizontal mutually-orthogonal directions. Such an XY table includes a lower
table to be guided and moved by an X-direction motor in the X direction and an upper table to be
guided by a guide on the upper surface of the lower table and moved by a Y-direction motor in the Y
direction. The upper table is configured to mpgggrRtreTY chirection on the lower table, which is
configured to move in the X direction, so as to be freely movable in the X and Y directions. [0003]
There has been proposed a technique of usina a moving-coil direct-current linear motor as a

Y-direction motor in such an X PS8 el kg Jhd it a HaBhfate-like movable member on

which a coil is mounted to an upper table for high-accuracy positioning (see Patent Document 1, for
example) . P00} i cal Field
[0001]
The present invention relates to a structure of a

two-directionally movable table.

Background Art
[0002]

In bonding apparatuses such as wire-bonding apparatuses,
an XY table is used as a two-directionally movable table on which
a bonding target such as a semiconductor device is movable in
X and Y directions that is two horizontal mutually-orthogonal
directions. SuchanXY table includes a lower table tobe guided
and moved by an X-direction motor in the X direction and an upper
table to be guided by a guide on the upper surface of the lower
table and moved by a Y-direction motor in the Y direction. The
upper table is configured tomove in the Y direction on the lower
table, which is configured to move in the X direction, so as
to be freely movable in the X and Y directions.

[0003]

There has been proposed a technique of using a moving-coil
direct-current linear motor as a Y-direction motor in such an
XY table and connecting and fixing a flat plate-like movable
member on which a coil is mounted to an upper table for
high—-accuracy positioning (see Patent Document 1, for example).
[0004]

Also, such a moving-coil linear motor often employs an
alternating-current linear motor. For example, there has been
proposed a motor in which three coils corresponding to the
respective U-, V-, and W-phases of three-phase alternating
current are arranged in a plane with the front and back thereof
being fixed by a support member and magnets are disposed above

and below the coils (see Patent Document 2, for example).



Also, such a moving-coil linear motor often employs an alternating-current linear motor. For example,
there has been proposed a motor in which three coils corresponding to the respective U-, V-, and
W-phases of three-phase alternating current are arranged in a plane with the front and back thereof
being fixed by a support member and magnets are gisposed above and below the coils (see Patent
Document 2, for example). 2 [0005] There has also been proposed a method for configuring a
rectangular coil for use in a lithography projection apparatus in a manner that main current conductor
zones in thd [BH@>Side direction are arranged on a common plane, while cross zones in the short side

direction are overlapped-é&seg BatanidDoednept-3plos edample): IRplatesrAd ddacuneniadatent
Documents [0006] Patent Docu t1: ese [ icati ication No.
20023507 7 B B S e A A b e D A
2005-333799 PatBRID6&U iRt FNIaPaREse Pate MG USgR APNes 1n the long side

direction are arranged on a common plane, while cross zones in
the short side direction are overlapped (see Patent Document

3, for example).

Related Art Documents

Patent Documents

[0006]

Patent Document 1: Japanese Unexamined Patent Application
Publication No. 2002-329772

Patent Document 2: Japanese Unexamined Patent Application
Publication No. 2005-333799

Patent Document 3: Japanese Patent No. 4280248

Summary of the Invention
Problems to be Solved by the Invention
[0007]

Incidentally, lead frames and substrates used in
assembling semiconductor devices and the like, its width have
recently been widened to increase the area per substrate from
the viewpoint of cost reduction. For bonding on semiconductor
devices with wide substrates, XY tables in bonding apparatuses
are required to have a larger stroke in both X and Y directions.
However, in one-coil direct-current linear motors like the
Y-direction motor described in Patent Document 1, the
Y~direction stroke depends on the Y-direction size of the coil.
Therefore, achieving a larger Y-direction stroke requires a
larger movable member, resulting in an increase in the length
and weight of the movable member. This in turn results in that
an increased vibration can occur in the movable member and
affect the bonding guality, suffering from a problem in that
the increase in the Y-direction stroke should be limited.
[0008]

In the case of such an alternating-current linear motor



Summary of the Invention Problems to be Solved by the Invention [0007] Incidentally, lead frames
and substrates used in assembling semiconductor devices and the like, its width have recently been
widened to increase the area per substrate from the viewpoint of cost reduction. For bonding on
semiconductor devices with wide substrates, XY ta?les in bonding apparatuses are required to have a
larger stroke in both X and Y directions. However, in one-coil direct-current linear motors like the
Y-direction motor described in Patent Document 1, the Y-direction stroke depends on the Y-direction
size of the eail. deerefdvedadhicRircea takee Yegdingcfon Shrekéréfures adargarmadeablesmember,
resulting in ARnereasa & dhe 1engtly and weightf the yeovable meerpben. Jhis i e Fesuts in that an

increased vibration can occur in the movable member and affect the bonding.quality, suffering from a
problom in LR ERALE T e AR oT kA L84 Bo TR [DUGB] rae Seeim

as described in
Patent Docaiéat of tde-dirsclian stvkékpeknssiarpbnd dhthe Y Hireefisn ez eSdMA&oils, so that
the Y-directign sfiokg<leessBob reauitre ncreasineile Yidieectiamside ©f thacedsainlikediabreasing the

Y-direction sitoks a3 1nlpe.case of el syt IneaL oges iHweyal, 2ueh g aterpatig-current
d ibe '

. an.
linear motof With cois arrangéd in a plane as descr in Patent Document 2 requires four magnets

(two by twolrbRREaR® S)e6 Beiditshde BA torietsile ThlttRs pe cf FIthE-RfuSCHife PG EE of a set of
three-phase| eqits pyhichomakethenN SndtS pedes closededach otiwe stodesuittih arssgertion in the

magnetic iy, density.at.the cegter.of eash magnetis pole. s agesulh tae thyusiperdfe 1wt volume of

each coil decreases, and eventually achieving a Iarger Y-direction, stroke leads to an ij;crease in the

weight of th&hGHaBRsfRsn it WA cEPRe? T BEFdny §ASityOrEFthis PedSo tet employing
such an alternatidgauientimearenoyas tiescfibed idemémtyDatubienhtceake stfersdmm a

problem in that the increasesin thesYadirealionstrekrshawdde fmitech & @ddition thete i@ need for
XY tables in wire-bonding igné)aratuses to bring the cen{er %L]gzavit)égt the.linear moS[or coil close to the
even =1 =) 1

mounting pgﬁﬁgn of the XY TaniE, SoeV\?e'ver‘?l inning and w ing a coNl s in the related art described

in Patent DEcuherCE saflestralian prblkmis? aRidiRaieasse iMthe hrig iitettied antftherefore a
large gap bgiweas heneamier pharavity ohtha £oé andthe pouniing pesilian of theXy tahle, a
problem of difficulty in_applying the relate SCH ' t t2 X s-in
wire-bondin:gfgea‘flpsOaér{éttfjeéfgegr.1 [%r%%;yln%stdﬁgﬁﬁgglté& %%%J&%ﬁﬁé]d %‘%&%ﬁ? I:DL%({%réen@?he

overlapping®st BRSFEdP6hd 8 & HiEhdrsirgRteBy e SpatihibetwbERTha &?ﬁﬁjn%‘ﬂt magnets
vertically sandwiching ke Mrdireetion tmovable mbnmeerttherebétnsen sloredskbeolrbmalt ada

reduction inthe magnefic flux, ipauiring.a larger.coil @nd thys fesufiing inaninetease:dn thg weight of
the movable member. As is the case with the related art descriped intP%hent Document 1, this results
in that an iIMRRRREAN SRS ohcRF A9 the center of gravity o e linear motor

coil close to the mounting position of the XY table, however,
thinning and widening a coil as in the related art described
in Patent Document 2 suffers from a problem of a width increase
in the thrust direction and therefore a large gap between the
center of gravity of the coil and the mounting position of the
XY table, a problem of difficulty in applying the related art
described in Patent Document 2 to XY tables in wire-bonding
apparatuses.

[0009]

In the related art described in Patent Document 3, the
overlapping of the cross zones is thickened and thereby the
spacing between the permanent magnets vertically sandwiching
the Y-direction movable member therebetween increases to result
in a reduction in the magnetic flux, requiring a larger coil
and thus resulting in an increase in the weight of the movable
member. As is the case with the related art described in Patent

Document 1, this results in that an increased vibration can



occur in the movable member and affect the bonding quality, suffering from a problem in that the
increase in the 'f-direction stroke should be limited. [0010] It is hence an object of the present
invention to provide a two-directionally movable table with an increased Y-direction stroke. Means for
Solving the Problems [0011] The present invengon is directed to a two-directionally movable table
movable in two directions, first and second directions, orthogonal to each other in the same plane, the
table including: a first table for driving in a first direction by a first motor, the first table to be guided in
the first directionira sacdin tatbe v deivitryripethe difst dideEtion tdg@hbowihBige st 1d81¢ as well as

in a seconddirectionky aserQNg FaRi0ehEnseaerddnbla ix-be guided inHbersetonedirestion by a
second direcgg:rcm)%lequi%% ioa/izil?%d gtnggtu per surface of the first table; a movable arm for moving in
the first and”second directions ogether with the second table, the movable arm extending in the
second direEfiA Ydth one end thereof being fixed to the second table; and a drive coil partially
protruding in a widtly gitecticsnefdenmoyvidtec ash, the driveseniltbeingeattaohe dtwithirothiedaovable

arm, in which g dive coll i adarpindingsaall inpiich centeal poitieos el awliple careless cols are

arranged in p with the second direction within the movable arm and portions at which the
coreless coﬁ§ﬁﬂ}fﬁally intersect, are arranged in positions protruding from the movable arm. [0012]
In the two-directionally movable table according to the present invention, it is also preferable that, the

drive coil ingludes: abasigcopalgss cail and-aleast two laminated coreless coils formed by
laminating @lélif unit coreless coils in a direction of the thickness of the basic coreless coil, in which

the unit corel J)ils in each laminated corelesg coill 5 intersect with the ba}sic ca(eless coil at
different positions iff e basigaitelarsecstill andigodibhs it Sfhieh thd Basid tardedSasilald the unit
careless cojigoueriap, a5 eatpshhgiwgen iwaplanes exiendingssloy hetsustage ok thenbasic

coreless coil at a predetermined distance on both qudeétiﬂ ei i 'oggit(gc q Hgm tgﬁ center in
the direction :(L)Fﬁéeqctjfl?crk%ésg JéF %gt?arllsallg cgfeleesasccoil, anél%n V%E::Jﬁ"lg t%]e overla%p%lg thicl ngss of the

portions at wARhahEGHiLEdREsSch Friuttaiy fiePle e ivvdqeaifd 8r Shisierdhan tle tickness of
the portiongoat which tlze basicwayelese cdil asd thebhik careléss cpilsdmrlap. the first

direction; a second table for driving in the first direction
together with the first table as well as in a second direction
by a second motor, the second table to be guided in the second
direction by a second directional guide provided on an upper
surface of the first table; a movable arm for moving in the first
and second directions together with the second table, the
movable arm extending in the second direction with one end
thereof being fixed to the second table; and a drive coil
partially protruding in a width direction of the movable arm,
the drive coil being attached within the movable arm, in which
the drive coil is a lap-winding coil in which central portions
of multiple coreless coils are arranged in parallel with the
second direction within the movable arm and portions at which
the coreless coils mutually intersect, are arranged in
positions protruding from the movable arm.

[0012]

In the two-directionally movable table according to the
present invention, it is also preferable that, the drive coil
includes: a basic coreless coil; and at least two laminated
coreless coils formed by laminating multiple unit coreless
coils in a direction of the thickness of the basic coreless coil,

in which the unit coreless coils in each laminated coreless coil



[0013] In the two-directionally movable table according to the present invention, it is also
preferable that, the number of the unit careless coils laminated in each laminated coreless coil is even,
and each of the same number of the unit coreless coils are displaced with respect to each other in the
first direction to be arranged symmetrically with respect to the center line of the movable arm running
in the second direction. Further, it is also preferable that, the basic coreless coil includes multiple
layers laminated in the thickness direction, and also preferable that the unit coreless coils run between
the layers of tiiebasic toréfebstovdl. 6014} coxinlihe awerdite atforsily s eableRasibtacdiding to the
present 'Fvg@fiogflheiat i%%sp?pr@é%@@l@s;gaaa@@pp |am&;8§©<i§§:fﬁ£@h&a¢0iHﬁi@m&@bymmﬂng two

nit coreless coils and the thickness of each unit coreless coil is t ickness Sic
coreless coﬁ,olﬁ%jﬁél’? 81 ic%gs?b? tﬁgl&)rﬁgrﬁe j:;'lte WhiC Of‘h%sbggggz%%és%%%i%r% etiwgeaunit
careless colts bvesap, igonplares-harratHineheskaidnd has oteess ebil Hif FARRICh the
predeterminask-distasisedis onerang-pihedfdbe thickeess of thenhasioc dselesssciaile Adiaritage [0015]

e reserL LT R DE SISO B B sp cpe disection of the
thicykness of the ba%riegsecorelieecslso " gtcr)cile'. Bg%dDefgrlp‘ygrilcqjl thgh%rawmgs
overlapping thickness of the portions at which the unit coreless
coils mutually intersect, is equal to or smaller than the
thickness of the portions at which the basic coreless coil and
the unit coreless coils overlap.

[0013]

In the two-directionally movable table according to the
present invention, it is also preferable that, the number of
the unit coreless coils laminated in each laminated coreless
coil is even, and each of the same number of the unit coreless
coils are displaced with respect to each other in the first
direction to be arranged symmetrically with respect to the
center line of the movable arm running in the second direction.
Further, it is also preferable that, the basic coreless coil
includes multiple layers laminated in the thickness direction,
and also preferable that the unit coreless coils run between
the layers of the basic coreless coil.

[0014]

In the two-directionally movable table according to the
present invention, it is also preferable that, each laminated
coreless coil is formed by laminating two unit coreless coils
and the thickness of each unit coreless coil is half the
thickness of the basic coreless coil, in which the thickness
of the portions at which the basic coreless coil and the unit
coreless coils overlap, is one-and-a-half the thickness of the
basic coreless coil, and in which the predetermined distance

is one-and-a-half the thickness of the basic coreless coil.

Advantage
[0015]
The present invention offers the advantage of providing



[0016] FIG. 1 is a plan view of an XY table according to an exemplary embodiment of the present
invention. FIG. 2 is a front view of the XY table according to the exemplary embodiment of the
present invention. FIG. 3 is a side view of the XY table including a Y-direction movable member
according to the exemplary embodiment of the pregent invention. FIG. 4 is a perspective view of
the Y-direction movable member in the XY table according to the exemplary embodiment of the
present invention. FIG. 5 is a plan view of a drive coil of the Y-direction movable member in the
XY table actadimypitbrietekenddiany bavladmot tHelfrbandinasmied Y- Heeahieh
X-direction grasskgectional view of the drive coil taken along the lines A-A to F-F of FIG. 5. FIG. 7
is a Y-direction cross-sectional view of the drive coil taken along the lines G-G to M-M of FIG. 5.

FIG. 8 is a plan view of an XY table according to another exemplary embodiment of the present

invention. NisdeLToP TG HART O IR |naRtF F004g S
[0016]

FIG. 1 is a plan view of an XY table according to an
exemplary embodiment of the present invention.

FIG. 2 is a front view of the XY table according to the
exemplary embodiment of the present invention.

FIG. 3 is a side view of the XY table including a
Y-direction movable member according to the exemplary
embodiment of the present invention. _

FIG. 4 is a perspective view of the Y-direction movable
member in the XY table according to the exemplary embodiment
of the present invention.

FIG. 5 is a plan view of a drive coil of the Y-direction
movable member in the XY table according to the exemplary
embodiment of the present invention.

FIG. 6 is an X-direction cross—-sectional view of the drive
coil taken along the lines A-A to F-F of FIG. b5.

FIG. 7 is a Y-direction cross—-sectional view of the drive
coil taken along the lines G-G to M-M of FIG. 5.

FIG. 8 is a plan view of an XY table accoxding to another

exemplary embodiment of the present invention.

Modes for Carrying Out the Invention
[0017]

Exemplary embodiments of the present invention will
hereinafter be described with reference to the accompanying
drawings. As shown in FIG. 1, an XY table 10 of a wire-bonding
apparatus 100 is configured to include a lower table 13 and an
upper table 21 that are arranged, respectively, in X-axis (along
line X-X) and Y-axis ({(along line Y-Y) directions that is of
coordinate axes orthogonal to each other in a plane. The lower
and upper tables 13 and 21 are connected, respectively, with
an X-direction motor 30 and a Y-direction motor 40, so that the

tables 13 and 21 can be driven, respectively, in the X and Y



Exemplary embodiments of the present invention will hereinafter be described with reference to the
accompanying drawings. As shown in FIG. 1, an XY table 10 of a wire-bonding apparatus 100 is
configured to include a lower table 13 and an upper table 21 that are arranged, respectively, in X-axis
(along line X-X) and Y-axis (along line Y-Y) directions that is of coordinate axes orthogonal to each
other in a plane. The lower and upper tables 13 and 21 are connected, respectively, with an
X-direction motor 30 and a Y-direction motor 40, so that the tables 13 and 21 can be driven,
r?spegtivgly(i%@g@eﬁ§ozrgd %f&h@@g@@@&%@&m@ﬁy@ MBoEn30 4a0d 4@rOm hiee uppelrtabtl)e 21 is
placed a bonding head 101 Tor vertically maving a capillary-1 t i @f a bonding
arm 102. A$8Rdfnan Fig AL R GirBcHOR %nl\?v i?ﬁet g goyrlld%%ga??l%%gg%%%i%i{sa g\}(ﬂi;gfiction, and
the directiorarthdgenal thefetatis Xcairsttivh. 2008101 NASERO R if FENS i ?(%llrec{hoh motor 30
is installed qn the, ypRet sutfage of a eakingt $&via an X-dineotioh gulide baing2bhe Xedk@ation motor

30, which is a voice cojl mgtor, as is well knowg, is.confi LY Sndirectiosmotor stator 31
naving a peFHERBHAT ALt 32 AP AR et or moVAR eber 35 het

-direction movable member 33 having a coil 34. The
X-direction dvabléimeribep33 is held inside the X-direction motor stator 31 by an X-direction guide
not shown, whighgmakes the X-direction movable member 33 to be movable only in the X direction.
The X-direction guide is & well-knowp.direct agling type-ape esiplaying:a $oss rotietguidedr the like.
The X-direction motor stator a1 is held by the X- irectionlquidgéagr?? 016 movaple i fhgeX direction,
in which theox: difeRiBRRRVAME FRGALEF 33 ISHMVER “biit ndt movable in.?ﬁe Y direction. [0019]

The X-directien. mavableTmertberidistprovidut @it brabkeiBs DA (K8 ke O iHeTOWaF table 13.

The bfaCketg3|56 "{fsﬁ edly %%%%(@@Q&‘%fé&@é@t{a@ lowel tatest3vithia &okt i Pheriover table 13 is
held on a table holder 12 via an X-direction guide rail_14 mapneyl,{hatis mevabledpdheX direction,
in which the%ﬂﬁ@&ioﬁ%&%‘ﬁé’%e%b%?%@%?%gerﬁab %ﬁ%t r%%vable,in the  direction. The table

holder 12 is fimeaitd thenezdiinet BB, lhaviare asstPidd ftat thd WeightortRE St ale&ion Motor stator

31 is greater than the4qtal weightiof the ¥itension-mbyableimenniserds, the tewePtai¥ £3) and

additionally a Y-direction movable;member 45, ihg upRgyfahle R4 kard hedondiagheeditii loaded
on the lowertaBE SO Ju+de 1o %408 UPRR{ AL

movable member 33 to be movable only in the X direction. The

X-direction guide is a well-known direct acting type one
employing a cross roller guide or the like. The X-direction
motor stator 31 is held by the X-direction guide rail 37 to be
movable in the X direction, in which the X-direction movable
member 33 is driven, but not movable in the Y direction.
[0019]

The X-direction movable member 33 is provided with a
pracket 36 on the side of the lower table 13. The bracket 36
is fixedly coupled to a bracket 16 in the lower table 13 with
a2 polt. The lower table 13 is held on a table holder 12 via
an X-direction guide rail 14 in a manner that is movable in the
¥ direction, in which the ¥x-direction movable member 33 is
driven, but not movable in the Y direction. The table holder
12 is fixed to the cabinet 11. It is here assumed that the weight
of the X-direction motor stator 31 is greater than the total
weight of the ¥-direction movable membexr 33, the lower table
13, and additionally a v-direction movable member 45, the upper
table 21, and the bonding head 101 loaded on the lower table
13.

[0020]
As shown in FIG. 2, an X-direction motor stator speed



8 sensor 38 for detecting the travel speed of the X-direction motor stator 31 in the X direction is
installed in the cabinet 11. A lower table sensor 18 for detecting the position and travel speed of the
lower table 13 in the X direction is mounted on the upper surface of the table holder 12. [0021] As
shown in FIG. 3, the Y-direction motor 40 is a movigg-coil alternating-current linear motor held on the
upper surface of the cabinet 11 via a Y-direction motor holder 17 and a Y-direction guide rail 47 in a

manner that is movable in the Y direction. The Y-direction motor 40 is configured to include a
Y-direction ARRGCstait? 4ddvavied pefriaerithragiasad aveeR vairebfoRnibvaBRihember 45

having a driyg e 44and a moveble RETA3 ShewniBir|Gs 11088221 ed As shaweibFHEL3, the
Y-direction mpvable membher.45 is provi [ rack the sijde.of t t 21.The
bracket 46 0 the%— w%v([:rrtélto%n %agr\)/g Iegéggn %vrt{i%aié? ??)?Q(? %c? t %Eﬁgger%gertg%g%%%gﬁp%%{ﬁ table 21
with a bolt ZXa¥RIUFPECAINE 1R heltdn R icveAtdBid- 1§ viadd Yl @R GURRM IS extending
in the Y diregtionh&hapipper talte 2¢¢s thiistdonfigatelttod drwable.in the X direction together with
the lower taglﬂ)%?i as well as in the Y direction on the upper surface of the lower table 13, so that the
upper table 21 is movable in both the X and Y. directions, The Y-direction movable [Brfember 45, which

[

is fixed to the upperBbIEPAYTs atdb dohfigurdd to B mEVABIE T bbHthE X 8d Y dirdcliofs together
with the uppertable-2io 0023 ernasighoneuin@ct 1 the pemednentirndgnendzhekiphserves as

magnetic figld fermingdreans bdhencdirectipnnotor stater4l; és previdedrxiersively tmthe ends of
the Y-directior%m tor st%tor 41 re%ulti]rgg jrltlaa]t t:{]r? permanerll_j[ r{lgggeiss4l%§gvgi%h%gn£i5e region of

the movemént'o ﬁgeo‘?iv%oc%ilghléf‘ i the X dlrectlon,?/vmgﬁr%%rves as a magne?omotive séction in the

Y-direction iheWaise rigmber TBely addiieattrnweniinbihel v-aradiciFRtbE StddF414€ greater
than the total weight&tion motor stator 41 having permanent magnets 42 and

the Y-direction movable member 45 having a drive coil 44 and
a movable arm 43 shown in FIG. 1.
[0022]

As shown in FIG. 3, the Y~direction movable member 45 is
provided with a bracket 46 on the side of the upper table 21.
The bracket 46 of the Y-direction movable member 45 is fixed
to the upper surface of the upper table 21 with a bolt 23. The
upper table 21 is held on the lower table 13 via a Y-direction
guide rail 22 extending in the Y direction. The upper table
21 is thus configured to be movable in the X direction together
with the lower table 13 as well as in the Y direction on the
upper surface of the lower table 13, so that the upper table
21 is movable in both the X and Y directions. The Y-direction
movable member 45, which is fixed to the upper table 21, is also
configured to be movable in both the X and Y directions together
with the upper table 21.

[0023]

As shown in FIG. 1, the permanent magnet 42, which serves
as magnetic field forming means in the Y-direction motor stator
41, is provided extensively to the ends of the Y-direction motoxr
stator 41, resulting in that the permanent magnets 42 cover the
entire region of the movement of the drive coil 44 in the X
direction, which serves as a magnetomotive section in the
Y-direction movable member 45. In addition, the weight of the
Y-direction motor stator 41 is greater than the total weight



of the Y-direction movable member 45, the upper table 21, and the bonding head 101. [0024] The
lower table sensor 18 is mounted on the table holder 12 to detect the position and speed of the lower
table 13. On the upper surface of the lower table 13, an upper table sensor 19 is mounted for detecting
the position and travel speed of the upper table 21 jn the Y direction. A Y-direction motor stator speed
sensor 48 for detecting the travel speed of the Y-direction motor stator 41 is installed in the Y-direction
motor holder 17. There is also provided with a nozzle 55 for blowing cooling air to cool the Y-direction
movable mehbdrd 5! seithacthedir Baffetoiehueele 33 faddtoipiathealiv@ coil42M0025]

The followirg,givesaakigf dassaption of an operation of the thus configured XY table 10. When a
position co signal for moving the lower table 13 to a predetermined position is output from a
controller not shown, the X-direction movable member 33 is accelerated to move in the X direction, so

that the lower tableTEislGg&dtRhe RepRetionydidetaltias mbveERiss P ife Xediftion. In
contrast, Singettheadetiettiahaaios staton3dnsipepided afbrigithd Xwdire dtidmlguitie railBv in a

manner that j5 mayable inthe X direetiope the, Sdirectiondmptor siatar,3L is suljgst t-a deyee of the

same magnitude in the oppasite direction as a reaction to the, movement of the%x-direc 'onjg[novable
ﬁ‘f’fﬁ 0

member 33'ghd- e BT $5bIEB, TREIREA AL ERTaRITS Meve Hihe difettion BPpposit to that of
the movemeheofithpdowériabie £23. Sincéite X-dirfectich hastor statdrgdi rastmeveditee direction

opposite to dhatof the pacuenentofthe dowsr-tahle d3ithecahiretththepretically has reemomentum

and thereby hardly viprates at all. [0026 e position.and speed of lower, is then
detected bért—l’%ll(])%%l r table Iggr%)olg ﬁ% g#é) fedzgac Stojtﬂ31—’0%]#%roﬁeer}%ngtqﬁe%a%:‘é?%%%%ée is
applied to theteif 3201047 the X-dFBEHsh Hfotdr SO SRER TH& e WEr 2ameazlig contfdfEd to move
to a predetgymined assivni THespesitioncansd spredwidie Xeditestiammadrestaat@lrisialso detected

by the X diECUPRIROILS1LOL speedseriser e ANGLDe apsmpaRsalian lat e aiectiie pover

consumed fso?j[ e movement of the X-direction motor stator 31 is input to the coil 34. [0027]
Similarly, wheha ﬂc?sition command signal for moving the upper table 21 to a predetermined position
is output frojo O3 gontroller not shown, the Y-direction movable member 45 is accelerated to move in

the Y direction, so that.the,yRRer;takle,21i594ided: Rrthe. X-dirgction guide ail Z2dpJpgws also in the
Y direction. In contrast, since the Y-direction motor. staﬁ%{ 41 |sgprOV|ded alogtg the Yé%%ctlgn guide
rail 47 in a AANhBPHE S nfRPEITRE Yo dirsGRorS the v-dif8&ib R niseSrStafdt AR Biect to a

force of theshgma ndgnitude imthé lnppositeditedtion 3 & vcasticrripthsmonshiens bE teny-direction
movable memhed5and theuppesiaklie 2le Abihemasae)etated o dagve-initbe disretioncopposite to
that o_f the mov rgentagf t{le lgggéfg@g@ld s%%c?ngh$eY-.direacéion>£18tPreséactgr 4% th%s moyes in the
direction OF%%SI & to thatot the Rovement of the upper fable ? the cabinet i ana the téab e holder
12 theoretidaly Heveato rdrentubn BRdAREARSY Rardpeibfaidiegtion guide rail 14

to move also in the X direction. In contrast, Since the

X-direction motor stator 31 is provided along the X-direction

guide rail 37 in a manner that is movable in the X direction,

the X-direction motor stator 31 is subject to a force of the

same magnitude in the opposite direction as a reaction to the

movement of the X-direction movable member 33 and the lower

table 13, and then accelerated tomove in the direction opposite

to that of the movement of the lower table 13. Since the

X-directionmotor stator 31 thus moves in the direction opposite

to that of the movement of the lower table 13, the cabinet 11

theoretically has no momentum and thereby hardly vibrates at

all.

[0026]

The position and speed of the lower table 13 is then
detected by the lower table sensor 18 and fed back to the

controller, and thereafter a voltage is applied to the coil 34



[0028] The position and speed of the upper table 21 is then detected by the upper table sensor 19
and fed back to the controller, and thereafter a voltage is applied to the coil 44 in the Y-direction motor
40 such that the upper table 21 is controlled to move to a predetermined position. The position and
speed of the Y-direction motor stator 41 is also detggted by the Y-direction motor stator speed sensor
48, and then compensation for the electric power consumed for the movement of the Y-direction motor

stator 41 is input to the coil 44. [0029] 11 30, while the upper table 21, which is mounted on the lower
table 13 sliddbl rethé - 8freetic s @erﬁ@\ewﬂﬁhe@ﬁﬂbﬁﬂﬁe ¥QNiRELBAPIGoE 20 1%hich
causes the gppet-tabie-21i6 heroved i thesdand Mnditectigss Wiilbthe nmvepestiafibe upper

table 21 in the X nd.Y, dreclipns g, Yedliesion mavsble perahends; whishys fixeddodbs upper

table 21, is a in the X and Y directions. [0030] he Y-direction movable member 45 will

next be dese¥ibdd f dETSHIRATERReMRTBTIGE 4 T oRe ?Pcﬁ%%tléﬁﬂﬁﬁ/%blésmeﬁ%‘ér ¥ Fitiudes a
flattened rectamgatas £ytindridal mobvablelarot 43 withoa dracket siGrsrd vided bhemegectdsreof to be

fixed to the yppepabie 41,2 dFy8 O 4dattached e tha mayablearm 43, ane adynamig damper 50
provided at tﬁg)ggéj of the movable arm 43. The longitudinal direction, width direction, and thickness
i

direction of rection movable member 45 correspond, respectively, to the Y, X, and Z directions.
The width and thickBass b& thevmovadie arer43 bieTe prasoated, Tbapedtivaly, mywmﬁ'ehﬁl [0031]

The movablgprer484s farmad #foa hplaw hyrsancuicking Dlassepexy webatesAse nganged at
the both ends |r]Cth%1 |dth dlretctlo}rl] betwe% carlbog flbe relgﬁorrcn%qf gﬁgc IHQl‘ﬂB e@n%@v\ﬁ plates 43a
ra ower p

and 43D, witly Central giass €POXy spacérs d between he upper an ates 43a and 43b, and
jointing the @l%@ﬂgﬁékﬁﬁefiﬁlﬁég 23R 9 3o WitrF581iCand R Hd e d &R DIeRES 23¢ are
notched onzhe sideyatithedeid, ot He meayablecarnvd3ga phevide Dperings4deon hatbicsides of the

movable arg}43. S hgse Qpenings 43&"9@91&%HEs'E‘ter@IﬁeécetB‘éth§ avRhle oM 45, flso. the

dynamic damper 50, which is attached to the end face of the movable arm 43 opp05|te the bracket 46,

includes a fitpRRE Eﬂ%ﬁo?rd%l?ﬁ’d’ frafrtHeRBYabiB et 44 BRE G RBIght 53mbdrtkd*dh #e upper
surface of thetflatplate tiathe flatpieabbd inclutdes arcatinestion oightly Higtirg-intc tetrouable arm

43 to providggonnegtiop hetweendthe fial niate- 3l anethedngvapig-agams menghibecgangetion is

fixed adhesnﬁaly g)ptphgsmlg\e/:até{?raerrgtﬁ%nFueggleé q:%ghgt%gn to the movement of the

Y-direction movable member 45 and the upper table 21, and then
accelerated to move in the direction opposite to that of the
movement of the upper table 21. Since the Y-direction motor
stator 41 thus moves in the direction opposite to that of the
movement of the upper table 21, the cabinet 11 and the table
holder 12 theoretically have no momentum and thereby hardly
vibrate at all.

[0028]

The position and speed of the upper table 21 is then
detected by the upper table sensor 19 and fed back to the
controller, and thereafter a voltage is applied to the coil 44
in the Y-direction motor 40 such that the upper table 21 is
controlled to move to a predetermined position. The position
and speed of the Y-direction motor stator 41 is also detected
by the Y-direction motor stator speed sensor 48, and then
compensation for the electric power consumed for the movement
of the Y-direction motor stator 41 is input to the coil 44.
[0029]

As described heretofore, in the XY table 10, the lower

table 13 is driven in the X direction by the X-direction motor



surface of the flat plate 51 opposite the weight 52 is attached a damping member for vibration
damping. The damping member can be attached with a double-sided adhesive tape. The dynamic
damper 50 is dispersed the vibration peak of the Y-direction movable member 45 using the weight 52
and the damping member, thereby preventing the yipration occurring at the Y-direction movable
member 45. [0032] The drive colil 44 is installed between the upper and lower plates 43a and 43b
of the movable arm 43 and its partially protrudes in the width direction from the openings 43e on
lateral side 3Pthemidvalilbearmrsr Taddrve oivh4 Ehallapwniding ol tdrtéawsiapiiiing a
basic coreless coili4flhand two tayainated seralessGoils44k and 443rcartrespongingtectherrespective

phases of trcerphase affernaing,curent, Portions at which.eadh.of e qareless cojls 443, 442, and
443 mutuallyinterSect that c_orresponla 10 coil ends thereof, are confi ure%%; such a manner so as to
be located &P dtiGHRVSBtrimifg Forh B SvAHIE SFFHAT R thdWiidih B8 cHGY fRTdertil windings
the each cotelessspi artadiged aaproximately i paraflel ivthdhe dhdirectien ih-a hnacvieriapped
manner betyeen e ynet and wenilales 43300 43 efibe pvetlie s 43, 10033 so For

details, the drive coil 44 is configured to include the quadrangular basic coreless coil 441 and the two
laminated cBRTESS daiistA® EndRAd3YTHE BaStIYt8less coil 441 is formed by laminating two
guadranguldio@@idr and lower flat coreless coils 44a and 44b that is unit coreless coils having

approximately the same ghape in-theck Ydleas1 Engdmpet ansl ipwer thal:aonslesreeilsi4daiand 44D,

which are, respectively, upper and lower position the Z directiog in, FIG. 4,.are bent i rally up
and down. The ?a‘?ﬁiﬁé)ﬁedpé)&%lé%% ceolﬂgrﬁ%@ and %ﬂi’ Zalrél forr%ete‘lg b?/ Igr}]lrnea(fﬁjg%oml?ﬁrpae%t%gnd lower
flat corelessnenilzaad ardisdgdnd v Lipberasd I6ReE Aattoralk syédirUdcadduraiespectively,
unit corelesg £gilshaving appraximately thp sarieishiape ibribesnd plare.cbfe tamieateikdd@ coreless
coil 442 is configured by the upper lower flat coreless gil 44 q@%ﬂgg )é@gcqng@algci%oectively,
upper and Igv?/e?%%g %ﬁn%é]ég%;ge?dtign ?LIII—'FC? é%%}% £ ?aceg with respect to each ather in the X

S
direction so%&md Be §%ﬁrﬁé§ﬁé§%ﬁl‘i’é§}5&‘ft'é)%’e@éﬁ@?é)ﬁétd?kfﬁe%g\%g@%rﬁ%ﬁ%ﬁing in the
Y direction. Similarly, thethminased tarddssadoildidBds atkanged indthie uppeeanddowerdtad coreless

coils 44e and 446 which asg. 1espagfiyely sunpes aRd eyt POSioNs i s e difectin in flé3. 4 and
displaced with respect to each other in the X direction sg as to be symmetrical with respeg‘t to the

center axis GPIESTBOENle HRPRS TR Y the Yedifedtior TR s And i RorélBSs colls ¢4c and
44d) (44e and did) inmide kmiinktedscoils B4kmdwbighdye aumrodihately thesaveashzpe:in the XY

plane, and tpgéﬂ)é)@fg{l@g%g;gle&; G@ils 44 and 44e as well as the lower flat coreless coils 44d and 44f
are displaced i€3o osite directions with respect to each other in the X direction to be symmetrical with

respect to th[é) s of the movable arm 43. Then, the center of the basic coreless coil 441 in the
width direction is arfdrgeualie centeddf i hrsvedte brirc4s iRQke YdnEcHiBRIYE Bk M¥e windings

of the drive goi ¢4 ispasRmrircal with sespeci to- they¥aus elibeotivahlaarm Ahavhertly the thrust
center of the, drive coil 44, is configure lign: the center axi V, arm 43 ruppiag in the Y
direction. [O%ﬁ]ECtl?ﬁéﬁl%?@%r%%es%%c%l%@% %eﬁg 4&%;%%%0%3? 44 O%hggﬁg LEE]%ZPC%I’E@SS coils in

the laminatéPE6reIBIRE6IRs 432 AHera43tardddt winm thebasic FoPeRRIFGISPACHE And 44b) at
different pogitens:énthetkasipperelessicdibd4l. THert, pord@s atwhicbithedrasic) cdnetessocoil 441

and the flat E&%@ngg&@gn%a 10,441 pyerlan, arewWithin 488 SAMe B0ge dndha dirertionwfdhe

thickness of t c coreless coil 441. The overlaqg)plng thickness of the portions at which the flat

coreless coll84¥ 80 4BE MR IR SE RIS RMEBr MRS fFanthe thiRkRBSS BF tHe Basic
coreless coihd4alahd therflatd Soretessruwilsdkd cop et rarel ddenged withim thedarge bf theethickness

of the portiogpg-af wihich the PRSIC These openings 43e lead to the interior space
of the movable arm 43. Also, the dynamic damper 50, which is
attached to the end face of the movable arm 43 opposite the
bracket 46, includes a flat plate 51 protruding from the movablie
arm 43 and a weight 52 mounted on the upper surface of the flat
plate 51. The flat plate 51 includes a connection tightly
fitting into the movable arm 43 to provide connection between
the flat plate 51 and the movable arm 43, and the connection

is fixed adhesively to the movable arm 43. Further, on the



14 coreless coil 441 and the flat coreless coils 44c to 44f overlap. [0035] Next will be described
how the portions at which the coreless coils 441, 442, and 443 mutually intersect, overlap with
reference to FIGs. 4 to 7. FIG. 5 is a plan view of the drive coil 44. In FIG. 5, the lines A-A to F-F and
the lines G-G to M-M indicate sectioning positions, respectively, in the Y and X directions. The
cross-sections taken along the lines A-A to F-F are shown in FIGs. 6 (a) to 6 (f), while the
cross-sections taken along the lines G-G to M-M are shown in FIGs. 7 (g) to 7 (m). It is noted that the
arrows neasthefchazactersh to M ingA6t & intlicatpdse taedhiernsad et the érmstsectiovd shown in

FIGs. 6 (a) 1p 8.3 S8 4B dQ (B} d0Q38] dampsrgnowniz kiGep 4anehantherceraless coils
441, 442, and 443 are arr nggelg in anc%gd r.of the arginaé%d coreleg%coil 44%.h]basgf Qr é[ess coil 441,

and laminat®d Gr&REEEGi Ya5h the L%E’r%a%t—i6‘3%.(:[]&5 shigwn m FIG. 5, thé coreless %%f‘i’ls. 71, 442, and
443 have adempsitded Anhsilatistzpestth Eimdédmets TheGddeCdnd: fiver Tt E8Fés8coils 44a
to 44f configiingthe arialess aailsAdh ¢4 anged4hbase appioximtayntbersamesbape in the XY

plane and also_haye the same, thickn N ce th lower flatcoseless. cojls 44a and
44b in the E%s?crg()%rglgsrsegoelpfif gre1‘:e E%rﬁi %%55%?1{? Illjpgan own (in the Z direction) as shown in

FIGs. 6(b), BLERLZL) &P 2 X1 the upper and lower flat coreless coils 44a and 44b appear as one
four-sided ripgoiBHIG. 5. One long side of the laminated coreless coil 442 is arranged in parallel with

one long side of therhasig,copeless:oil #41,al Ao coowlingla. salier han fpat:ok ie basis,coreless

coil 441. One long side of the laminated caoreless coil 443 and the other on%side of the ialminated

coreless coR 4a5SFe 4rangad sécjiﬁ’erﬂﬁlI§ﬂ?t%@%ﬁ%&i5ﬁ%it§i§tﬁg out S &R Basic
coreless copp A4t rle sthin lorgesioe dftihe ddmaatdcoréless coha43pethbntirahded on

approximatgly i pgrallgl with dke otherlengside of the basic qareless cod 444 at asY cogrdinate
greater 15 than that gf, the Ion% i%e of thg asictih oreless.coil 441, The Eongo%ig(?%ggt%eo%reless coils

c
441, 442, an@R2%HE NG EY tbBALR otRer argﬁgﬁ?ﬁeﬁflges%e}%%\siel sShort sides running in the Y
direction. [0037] and Awehbwminaiesd. o 7edeand® ic) st 3narEidd AtIRE SHRPRRXIESbrdinate of
the upper flgi.canglesscenilddci inghphaminated coreless poik 442 £xtendsategativelyringhe Y direction
from within the four-sided annulay basic corel cqil 44 In iR th peL flat ggreless coll
443 upwardg;lﬁlfﬁé %ngiréi_l?:ctigr? ér% ei?ec%jd %f a%?(l%o%% iﬁ%téegsémt‘gcﬁ%?%gn&%htqo??ﬁeEllj %er flat coreless
coil 44a, anBuseR SHeAtdERTAsT IRRAE ZEFEGRINBDLRRE inte GRS WiFHg torffSPonding
lower flat coseless gait dddi Bivercthad thethiekness afsedoh beit toitMdedtoatAfpiss'tt thesverlapping
thickness Hgof {he poslionaibich e hasiceasiess oall Mk (tAaendda anddhaumer flat

coreless coll 44c intersect, is represented by 3t = 1.5 x 2t that is one-and-a-half the.thiq:kn ss of the

basic coreleSS ol I/ ASIRGHNGRFE RS B (FORS e Ffat o Srefeda 3T 288 Beh 8dsRas positively
in the X directiopatalthickness bf tHetofethierevithite [dwep flarcoreless bailiad. MaBRfdaching the

greatest X goorqinate, the uppst fak cerelesssoib44¢ exteils pesitivaly b the Xediestignl &s shown
in FIG. 6 (c), the ypper flat coreless coil 44c then extends negatively in the X direction and is bent
upward in the 2 d#r%étion to intersect with the upper flat coreless coil 44a in the basic coreless coil 441
thereover, ah@ldhén is bent downward to extend negatively in the X direction again together with the
lower flat coreless cpil Adektogelwn torbeOriginralpositiont The overtdppingthickness:Had the
position at which the basic corel coil 4 d 44. t flat corele iL44c
intersect, is%ggr&%%%f 8)9 %gﬁﬁaxs tct;%t)%%ar?(%%n%ﬁg{ﬂlhg%&?gfﬁeésﬁg t%g 'gzzli%%%éeless coll
441. The thieREEILERhETEhFal AriBRGs A8 whitheoPepEndS ietRickRdds &fdny fvo from
the flat corelessngails ¥¢a 1addhthiat istthewbicknesirefitbe basicugarelessindil 44¥€flat Toedless coils

44aand44%%reless coils 44a and 44b that is unit coreless coils having

approximately the same shape in the XY plane. The upper and
lower flat coreless coils 44a and 44b, which are, respectively,
upper and lower positions in the Z direction in FIG. 4, are bent
integrally up and down. The laminated coreless coils 442 and
443 are formed by laminating two upper and lower flat coreless
coils 44c and 44d and two upper and lower flat coreless coils
44e and 44f, respectively, unit coreless <coils having

approximately the same shape in the XY plane. The laminated



16 [0038] As shown in FIGs. 5, 6 (c), and 7 (g), the long side at the greater Y coordinate of the
lower flat coreless coil 44d in the laminated coreless coil 442 extends negatively in the X direction from
within the four-sided annular basic coreless coil 441 to be bent upward two times, and then intersects
with the upper flat coreless coil 44a thereover to extend to an X coordinate smaller than that of the
upper flat coreless coil 44a. The overlapping thickness of the position at which the basic coreless coill
441 (44a and 44b) and the lower flat coreless coil 44d intersect, is represented by 3t = 1.5 x 2t that is

one-and-a-K&if heepickpedd of fe BasiceBiciessresl v thee BRRe ¥afB6releddsdoilfdatis then
bent downwsagddn ghes Z-difactionito everlapon heilowerdflal coselesscowdafin thedlaminated coreless

coil 443 and reach the St X i exte ho, izcgg]ﬁa ti inthe Y
direction, aggﬁ%ﬁrﬁ%\%gf&é)liﬂ%ﬁgﬁ%:QI%E%%(%i;}#te@ﬁ r%eécélin th(Lab"'Ls,%lnBalqlIél(s‘?t&g g cwogol&r/ginate, the

lower flat cArRRRECoiF248aRBrebREFIL P IR Sy iiRE 5 Rt foRsahd 8D SRR in the Z
direction toiiritersanct spacthetuppereflatcnteless x0# 4dA inltherbasibderetess dail 44httargover, as

shown in FIg, 74k).vapd then ishent downwardhte g wadelihe sppardist sorelass sl 44csand extend
negatively in the X direction together with the légﬂer flat coreless coil 44c to retlirg t 4the %rcilginal

position. [0GSOP* F2RIAotbh TRIGEPS 7 35 ard Bh) thaSHSH SiteH the snialfer X ¥33rdinate of
the upper fldédoretdssctoi Bde inglpdarhinaeddycorahess cond 4Boaasnas positivery iitHd ¥ direction

ZZL“ \r/]\/ithin %@1@%&@%3{&@%@@%&9&6@%;@&6& tpiintersesbwitlh the lewenflatgereless coil
thereunder. and extend to a Y_coordinate greater than that of.the.lpwer. fl less cpil 44b, and
then is bentll?p\}:v%a?d %} éﬁeri%ﬁrle%ﬂoﬁ?oabseéto%%elnfesg%ri%iér\/\]ﬁ_ %%g?égriﬁlegéc%é%gr@ Igv%_e?ﬁgt coreless
coil 44f. TheevERFPPARGINRKNERS HPBRIPE Ao At WHICH M BAsiERDr&Ie38 127 442 44a and
44b) and thenipper Hat eokelgsseoibéde intersect id repredentend 44d) (44e and 44f)

in the laminated coils 442 and 443 have approximately the same
shape in the XY plane, and the upper flat coreless coils 44c
and 44e as well as the lower flat coreless coils 44d and 44f
are displaced in opposite directions with respect to each other
in the X direction to be symmetrical with respect to the Y axis
of the movable arm 43. Then, the center of the basic coreless
coil 441 in the width direction is arranged on the center of
the movable arm 43 in the Y direction, so that the windings of
the drive coil 44 is symmetrical with respect to the Y axis of
"~ the movable arm 43, whereby the thrust center of the drive coil
44 is configured to align the center axis of the movable arm
43 running in the Y direction.
[0034]

The flat coreless coils (44c and 44d) (44e and 44f) that
is unit coreless coils in the laminated coreless coils 442 and
443 intersect with the basic coreless coil 441 {44a and 44b)
at different positions in the basic coreless coil 441. Then,
portions at which the basic coreless coil 441 and the flat
coreless coils 44c to 44f overlap, are within the same range
in the direction of the thickness of the basic coreless coil
441. The overlapping thickness of the portions at which the
flat coreless coils 44c to 44f mutually intersect, is equal to
or smaller than the thickness of the basic coreless coil 441
and the flat coreless colls 44c to 44f, and arranged within the

range of the thickness of the portions at which the basic



17 by 3t = 1.5 x 2t that is one-and-a-half the thickness of the basic coreless coil 441. As shown in FIG.
6 (a), the upper flat coreless coil 44e then extends positively in the X direction together with the lower
flat coreless coil 44f. After being bent downward and reaching the greatest X coordinate, the upper flat
coreless coil 44e extends negatively in the Y directjgn. As shown in FIG. 7 (m), the upper flat coreless
coil 44e then extends horizontally and negatively in the Y direction. As shown in FIG. 6 (d), the upper
flat coreless coil 44e is then bent downward to intersect with the lower flat coreless coil 44b in the
basic corel&RuslEE IRk driderBAR D EAEIDFRES 476 Trfied 16 &denthe§&tREBR4AIRe X direction
together withatbg 3qwer flat coreless coil 44f, and then is bent downward to go under the upper flat

coreless coil 44c in ghg lamjgteciroreless. cqlb442 ABg exiancRsitueLin e Yidiegetippdo retur to

the original position. In this configuration, as shown in FIGs. 6 (d) and 7 (j), the overl{;;lg ing thickness

of the positiBAER WiTch B basit threldé coft 221944 a ¥ 440 and tHe R5iser 118 &8s coil 44e
intersect, iswepieseafed by 8¢ =th5BI&that issongd-andFathalthieshicknbss of tiearbasictdureless coll

441. The thigkngss of the gantrakportien is 52t"whichicpiespondsdosthe thigkness of apy swo from
the flat coreless coils 44a to 44f that is the thickness of the basic coreless coil 441 (flat cqrqgless coils

44a and 445550090 ™ TREEHEGR ATHEECBHHY BLE): theTHg S aetctﬁé%%a“il’erj\fnlc%ordinate of
the lower flat eardlessidoirgdtinmise lafBirated edreiessEdiPa43 extaiAegatiVengin e direction
from within thexfougsidedagdardlasiscoralessreril 444 tq be beat downsygrd warid thenirtersects
with the lower flat coreless coil 44h, downward ip.the Z.direction .tq extend t dinate smaller
than that of The ?osf/\?éc“reféﬁ core e%saqégﬁlﬁr%.o%lge_ %}\g/%rla%%llﬁgitﬁcﬁnoégs Egﬂoéﬁg péo}gﬁ%r}] gtﬁ which the
basic coreleSERbil 441 (@Uatehd’448))and fHe BReRARECOERAS doiast THersRch%e FeprBSented by 3t
= 1.5 x 2t thew israre-and-a-half the thigkessof theilkasie cotaleds coit didnEhedowee flabeareless
coil 44f is th it nthe Z..18 diregtien to gverlap ppder they uppey flatgoreless goil 44d in
the Iaminat((a%p 8%%;@%%%?’442 andvrqeach the greatesth ?:oordinat@nd then extends r?o(‘ar:?;ontally
and negativER/ ih th&X- direction, as shown in FIG. 6 (@). As shown in FIG. 7 (k), the lower flat coreless
coil 44f ther] éxtgéhdls negatively in the X direction and is bent downward in the Z direction to intersect
with the lower flat careless,¢oil 44bin dhe basicrorelessroildtiethesgundan and4hen gogs under the
upper flat coreless coil 44e to extend negatively in the X direction together with the upper flat coreless
coil 44e to @Hfjrnqt%%haer&ia53?883%0?{9[5614?%% %Ieos%ri%ea rigr%%g%)eﬁéanctﬁgef;ﬂ%?n%tgalc%‘reless
coils 442 arfth243 e iupparfat esreless ¢old 44camd 44aana ied IGRacl@corerss i3 44d and

44f are displacethdespactively: with respectéwgach other ip thent dicecdiva $e havela hadued

thickness, intersecting with the basic coreless, caqil 441 theregyer or T the
overIappingr;ilgé:knaerécs9 IA-I;% oPﬁ%ep%sElt? ons §th gi%ha%ﬁ%%%gsfc %%%&es@gﬁgﬁ%&g%ﬂjg%m and the
upper and |1BWer ABPESTIBSS LBIC 14E 18 BANBIRRE BTéprotireli by 4E=CPE IS UAERHown in
FIGs. 6 (b) and & (d)ethesthickridss £P1is vazically symhetsical ayithrespectito tigetdentemtiae of the
drive coil 44,in.the 7 diregtiopywhichyis proguding,by Jvf e githerside, Therefore attaghing the
upper and lower plates 43a and 43b of the movable arm 43 having the same thickness, respectively,
on the upper HRESoWRE sHIRST tAELehBYPSortiof RIGRERAE ?ﬁ’ag tl%éﬁ‘n@é%c?niﬁg ZHirection of

the entire Ydirettimimavabisl memberid544 beminimeinédi ntthizreddey fithemdoftness bithe upper

and lower pigtes 433 and-430af thedneuahle arm 43 éshalg s thigkness, 't of the flaksarejess coils
that is 0.5t, the thickness of the cenéral por;i%%%f the mgvable me@bg1 45ist verﬁgggllg thickness
"2t" of the flat¢oretESs WBRS pIidthe WIS HicKhesOTe 5 e A3 and 43b that

)
hess ol e E&Jler Iané‘?ower plates’
is 3t. Thus, #eehickheyss +lidete ioyablddim 43 shewa keRGS 44¢ effuaihe IRmavataping

thickness H2of dhe partionsiatayhich she basicqauelesssoit 41 4aiand 44e) arthihesfiatecoreless
coils of the basic coreless coil 441 at a Y coordinate smaller than
that of the basic coreless coil 441. One long side of the
laminated coreless coil 443 and the other long side of the
laminated coreless coil 442 are arranged sequentially in the
Y direction within the four-sided annular basic coreless coil
441. The other long side of the laminated coreless coil 443
is then arranged approximately in parallel with the other long

side of the basic coreless coil 441 at a Y coordinate greater



19 44c to 44f intersect. [0042] Further, since the positions at which the upper and lower flat
coreless colils 44a to 44f overlap, are within the range of the thickness H2 as shown in FIGs. 6 (a) to 6
(f), the overlapping portions cannot protrude by 1. 5t or more on one side from the center line of the
drive coil 44 in the Z direction, whereby the overall thickness can be reduced. Accordingly, the
Z-direction spacing between the permanent magnets 42 in the stator of the Y-direction motor 40 can
be kept narrow even if the Y-direction movable member 45 moves in the X and Y directions as in the

XY table, whithrcahprepdntine thrnst sfite SifelHatinepeufe FOKRER PFofs ¥orf tecredSifig. [0043]
Moreover, indhg exafeplasy elnboginenicatove,isisceshe eorelesmenild 34y 442 randcAAiare

lap-winding,ones.and SvRHaPpad 1. ehieve A nadoper MaAnalicale pligh and fiefefgre 4 higher
magnetic flux density so that the thrust reduction can be prevented, the Y-direction stroke width can be
increased Vililfe predeémidftHedrive coil 44 from becoming heavier. In addition, since the lap-winding

can reduce @ Y7direction length of the drive coil 44, the natural frequency of the entire Y-direction

movable member 48 carybe-kept highs whish i tyrcan peeventdhe edisestion mavaple spember 45
from vibrating and the bonding %uality from de%ra Ing. Further%or , since ihe gortioné qlt%hich the

coreless coliS 347442 Snd 453 PIUERF MtEsett Frothilinthe Wit diretionSHthe Hdvable arm
43, and codlingtdiebbamioatsdhe poelesss cad be4éd iniaadsovte bimedythisughthe

openings 43e oM tbeimevaligsiny43nwhetely tha.eorelasscailsridila 442 and 443-earbe cooled
easily. [0044] . lthough the basic cqreless. cail.441 is form laminating fw d ular upper
and lower fI%{)%c:)Lré?e}Qs L(%]llsaﬂl%egr?f a b%ﬁ%gtgp%rgﬁé%]feﬁ%é s%f%%gs gag’péé i%(?#efl Xyg%gljane and

the upper aREYGWE #iat Ebreléss tERS BARARIEUBXNRRA 1@, Fedpeeiich NRdersiftitb#er positions
in the Z diragtign 204R HE tharghent integraldy vplanssdewnlindie akove daecrigttobahthis

exemplary guaRdnant e Lpaerandiiawer ahcarplens ealintdn,aud ddocan bedient indegrally up

and down and the upper and lower flat coreless coils 44c to 44f in the laminated coreless coils 442

and 443 caRPEF BERAEEHIME Ut AnbligleFRICIS SRS Rbits 448 and44t5h thBask Eoreless coil
441. Alternativebkmes svofbabahewplate can etdd asthet dppet and:lfowshiavverelessrdoilg 44a and

44b. In addifign -QvRrlappipg dhe pRrtionsat which-the4pRar andkloves flat coraless sols 44a to 44f
mutually intersect that correspond to, cail ends of t%g coreless_colls, is ng]tjlilrlnitegl&what *:s described
e iR

in this exenipiary ethaHthaat bath ASUS TRSMEHE. Fitther QIRbughRE coreless
coils 441, 448, amb443 entkihdedtwolayers i thtatid\atddseriptiem anthis ckehplarpe
embodimengthe rwhe-af laperneai bedowealess asdeng as1the mynbabisgreven and the thrust

center of the drive,qoll 44 15.confianred do bealigned,with fne crater X gLIS MOYRRiGAT 43
in the X direction at a thickness of “2t” together with the lower
flat coreless coil 44d. After reaching the greatest X
coordinate, the upper flat coreless coil 44c extends positively
in the Y direction. As shown in FIG. 6 (c), the upper flat
coreless coil 44c then extends negatively in the X direction
and is bent upward in the Z direction to intersect with the upper
flat coreless coil 44a in the basic coreless coil 441 thereover,
and then is bent downward to extend negatively in the X direction
again together with the lower flat coreless coil 44d to return
to the original position. The overlapping thickness H2Z of the
position at which the basic coreless coil 441 (44a and 44b) and
the upper flat coreless coil 44c intersect, is represented by
3t =1.5 x 2t that is one—and-a-half the thickness of the basic
coreless coil 441. The thickness of the central portionis “2t”,
which corresponds to the thickness of any two from the flat
coreless coils 44a to 44f that is the thickness of the basic

coreless coil 441 (flat coreless coils 44a and 44b).



[0045] Although this exemplary embodiment describes the case of applying the present invention
to the Y-direction movable member 45, the X-direction motor 70 and the Y-direction motor 80 in the
configuration shown in FIG. 1 can replace each other as in the XY table 10 shown in FIG. 8. In this
case, the movable member in the X-direction motoj/0 is configured to include such a lap-winding coil
as shown in FIG. 4. [0046] The present invention is not limited to the above-described exemplary
embodiments, and various variations and modifications can be made without departing from the
technical scbp@3hid nature of the invention defined in the appended claims. Description of Reference
Numerals [0047] 10¥eY tahled 1Gakiniels 2152 Table hpldatd 3Lower,tablee 1ong side at

the greater Y coordinate of the lower flat coreless coil 44d
in the laminated coreless coil 442 extends negatively in the
X direction from within the four-sided annular basic coreless
coil 441 to be bent upward two times, and then intersects with
the upper flat coreless coil 44a thereover to extend to an X
coordinate smaller than that of the upper flat coreless coil
44a, The overlapping thickness of the position at which the
basic coreless coil 441 (44a and 44b) and the lower flat coreless
coil 44d intersect, 1is represented by 3t = 1.5 x 2t that is
one-and-a-half the thickness of the basic coreless coil 441.
The lower flat coreless coil 44d is then bent downward in the
7 direction to overlap on the lower flat coreless coil 44f in
the laminated coreless colil 443 and reach the greatest X
coordinate, and then extends horizontally and negatively in the
Y direction, as shown in FIG. 7 (g). As shown in FIG. 6 (f),
after reaching the smallest Y coordinate, the lower flat
coreless coil 44d then extends positively in the X direction
and is bent downward in the Z direction to intersect with the
upper flat coreless coil 44a in the basic coreless coil 441
thereover, as shown in FIG. 7 (k), and then is bent downward
to go under the upper flat coreless coil 44c and extend
negatively in the X direction together with the upper flat
coreless coil 44c to return to the original position.

[0039]

As shown in FIGs. 5, 7 (j)}, and 6 (b), the short side at
the smaller X coordinate of the upper flat coreless coil 44e
in the laminated coreless coil 443 extends positively in the
Y direction from within the four-sided annular basic coreless
coil 441 to intersect with the lower flat coreless coil 44b
thereunder and extend to a Y coordinate greater than that of
the lower flat coreless colil 44b, and then is bent upward in
the Z direction to become integrated with the corresponding
lower flat coreless coil 44f. The overlapping thickness H2 of
the position at which the basic coreless coil 441 (44a and 44b)

and the upper flat coreless coil 44e intersect, is represented
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by 3t = 1.5 x 2t that is one-and-a-half the thickness of the
basic coreless coll 441. As shown in FIG. 6 {a), the upper flat
coreless coil 44e then extends positively in the X direction
together with the lower flat coreless coil 44f. After being
bent downward and reaching the greatest X coordinate, the upper
flat coreless coil 44e extends negatively in the Y direction.
As shown in FIG. 7 (m), the upper flat coreless cecil 44e then
extends horizontally and negatively in the Y direction. As
shown in FIG. 6 (d}, the upper flat coreless coil 44e is then
bent downward to intersect with the lower flat coreless coil
44b in the basic coreless coil 441 thereunder and is bent upward
two times to extend negatively in the X direction together with
the lower flat coreless coil 44f, and then is bent downward to
go under the upper flat coreless coil 44c in the laminated
coreless coil 442 and extend positively in the Y direction to
return to the original position. In this configuration, as
shown in FIGs. 6 (d) and 7 (J), the overlapping thickness of
the position at which the basic coreless coil 441 (44a and 44b)
and the upper flat coreless coil 44e intersect, is represented
by 3t = 1.5 x 2t that is one-and-a-half the thickness of the
basic coreless coil 441. The thickness of the central portion
is “2t”, which corresponds to the thickness of any two from the
flat coreless colls 44a to 44f that is the thickness of the basic
coreless coil 441 (flat coreless coils 44a and 44b).
[0040]

As shown in FIGs. 5 and 6 (d), the long side at the smaller
Y coordinate of the lower flat coreless coll 44f in the laminated
coreless coil 443 extends negatively in the X direction from
within the four-sided annular basic coreless coil 441 to be bent
downward, and then intersects with the lower flat coreless coil
44b, downward in the %2 direction, to extend to an X coordinate
smaller than that of the lower flat coreless coil 44b. The
overlapping thickness H2 of the position at which the basic
coreless coil 441 (44a and 44b) and the lower flat coreless coil
44f intersect, 1is represented by 3t = 1.5 x 2t that is
one-and-a-half the thickness of the basic coreless coil 441.

The lower flat coreless coil 44f is then bent upward in the 2
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direction to overlap under the upper flat coreless coil 44d in
the laminated coreless coil 442 and reach the greatest Y
coordinate, and then extends horizontally and negatively in the
X direction, as shown in FIG. 6 (a). As shown in FIG. 7 (k),
the lower flat coreless coil 44f then extends negatively in the
X direction and is bent downward in the Z direction to intersect
with the lower flat coreless coil 44b in the basic coreless coil
441 thereunder, and then goes under the upper flat coreless coil
44e to extend negatively in the X direction together with the
upper flat coreless coil 44e to return to the original position.
[0041]

As described heretofore, in the laminated coreless coils
442 and 443, the upper flat coreless coils 44c and 44e and the
lower flat coreless coils 44d and 44f are displaced,
respectively, with respect to each other in the X direction to
have a halved thickness, intersecting with the basic coreless
coil 441 thereover or thereunder. Therefore, the dverlapping
thickness H2 of the positions at which the basic coreless coil
441 (44a and 44b) and the upper and lower flat coreless coils
44c to 44f intersect, is represented by 3t =1.5x 2t. As shown
in FIGs. 6 (b) and 6 (d), the thickness H2 is wvertically
symmetrical with respect to the center line of the drive coil
44 in the Z direction, which is protruding by 1.5t on either
side. Therefore, attaching the upper and lower plates 43a and
43b of the movable arm 43 having the same thickness,
respectively, on the upper and lower sides of the central
portion allows the maximum thickness in the Z direction of the
entire Y-direction movable member 45 to be minimized. In this
case, if the thickness of the upper and lower plates 43a and
43b of the movable arm 43 is half the thickness “t” of the flat
coreless coils that is 0.5t, the thickness of the central
portion of the movable member 45 is the overlapping thickness
“2t” of the flat coreless coils plus the total thickness “t”
of the upper and lower plates 43a and 43b that is 3t. Thus,
the thickness H1l of the movable arm 43 shown in FIG. 4 is equal
to the overlapping thickness H2 of the portions at which the
basic coreless coil 441 (44a and 44b) and the flat coreless coils
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44c to 44f intersect.
[0042]

Further, since the positions at which the upper and lower
flat coreless coils 44a to 44f overlap, are within the range
of the thickness H2 as shown in FIGs. 6 {(a) to & (f), the
overlapping portions cannot protrude by 1.5t or more on one side
from the center line of the drive cecil 44 in the Z direction,
whereby the overall thickness can be reduced. Accordingly, the
Z-direction spacing between the permanent magnets 42 in the
stator of the Y-direction motor 40 can be kept narrow even 1if
the Y-direction movable member 45 moves in the X and Y directions
as in the XY table, which can prevent the thrust of the
alternating-current linear motor from decreasing.

[0043]

Moreover, in the exemplary embodiment above, since the
coreless coils 441, 442, and 443 are lap-winding ones and
overlapped to achieve a narrower magnetic pole pitch and
therefore a higher magnetic flux demnsity so that the thrust
reduction can be prevented, the Y-direction stroke width can
be increased while preventing the drive coil 44 from becoming
heavier. In addition, since the lap-winding can reduce the
Y-direction length of the drive coil 44, the natural frequency
of the entire Y-direction movable member 45 can be kept high,
which in turn can prevent the Y-direction movable member 45 from
vibrating and the bonding quality from degrading. Furthermore,
since the portions at which the coreless coils 441, 442, and
443 mutually intersect protrude in the width direction of the
movable arm 43, and cooling air blown out of the nozzle 55 can
be fed into the movable arm 43 through the openings 43e on the
movable arm 43, whereby the coreless coils 441, 442, and 443
can be cooled easily.

[0044]

Although the basic coreless coil 441 is formed by
laminating two quadrangular upper and lower flat coreless coils
44a and 44b having approximately the same shape in the XY plane
and the upper and lower flat coreless coils 44a and 44b, which

are, respectively, upper and lower positions in the Z direction
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in FIG. 4, are bent integrally up and down in the above
description of this exemplary embodiment, the upper and lower
flat coreless coils 44a and 44b can be bent integrally up and
down and the upper and lower flat coreless coils 44c to 44f in
the laminated coreless coils 442 and 443 can run between the
upper and lower flat coreless coils 44a and 44b in the basic
coreless coil 441. Alternatively, not two but one plate can
serve as the upper and lower flat coreless coils 44a and 44b.
In addition, overlapping the portions at which the upper and
lower flat coreless coils 44a to 44f mutually intersect that
correspond to coil ends of the coreless coils, is not limited
to what is described in this exemplary embodiment, but can
overlap in various manners. Further, although the coreless
coils 441, 442, and 443 each include two layers in the above
description of this exemplary embodiment, the number of layers
can be four or six as long as the number is even and the thrust
center of the drive coil 44 is configured to be aligned with
the center axis of the movable arm 43.

[0045]

Although this exemplary embodiment describes the case of
applying the present invention to the Y-direction movable
member 45, the X-direction motor 70 and the Y-direction motor
80 in the configuration shown in FIG. 1 can replace each other
as in the XY table 10 shown in FIG. 8. In this case, the movable
member in the X-direction motor 70 is configured to include such
a lap-winding coll as shown in FIG. 4.

[0046]

The present invention 1is not 1limited to the
above-described exemplary embodiments, and various variations
and modifications can be made without departing from the
technical scope and nature of the invention defined in the

appended claims.

Description of Reference Numerals
[0047]

10 XY table

11 Cabinet



A two-directionally movable table movable in two directions, first and second directions, orthogonal to
each other in the same plane, the table comprising: a first table for driving in a first direction by a
first motor, the first table to be guided in the first direction; a second table for driving in the first
direction together with the first table as well as in a,gecond direction by a second motor, the second
table to be guided in the second direction by a second directional guide provided on an upper surface
of the first table; a movable arm for moving in the first and second directions together with the
second tabik?the movable gﬁﬁje‘?(tém'ﬁjgfﬁ the second direction with one end thereof being fixed to
the second 1able; and harve coillpagtially protruding in a width direction of the movable arm, the
drive coll bq_i@g aftached within the g]_qyfpj%%%nw%rfgé raithe drive coil is a lap-winding coil in
which central portions of a plurality of coreless coils are arranged in parallel with the second direction
within the m&rabParrt Gnd* B8ORS &t which the coreless coils mutually intersect, are arranged in
positions prbtruding from thé-rdovalsle bem, the-drvédrcditleamprising: a basic coreless coil; and at
least two lafrignated corelesgsigils fermedby lamipating a plurality of unit coreless coils in the direction
of the thickril%ss of the basii;gé(g{)eeée%sa olil ngﬁgig the unit coreless coils in each laminated
coreless coil intersect with t asic core‘?ess Coilat different portions in the basic coreless coil, and
portions at ®hich the basic €BRg&sstédtiland the unit coreless coils overlap, are located between two
planes extepgingsalong the surfacewfdhiebasicaorelassicoit at apredetermined distance on both
sides in thezlgmination dire%tg from the center in the direction of the thickness of the basic coreless
coil, and wherein the overlapping thickness of the portions at which the unit coreless coils
mutually intéfsectds equal to or sniaNEr#RAhEIhBRAEESof the portions at which the basic coreless
coil and the3anit coreless coilsdivsslapi fGlamo2dr stator

32, 42 Permanent magnets
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34 Coil

38 X-direction motor stator speed sensor
40, 80 Y-direction motors

41 Y-direction motor stator

43 Movable arm

43a Upper plate

43b Lower plate

43¢ Web plate

43d Spacer

43e Opening

44 Drive coil

44a, 44c, 4de Upper flat coreless colls
44b, 44d, 44f Lower flat coreless coils
45 Y-direction movable member

47 Y-direction guide rail

48 Y-direction motor stator speed sensor
50 Dynamic damper

51 Flat plate

52 Weight

55 Nozzle

100 Wire-bonding apparatus

101 Bonding head

102 Bonding arm



The two-directionally movable table according to claim 1, wherein the number of the unit coreless
coils laminated in each laminated coreless coil is even, and each of the same number of the unit
coreless coils are displaced with respect to each other in the first direction to be arranged
symmetrically with respect to the center line of the sgovable arm running in the second direction. 24
[Claim 3] The two-directionally movable table according to claims 1 or 2, wherein the basic coreless
coil comprises a plurality of layers laminated in the thickness direction. [Claim 4] The two-directionally
movable taBl8&ccording toefhl3,atterein the unit coreless coils runs between the layers of the
basic corelessicoil. Basic coreless coil

442, 443 lLaminated coreless coils



[Claim 5] The two-directionally movable table according to any one of claims 1 to 4, wherein each
laminated coreless colil is formed by laminating two unit coreless coils and the thickness of each unit
coreless coll is half the thickness of the basic coreless coil, and wherein the thickness of the
portions at which the basic coreless coil and the unit coreless coils overlap, is one-and-a-half the
thickness of the basic coreless coil, and wherein t8predetermined distance is one-and-a-half the
thickness of the basic coreless coil.

CLAIMS
[Claim 1]

A two-directionally movable table movable in two directions, first and second
directions, orthogonal to each other in the same plane, the table comprising:

a first table for driving in a first direction by a first motor, the first table to be guided
in the first direction;

a second table for driving in the first direction together with the first table as well as
in a second direction by a second motor, the second table to be guided in the second
direction by a second directional guide provided on an upper surface of the first table;

a movable arm for moving in the first and second directions together with the
second table, the movable arm extending in the second direction with one end thereof being
fixed to the second table; and

a drive coll partially protruding in a width direction of the movable arm, the drive coll
being attached within the movable arm, wherein

the drive coil is a lap-winding coil in which central portions of a plurality of coreless
coils are arranged in parallel with the second direction within the movable arm and portions
at which the coreless coils mutually intersect, are arranged in positions protruding from the
movable arm, the drive coil comprising:

a basic coreless coil; and

at least two laminated coreless coils formed by laminating a plurality of unit
coreless coils in the direction of the thickness of the basic coreless coil, wherein

the unit coreless coils in each laminated coreless coil intersect with the basic
coreless coll at different portions in the basic coreless coil, and portions at which the basic
coreless coil and the unit coreless coils overlap, are located between two planes extending
along the surface of the basic coreless coil at a predetermined distance on both sides in the
lamination direction from the center in the direction of the thickness of the basic coreless coill,
and wherein

the overlapping thickness of the portions at which the unit coreless coils mutually
intersect, is equal to or smaller than the thickness of the portions at which the basic coreless
coil and the unit coreless coils overlap.

[Claim 2]

The two-directionally movable table according to claim 1, wherein

the number of the unit coreless coils laminated in each laminated coreless coil is
even, and each of the same number of the unit coreless coils are displaced with respect to
each other in the first direction to be arranged symmetrically with respect to the center line of

the movable arm running in the second direction.
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[Claim 3]

The two-directionally movable table according to claims 1 or 2, wherein

the basic coreless coil comprises a plurality of layers laminated in the thickness
direction.
[Claim 4]

The two-directionally movable table according to claim 3, wherein

the unit coreless coils runs between the layers of the basic coreless coil.
[Claim 5]

The two-directionally movable table according to any one of claims 1 to 4, wherein

each laminated coreless coil is formed by laminating two unit coreless coils and the
thickness of each unit coreless coil is half the thickness of the basic coreless coil, and
wherein

the thickness of the portions at which the basic coreless coil and the unit coreless
coils overlap, is one-and-a-half the thickness of the basic coreless coil, and wherein

the predetermined distance is one-and-a-half the thickness of the basic coreless
colil.



