1 DESCRI PTI ON TWO- DI RECTI ONALLY MOVABLE TABLE Technical Field [0001]

The present invention relates to a structure of a two-directionally novabl e
tabl e. Background Art [0002] I n bondi ng appar at uses such as

Wi re-bondi ng apparatuses, an XY table is used as a two-directionally
nmovabl e table on which a bonding target such as a seniconductor device is
novable in X and Y directions that is two horizontal nutually-orthogonal
directions. Such an XY table includes a | ower table to be guided and noved
by an X-direction notor in the X direction and an upper table to be guided
by a guide on the upper surface HEIFRIETMEY table and noved by a
Y-direction notor in the Y direction. The upper table is configured to nove

in the Y direction on the | ower tabhle, which is configured to nove in the X
direction, so as to beQWQﬁﬂRﬁﬁﬁﬁﬁﬂﬂa§ﬁﬁ1MQ%ﬁg@QuﬁﬂhﬁéLrections. [ 0003]

There has been proposed a technique of using a noving-coil direct-current

| i near nq%or as %t¥*%§QFCtion notor in such an XY table and connecting and
fixing a q%ﬂnﬁﬁ%iefﬁl e novabl e nenber on which a coil is nounted to an
upper tabl®GIdr hi gh-accuracy positioning (see Patent Docunent 1, for

exanpl e) . [OOQ'%]e 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).



Al so, such a noving-coil linear notor often enploys an alternating-current

| inear notor. For exanple, there has been proposed a notor in which three
coils corresponding to the respective U, V-, and Wphases of three-phase
alternating current are arranged in a plane with the front and back thereof
being fixed by a support nmember and meignets are di sposed above and bel ow
the coils (see Patent Docunent 2, for exanple). 2 [0005] There has
al so bee osed a nmethod for configuring a rectangular coil for use in a
| i t hography projection apparatus in a manner that main current conductor
zones in the | Ghgrsi basdptsethorn arorayethgeeghod EormePnpldneingdd | e

cross zongs-ddhdie:shert Sbded Fac il%h%rg&a?)\hggb@@ﬁ)éetwﬁ% ety dPocument
3, for exanple). Related Art Docunents Paten cunents [00 %% Paﬁfnt
Docunent # 2JEPARGE e e K@k 64 TPEPENECAPPFFCatF U PUB FR&t ORI NHLde

2002- 329'dA% fatieit abecantahgdd clapanesmobnekane nediRal erbsAppbheatiron
Publlcat%%% g%br%o%?8%3éz%gcggggngrgbgyg?fgpgédJ?Qggeﬁgtgﬁ%EB%C&%%H€280248

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



Sunmmary of the Invention Problens to be Solved by the Invention [0007]
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Y- di r ect ia(?ndﬁBFSFgagsjcr? iPk?eq: n&nbﬁgpgﬁfl%[%’cul{rlrléen? i Eig%gl?gglé?%@f% oaril)eesét roke
depends owit bepéndi pecthenYsdieeotibhestotl of Thiee ef@i ks, azhitddthg e | ar ger

Y-direction; - j | I N
ncr case L NTRE TSR hE BRE Sa GAL or The NS e peber TS

' ength ( (ﬁ?lenovablenenb o
resul ts isidensif shei Aeidasedn¥ibeatnere’annoche YAt HREHRAR S Sber and

af fect the bandhdaGuabirt ¥i rSef £ &6 Pen NaMen mekber.i nHéhatet hesudicr ease
in the Y-direction stroke shoul I(_:IL,be limted. igﬁo% 3 as_described in
Pat ent DEEUREAEIBAHIRG PUFLEELt LdReerr BRECGoBE TRoF Ol P e FIThet 2
Y-directiplang ae aésthebedi 1s, Paeiithd@iodureny- di reqti pas sfowk enades: not
require increasing the Y-di t] [ f _the caqj ; ' | ing the
Y-direct i(or% % Vo?’g? flz?fsr ﬁnarlt‘céu;%scggtrab e(S)Ta (}%ia?lgceid- %ﬁr&eﬁl’n'{% ilcﬁlézééggﬁn%t .regc.gt'S
However , tsudinearthafusdrhtrieng-icoum rsdme |[dhearsatotadr Witseudiase 9%fged in a

pl ane as 39%)%9{ hogds PnEaY el BopHMRAt 205 EUU I8 B¥heFRgRetSs (1 MO DY t WO

for N an to be arranged on one side wth respect to the
t hr ust - didr EEENEH16PzEN gihey IeENe3flq flEE- PeRgEt ¥t $harrERereRELaHE N and

S pol es ¢lRpR UG pBAIB,0tAErs r@sia%Yl thentRricdysdd @hd Ontbevobgnetd fl ux
density at the center of each nacgtgcgti ¢ B Ie.l As a éesul.t thelthrr ust per
the unit SAFUNECIE edBRTRDTFS de sé&9, I’g:rlﬁf SvenfGREFY 148hi 2viHy K4 ar ger
Y- di r ect ivonlistgakien eadskeo laadsntoeaseinnreheewenghhe ofeidiet nol difie
menber, i o ct .t. ' it .S :&ASO !

enpl oyi n\ér%svtc?&legﬁe@%%gf na %hﬁ-bfb,gﬁ%é%&?‘?heea%o%%g H&@’&gxri Egéeel‘rgl%Pat ent
Document rZzagicgn svéhemplioydmaaspelobem ternaaing teuy rrreddecpy RfOT

Y-di rectiQn g3ti0k@cshoH! fabent it efent B addid saRfelrBEr@oinSa & &SIk Or XY
tables in wre-bondi ng apparatuses to bring the center of gr?g]\éj'rztb%/t of the

li near motokhabithelBsEepse iR HE Point FEROER T bey ver,

t hi nni ng Tendhod deimg Bh&ed | i @sai Reblie foel &ived sarlte sdeisce i hes-bondatgent

Document 2 suffers from a, m i mg& Outst
ity

robl em of a wi.dth incre i.n
di rect i o PRI AHETET SPebﬁlﬁQ%r’gée GEh 5t %e?lr?%%t%eoﬁtsgpeo% oravity ot the
coi |l and ddie miwsii hg posindamt Ofg thes XM draldlfe tha PYobdlebe ofhaidfgul ty in
appl yi ng .t I t ; i.bed.ikn_Paten Y, in
vmplroe}/bogc}-’lhnqgmég-lgraglt%uggg.eqﬁ%%g] 88ih"a8 lq‘ﬁ %}ﬁ%)o]?% at e%z%%? %%esé%:l?%égg in
Pat ent DdguRehend Dedremenerd sppiagsofrene prebiceRragnes VidEhi Exemafand

thereby tihe (sRaghpROsRelMBERLEBE PEd NBNEN FIBIREt S ryer bhpabdiwsandmLhi ng
the Y-direction novabl e nenber therebetween increases to.resul tglt}%%
ul ting

reduct i ofSH-StheInggRBEFY ¢F (e £oddi PPAgERe MO b PP S4hd °fhd
in an inoreaselie) bhervelahtopfdihe cumaplie eppheingAshesrébetedsermi th the

ir ﬁl:?faggea e;[ﬁcg:rejgkfeir | b&er'ggirfn:egﬁg el%cu[r)noecn mafttol’m} r}ga‘cblreess U{A Swirtlelg]&gdlarpg
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 novable nmenber and affect the bonding quality, suffering from
a problemin that the increase in the 'f-direction stroke should be

limted. [0010] It is hence an object of the present invention to
provide a two-directionally novable table with an increased 'f-direction
stroke. Means for Solving the Probl eng [ 0011] The present invention

is directed to a two-directionally novable table novable in two directions,

het anrdaegend GlLHde HAaPUHa ' @RAN Al Horl Add BB R] A0e,

the tableincluding:” aftir _ or driving in a first di; .
first notoffeatiad frem apppelen ethatdée Ltncrheseimsthe Y&t 1 second

tabl e forgdrdd ngdunnd e fihsitr<di rection together with the first table as
well as in a second direction by a second notor, the second table to be

gui ded i f4H&Plsecond direction by a second directional guide provided on an
upper surface gf therdridsstnt @bl €ct afmnabbeessm fioremviongt o pddieidd r st and

second directigns togeth with the second.table, the bl.e arm extendi ng
inthe s@c%‘l"n?%ﬁ%%??%lﬁaﬁ¥ﬁ‘ogr?g’tlgn%‘%?ﬁ r'és %%ilﬁﬁrfaia)%reég OAJﬁeeCtsléoc%nd

tabl e; ardtrmlkdr.i ve coil partially protruding in a wwdth direction of the
novable arm the drive coil being attached wthin the novable arm in which
the drive coil is a lap-winding coil in which central portions of nmultiple
cor el ess Mswinss e Selrvadged-Hiean 9% with the second direction wthin
the novablgyiarim and portions at which the coreless coils mutually

intersect, are arranged in positions protruding fraomthe novabl e arm
[0012] her RESp St di veee"tﬁl&{aﬂﬁyd%%%%%@am%’%- %ﬁﬁfgoqaoﬂtshe
present imeHlionzable i foahblepriaf envabl @itdbationbe dirre eoid sewdruiles: a

basic corgless .coil; and at least two.lam ! el i f d by

| ani nat i r"rﬁ'rrﬁﬁsttjioﬂsé rﬁr}tqmgoorneaﬁegtso 1Ty at?r@nﬂ‘eg} gl‘lqlr ectl o%%?ﬁ cﬁqhéleé? ’hiotcr: hess of

t he basi catdreeliesdudénh; a Miwsitchabhe fion dréyialgess acbirstidi rewhidrani nat ed
cor el ess gpi S.d t W i i id & did ferent

posi ti ons]f)(ifipr‘lal t%grslbe;gﬁt%re eésghc%?cl ?@%&nlaé ;%{?%_%ﬁg?lat yvhli ch_the basic

car el ess Haiactamn it e s@sionc kpblles §ogofrsvaner Laptharkl Yo e Peten t wo

pl anes extepdimng aliendchber sps acd1ef akhRebasi€ ieprnekessnediradt fon
predet erm ned di stance on bath sides in 1ihe I ﬁrénénat.i on direction frO([)mthe

center iP% ReSAFPBELTIONCDf HHe SEMCOKhEERLEf Ee HE HAE IS L AP RS SEHMY and in
whi ch t hetiowerd iappioig at kieclknessiokcthenpar yudds prowhdedl theamnippeor el ess

coils mityally.ntenseet  sis 80ual A0, phaaLheso L hanahe 4 blgkngss, of the

portions 81.’{ CFCR the basrc carel'ess COIl? and t he Unl% areless coils

overl ap. 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 novable table according to the
present invention, it is also preferable that, the nunber of the unit
careless coils lamnated in each |lam nated coreless coil is even, and each
of the same nunber of the unit coreless coils are displaced with respect to
each other in the first direction to Be arranged symetrically w th respect
to the center | i ne of the novabl e arn1running In the second direction
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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

exenpl ary embodi ment of the present invention. FIG 2 is a front
view of the XY table according to the exenplary enbodi nrent of the present

i nventi on. FIG 3 is a side view of the XY table including a
Y-direction novabl e menmber according fo the exenpl ary embodi ment of the
present invention. FIG 4 is a perspective view of the Y-direction

movabl e geipery] b Lo 1 AbeaBeeALMI NG, L enldhes sXpOBL A0 Y -enbediurept of the

pr esent PnventTon, IS a p an view o drive coil of the
Y-direct |S(§r3r0|k§vabl e nmenber in the XY table according to the exenplary
enbodi nent of the present invention. FIG 6 is an X-direction

cross-sectional view of the drhve coil, taken along the lines A-Ato F-F of
FIG 5. Brief Depcgippipg gfyrtaer &eew gR9Er oss-sectional view of the drive
coil takemoalsgng the lines GGto MMof FIG 5. FIG 8 is a plan

E o I ShaSa T NPT R A cebad et o e
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



Exenpl ary enbodi nents of the present invention will hereinafter be
described with reference to the acconpanying drawi ngs. As shown in FIG 1,
an XY table 10 of a w re-bonding apparatus 100 is configured to include a
| ower table 13 and an upper table 21 that are arranged, respectively, in
X-axis (along line X-X) and Y-axis (alzong Iine Y-Y) directions that is of
coordi nate axes orthogonal to each other in a pI ane. The | ower and upper
tables 13 and 21 are connected, respectively tQ ction Jmtor 30
and a Y- diirrecttiomsnbiyorthe0 respeckavet Reteasl 88 33 aaﬁ 21 rbatﬁ‘eoe SRS ven,
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rection notor stator 31 havi n and an
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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 notor 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 nounted on the upper surface of the table holder 12. [0021]
As shown in FIG 3, the Y-direction nttor 40 is a nmoving-coil
alternating-current |linear notor held on the upper surface of the cabi net

11 via a Y-di j | der, .17 Y- di i ide ralld: 47 in a
manner {HAIL e A AT LT e A an T o Bt

confi gur &bty isheltede3d ¥ dihee&t dbreabion k3 dngtadlewhinnghecrakiieat
magnets 42 and thhgeY- diabact i-emJmvaly edrnaie 45 MAWHY ghdlid M Gid 44 and
a novable arm.43 shown_in FI G 1.%[]:&%2% , /gg%shovm in FIG 3, the
Y- di r ect iR i SBPECRMGEE 4BWEE R % Brake™usS SIPHHES de of
t he upperort aflee BherThaidtiackeif 4hoftddle Yralidectizn novabl e nenber 45 is
fixed to [Itdbe?ﬁL pper surface of the upper table 21 with a bolt 23. The upper

table 21 Id on the |lower table 13 via a Y-direction guide rail 22
extendi ng in tBe YshbwectinorEIGhe3uppdre t dbfieregtignt mesogontd gdrsedi t o be

movabl e i, e, X i ﬁ%@ﬂamgstt;ﬁ&r%khlﬁ&f HRGARDI& okBeAs Weddr as in
the Y directi on the upper surface of the lower table 13, so_that the
upper taBiwfzce efnphamadinethdiiviha X-dhgcvtdrraidtondolitee ¥/ drdction

rmvgbl e @W}l@&_ﬂé@gwﬁi Q{ﬁiiﬂi ﬂi(;ﬁ$‘fj Qrf Bemapper dral Qs2ﬂ1_ovia§lﬁ| 80 wenfi gglr ed
to be novanle 1 n. bot e an directio { oget r wt the upper table
21. [0023] 91TECtioRg sﬁb@ﬁﬁdﬁrﬁlcéloﬂ meher %er ﬁﬁ%@ﬂ@mtﬂfnéj\ﬂ?{ serves

as magnetd ¢-dialedtiionmbgoreanston 4 héa¥ridig eetrimanenht nagatatod2 4dnd i s

provi ded .ext ensj.vel y .t o S t he ,¥- di ign r t

resul ti ngtei}eneftqﬁia ret%éoﬁle%n%g’r%ﬁ% Frn%nr?gt}s 452%8\%%% ?h%PIé% i‘r"??eﬁ‘.{ oa#l%f t he
nmovenent efmavedoldy iazan ol Ishiwr nint HEIGe di v ection, which serves as a
magnet o d(yzez]secti on in the Y-direction novabl e nenber 45. In addition,

the weight of the Y-direction notor stator 41 is greater than the total
wei ght 9 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 novable nenber 45, the upper table 21, and the bondi ng
head 101. [0024] The | ower table sensor 18 is nounted on the table
hol der 12 to detect the position and speed of the |ower table 13. On the
upper surface of the |lower table 13, an upper table sensor 19 is nounted
for detecting the position and travel %peed of the upper table 21 in the Y
direction. AY-direction notor stator speed sensor 48 for detecting the

travel speedpafy t&}g %aéi&?%é%%) mb;e}zatz;%r Hel Spb thtﬂéﬂfé‘ 1 the

Y-di recti on not or SO provi de a nozZle 55 fo
bl owi ng ¢b6l begdaing heagod0lt-he Y-d| rection novabl e nenber 45, so that the
air outletppefsjt he nozzle 55 faces toward the drive coil 44. [0025]

The followi ng gives a brief descri t| n of an operatjon of th

configured XY EQSI OB W&e&?ﬁrt W}ﬁ?pcg JE\ toarb]neoglio etrhe | over
tabl e 131pota geedet ertd ped ipdsint bad speedtqi)ﬂtt}fer answarcoablellzer Mot shown,
the X-direction nova C raf ed .t i

directi orlf% BppﬁﬁtS‘fﬁta?%m%r%%%abﬁow%a?%gig%1§édg8y8?ﬁ§¥%#ﬂée%%r%§n gui de
rail 14 t1@ deveoahsedi fiorhdeXediiegttoa. positbm rand  tiSivile sdeedXadi recti on
ot or st gi,Qr e!rs t b% %@,d 3l Qe they Prdivrest on quibe dallondfdtd,2 manner

that is novab irection, the X-direction notor stator 31 is
subj ect tséaé}oﬂfoﬁ@éeélf S?—ﬁé°§aﬂr§ fagnieteet ingt Hee oppsst SRASEAT dhi%as a

r egftl Og Mlﬁ:@%ﬁ%ﬁemfoﬂfsttagt%rx4ql rlgctllrfytharm\abllel rmmoqr—dia:eamidmehl owe][
table 1 an erated to eint irection o that o
the noveM&to ﬁ“ teLH&rl iﬁe ﬁé%‘fee 1532 Qn&gotvﬁﬁeg- Hilgbc?l%% 5£5esti Cdtor 31

t hus nove;s_dwridgheodllliﬂgtam tapposiltehd & -tdhiatecdfi drheomebéaemenioér t4%e | ower

table 13, tegﬁ a&r Oﬁ%u@l%%f ss;h{fﬁé'ryo a5 ang%@%@tgaeg)gyghee@&%ehard'y

vi br at es &t € posi spee ower table 13
is then detidctddld by the | ower table sensor 18 and fed back to the

control | gmpsand thereafter a voltage is applied to the coil 34 10 in the
X-direction notor 30 such that the | ower table 13 is controlled to nove to

a predet er mi ne@hGosPEiBRingHELFR%ia ¥ edndespadatsrnt e 32 ARGAEIGR ot or
Stgto[] 3bfl &£hal %Qu@e'fcégﬁe_éulﬁ&édt fm ¥aBil eegDi. oniet of };ﬁis?lmrorﬁmd]aﬁ*ﬁhsor ]§8,
and then conpensation for t el ectr r cons or the myvenent o
The X i FOAnE RbIGIVSERt BF LeFereE PREBHY B ear e TP PO CLon
Sinilarlys whepua fositd oontonirdad segrEdownor tievindi téet ipperotagiee 21 to
a_predetl g ned POSit Lah s QULAUL o hBUL! B £001% OM Alo il SIYLndhe

Y- di r ect TR ITovabl & & 4 I's accelerated to nove in direction, so
t hat the tispépweabteb2e 18 ipiaieidiasy bohéhe arfdw@i:éhoguwed@alraﬂzthO nove

al so in the Iﬁfo&lérgﬁéborin l4h&oRt Hastectsicce ti}? Joflt£86t ] OBimeLOrtIad ator 41
is provided along the Y-direction_ guide rai nner that is novable

in the YXidHe@stewn RECY- AFRERE] %P&va'%dﬁpof‘iﬁﬁgl S djEHSTG D for ce
of the S@mdmgﬂalltlude in 4 hearapposiHee: disr ﬁ@hrlablleasnathi@actdmdtol.dxhe

novenent e Y-direction nov er 45 and. t per t b 1, and
t hen accé"l%r,?r é{]éi&rteéj%’err'i ﬁofhé%anég?gbﬁsoSng?FE P% ?ha acf# ﬁenvement
of the upsrmre malghd t2lle Shntckee tdmpos die etitiaart itpt ars st ae@ctﬂQHtMSthﬁ)ves in

the dire "% &%&E%Sf’[tt& ee%tc{lgéecoe‘ &P%d%‘bﬁ@gﬁﬁﬁnﬁiiﬁ% URRET bl &y AL, the

cabi net 2 t heoretic ave no nonentum and
t her eby rt@ﬁ:d]q/ls?” gt Bhap afidelerated 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 notor 40 such that
the upper table 21 is controlled to nove to a predetermned position. The
position and speed of the Y-direction Potor stator 41 is al so detected by
the Y-direction nmotor stator speed sensor 48, and then conpensation for the

el ectric spo nsyned ;f ATOME i t ator 41
is input Flo%{]e cor}% 44 10%6%%]% 11 ijgo%ﬂﬁh quaéﬁ‘f{:heé Ehr%‘ﬂge%t ttgag)llreg)Zl(ly l\%thl ch is

nount ed GIPHREYlGeiCtEBYE U3 %PFGQEH?WWG’I%PVS&FF@EU ofe RO MR8 in the

Y directigm @ﬁete@eof €& ectd OFe DL n&&omtgmo&agaeﬁstm@m&redm e 21 to
be noved.in t Y directions. Wth the vement oé?t he tabl e 21

d
" the XBdRE df FaLT PSRN REEOEgiSHator HAALT &R ReRbAP - 45T Chih
fixed toddiparpparidnaibe Phe ¢beatsic powed: iconisheed aod m@mrcexetmemm

0030 T 4 bed
Ejet ai } W tfh e gireedr%crceg %h %\[&%‘}V# dl@ﬁgg 5 o%r{l\%rgoévaq)he)ghebeﬁbqef?g i ﬁcl Iuges

a flatterdddZ7dct angul ar cylindrical novable arm 43 with a bracket 46

provi ded on On%lﬁﬁqarﬁ?’,e@ﬁeﬁ% %31‘1:)_‘1%91 £8mhBRd all @Blrendding tHd ve coil
44 attached to the npvable arm dynam c danper 50 provided at the

end of tRENSYABPASafm ©¥3.2 qu&ﬁdﬁr&w%ﬁo%‘:ﬂé’& LEnOU Pt hflffi’r? é&tS on, and
t hi ckness:oditrxmtllezn it tdheowh di te6t Yoni revabbe ferbel e4headetresyionds

respectively, recti ns The th, and t hi ckness of the
rovabl ¢ SARERS TS b RAln EaUt AP ob HECECRaRD: By \IE aRACH PP T EOSHES

The m)vatﬁlelar gudaedsbf/otﬂmed{-rdmm@tm | dy r&aaridmcbongogdzaaslsscepaxy web
pl at es 43 qggg he t n di_r tn?{éﬁced]: car bon
fi ber-re| n or ce ?ataj%?l](i: up%grg%ﬁggé%{\:/\krgtjﬁg\ténegh%a éﬁgtelzfg% central

gl ass ep@@atﬁa(‘,‘lérsmséoﬁéﬁﬁéeﬁlpﬁé thpe¥- @\hﬁe%mn i)lﬂhfﬂ‘ésral-'@a &hdm™3b, and

j oi nting g hanwekernardikonsyaphat es 432 angi A3k Wi h hd ts and adhgsi ves.
The web plates 43c are_notched on the side of th end of the noyabl e arm 43

t
to provi #OTGFeRtR§ST43E bh BB s oFoXFe HolFdf 82BPMAE L TR & Topeni ngs
43e | ead the i ddittey iddireapaem ofs tthegmvaldre tar s mo‘\ie&mnﬁ et cyeami C

d ich . d he, end f f the
he. br acKst 45 Ciet) DREERASTHIRT ' BE pliot SR h TRt he ROVATTD. ar m 43

and a veiaglte s atmehtted mowet he tbpedisectaor oppohetél’atb Phat eofSKheThe flat
plate 51 jnehudss & ‘E?s’é”‘a&&a' %”tf%lo@@tb f'égi J{E%lcﬁlﬁ‘r Ul g dp 43 10
et wee t

provi de connection'b [dg ate he nmovabl e arm 43, and
t he connediEitey ¥d thuednavaesivdibe W%@@P@Sélt@\ 43, tigik tolertheon t he

12 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 danpi ng
menber for vibration danping. The danpi ng nenber can be attached with a
doubl e- si ded adhesive tape. The dynam c danper 50 is dispersed the

vi bration peak of the Y-direction novabl e nenber 45 using the weight 52 and
t he danpi ng nmenber, thereby preventindithe vibration occurring at the
Y-direction novabl e nenber 45. [0032] The drive coil 44 is installed
bet ween t u I d r t , and
its partital’l Vgg%ttﬁ%dgégéﬁ ttaﬁjelaew%fmcﬁ}ggis ié}%;_r}1 reo&mgﬁhﬁﬁv)ﬁglﬁ?ﬁgé@%% on

| at eral Sideldfdaiey roviableeYapirggtiThe #pideiven|ingthe g digRH I ng coi |
formed by,J apranividiing 2 iBAShe +6Qr 8besgneeh! c4ddeanent vappasi tiatrd xor el ess
coils 442 "and 443 cor_res[%iondl ng to the respecti ve,é)hases of three-c%hase

al t er nat ity RUMERS 1Potticoks 288 whPdReE5ERTEF kbR oY R SRV s U1, 442,
and 443 madialdperd nkenseet iMathe o pespinditectdohs gndse thetianict iare

configured in.such mapher .so.as_tao be located at positions protrudi ng
from t he b eemgplﬁ]eﬁs "nwlhﬁgl"v\}%tfﬁxcﬂq ggﬁﬂﬁenu\ﬁpteﬁ 1gaék?l)tferza 'V\ngﬁcﬁlnsg)s t he
each cor elcass] ciol Ithey rareget] Yapprmedtedred.y in parallel with the Y direction
in a non-@/ﬁd]apped manner between the upper and | ower plates 43a and 43b
of the novable arm 43. [0033] For details, the drive coil 44 is
configured to Thel Yddirpetgondrarrfelamspesircdeditl bsexdobPr dRecEHRed he two

| am nat ed; ;£ QB! HB3S W3¥H Tedd2 e 443r1Ehesbastige COr@l LSSt Lot Imdhlbliess for med

by Iam nating two quadrangul ar upper ,and | ower. flat coreless coils 44a and
44b that TERREH £ OCHISHENES Gof 1 3L HEVFAG SR IRIYAR GF) LEAE: CART'SHEINE | n ¢ he

XY pl ane.arfhe3uppet apdatreersd babvdakel esoreoiehs ddarantl thibe fiwexh are,

respectivel upper _an ower positions i bt L.op,. | 4, are
bent int ethr iheyegﬁeﬁﬁ%ad%%# The Fé‘rﬁené?leg %:Jc])%e ggshegico?: spﬂ%}i‘%\agalfﬂ are
formed byadmadBpatrichg dywmenippadanpaad H0oweevided adtorlet evsl ebiths mapeERiRl 44d

and two upper,and I reliesg; £o4 4e,3R8 441 rJRSREC IMRl Y, unit
corel ess col I%ghav?ﬁ\éﬁé%gg%%%? (?%Jg@%%?r%ﬁshgpe In tlﬁ:e XY plane, The
e ®o

| ami nat echiiknafse| é55e6biPnaLL | heoNFiGuesd I8P tReVapher "aRGSFovier f1 at
corel ess oS and phde WRiIGH abecheespect il v, duppetiand. | orves
positions in the Z d]%lrection i? FIG 4 a diitglla%ed with resspecé 0 each
ot her i n "X 3pd er1oiness a8t 6NBe ™Sy fMEET & tHF fSPECT® T THe center
axi s of tihespavablel vr mANYwd Mlin the Y direction. Sinilarly, the

| am nat ed (&ﬁr | ess coil 443 is arranged in the upper and |ower fl at

corel ess E:o 44e and 44f, which are, respectively, “l;l\Bper and | ower
positions in tHAhezmdivabieiam i4d £ Gounethdngiospg hedddvimy s ardipeehting each
other in féesg(egbfig%ékp 180e85130aRe5YAARL¢ k6l b¥E K Bngsheehetpi ddie center
axis of the nmovable arm43 running in the Y direction. That is, the flat
cor el ess Foiet omdatiteadiarhee BRRETF91I P EFRA | RIA Hiad @ RRFT 20342 and

443 have pppop1Rel ¥3hhensamy,shape tonthel iqdarpoxgndphbersppet fl at
corel ess coils 44¢ and 44e as t he Igﬁgr flaé§cor elcgss coils 44d and
e

ﬁell as £
44f are AP BRdsifRE dPFEs PoRS SR £Rr 82 t PRAH B HE i n the
X directitdte tppke Sydnteteircal aves i Jespéct3l sithebdl expadoddhdei vevabl e arm
43. Then,qnthe entlegteo% e S‘n%t%‘?lre%: 23S 1@l %iﬁéloﬁntﬁp@ee%dw digection
i s arranged on e center of the novabl e arm43° 1 n the direction, so that
the wi ndimgealfe tawen i3 vieo qoi dvidde | eoeyyines r4 2l omi kot e3fies @b R Y axis
of the ”Q%é&%ﬁok?la?_ra%ﬂ%.v‘hﬁ’i@@é/ &a&ﬂﬂgéltaﬁe%@asrt@ftﬁé@neéusr%éqél4 is

i

configure gn_the center axis e novable arm 43 running jn the Y
di rect i orRf [[oBapPVable armnd3s| Al dihgs YOGS (28PeEnd 04481 €44E5 and
44f) thatatisadHid €OrEAESENEOFASe i oif thee | movatal edator £3 esppeoits ¥4 and

443 intersect. with the basic corel ess, coil 44 44a apd 4 at_different
posi t i onsbl?&ff:}f%g%as:’rrbcﬁ%i%? @sﬂ%‘bpﬁaﬁfrﬂ ?ﬁé)}r,rhﬁi&ﬂgi g’ﬁ%m ?‘)ev%?%dbi%e basi ¢
cor el ess £ 14 Adhdamdveileghtf S8t mooneéésm chiel sppdc swrZide ofetchapf lal e
wthin th an I n I t izgn .of | C f . i

corel ess %?‘fgzﬁfl %heé ogggﬁagiégé tSEi c%r?elysa%g},mt he por??l(_)%ﬁshg%a\;\?ﬁ'%h t he
flat corefiessingiingAsbet poyablamawal4Y inpargdee cpaneghaPnteereemal | er
than the i cknassoftd e Rasi ¢heokehasdCairn 441 and the EbabesOIGh €SS

coils 44c to_44f, "and arranged within the range SE t he tt}ilckness of the
portions &% fied, aReepkeeLy to the movable arm . Further, on the



14 coreless coil 441 and the flat coreless coils 44c to 44f overlap. [0035]
Next wi |l 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 5is a plan view of the drive coil 44. In FIG 5, the lines AAAto F-F
and the lines GGto MMindicate secfiZoning positions, respectively, in
the Y and X directions. The cross-sections taken along the lines AAAto F-F

are shown | FIGs f vvhlle - i,0 ong t he
lines G éutr g‘%‘éﬁé\% Pﬁ ILZ?) ! O?p(gs)l tgé((%frﬁsl.gﬁﬁfg‘zsfgloat% egit tﬁe
arrows neadampéng meemdcte E9 T A tkor Mt iom ﬁa@plSGi ndfatdamhigaineBeer sidl t 0 see
th t f I 7
0036] B B L e e e A L S e Lor s Adrids Gy
443 are sammegedl ﬁsaﬁlépéélseéf thReVi AR hAPBIORRF P osi® oi TA AL R4S ¢

corel ess Mébl‘b%en@@% henhaﬁﬁ@du@@wlm G0 bnd48né ndiheing dneme;san on. As
shown in FIG the coreless cojls 442, and 443 ??\afcgior]; si ded

annul ar WW PI‘?%’&BF&“@OT‘IH%r‘*’slbflahfel?fbﬁé:rcuaﬁ&nlgo%rt elss coils
44a to 44dicowewifd guamnibeg: tdte corel ess coils 441, 442, and 443 have

appr oxi ma[toejf%]t he sanme shape in the XY plane and aI so have the sane

t hi ckness 0 . Since the upper and |l ower flat coreless coils 44a and 44b
in the basic cahel @ssveidilddd iz tnpealledtsmprgarythe uwmenedl Y9%e% he Z

di recti Og:) LASShown 40y Fﬁ% 05(@18 BobBble’ abh) 432067 i(H .pdAe dpper and

| ower fl corel ess colls 44a and 44b appear as one four-sided ring in FIG

5. One |mrgvtsntat@50f11t hebe aiilfdhe (idGIEEs T B9 PEeRIPERgEFS Pipar al | el

with one langsi da @ dhehasiovaorel 258 €9i | ™Mél cativae ¥oidordi niat e smal | er
than that. of the basic .corel ess i si de of ihe I@g_}L nat ed

ol 441,
cor el ess ‘@17 450 § Yine fFoERES %é’nhjagrﬂén%ngh%n}?% A AT T I 6L coi |
442 are asiaagedcsedueiitricaldd/ cometlleesYedi t ectdDang MBmctlheESRmrdJs'lgjed
annul ar asi.c. i e r
corel essbccm %5%%%%?%&% gpg‘éése%? tﬁ%%%?raggig éjf!hgrlgér% H‘%I W t h the ot her
| ong si dePaftidres laa;swblcbr@di@ssﬁfc@lhle ﬂﬂleaﬁsa GPJeb‘er@(ﬁlnat‘lézgr 2afet43 15 than
that of %&4&@%{4%%1%@%%%%%&%%%8t@Otblﬂ%’Lde hendpagr sigles of the

corel ess coi 1, 442, and 443 are connected tpo each other t rp h their
respect i \Fé)fsﬁﬂdéﬂtr%d dels %‘{?ﬁhlanﬁlapﬁletrhéoYaﬁl FechRohocibe3 3t POSL shown
in FlGs. grothuding @&@nﬁtﬁ@)mmt'ikﬁlé hamt 431 U tate Wietsnal bect Xonoarith nat e of

the upper flat coreless e | am.,nate ext ends
negat i vel§F trifat]hé(l’?d&iﬂgécﬁ%ﬁatcﬁ’oﬁ?ﬁf RER THe ggaﬁgl ge%§§%$tujféaart%1§§

corel ess xoigadAilldD wnnttertslrth v i tedthisonupipera fiien-eoeel apped gldnuera upward
|ntheZd|r an [ Smakker, £t t he
upper flakt cvgre gcrshse cg HQ %ﬁ‘&ét:h%%g:eésgb{a% %dOVVnV?\’klki)I’(Ej)fl ﬂﬁtghﬂe(g]‘;é%% ection
to beconsimtéedr ated with the corresponding | ower flat coreless coil 44d.

G ven thatgd thi ckness of each unit coil (44a to 44f) is "t", the

over | appi hg thi ckness H2 of the p05|t| on, at, which the basic cpre]e s coi l
201 (5 and A4 SReane. ubper APTEP Cor b d S GPP TR o LPELEL
representgek ks a@traﬁghlﬁrxbaélbhﬁrebem@oaﬂdéla1haxhd thee ttrhi ba‘ﬁmﬂszst@i t he

basi c corele coi | 441 sh n f e at,corel ess
coil 44c THE %%&e(h%lls O%[f?l %m@?‘% t He' %(baaérle%t(fépneel%ﬁ) 'JT:Chﬂck%flegsI%f "ot
t oget her Séitmed hey| bmmzﬁtangctawel essdreinoudad. udpesr arehckewry t hkalgr eat est
X coordi nalfe1 408 ARAY 42k 8%@56%&% e BxLendssPesiibvebyihg the ¥
di rection I 8 the upper coreless coil 44c then
ext ends nﬁg;amﬁweh@tﬁﬂnymfee Xsc‘dilet év‘d"tElRm ighd-hiss Xl‘a(eﬁ’tlatljlﬁvvar HOenuPRRT 2% r ect i on

to int ersﬁﬁ&eif\ﬁf’fﬂ&tt BEr&pPss d‘dﬂts @@é@irﬁ:ﬁ%éﬂéowlihﬂﬂ@alr@ th@s@@@tﬁv@.’@j}ﬂ ess
coil 441 t

ereover nd then is bent tp exte negati v in the X

di rect i orMRRRF ﬁn@oﬁ‘é‘t’hérpwjtthlctrﬁelpo%? \%]‘}/jvate‘%’r%?el&@gg L AEE Pj%g?%t urn to
me grl ﬂlil@tte@@@llycllfp aﬁtaieae?mz Llil’pmin]gammaﬂ@tESmﬁéZLem‘s tclmallsosmzumdat |

ich the sic core o] a.a e orel ess
coil 44c ’?“% g'raer%lenn d‘{gn w8 ng%ééné%%‘}e%egﬂlgg %%%ég%t%ga hal f
the thi ckms:sS oé‘4d: twcbdéldcandr’etfesepwIamiljlowﬁreftllﬁ‘tcizﬂegéeeﬁ ¢peleentral
portion i si;%%@ﬂ to theikhi ekngsasaf apyitwonit t he
flat core ess c%c”ws}!%a 4f %ly?s the t hi cknesg of the. basi cﬂ%rel ess
coi | 441 Qwa@xzer@a*éebfsstfm%mﬂ@m iyhe XY plane. The laminate



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

| am nat ed corel ess coil 442 extends negatively in the X direction from

wi thin the four-sided annul ar 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 corel ess

coil 44a.. er pi 4l i iC
corel ess Coi Q_e% 1(%} a%%d 51‘94%8?l ?“(}Le& Irbg/we&(rh%ffd cor ew;slghtﬁ)riqefl%s
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posi tiveliys Bmrahgel i rget ivppeandnidsloeer doaihwargliesst feisditednicon to

i ntersect t er. l\£s I bashe cpﬁeﬂ}@ss coi l
441 t her e404\\l/¥ér thgﬁs own réé;%}géﬁ‘?feﬁ(ﬁ) ﬁpﬁ%lr aﬁé%q%%gﬁts O\Nﬂ\?\al’
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direction eget heﬂlM@éﬁhéﬂn%wa@etofrb@tsﬁ@freajﬁ&mcmﬂth%@spectewrﬁhet o the
original position

in FlGs 7 b), the
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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
t hen extends positively in the X direction together with the |ower flat
corel ess coil 44f. After being bent downward and reaching the greatest X
coordi nate, the upper flat coreless cofl 44e extends negatively in the Y
direction. As shown in FIG 7 (m, the upper flat coreless coil 44e then
extends ROylLAQMAbLY1aNd J9RbVEl ¥r LB LRsY i BEullo Adrefiinad) FIG 6
(d), the upper flat coreless coil 44e is then bent downward to intersect
with the IGder] flat coreless coil 44b in the basic corel ess coil 441
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a

| ower pl ates e novab arm43 is half the thi ckness "t" of
the flat “brel &¢ eshrey drRg pide. st tbﬁel?WERF%QSC%Fe%%%Sc‘é‘?ﬁcl‘ at4dortion

of tlhe W@QIh%nnsabgﬁ 48 a;spﬁlmhrﬁa@ék 1aap ﬁ@rémﬂéknﬁfﬁﬁh "t oghfﬁ:hborﬁd; ?t
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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



19 44c to 44f intersect. [0042] Further, since the positions at which
the upper and |ower flat coreless coils 44a to 44f overlap, are wthin the
range of the thickness H2 as shown in FIGs. 6 (a) to 6 (f), the overl apping
portions cannot protrude by 1. 5t or nore on one side fromthe center line
of the drive coil 44 in the Z directi &, wher eby the overall thickness can
be reduced. Accordingly, the Z- dlrectlon spaci ng between the permanent

magnet s ﬁé@;hgﬁ St Y 18Bg %]fdg %&ﬁgtbgalm&reﬁ%sceeﬁezl&fpt ThaS oW

even if di rection nov moves in the X and Y directions
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| ap-wi ndith§ In &S TSR 16 | apped to achieve a narrower magnetic pole pitch
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can be prevent %d sBQ%nYiIQ' t| Qn st ((,rﬂ(ﬁ (ﬁeaw p lgﬁni g ?Sﬁjdgwgg e
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enbodi ments1 {heaupRel 48Ncndowes ubpatr ﬁmwbe$%le@lslcsoﬂl4a4arnd1@b4msemn be bent

integral lLy u and down, and t he upper I r fIat cor 5, 44c to
44f in thHe | e‘Cdo%@fe s co? § g%arifgl O{D \?\E@ﬁf Y upper
and | OV\Br‘tl‘fJJcEl{neE}!’ @Ifeshecba’ssczldrarahelsamzlh 44116- ba@l showneilesEIG:mG 441.
Alternatlvly of, 0 rv r flat
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corel ess c i'l s tion, over” %@ ortions at which
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axi s of tdral ﬂre\taa‘:dteugward&n the Z direction to 1ntersect w:Lth 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] Al t hough this exenplary enbodi nent descri bes the case of
applying the present invention to the Y-direction novabl e nenber 45, the
X-direction notor 70 and the Y-direction notor 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 novable menber iA®the X-direction notor 70 is
configured to include such a |l ap-winding coil as shown in FIG 4. [0046]
The prese[rbtos,igr]vention is not limted to the above-descri bed exenpl ary

enbodi nents, and various variations_and nodi fications can be nmade w t hout
departing fromPehehpEBhinchiCscope Qn@Enati 7ofl 9t het PRVEPRY ot Hefdthed i n

the appengrd (gleaitRs. YDeseruphbes 6f Reéerewse Naeradse (4 doill0XMd abl e

11Cab|negn % elﬁg%gh%tgglggge g%g“@gi aEhS 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 novable table novable in two directions, first and
second directions, orthogonal to each other in the sane plane, the table
conpri si ng: a first table for driving in a first direction by a
first notor, the first table to be guided in the first direction; a
second table for driving in the first2Hirection together with the first
table as well as in a second direction by a second notor, the second table
to be guijded in the gggppdndiggeti on by a second directional guide provided
on an upper surface of the first table; a novable armfor noving in
the firstl3and secondl8FE&cERBAS together with the second table, the nmovable
arm extendi,ng7 n the second-direection yhiteongiend thereof being fixed to

t he seco t e;, an a drive coil partially protruding in a width
directioﬁ'df%?#e4ﬁgvgﬁﬁgngﬁ1 the drive coil being attached within the

novabl e dffm wherei nY-directtiihe dpotee boilbders a | ap-wi nding coil in which
central rtions of rali el ess coils are arranged in paralle
W th theeg%cond direg??%% g%?%%ng%ﬂ§8%0vable arm and portions at which the
cor el ess 1&i | s nut uaPPperntebsecEenaPs arranged in positions protruding
from t heonovabl e ar myphEhatan2k The two-directionally novable table
according to claiml, wherein.,the drive coQil comprises: a basic corel ess
coil; and?s 47 at least FvOlFERFhEEedtOFeF355Scoils formed by | aninating
a pluralizgy of unit BolLeless coils in a direction of the thickness of the

basi c Coﬁ%keﬁﬁ coil, Mherekndirection motors

31 X-direction motor stator

32, 42 Permanent magnets

33 X-direction movable member

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 unit coreless coils in each | am nated coreless coil intersect with the
basic coreless coil at different portions in the basic coreless coil, and
portions at which the basic 24 coreless coil and the unit coreless coils
overlap, are |located between two pl anes extendi ng al ong the surface of the
basic corel ess coil at a predeternined?di stance on both sides in the

| am nation direction fromthe center in the direction of the thickness of
the basi g fprel ess cegk-lggg wherein t he overl appi ng thi ckness of
the portions at which %e ani't coreless coils nmutually intersect, is equal
to or sméldler than tBesiki eREEd&ssf CORd portions at which the basic

corel ess @i | sy theapRhbrear ebesseeei keiggerl ap. [d ai m 3] The
two-directionally novabl e table according to claim2, wherein t he
nunber of the unit coreless coils lamnated in each | am nated corel ess coi
is even, and each of the sane nunber of the unit coreless coils are

di spl aced with respect to each other in the first direction to be arranged
symmetrically with respect to the center line of the novable armrunning in
the second direction. [Claim4] The two-directionally novable table '
according to claim2, wherein



the basic coreless coil conprises a plurality of layers lamnated in the

t hi ckness direction. [Caimb5] The two-directionally novable table
according to claim 3, wherein the basic coreless coil conprises a
plurality of layers lamnated in the thickness direction. [Caim6] The
two-directionally novabl e table accora?ng to claim4, wherein t he
unit coreless coils runs between the | ayers of the basic coreless coil. 25

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;

amovable arm formoving in the first and seconddirections
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, 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.

[Claim 2]

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

the drive coil comprises:

a basic coreless coil; and

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

the unit coreless coils in each laminated coreless coil
intersect with the basic coreless coil at different portions
in the basic coreless coil, and portions at which the basic



[Claim7] The two-directionally novabl e table according to claimb5,

wher ei n the unit coreless coils runs between the |ayers of the basic
coreless coil. [Claim 8] The two-directionally novabl e table
according to claim2, wherein each | am nated coreless coil is forned
by lam nating two unit corel ess coil s?and the thickness of each unit
coreless coil is half the thickness of the basic coreless coil, and wherein

the thicknass ofs LRE 109R4 11ANS vl tWBb£E1£88 Losi £ 7Rr8LRsSae8ilo@ied he unit
coreless colls overlap, is one-and-a-half the thickness of the basjc

f
cor el ess REGMeehrid'aiEiadlss extending Gl driif idtF iR | dicdhg basic
one- and- adyd feddhectini sknegpsealethitmibasi aieerakbessn taidh sides in the

lamination direction from the center in the direction of the
thickness of the basic corxeless coil, 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 3]

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

the number of the unit coreless coils laminated in each
laminated coreless colil is even, and each ¢f the same number
of the unit coreless colls 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.

[Claim 4]

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

the basic coreless coil comprises a plurality of layers

laminated in the thickness direction.

[Claim 5]

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

the basic coreless coil comprises a plurality of layers

laminated in the thickness direction.

[Claim 6]

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

the unit coreless coils runs between the layers of the

basic coreless coil.
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[Claim 7]

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

the unit coreless coils runs between the layers of the

basic coreless coill.

[Claim 8]

The two-directionally movable table according to claim
2, 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
coill and the unit coreless coils overlap, is one—and-a-half the
thickness of the basic coreless coil, and wherein

the predetermined distance 1is one-and-a-half the

thickness of the basic coreless coil.



