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FLeId of t-he Inventlon The present invention rglates tq1qﬁm%q;§b§ge whi ch

is- .suitable for a wire bonder, and nore particularly to an St age

whi ch prevents a vibration caused by a hi gh-speed novenent and i nproves

the controllability. Description of-the-Related Art Wen a | arge-scal e

integrated circuit (LSI) or a sem conductor.device is connected to a | ead

frame using gold wres or the like, a wire bonder having an XY stage has

been used. Such an XY stage_is required to realize a high-speed and highly
‘accur at e- posi tioni ng and t oThE¥e F 5 INVENTEPN | esi dual  vibration after

driving/stopping. Fig. 1is a sch%gft'gﬁgiagran1iIIustrating a structure of
a conventional wre bonder stage. '&& is a schematic diagram show ng
that a bonding head is attached onto the conventional wre bonder stage
shown in Fig. 1. In the .conventional w re bonder stage, two X-axis guides

102 are provided on a sq O@hﬁ'é &ﬂﬁ?]ﬁﬂ@ﬁﬂ& . The two X- axis guides
- 102 extend in a directioﬁ§%§§§1le t% each ot er.Bfq This direction is
referregib9qass dhe{Ta¥batfbpection. An X-axis table 103 is provided on the
X-axis guides 102. X-axis follower sections (not shown) for follow ng the

X- axi s gui des Th82ppégentpriavededon rdltfds0wlr af Ukt aftadef whieh Xiaxis table
103: The X- axis table 103 can be noved in the X-axis direction. Two Y-axis
suitable for a wire bonder, and more particularly to an XY stage

which prevents a vibration caused by a high-speed movement and
improves the controllability.
Description of the Related Art

When a large-scale integrated circuit (LSI) or a
semiconducﬁér_device is connected to a lead frame using gold
wires or the like, a wire bonder having an XY stage has been used.
Such an XY stage is required to realize a high-speed and highly
accurate positioning and to have a low level of residual
vibration after driving/stopping.

Fig. 1 is a schematic diagram illustrating a structure of
a conventional wire bonder stage. Fig. 2 is a schematic diagram

' showing that a bonding head is attached onto the conventional

wire bonder stage shown in Fig. 1.

In the conventional wire bonder stage, two X-axis guides
162 are provided bn a square-plate-shaped base 101. The two X-
axis guides 102 extend in a direction parallel to each other.
This direction is referred to as an X-axis direction. An X-axis
table 103 is provided oﬁ the X-axis guides 102. X-axis follower
sections (not shown) for following the X-axis guides 102 are
provided on the lower surface of the X-axis table 103. The X-

~axis table 103 can be moved in the X-axis direction. Two Y-axis




11 March 2005 2 guides 104 extending in a Y-axis direction which is -
~perpendicular to the X-axis direction are provided on1qqﬁrgﬂagbssurface of
the X-axis table 103. A novable table 105 is provided on The V-2

gui des 104. Y-axis follower sections (not shown) for follow ng the Y- axi s
gui des 104 are provided on the | ower~surface of the novable table 105. The
nmovabl e tabl e 105 can be noved in the Y- axis direction and also in the
X-axis direction because of the X-- axis table 103 and the X-axis guides
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support ot shown) as an openi ng passi ng ough Tna-” |ateral

di recti ofhe AL A1 fALRs 1064 dre E&@Vi@@d &P 13 18wl Vd Wl adeh8£0PRAI NG i Nt O
two sections at-an 1nternediate height of the yoke section 106c. The '

X-axis Vudirdifte alaild nobudaheamnovalsdd TabTevabhecsl e fiovdQ6an Whecly- s
connected to the novable table 105, and a coil 106b which is wound around
t he X- axagisodatdatisneandtalsk06a. thbeXecamis Hiflectiomdduse @S the Xdrround
the iron core 106d. The lateral |length of the coil 106b is about equal to
or greaduts ttaniea 193y ahfiethaadgexas gikdgmVidlRl-e TheblupperoSurfve XL axi s
novabl e el ement 106a and the coil 106b can be nobved w t hout
the movable table 105 is a plane surface, and a bonding head 110
is fixed thereto.
An X-axis voice coil motor 106 (hereinafter, a voice coil
motor is referred to as a VCM) is disposed so as to be adjacent
to the movable table 105 in the X-axis direction. A Y-axis VCM
107 is disposed so as to be adjacent to the movable table 105 in
: the Y-axis direction.
The X-axis VCM 106 includes a yoke section 106c with a
~shape of a rectangular tube. The yoke section 106¢c is fixed to a
support (not shown), and has an opening pasSing therethrough in a
1ateral'direction. An iron core 106d is provided so as to dividé
the opening into two sections at an intermediate height of the
yoke section 106c. The X-axis VCM 106 also includes an X-axis
- movable element 106a which is connected to the movable table 105,
and a coil 106b which is wound around the X-axis movable element
106a. The coil 106b is wound so as to surround the iron core
106d. The lateral length of the coil 106b is about equal to or
greater than a movable range of the movable table 105. The X-

axis movable element 106a and the ccoil 106b can be @oved without

a constraint in the Y-axis direction. Magnets (notjshown) are




a constraint in the Y-axis direction. Magnets (notshown) are 11 March 2005
- 3 attached to the inner upper surface and inner bOtHQWMQHHE of the
. yoke section 106c so as to nmake a magnetic circuit which generates a-
magnetic field inside and around the coil 106b. Likew se, The Y-axis VCM
107 includes a yoke section 107c havi3ng the shape of a rectangul ar tube.
~~The yoke section 107c is fixed to the support, and has an openi ng passing
~therethrough in a lateral direction. An iron core 107d is provided so as

theret | 1t ion. An iron d i's provided so a
yoke SectienibyeD i Py WpRfrin i o b EWIACR, SakEATf o 1
I t ' | d : : i1 107b
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wound sQydiferatesUL! RAGbdike FiE08 £ fRle Hhddardhita @il epabh of the coil
107b is about equal to or greater than the novable range of the novable

table 105. Thenikewdses TRy ablaxiel eorniodlii-laadst Aeysid IsebRibnCap7be noved
without a constraint in the X-axis direction. Magnets (not shown) are

at t achedhawingn thenshapp e aswpetbaequlst aubennaheb@bkensaeticaca 0o id he yoke
section 107c so as to nmake a magnetic circuit which generates a magnetic
field inGixtsl Zodthe osumbarite apndl| hd®d&n dpeainyvpddsinaltherétBramgh time Y- axi s
novabl e el ement 107a together constitute an upper stage section 108, and
the X-ax@ datexpiledina ol -t RN Xroh sorpyvibie i ereridede tasgdoher
constitute ., a mddle stage section 109. The mass, of the_ bonding head 110 is
gr eat er DHENS Fhe epenidg AN PR SRsEONSt 862 sltticgRedbate hgighe 9f ddl e

stage seqtl o, 109 £, 30783\ hic 150 808k 4R Wb EnbRIEING hogd; 10 and

movable element 107a which is connected to the movable table 105,

~and a coil 107b which is wound around the Y-axis movable element
iO?a, The coil 107b is wound so as to surround the iron core
107d. The lateral length of the coil 107b is about equal to or
greater than the movable range of the movable table 105. The Y-

axis movable element 107a and the coil 107b can be moved without
a constraint in the X-axis direction. Magnets (not shown) ére
attached to an inner upper surface and an inner boﬁtom surface of
the yoke section 107c so as to make a magnetic circuit which
generates a magnetic field inside and around the coil 107b.

| The movable table 105 and the Y-axis movable element 107a

together constitute an upper stage section 108, and the X-axis |
table 103 and the X-axis movable element 106a together constitute
a middle stage section 109.

The mass of the bonding head 110 is greater than that of
each of the upper stage section 108 and the middle stage section
109. As a result, when considering the bonding head 110 and the
upper stage section 108 which are integrated with each other as a

'_single member, the overall center of gravity of the bonding head




upper stage section 108 which are integrated with each other as a single

menber, the overall center of gravity of the bonding h h 2005
110, the upper stage section 108, and the mddle stageeggg%%8¥B6§09, whi ch
are nmenbers capable of noving in the x-axis and Y-axis directions, -
coi nci des approximately with the center of gravity of such an integrated
menber. In the thus-structured conventional wre bonder stage, the mddle
stage section 109 follows the X-axis guides 102, thereby being guided in
t he X- axi dirﬁction W th respect to the base 101. The upper stage section

- 108 fol l 't FBSYIRRSTS Sffi98e8eTbaon 108y el Bherpidiliedegage. sedteion axi s i
di ti itk ect to. the X-axis table 103, and is novable also in the.
X axi s oSt BHER e ARPoar: FrpTE e REvandghs Sae Forcipgsicncin X1

t age whi = i rpves th moyvabl.e section externally an
?ng?r ect :cf}r%\?k\gggﬁ% des ng:sqaggy%apf?}é%teéﬁ' H&gﬁt?%iﬁtﬁfc‘eﬁ SEAVIER ¥fF der to

sol ve suGica RHOPA telleh _been proposed an XY stage which directly
positions a novag%ghf%ble apanese Patent Lai d-Open Publication No. He

L 201194). Acanr ghaguis Isteuk¥upbadBodRIRINEY dikd N RUPLEGALT o, T o

| i near notors are provided on a base, a coi eac

notors i middlecétyye eeaesbadi¢® tdiadveheSHLiate Rfidds (BYablg tall e An
L-shaped X-axis stage, which is guided in the X-axis direction by“an

- X-axi s ghedegrgiidesndnabh&-msixisl dieectiguivieh paspddie tapyabl gatablg are
provi ded on the sane plane. A straight Line section of the X-axis stage
functi on§hasupper stiage gertiton did8 faddothetimoviahixdst ghiges si@yi ded in the
Y-axis direction by the Y-axis guide rail and a Y-axis |inear guide. A
thereby being guided in the Y-axis direction with respect to the
X-axis table 103, and is movable also in the X-axis direction
together with the middle stage section 109.
Such an XY stage which two-dimensionally drives the
movable section externally and indirectly via quides has a low
level of positioning accuracy. In order to solve such a problem,
~ there has been proposed an XY stage which directly positions a
movable table (Japanese Patent Laid-Open Publication No. Héi 1-
291194).
According to the XY stage described in this publication,
two linéar motors are provided on a base, and a coil of each of
the linear motors is directly connected to the lower surface of a
'movable table. An L-shaped X-axis stage, which is guided in the
X-axis direction by an X-axis guide rail and an X-axis linear
gﬁide, and the movable table are provided on the same plane. A
étraight line section of the X-axis stage functions as a Y-axis
guide rail, and the movable table is guided in the Y-axis
direction by the Y-axis guide rail and a Y-axis linear guide. A

-plane bearing is provided between the X-axis stage and the

movable table, and the base. In this manner, the movable table




pl ane bearing is provided between the. X-axis stage and the novable table,
and the base. In this manner, the novable table 11 Marciy gQQR Jagks driven
directly by the Iinear notors rather than via guides. An stage :
~including a |ink mechani smfor holding a novable table in parallel to a
base surface to realize a high-. speed npvenent has been proposed (Japanese
“Patent Laid-Open Publication No. Hei 11-148984). In the. XY--stage
described in this publication, two VCMs whose coils are fixed to the
~nmovabl e table are provided. A plurality of Iinks are connected to the
novabl e tbIFEIVERIA{FRCEIS bvatheol ingrr motabseratlte ilmohetid guidmr.al | el to
the surface of a _base while the novable table is lifted up fromthe base.
Wth such a st Afcf¥r &tage siriudingppelink Jipchagient fox thalsling saking it
possi ble to downsi the XY stage itself. According to the conventional
wire bond‘g)rvag’?gggaéﬁe s‘ﬁbmraihegi'[j‘? a base ppytace ¥haepddgeor Rimh-bonding.
head 110 J.s_| escribed above., Therefore, a nonent is likely to
occur duérp%r?gafnﬁge%%gtr g}also e LR PR Hré}aBBT“B%% hatert SapdvePer rigidity
strong enigRcLPi, 't$??@ﬂ3.5T91?§§§ f. Fig. 3A and Fig. 3B show a change
t he 0

in the position o cent er gravity g of the novable section when the

bonding head 139, theRYaitdde UaScysBsh Sin EESCHhBTY il G ShubSydugchematic
di agram showi ng the position .of the center of gravity d beforeé % he

movenent whasd Ebfls e FifedSEH PR novdbag! B RN AN bDEaReST i on Of t he
center of-gravity g after .the novenent. The bondi ng"head 110 Is generally

heavi er phamaghch af ltihks appecomicagedsest LR fRdaadihbee M4l epat age
section 109, and
: surface of the movable table is held in parallel to the surface
of a base while the movable table is lifted up from the base.
With such a structure, a single table is sufficient, thereby
- making it‘pOSsible‘to downsize the XY stage itself.
According to the cdnventional wire bonder stage as shown
.in Fig. 1 and Fig. 2, the mass of the bonding head 110 is large
as described above. Therefore, a moment is likely to occur
during the operation, and thus the guides need to have a rigidity
strong enough to withstand the moment. Fig. 3A and Fig. 3B.show
a change in the position of the center of gravity g of the
movable section when the bonding head 110 is moved in the Y-axis
direction. Fig. 3A is a schematic diagram showing the position
of the center of gravity g before the movement, and Fig. 3B is a
schematic diagram showing the position of the center of gravity g
after the movement.
The bonding head 110 is generally heavier fhan each of the
upper stage section 108 .and the middle stage section 109, and
 total mass of the member composed of the bonding head 110 and the

upper stage section 108 which are integrated with each other is

greater than that of the middle stage section 109.  As a result,




total nmass of the nenber conposed of the bonding head 110 and the upper
stage section 108 which are integrated wth each other | r than
- that of the mddle stage section 109. As a result, NgﬁMﬁgéggégf 6 when
t he upper stage section 108 and the bonding head 110 nove in the Y-axis
direction, the position of the center @f gravity g of the novable section
changes to a | arge degree as shown in Fig. 3A and Fig. 3B. Therefore, if
the X-axis VCM 106 is driven under such a state, a driving force acts on a
position significantly shifted fromthe center of gravity g of the novable
secti on adhenyiheeebpar &tplgenseceinn W8N ahdetidisdhidd njahe£d 109 hévagyed in
the X-axis direction, the position of the center of gravity g of the
novabl e dd€ YoaxthaHgestianastbeipasidrion of the qeotieri off @favittyegnoyabl e
- table 105 in the Y-axis direction. Therefore, a nonent force is generated,
causi ng Fh5r BEVRMR isecliBrathandes t@ aydarggy dtiguset penshdwn tiheFig.r dabonder ,
al t hough _a .baondi n steﬁ I S erf.ornmed inn&diateIY after the XY stage is
st opped, 3PfeFig: i 5 eE@ﬁ?ﬁ%ﬂnﬁbeBea¥Rﬁﬁiﬂ ¥eMs106 5 rddiveadundsy ti oni ng
or the_ l.ik t b Lgni fi tly d di th bondabi it
accuracy _Qr e like, ger.e sLgnifican egradi,ng the _ bondability.
Thus, as Sglglslc?i%%ad:edbg\/ ,rl‘éé%?l %c?rctené‘c S §é%sd§§on.§wlaﬁ4§apﬁéYY4 axi s
gui des 1Q4;pegglss e Lgidity stron ugh to be able to hold a
moment | oad due t]{)c%& %ggn%%%%%%t&oﬁéayﬁéyngv%%&g‘et 2RV abie SeGtdoPhasS bondi ng
head 1104i8668" i NOY ant Peew dOVRSHZERY “9{ @g %q glq)% i.tself is. difficult
to achi eve. Accordi % to the conventlonaW& S a%lzé escrioldvF lIf]apanese
Pat ent L&hd- PhebiPdilrbetioR) N Jeitior Ui %e Ski Srt%[e ﬂé%j‘gyt whi ch
the VCM coil is positioned I's di ferent fromthe Eelg Eh, ﬁh'c%qé%e
novabl e thblmovableosett 908 chahdgds YhNgsE@¥GRion with the position of
the movable table 105 in the Y-axis direction. Therefore, a
- moment force is generated, causing a problematic vibration in a
yawing direction. In the wire bonder, although a bonding step is
performed immediately after the XY stage is stopped, the
vibration as described above leads to a reduced positioning
-accuracy or the like, thereby significantly degrading the
bondability. Thus, as described above, each of the X-axis quides
102 and the Y-axis guides 104 needs to have a rigidity strong
‘enough to be able to hold a moment load due to the movement of
the movable table 105 and the bonding head 110. Accordingly, the
downsizing of the XY stage itself is difficult to achieve.
According to the conventional XY stage described in
Japanese Patent Laid-Open Publication No. Hei 1-291194, since the
height at which the VCM coil is positioned is different from the
height at which the movable table is positioned, a driving force
from the VCM does not act on the center of gravity of the movable
section. Thus, it is difficult to sufficiently suppress the

vibration caused by the high-speed movement of the movable stage.

Moreover, since a position detector is provided at a




fromthe VCM does not act on the center of gravity of the novable section.
~Thus, it is difficult to sufficiently suppress the vibratiion,cgysed by the
hi gh-speed novenent of the novabl e stage. Moreover, since a position
‘detector is provided at a 11 March 2005 7 position above the novable table,
the accuracy of the position detection 4s_ insufficient. Thus, position
control may be difficult to perform Furthernore, according to the
conventional XY stage described in Japanese Patent Lai d-Open Publication
No. Hei 11pod#8ia8y,alaiviehaibgh ridveblet eabed, obhechitvers@an e dedhigyeidkidnt is
difficult to suppress the vibration in the yawing direction caused by the
" hi gh- speeddetaciiem dfs t Hasaffablentst agthushcc@odiingoho tdmiselcomegnt ibena
XY stages, since_the vibration in the yawi ng direction occurs, a feedback
control néEesiaud thEopRe¥Erted i n . order to reduce an influence due to the

vibration. In addition, these conventional XY stages have the Tgroblen1of a
narrow control bAHEPEIOLE: t hACSOEGIRY t 4 e UIS3, CORFERt Bl g eStR®E, t he

bl | e _105,, t.he Y-axi bl I 10 . .th il. .,1Q7b of
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X- axi V ; \/ t. t X-.axi
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yawi ng direction or the ke. which resonates at a uency bécomes a

probl em HIMMARYH R Hétmh i JIVENEEObemaite e BRI IBMISL O thhe. present
i nvention provide an
: According to these conventional XY stages, since the
vibration in the yawing direction occurs, a feedback control
needs to be performed in order to reduce an influence due to the
vibration. In addition, these conventional XY stages have the
problem of a narrow control band.
Since the X-axis table 103, the Y-axis qguides 104, the
- movable table 105, the Y-axis movable element 107a, and the coil
107b of the Y-axis VCM 107 are included among members on which a
thrust from the X-axis VCM 106 acts, a very large VCM needs to be
employed as the X-axis VCM 106 if a high thrust is required.
Therefore, the force of inertia of the movablelsection as a whole
becomes large, and the vibration in the yawing direction or the
like which resonates at a low frequency becomes a problem.
SUMMARY OF THE INVENTION
Example embodiments of the present invention provide an
~X¥ stage capable of sufficiently suppressing a vibration
generated after the high-speed movement of a movable section and
capable of readily controlling the movement.
An XY stage accdrding to an aspect of the present
invention comprises a base, a movable table disposed on.said'

base s0 as to be movable




XY stage capable of sufficiently suppressing a vibration generated after
the hi gh-speed novenent of a novable section and capaQqua%hbﬁagily
controlling the novenment. An XY stage according to an aspect 0 he present
i nvention conprises a base, a novable. table disposed on said base so as
to be novable 11 March 2005 8 in an X_giéegtion and a Y direction in an X-Y
pl ane, a work nenber provided on said novable table, a first |inear notor
which gives a driving force in the X direction to said novabl e table at
the sane height as the center of gravity of a novable section conposed of

sai d novabig tabike dinecsdbd wewk arewbed reabtbo@ $€CaAd X-yi ERIMNOLDr ¥k ch
gives a driving force in the Y direction to said novable table at the sane
hei ght as mémbaremreridéd grravidiyl abvakhée dtalmhegblae fiest | binedm nicier Xi¥h sttage,
the work nenber may be, for exanple, a bonding head and may be used for

Wi re bondi @esAcc sirdvihgd t borseanpl éhen¥odirenitionoftot haigreswaitle habheian,
.when the novabl e section is driven by the Iinear notors, a force fromthe
linear notehe 23%e BeldMe aenthe 6entpnavet yIsRvVite OhpdaBpeakbet peation

aperet ore. gehihep Lig, sk ihen.of e, sl S0 kebLg e, S Loy
V0o Lo Sl sty (L etsten She TRyabe ¢l L pes o
cubstant 4 JeALREStion P VIS B YRSl ohol SaRIETA Blpuicy o
that of theicprweRbi®Ndcrguhde nenber for guiding the
| In the XY stage, the work member may be, for example, a
bonding head and may be used for wire bonding.

According to example embodiments of the present invention,
when the movable section is driven by the linear motors, a force
from the linear motors acts on the center of gravity of the
movable section. Therefore, even when the position of the movable
table is shifted in a direction perpendicular to the driving
direction, the center of gravity driving is always achieved.
Thus, even when the movable table 1s moved at a high speed,
substantially no moment force is generated, and thus
rsubstaﬁtially no vibration in the yawing direction is generated.
Accordingly, even when using a guide member having rigidity
lower than that of the conventional guide member for guiding the
movable section, a stable operation can be obtained, thereby
.making it possible to lighten and downsize the XY stage.
Moreover, since the wvibration in the vyawing direction is
suppressed, the controllable frequency band is broadened.

In particular, if the movable section and the movable
elements of the linear motors of the respective axes are movable

independently of each other, redundancy (a margin for movement)




novabl e section, a stable operation can be obtained, thereby nmaking it
possible to Iighten and downsi ze .t he XY stage. Nbreoqu, ﬁ%ﬁﬁﬁ #he
'vibration in the yawing direction is suppressed, the coﬁ%rol A% e
frequency band is broadened. In particular, if the novable section and the
novable elements of the |inear nbtorsqof the respective axes are novable
i ndependently of each other, redundancy (a margin for novenent) 11 March
2005 can be reduced and the nunber of nenbers on which the thrust acts can
al so be reduced. Thus, the |inear notors can be downsized. Accordingly,
the for ceanfbé nerducadofint heherovaler o€Chémiterss onr @Hucled-handhile: acts
“eigenfrequency thereof is increased, thereby further facilitating the
suppr essican also thse redbcedi oThuFhethat Limsarpmbhorpleyn beddownéited.of the
invention will beconme nore apparent fromthe follow ng detail ed

descri pt AsaoydEIl Y eibiei foxemefhdinerhiai oh thee movsbhpasndtigndiawi ngs in

'_ which like_ parts are designated by |ike reference nunerals or characters.

BRI EF DELSefi¢ad @udotheeigsniequsncy theeeel dsnprayearpdr dlergby Fig. 1 is
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the cent gea@f 1Pl h%cioR & thReaB0MRSER ing®Aadifys 3B LWhidn SENgMatiC
di agr am showi ng '
parts are designated by like reference numerals or characters.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

Fig. 1 is a schematic diagram showing the structure of a
conventional wire bonder stage;

Fig. 2 is a schematic diagram showing that a bonding head
is attached onto the conventional ﬁire bondér stage shown in Fig.
1;

Fig. 3A and Fig. 3B are views showing a change in thé
positiop of the center of gravity g of a movable section when the
bonding head 110 is moved in the Y-axis direction; Fig. 3A is a
schematic diagram showing the position of the center of gravity g
before the moVement; and Fig. 3B is a schemaﬁic diagram showing
the position of the center of gravity g after the movement;

Fig. 4 is a schematic diagram showing the structure of a
wire bondef stage according to a first embodiment of the present
invention;

Fig. 5 is a schematic diagram showing that a bonding head
is attached onto the wire bonder stagé shown in Fig. 4;

Fig. 6A and Fig. 6B .are views showing the structure of an




the position of the center. of gravity g after the novenent; Fig. 4 is a
schematic di agram showi ng the structure of a wire bondeflﬁg g§0@§cording to
—a first enbodi nent of the present invention; Fig. 5 is a schematic diagram
showi ng that a bonding head is attached onto the wire bonder stage shown in
Fig. 4, Fig. 6A and Fig. 6B are viewsyghowing the structure of an 11 March
2005 - 10 X-axis VCM6; Fig. 6Ais a plan viewthereof; and Fig. 6B is a
cross-sectional view of Fig. 6A along aline A-A, Fig. 7A and Fig. 7B are
views showi ng a change in the position of the center of gravity G of a
movabl e Be@¥1®VG¥hén Bigboriisg ahpdan 10idvs tievedf; nandhgiy-a%Bsislia ect i on;
Fig. 7A'is a schematic diagram show ng the position of the center of
gravity @foﬁﬁﬁﬁﬂQ§19ﬁélﬁBV§ﬁéﬁiFlaﬁdﬁ$ﬁéi0HHBaiélaegkﬁénatic di agr am showi ng
the position of.the center of gravity G after the novenent; Fig. 8Ais a
schematic di agi s JRofPAgF L9 noth 2Ty ¥kerhathowingxaaghangsidbtheel ement i s
connect ed tq:an X-aﬁhs tan the conventional case;, and Fig. 8Bis a
S

scherat | RORT PR ES HG, FTb ?P%dlgrga%ﬁ‘éhq P4t 2t HRVIR M ST PRbYRC R % rent i s
Connes! bk BeglCH AL AR ekl S NGB Ol R £t
R feRAS QTR (ISR, ele BILE 5208, SN E iy g 10
rel ati onséfdred eheensvémirtgaiand@psly! s fileqUEBRYma e difig@am9Ehdiidd e graph
showi ng t-he rel ati onshi p between the phase and the fredquency; Fig. |10A and
Fig. 10Bcke @ogrigibs eRCiheskewtag &f efieAey G after the movement;
Fig. 8A is a schematic diagram showing a model such that
an X-axis movable element is connected to an X-axis table as in
. the conventional case; and Fig. 8B is a schematic diagram showing
a model such that the X-axis movable element is connected to the
movable table as in the embodiment of the present invention;
Fig. 9A and Fig. 9B are graphs each showing frequency
characteristics when the mass m of a middle stage section 22 is
equal to the total mass M of a member 21; Fig. 9A is the graph
showing the relationship between the gain and the frequency} and
Fig. 9B is the graph showing the relationship between the phase
and the frequency;
Fig. 10A and Fig. 10B are graphs each showing frequency
characteristics when the mass m of the middle stage section 22 is
less than the total mass M of the member 21; Fig. 10A is the
_graph showing the relationship between the gain and the
fréquency; and Fig. 10B is the graph showing the.relationship
: between the phase and the frequency;
| Fig. 11A and Fig. 11B are graphs showing closed loop

characteristics respectively for Fig. 9A and Fig. 9B;

Fig. 12a and Fig. 12B are graphs showing closed loop




characteristics when the nass mof the mddle stage section 22 is less
than the total mass M of the nenber 21; Fig. |OAis th?ﬂlﬂ&%ﬁgoﬁgom‘ng t he
‘relationship between the gain and the frequency; and Fig. 'S the-graph
showi ng the rel ationship between the phase and the frequency; Fig. 11A and
- Fig. 11B are graphs showi ng cl osed Logp characteristics respectively for
Fig. 9A and Fig. 9B, Fig. 12A and Fig. 12B are graphs show ng cl osed | oop
11 March 2005 - 11 characteristics respectively for Fig. 10A and Fig. 10B;
Fig. 13A and Fig. 13B are graphs each show ng frequency characteristics in
- the convERRF¥HATIRLAES hopactsivady; Ter Fid3A04 endhBigy diBishowi ng the
relationship between the gain and the frequency; and Fig. 13B is the graph
showi ng the ref3di dméhAPd B welelP ke ghapks farh whopiaguerrgrenryg. 14A and

Fig. 14B aphs.each show ng frequency . characteristics in the wire
bonder sCAYRASIIPRIAD 1o b COLRBBLI it 'HEat RENHPESEMISnFaRti b#t Fi g.

1S hQwi | atj i. h ali n and t he
%Eéqhzntc?? kgt Qilthd the' Siigtfé‘%%%nzv%%ggeﬁgfi%@hh gﬁgb_sﬁzegrots ne
Fog;e cﬁgifj% ter('{){ételgggn]?%%'peﬁg% \}él 9“?09?‘ |hg.3h%)§'§n§n %i%&%@?swﬁg. 16A and

Fi g. 16Bphafwecil BRSHRAGWM A1 cE'h@SfPe(&lﬂé}ﬁ_thar acteristics respectively for
. Fig. 14A and Fig. lﬁB; Fig. 17 is a schematic diagramfor illustrating

variations inridie 1dat aféi Py AMRBNhrBYgidhd @uich SRofing ARukhep detector
of a one-dinensional sensor;
characteristics in the wire bonder stage according to the
embodiment of the present invention; Fig. 14A is the graph.
showing the relationship between the gain and the frequency; and
Fig. 14B is the graph showing the relationship between the phase
and the frequency;
Fig. 15A and Fig. 15B are graphs showing closed loop
characteristics respéctively for Fig. 13A and Fig. 13B;
Fig. 16A and Fig. 16B are graphs showing closed loop

characteristics respectively for Fig. 14A and Fig. 14B;

Fig. 17 is a schematic diagram for illustrating variations

in the detection amount by the position of a position detector of

. a one-dimensional sensor;
Fig. 18A and Fig. 18B are views showing the structure of _
~another VCM; Fig. 18A is a plan view thereof; and Fig. 18B is a
cross—sectional view of Fig. 18A along a line B-B;

Fig. 19 is a schematic diagram showing the structure of a
wire bonder stage according to a second embodiment of the present
invention;

Fig. 20 is a schematic diagram showing the structure of a
wire(bonder stage according to a third embodiment of the present

invention;




Fig. 18A and Fig. 18B are views showi ng the structure of another VCM Fig.
18A is a plan view thereof; and Fig. 18B is a cross-sep{hopﬁl égeM/Of Fig.
~18A along a line B-B; Fig. 19 is a schematic diagran1shomnﬁ t%? structure
of a wre bonder stage according to a second enbodi ment of the present
invention; Fig. 20 is a schenatic diagrham showing the structure of a wre
bonder stage according to a third‘enboginent of the present invention; 11
March 2005 - 12 Fig. 21 is a schematic di agram showi ng the structure of a
wi re bonder stage according to a fourth enbodi nent of the present
invention; andFEgg.2R4si & achehenit idiagiragr showimyithg theustunetofr @ of a

W re bonder stage according to a fifth enbodi ment of the present

i nvent i oW1TOEIMdEEDS PESERAFNCONIOF tPHE FREFERREDCENBOD; VENThT ergweater r ed
enbodi nents of, the present invention will be described bel ow specifically
with ref tFEREAY @R accompanying drawings. Fig. 4 is a schematic diagram
showi ng the structuyre.of a wre bonder stagg according. to the first

enbodi nent of YHE dSeft S Alagrgn showing fhg-Fhragtwien@fam showi ng
that a My ead. s attached onto_the w re bander st shown in Fig.
4. Acco’r‘g%‘%ji l?(%lc{]el]fegﬁ?%% Nt B, ﬁ%n?,gf@t\ﬁq %‘@)‘?ﬁ?“ﬁﬁ d@g g‘:%ﬁf PFeseRbi de
nmenber s) ; Zo@l€ Jyy.ovi ded on a square-pl ate--shaped base 1, for exanple. The
two X-axi's guides 2 extend in a direction parallel to each other. This

~direction is reffgfEbODESCRIPTION OF THE PREFERRED EMBODIMENT

The preferredlembodiments of the present invention will be
described below specifically with reference to the accompanying
drawings. Fig. 4 is a schematic diagram showing the structure of
a wire bonder stage according to the first embodiment of the
present invention. Fig. 5 is a schematic diagram showing that a
bonding head is attached onto the wire bonder stage shown in Fig.
4.

According to the present embodiment, two X-axis guides
(first guide members) 2 are provided on a square-plate-shaped
base 1, for example. The two X-axis guides 2 extend in a
direction parallel to eaéh other. This direction is referred to
és an Xéaxis direction. An X-axis table (middle table) 3 is
provided on the X-axis guides 2. X-axis follower sections (not
shown) for following the X-axis guides 2 are provided on the-
lower surface of the X-axis table 3. The X-axis table 3 can be
moved in the X-axis direction. Two Y-axis guides (second guide
menbers) 4-extending in a Y-axis direction which is perpendicular
to the X-axis direction are provided on the upper surface of the
X-axis table 3. A movable tabie 5 is provided on the Y-axis
guides 4. Y-axis follower sections (not shown) for foliowing the

Y—axis guides 4 are provided on the lower surface of the movable




~as an X-axis direction. An X-axis table (nmddle table) 3 is provided on
the X-axis guides 2. X-axis follower sections (not sh £ gllomﬁng
the X-axis guides 2 are provided on the |ower surface of £y QQ axis table
3. The X-axis table 3 can be noved in the X-axis direction. Two Y-axis
gui des (second guide nenbers) 4 extehdling in a Y-axis direction which is
perpendicular to the X-axis direction are provided on the upper surface of
the X-axis table 3. Anovable table 5 is provided on the Y-axis guides 4.

Y-axis fohha sﬁl%t in89§b:§é‘°ﬁa ﬁr@O\gn):anobe W ngté% Y- aX| s gw des 4 are

provi ded on t I"Ower ~Surtace of the novadl e tabl e 5.

The ”DVdi'r%cEitehe%ecfa%obaneﬁed&&l@elg gfﬂé% é.%g% 88 d{@;@' SQgl N the

axi s QU|3es 2.

X-axis direction ause 0 axi s

The UpPP@fabikr Baged afhd REax¥BVaRLded 3! er )gerplsaﬂfaéé”é@%%e and a bondi ng
head (work nenber) 10 is fixed thereto axis VCM (linear nmotor) 6 is
di sposegovabdé t&ble 5 déj acphand Qsdﬂﬁc@vabaehtmﬁidané haaah xi s

‘direction. Fig. 6A and Fig. 6B are views showing thé structure of the
X-axi s Yembér) H gis GAxesd ah@gtretovi ew thereof, and Fig. 6B is a
cross-sectional view of Fig. 6A along the line A-A. The X-axis VCM 6
includes a yoRe ¥eatim VAt (Winehrimotimjed isodisposadsor iis(hotbshown) and
has an opening at the side of the novable table 5 An X-axis novable

el enent agdaGANEHG SheomaEable takle SsiigetBerfwvesolireetiovabFegt @ e 5 and
a coil 6b- mhlch is wound around the X-axis novabl e el enent 6a are inserted
into t h@NdyEke- R Br6n VEEWE r SheWHY dPenfhructiie @i thebXraxiko el §e as to

be parall.el to he syrface of the vabl.e table 5. The size' of
: P %1g. % I ﬂan vgew thered%o and ig 6B 1s a cross-sectional

view of Fig. 6A along the line A-A.

The X-axis VCM 6 includes a yvoke section 6c¢ which is fixed

to the support (not shown) and has an opening at the side of the
movable table 5. An X-axis movable element 6a which is connected
to a side surface of the movable table 5 and a coil 6b which is

‘wound around the X-axis movable element 6a are inserted into the

yoke section 6c from the opening. The coil 6b is wound so as to
be parallel to the surface of the movable table 5. The size of
the opening is about equal to or greater than a movable range of
the movable table 5 in the Y-axis direction. The X-axis movable
element 6a and the coil 6b can be moved without a constraint in
the Y-axis direction. A magnet 6d whose south pole faces down
and a magnet 6e whose north pole faces down are attached to the
inner upper surface of the yoke section 6c. A magnet 6f whose
nbrth pole faces up and a magnet 6g whose south pole faces up are
attached to the inner bottom surface of the yoke section 6c at
positions respectively opposing the magnets 6d and 6e.
Accordingly, a magnetic circuit which generatesra magnetic field

inside and around the coil 6b is made in the X-axis VCM 6.



‘the opening is about equal to or greater than a novabl e range of the
novable table 5 in the Y-axis direction. The X-axis npo nt 6a and
the coil 6b can be noved without a constraint in the $ﬁ§%¥gth@£§tlon A
magnet 6d whose south pole faces down and a nmagnet 6e whose north pole

- faces down are attached to the inner jupper surface of the yoke section 6c¢.
A magnet 6f whose north pole faces up and a magnet 6g whose south pole
“faces up are attached to the inner bottom surface of the yoke section 6¢
at p05|t|ons respectively opp05|n the na nets 6d and 6e. Accordingly, a

magnetic circut® WAt cHtosdrs CHj &4 I'larﬁlélieﬁécaﬁ@lalr éand t he
coil 6b i.s .made t he X-aX|s VCNI6. 11 Nhrch 2005 - In _the
t hus-str l'}gfIEIF%EPé( Kids QERPE, SI&"’YﬂadﬁepFE fOR | IF Q?nelrﬁﬁ?%at &8 dy an arrow
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the X- axitpeVEMbret he Y-axis VCM 7 includes a yoke section 7c which is
fixed to the support and has an opening at the side of the novable table

5. A Y-axis noxaplexsl eneni1{gedP kitdr 7C08NEHERAL0s8 86 d& pur face of the
novabl e table 5 and a coil 7b which is wound around the Y-axis novabl e

el enent &djacent rxerhedmovable thadlyokeisogid a1 akssf aoradtionopen na. The
coil -7b is wound so as to be parallel to the surface of the novable table
5. The  SheeX-exish&C¥peni tige i %-adisuvVCHqualndlmdes grpekersecitaonazaovabl e
range of the novable table 5 in the X-axis direction. The Y-axis
which is fixed to the support and has an opening at the side of
the movable table 5. A Y-axis movable element 7a which is
connected to a side surface of the movable table 5 and a coil 7b
which is wound around the Y-axis movable element 7a are inserted
- into the yoke section 7c¢ from the opening.‘ The coil 7b is wound
80 as to be parallel to the surface of the movable table 5. The
size of the opening is about equal to or greater than a movable
range of the movable table 5 in the X-axis direction. The Y-axis
movable element 7a and the coil 7b can be moved without a
constraint in the X-axis direction. As in the X-axis VCM 6, a
magnetié circuit which generates a magnetic field inside and
around the coil 7b is made in the Y-axis VCM 7.
The movable table 5 inciuding the Y-axis follower sections,
the X-axis movable element 6a and the Y-axis movablelelement 7a
- together constitute an upper stage section 8, and the X-axis
table 3 including the X-axis follower séctions and the Y-axis
guides 4 together constitute a middle stage section 9. The
movable table 5 and the bonding head 10 together constitute a

movable section.

The mass of the bonding head 10 is-greater than that of




novabl e el enent 7a and the coil 7b can be noved without a constraint in
the X-axis direction. As in the X-axis VCM 6, a nagneqigwqjﬁgg' whi ch
generates a nmagnetic field inside and around the coil ’ '€ e in the
Y-axis VCM 7. The novable table 5 including the Y-axis follower sections,

" the X-axis novabl e el enment 6a and thel¥-axis novabl e el enent 7a together
constitute an upper stage section'8, and the X-axis table 3 including the
X-axis follower sections and the Y-axis guides 4 together constitute a
mddl e stage section 9. The novable table 5 and the bonding head 10

t-oget her @ Qf ttheeUBPCRuH % S8EE1PD P amde thasBididle Feago mechiomebd 10 is

reater than that of 11 March 2005 - 15 —each_ of the upper stage section 8
gnd t he hitftn 3%6F358D§%QﬁF%ﬂ9 &he hopdinghegd. L 3k Lihey UPRRY sdddeng head 10

_ ) : . . dwith. h
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such an integrated nenber. Therefore, e bondi ng hea I's nmoved

in the Xsoages sécteshi 9N W@iicht Bee ndties«dichBabi &b Ha%-iﬁg,siﬁ It gL the
center of gravity is sinmultaneously noved in the sanme direction

subst antasaid yankdy Yt-hgis sdifectisha ) oceoindid¥saxpsrel inae bl §nwpas itheon det ect or
(not shown) for detecting. a relative position in the X-axis direction with
respect c¢enttehreolfageatitgf dfheunbvablimtegrhied memtairt.achiedeForehe
whether the bonding head 10 is moved in the X-axis direction or
the Y-axis direction, the position of the center of gravity is
simultaneously moved iﬁ the same direction substantially by the
same distance.
An X-axis direction position detector (not shown) for
detecting a relative position in the X-axis direction with
' respect to the base 1 of the movable section is attached on the
lower surface of the X-axis table 3. A Y-axis direction position
detector (not shown) for detecting a relative position in the Y-
axis direction with respect to the base 1 of the movable section
is_attaéhed on the lower surface of the movable table 5. A
straight line which passes through the position at which the X-
axis direction position detector is attached and which is
parallel to the X-axis direction substantially overlaps with a
.sfraight line which passes through the center of gravity of the
ﬁovable section and which is parallel to the X-axis direétion as
viewed in a plan view. A straight line which passes through the
position at which the Y-axis direction position detector is:

attached and which is parallel to the ¥-axis direction

substantially overlaps with a straight line which passes through




| ower surface of the X-axis table 3. A Y-axis direction position detector
~(not shown) for detecting a relative position in the YW@%Fh%PQEC“m wth
respect to the base 1 of the novable section is attache o 't | ower
surface of the novable table 5. A straight |ine which passes throughthe
position at which the X- axis direcTi bf position detector is attached and
which is parallel to the X-axis direction substantially overlaps with a
straight Iine which passes through the center of gravity of the novable

section and wBhEdy ict BRERM 4elodt @nbhRovasid Sish Ao dacpyigred Tn a plan

~view. A straight |line which passes through the position at Wwhich the

Y-axi s dpaealien foshei phadief eGreetisn & taehed #ndy ‘éﬁlia%hv%éwFarZQ lel to
"the Y-axis direction substantially overlaps with a straight [ine which

passes t Bheugtaxik MHrebt 260 positbontdetaairetnal tigs axid sofit-ber {wmyabl e
section and which is parallel to the Y-axis direction as viewed in a plan
vi ew. Asposfieion agletector ect icme-gimens onadetoptliosl afshdoieaXdaxi s direction
‘position detector, a one-dinensional optical sensor and a nagnetic sensor,
for exanPfenetigy sgasgsedfor examphe, gwase bshasedt hdn tpei cade sérser the used,

scal e marks. that respectively indicate anounts of novenent in the X-axis
and Y- axPB 3o SENSAE %%1915@@" prale derrken thae sesresddvelyt edbestes 1
opposi ng_t he .optical sensor.. %gosi tion detector of a two-dinmensional

optical YRS oEaPRBFEESt ideltbe X TR ithendnSudkindiregEiens may bl ane may

be wused.jnstead of,  the X-axis direction positign detector. and the Y- axis
directi g%f%&ﬁﬁ gﬁ it SWEERCe %@hi’ﬁs‘éagec,’pﬂq‘féngo‘émef iWricadt BERINT may be

S ek 1 BIRAGTLLRE A ke IRARS s BRLF st SERLE
capable of detecting the amount of movement in a plane may be
used instead of the X-axis direction position detector and the Y-
axis direction position detector. In such a case, the position
detector may be attached to the lower surface of the movable

| table 5, and scale marks which respectively indicate amounts of
- movement in the X-axis and Y-axis directions may be provided on
the surface of the base 1.

Next, the operation of the thus-structured wire bonder
stage of the first embodiment will be described. Fig. 7A and Fig.
/B are views showing a change in the position of the center of
‘gravity G of a movable section when the bonding head 10 is moved
in the Y-axis direction. Fig. 7A is a schematic diagram showing-
the position of the center of gravity G before the movement, and
Fig. 7B is a schematic diagram showing the position ofrthe center
of gravity G after the movement.

In the case where the movable table 5 is moved in‘the Y-
axis direction, the Y-axis VCM 7 is dfiven. _Adcordingly, the
movable table 5 follows the Y-axis guides 4, thereby being guided

in the Y-axis direction with respect to the X-axis table 3. Then,




movenent i n the.X-axis and Y-axis directions may be provided on the
surface of the base 1. Next, the operation of the thus-§ﬁ@g&$g®§€ Wre
bonder stage of the first enbodinment will be descri bed. and Fig.
7B are views showing a change in the position of the center of gravity G
of a novabl e section when the bondi rRgifiead 10 is noved in the Y-axis
direction. Fig. 7Ais a schematic’diagram showing the position of the
center of gravity G before the novenent, and Fig. 7B is a schematic

di agram show n he posjtion of the center f,aravity G after the
novenent SYFR Jr’f%é:th@aggs\’nﬁ’e‘?% G &M PgBR ‘?aftf‘}tge‘s%i e K4a¥ithe Y- axis

di rection, . Y-axis VCM. 7 i, dri.ven, ordingly,_the vabl e table 5
fol | ows ?ﬁ]é‘é&é)ﬂ Eﬁaﬂ?%%g the ?ﬁ@?‘éﬁf“‘ﬁ‘é‘?ﬁ%‘gﬁ éﬂﬂi‘gf}% 13 G391 B¢ BRVE4di rect i on
with res { = axi & 3, 33 rech 2005 - 17 _even if the
posi ti onggﬁtlct) 12 angggégéjflgbllgpgﬁﬁnxt %%fﬁ-%’%fes?% 8lﬁl’ egstq‘lngﬁ Eﬁ%n@cgrsa,el t he _
Y-axi s RISt URTREIDIA SAPBRATBY fhe Wddily ALANRS Tl by the X axi s
direction. Since tﬂg totafﬁﬁﬁﬁss_o t éeﬁgﬁgngcoﬁpogg% 0 tﬁg Bond!ng head
10 and ugpgfe sHcA46nSEGHH QU &rehiaPedffddtATHALEEN Whitkbreaeh gPLREE 1 S
greater than that of the mddle stage section 9, the position of the
center ofthau ahsty of olhe tnlieldTev 8bhge Sesdt iwh 195 8RE P idH o tie changed.
Thus, a force fromthe Y-axis VCM 7 acts on the position of the center of
gravity cemfern ko gogabie Ged ithe. novable ssatdonhis endtheuibstahtealbple 5 is
nmoved in the X- axis direction, the X-axis VCM 6 is driven. Accordlngly,
the X- afhangesh| eTlBisf,0lal arce hBrom dhies YgakidesvaM % ketebgnbeherg gui ded in

the X-axis direction with respect to the base 1, and the novable
position of the center of gravity G of the movable section.

In the case where the movable table 5 is moved in the X~
axis direction, the X-axis VCM 6 is driven. BAccordingly, the X-
axis table 3 follows the X-axis guides 2, thereby being guided in

the X-axis direction with respect to the base 1, and the movable

table 5 provided thereon is thus moved in the X-axis direction.
" Then, even if the position of the upper stage section 8 in the Y-
axis direction changes, the X-axis movable element 6a which is

directly connected to the movable table 5 can be moved without a

constraint in the Y-axis direction. As a result, the position of
the center of gravity G of the movable section is not changed
substantially. Thus, a force from the X-axis VCM 6 acts on the
position of the center of gravity G of the movable section.
Thus, according to the wire bonder stage of this
embodiment, whether the movable table 5 is moved in the X-axis
direction or the Y-axis direction, the position of the center of

- gravity G does not substantially change, thereby ensuring the

center-of-gravity driving. Thus, substantially no moment force
is generated. Therefore, for example, when the movable table 5

is moved in the Y-axis direction, it is only necessary to




table 5 provided thereon is thus noved in the X-axis direction. Then, even
if the position of the upper stage section 8 in the Y- M%“%E&% tion
changes, the X-axis novable elenment 6a which is directly cohnected to the
novabl e table 5 can be noved without a constraint in the Y-axis direction.
As a result, the position of the cenfl® -of gravity G of the novable
section’'is not changed substantially. Thus, a force fromthe X-axis VCM 6
acts on the position of the center of gravity G of the novabl e section.

Thus, ' t ] b t f 1hi nmbodi t,. whether th
movabl o CORT AR ifer STalhidy HEYRe FraRs udion BF Phe TrRies di v ect i on
th I £4 : ' b ti.all h ,
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5 is noved in the Y-axis direction, 1t Is only necessary ch 2005

- 18  cospafiRfreietisgi Wil rfspebe Yoakhs @i ‘él.eﬁvﬂngnf(fﬂfe An2%he x-

transl ational direction for the vibration in the X-Y plane nbecause t he
yawi ng pexeds idirestlibndusibien the mosillicorrlctioansd efricRar 26t €hd StiaggsWi th
‘respect to the VCM driving force in the X- axis direction. -Wen the
“novabl e dbadtdeni, sthelrrikginditly tthe Yuppontimy rhet noment Head godit yof or
~supporting the nonent | oad does not have to be considered. Since the

‘rigidi t yhave tieeber eprsidenndal Sineedtiecomigidiencinlitihe greasbatidmd t hat in
the yawing direction, a quide having rigidity |ower than that of a
convent i SHECtIONdES FenrLsH lya pERYLEE charpthagc Anothe yawingxdiregtides' 2 and
the Y-axis . uiges.4 in this egbodi ment. Wien guides with a lowrigidity
are usead,g‘%’g‘ei APHRE | B G Y SRR ZEhah &hgii Bgs? epnvarfdenal pgrtdeon

can be safely used for each of the X-axis guides 2 and the Y-axis
guides 4 in this embodiment. When guides with a low rigidity are
used, it is possible to downsize the guides, and thus a portion
holding the guides can also be downsized. As a result, the total
mass of the movable section can be reduced, thereby increasing
the speed at which the movable section can be moved.
As a result of directly connecting the X-axis movable

element 6a and the Y-axis movable element 7a to the side surfaces

of the upper stage section 8, the vibration caused by the guides
can be suppressed. Fig. 8A is a schematic diagram showing a
model such that an X-axis movable element is connected to an X-
axis table as in the conventional case, and Fig. 8B is a |
schematic diagram showing a model‘such that the X-axis movable
element is connected to the movable table as in the embodiment of
the’present invention.

The equations of motion of the member 21 composed of the

upper stage section and the bonding head and the middle stage

section 22 in the model shown in Fig. 8A are represented

respectively by Expressions 1 and 2 below.




hol di ng the gui des can al so-be downsi zed. As a result, the total nass of
t he novabl e secti on can be reduced, thereby increasing Tﬁﬂg ﬁ@gsg at which
. C _ rc .
t he novabl e section can be noved. As a result of directly connecting the
X-axis novable elenent 6a and the Y-axis novable elenent 7a to the side
surfaces of the upper stage section &9 the vibration caused by the guides
can be suppressed. Fig. 8A is a schematic diagram showi ng a nodel such that
an X-axis Movable element is connected to an X- axis table as in the
conventignal case, .and Fig. 8B is a schematic diagram showi ng a nodel such
~ that the"XREBIRolabl e elenent is connected to the novable table as in
t he enbodi t of the present invention. The equations of notion of the -
menber 2¥ ofeq-64) the upper stage section and the bonding head and the
m ddl e stage section 22 in the nodel shown in Fig. 8A are represented
respect i gghpedogxpLessions 1 and 2 below. 11 March 2005 Expression 1: d2
Mdt 2 - -K(x1-- -X2) Expression 2: d2x2 Mdt -F-kx2+K(xl-x2) - 19 1In the
above exgﬁéﬁqungh bkbi_gge total mass of the nenber 21; mis the mass of
the niddl eqft age sectidbn ®2; Kis the rigidity value of the Y-axis guides
provided on the m ddle stage section 22; k is the rigidity value of the
X-axi s gui des B diied @ROVene PIRESGORS, Mnts Rthiss toteldmass mf ftdece by t he
X-axi s- VCM
L member 21; m is the mass of the middle stage section 22; K is the
rigidity value of the Y-axis guides provided on the middle stage
section 22; k is the rigidity value of the X-axis guides provided
on a base 23; and F is the driving force by the X-axis VCM.
The resonance frequency @ in this model is represented by
Expression 3 below.

Expression 3:

m+M
mif

K

The equations of motion of the member 21 consisting of the
upper stage section and the bonding head and the middle stage
section 22 in the model shown in Fig. 8B are represented
respectively by Expressions 4 and 5 below.

Expression 4:

d2

M——d-thl-F-K(xl—xz)

Expression 5:

dzx

2
M—%= ke, + K(x; - x,)
) 2 =%

The resonance frequency « in this model is represented by
the following Expression 6 as in the model shown in Fig. 8A.

Expression 6:




The ‘resonance frequency Win this nodel is represented by Expression 3

bel ow. Expression-3: The equations of notion of the nquqh§%%288$S|stlng of
t he upper stage section and the bondi ng head and section in"the nodel
shown in Fig. 8B are respectively by Expressions Expression 4. d2 M 2x
-F-K(xl-x2) Expression 5: d2 x2 Al d 28 -k,,2 K(xI - x2 ) 4 and 5 bel ow.

. the mddle stage represented The iesonance frequency win this nodel is

represented by the followi ng, Expression 6 as in the nodel shown in Fig.
8A. Expression 6: 11 March 2005 - 20 jmtM K nMIn ei ther nodel, the

- rigidity yallme® . is equal to that obtained in the sliding direction, i.e.,
0. Fig. 9A nleFg. 9B are graphs each show ng frequency characteristics
when the mass mof the mddle stage section 22 is equal to the total nass

Mof the nenbeinzéith%tgmogéll Sttgeh eri ri%ri@y value k is equal to that

obtained in thelgliding direction, i.e., 0.

Fig. 9A and Fig. 9B are graphs each showing frequency

characteristics when the mass m of the middle stage section 22 is

~ equal to the total mass M of the member 21. Fig. 9A is the graph
sﬁowing the'relationéhip between the gain and the frequency, and
Fig. 9B is the graph showing the relationship between the phase
and the frequency. Fig. 10A and Fig. 10B are graphs each showing
frequency characteristics when the mass m of the middle stage
éection 22 is less than the total mass M of the member 21. Figqg.
10A is the graph showing the relationship between the gaiﬁ and
the frequency, and Fig. 10B is the graph showing the relationship

| between the phase and the frequency. Fig. 11A and Fig. 11B are
graphs showing closed loop characteristics respectively for Fig.
9A and Fig. 9B, and Fig. 12A and Fig. 12B are graphs showing
cloéed loop characteristics respectively for Fig. 10A and Fig.
10B.

From Expressions 3 and 6, if the total mass of the movable
section composed of the member 21 composed of the upper stage
‘section and the bonding head and the middle stage section 22 is

- constant, the resonance frequency « is minimum as shown in Fig.
QA’and Fig. 9B when the mass m of the middle stage section 22 is
equal to the total mass M of the member 21. The bonding head of
the wire bonder is generally heavier than each of the upper stage
section and the middle stage section, and the total mass of the

member 21 is greater than that of the middle stage section 22.




showi ng the rel ationship between the gain and the frequency, and Fi-g. 9B
is the graph showi ng the relationship between the phasq1hﬁ‘ghﬁ frequency.
Fig. 10A and Fig. 1 0OB are graphs each showi ng frequency characteristics
when the mass mof the mddle stage section 22 is less than the total nass
M of the nenber 21. Fig. 10A is the griaph showing the relationship between
‘the gain and the frequency, and Fig. 10B is the graph show ng the

rel ati onship between the phase and the frequency. Fig. 11A and Fig. 11B
are graphs showi ng c]osed |oop characteristics respectively for Fig. 9A

and Fig. 9B, dfdtBFgabaverdeseripbgd emhpdimentrabrches iprgeant towavdoneop
characterj.stics,r pectivelg Lor I g. . 10A and Fig. -10B. From Expressions 3
and 6, if YfeE ?B?:f’%ﬁ%§sm8V ble ?i%ﬁ%HFeﬁas%ﬂﬂiﬁﬂ? dofhbE PP lehe nenmber 21
conposed Gf . section, and t bondi ng head and.the m ddl e
stggesseé%ﬁgﬁngzﬂ?gskég%gggﬁ%¥ ??ﬁ?%ggsghgﬁggm?P@Eﬁﬁ%ﬁ?aiﬁi%?cﬁﬂﬁpn%n1as

he ' ' +2nd, t.he t he m ddl e stage. section
220¥2 Igégﬁgt?gg?he to?ggtﬁégg of“_"Egﬁéiﬁg%%%f_uﬁﬂ%rﬁgﬁﬁﬁn eﬁgﬁﬁlof t he

i re bon ' ; [ ; eagh &1t r e ction and
\che' m ddﬁghgtizgg@srﬁt{:lﬁlgﬁ, Hgé% ﬁ\elts?gtg SI mas?gL tcr)'f Q? ﬁggggnetr%ﬁngalég (%fr eater

t han t hatthef midg¢lensidye sééefors e icofpdrled kb MBEASe 34 e a2hovhihd N
above-descri bed enbodi nent of the present invention, since the X-axis
novabl e ellement & aavdmt Bor Ydmidihgmivadhe ofelBeeakidP Ehectibist{y
connected to the upper stage section 8 the total mass of the nenber
conposed connedeedifise thet mi@d e cttiage s@&ctaish vhe Tandi Aig BrRadndds ioF gr eat er
with respect to the mass of the mddle stage section as conpared to a case
where a #BgaPhiire movable section is constant, the eigenfrequency

At

(resonance frequency) is increased as shown in Fig. 10A and Fig.
10B. When a feedback control is performed for the XY stage, the
eigenfrequency increases, which may cause a problem in terms of
control ability. As can be seen from a comparison between Fig.
11A and Fig. 11B, and Fig. 12A and Fig. 12B, the control band is
broadened, thereby improving the confrollability.
According to the present embodiment, the vibration iﬁ the
- yawing direction can be supﬁressed as described above. The
effects thereof will be described below with reference to the
- drawings. Fig. 13A and Fig. 13B are graphs each showing
frequehcy characteristics in a conventional wire bonder stage.
Fig. 13A is the graph showing the relationship between the gain.
and the frequency, and Fig. 13B is the graph showing the
relationship between the phase and the frequency. Fig. 14A and
Fig. 14B are graphs each showing frequency characteristics in the
wire bonder stage according to the embodiment of the present
invention. Fig. 14A is the graph showing the relationship
between the gain and the frequency, and Fig. 14B is the graph

showing the relationship between the phase and the frequency.




el ement of a VCMfor driving in one of the axial directions is connected
to the nmiddle stage section 9. Thus, if the nass of t hey @Btk Bpgovabl e
section is constant, the eigenfrequency (resonance frequency) Is increased
as shown in Fig. 10A and Fig. 10B. Wen a feedback control is perforned.
for the XY stage, the eigenfrequency2pncreases, which may cause a problem
internms of control ability. As can be seen froma conpari son between Fig.
11A and Fig. 11B, and Fig. 12A and Fig. 12B, the control band is
~broadened,, thereby inproving the controllability. According to the present
“enbodi mefttd- t ed AN gﬂgonlﬁg a%¢e 9TFRIF pAtiinsc clered alede suppressed as
descri bed, above. The effects t hire f will be described below wth
r ef er enc EPHATHEFLSGHi FgEPeiiyelY 3 Aot S ¢ 321 8BdFEd gyridhhs Bith 16Rowi ng
frequenCéng, ract a _conventional. wire bonder stage. Fig. 13Ais
n

| - ]E%%s%ics i owing cloged loop char

the graph show ng the refaty PEBE BT HECFaf R A F S ¥ Fequency, and
Fig. 13B.i ) how t.h ti hi p bet th h dth

fr Suency SRR BB Pl DA Bnd B4 R D R Showi ng frequency

_ s each show ng frequency

characteristicgpifhd %nv%ffor%n%rresﬁaﬂﬁeﬁ;{ﬁg j nghéov%lgﬁ%rggfihnent of

the present invention. Fig. 14A1s the gra dw ng t ionship

bet ween the @aiihaad rébeidh QIARSYbeddltbdithe ééﬁté§~5fﬂﬁrg§§§€6%§99ﬂgng the

rel.ati onshi p between the phase and the frequency. 11 Mirch

Fi g. 15AianbiFiaghi@bBdarendyrsaphsashiaigon 6aedbbeRm pFbBIERtAT ek S

respectively for Fig. 13A and Fig. 13B. Fig. 16A and Fig. 16B are graphs

showi ng of osmttoadopbihétact Bhe stilesatioespecthe efawifngr dfrgetidhAcandrEi g.

14B. In the conventional wi re bonder stage, the vibration in
at a frequency lower than that of the vibration in the
translational direction as shown in Fig. 13A and Fig. 13B. On
the other hand, according to the embodiment of the present
invention, since the movable section is driven at the center of
-gravity thereof, the vibration in the yawing direction is
suppressed as shown in Fig. 14A and Fig. 14B. Since the control
is less susceptiblé to the influence of mechanical resonance peak,
a stable and broad control band can be obtained as can be seen
from a comparison between Fig. 15A and Fig. 15B, and Fig. 16A and
Fig. 16B.

| Fig. 17 is a schematic diagram for illustrating variations

in the detection amount by the position of a position detector of
a onefdimensional sensor. A coordinate system with its origin O
being the center of gravity of the movable section is shown. In
the case where the position detector is provided at a position A
which is aWay from the center of gravity by the distancé of r and
away from the X-axis by the angle of 8° , if the posifion
‘detector is moved by the angle of 8,° further away from the X-

axis, the detection amount when the position detector is an X-

axis direction position detector and that when the position




the - yawi ng direction occurs because the center--of-gravity driving is not
~achi eved, and such a vibration has been a problemin teﬁqﬁ mﬁf Entrol
ability. The vibration in the yawing direction occurs at g 28@ ency | ower

~than that of the vibration in the translational direction as shown in Fig.

13A and Fig. 13B. On the other hand, 2according to the enbodi nent of the
present invention, since the novable section is driven at the center of
- gravity thereof, the vibration in the yawing direction is suppressed as
shown in Fig. 14A and Fig, 14B. Since the control is |less susceptible to
the infl Gﬁﬁg%t%lf Meéhdnfedf desstdeRePpedkion dafieshos ane rpmymsensadr ol
band can_be obtaiq?d as_can be, see froma conparison between Fig. 15A and
Fig. 15BFC8RECEF1I1EX gﬁﬁreﬁﬁifnslgB?néigTb?%OWf; a schematic diagram for
il lustrati jations in the detection anount by the position of a
positionkggg%%%%%?g; a one-di nensional sensor. A.coordinate systemwth
Cits-origirmes@-rePng it he center of gravity of the novable section is shown.
In the case where the position detector is provided at a position A which
is away Ekgreddecgnter of gravity by the distance of r and away fromthe
X-axis by the angle of 6 , if the position detector is noved by the angle
of O, fuf%%%?%ﬁm&?”*ron1the X axis, the detection anount when the position
detector is an X- axis direction position detector and that when the
position-11 Maridrefiie,- id3thdatarjcobfi 880K (S , dthe ddtR:tR8RI ti 0N
detector .are represented respectively by Expressions 7 and 8 bel ow.
Expr essi amount radpsiBe- Xraxhgd @ir@drion position detector is minimized

when it is positioned at a position B of §=0° and the detection
amount of the Y-axis direction position detector is minimized

- when it is positioned at a position C of 8=90° . Therefore, in
the case where a one-dimensional sensor is used as a position
‘detector for either one of the'driving axis directions, the
position detector can be positioned on the driving axis passing
through the center of gravity of the movable section, so that the
mechanical resonance peak is less likely to be recognized from
the control system. Thus, it is possible to broaden the closed
loop control band, thereby increasing the controllability in the
case where a feedback control is implemented by providing a
feedback control section for performing a control based on the
amount of movement. On the other hand, in the case where a two-
dimensional sensor is used as a position detector, the
controllability can be improved similarly if the position
detector is positioned at the center of gravity of the movable
éection.

The structure of a VCM is not limited to that as shown in

Fig. 6A and Fig. 6B. Fig. 18A and Fig. 18B are views showing the

structure of another VCM. Fig. 18A is a plan view thereof, and




Expfession .B r sin(8 + 00) - r sin O Therefore, in the range of 0 < 0.
<180 , the detection anount of the X-axis direction po |&bpﬂzﬂﬁgector IS
mnimzed when it is positioned at a position B of 0 = ang the detection .
anount of the Y-axis direction position detector is mnimzed when it is
~ positioned at a position C of O = 9G- .24Therefore, in the case where a
one-di nensi onal sensor is used as'a position detector for either one of
the driving axis directions, the position detector can be positioned on
ravity of the novable

Lhe 011 Vigg oi4s pASSUIg., Lirouat She center of ‘graviiy of, Lhe movap

(ecogn <60 11O S abe YGRS Ly s oSl RLE e, broaden (he
case whepgomhasiackcontaol (il LTI AC oyl o 8 Leedback
On 1 e obhoimniha b B G381tk e ALTEIRLANG) SO e Vs as @

~ posi ti ondifleterdr Af DS ldopBed? s I EeRIeEo Ofs %@ﬁi%&d@t ge movable
section. The structure of a VCMis not Iimted to that as shown in Fig. 6A
and Fi g. op&nind gintb8Awansedtidnsl88 aneiit S ahen Héiclil/g@ ofS %@C&Hﬁ%of Fi g

another VCM Fig. 18A is a plan view thereof, and 11 rch 2005 -
18B i s ase¢bon Sdot i Tralval alsof ikéidekBA aboagle dlctend- B3 wiixe YGM
I ncludes a yoke section 31 with a shape of a rectangul ar tube. The yoke
sect i on Sanpechedkée aonevahlspéablenoand a coil 34 which is wound around
the movable element 33. The coil 34 is wound so as to surround
the iron core 32. The movable element 33 includes a fixed
section 33a which is fixed to the movable table, and a connection
section 33b for connecting the fixed section 33a with the portion
around which the coil 34 is wound. The lateral length of the
coil 34 is about equal to or greater than a movable range of the
movable table. The movable element 33 and the coil 34 can move
without a constraint in a direction perpendicular to the driving
direction. A magnet 35 whose north pole faces down is attached
to the inner upper surface of the yoke section 31. A magnet 36
whose south pole faces up is attached to the inner.bottom surface
of the yoke section 31 at a position opposing the magnet 35.
Accordingly, a magnetic circuit which generates magnetic fields
inside and around the coil 34 is made in the VCM.

In the thus-structured VCM, magnetic fields as indicated
by-arrows shown in Fig. 18B are generated. If a current flows
through the coil 34 in directions shown in Fig. 18B, the movable
élement 33 moves in the right direction in the figure.

The linear motor is not limited to a VCM. For example, the

effects of the present invention can be obtained even when an AC




shown), and has an openi ng passing therethrough in a lateral . direction. An
iron core 32 is provided so as to divide the opening i t@ twg @ ctions at
an internedi ate height of the yoke section 31. The VCMa s iR udes a
novabl e el ement 33 which is connected to a novable table, and a coil :34
which is wound around the novable el @%ent 33. The coil 34 is wound so as
to surround the iron core 32. Thée novable el enent 33 includes a fixed
section 33a which is fixed to the novable table, and a connection .section
33b for igﬂgectiqgﬁghe fixed section 33a with the portion around which the
coi | 34 is"WLAP " YFetal length of the coil 34 is about equal to or

' t than a e .range of_ the. .novable table. _The novable el ement 33
“and the coil 3%5‘2%‘?{{34%\?@3 oy akte ré?bclt?né’?r'ﬁ??ﬂar}]ﬁaéléﬁ geided bypussaadi cul ar
to the dgjhyi o gl -on; 3 ose north.pole faces . down is
attachedﬁh§g&%ﬁgg?%ﬁg%kggﬁéﬁjgﬁggg%g"g?g$#£§%?oE@LSQE@?QﬁT:??saﬁrnagnet 36
whose sogégrfw&qm%ag@suégaié%aydh ditﬁé’ééﬁiérneﬁr q&&%gk)rgﬁace of the

'yoke section 31 af a position opposing fhe nmagne ﬁgly, a

magnet i cmovalsLE tsedfitieh Denfriateps nagnetic fields inside and around the
coil 34 is made in the VCM In the thus-structured VCM nagnetic fields as

indi cated by-Bextguahehsetond dukdik8BLase QRNake: iﬁvé:ht%gf &oiy flows
through the coil 34 in directions shown in Fig. 18B, the novable el ement

33 novesb¢ reseribedht i thet second dnvediingnt £.a MiwrabilBeal ef@itolbfi nnot
limted to a VCM For exanple, the effects of the present invention can be
obt ai ned® &%k Welhand ACovabiler eheR@DS of 25Y-hkhedarcMmirer nog used. Al-t hough
t he novabl e tabl e is nechanically guided by using
constrained by the movemen%s of a movable table in the Y-axis and
X-axis directions, respectively. Fig. 19 is a schematic diagram
showing the structure of a wire bonder stage according to the
second embodiment of the present invention. In the second
embodiment shown in Fig. 19, the components same as those in the
first embodiment shown, e.g., in Fig. 4 are denoted by the same.
" reference numerals as those in the first embodiment, and the
detailed description thereof are omitted.
In the second embodiment, a plate-shaped cam follower'
guide (a first protruding guide member) 51 extending in the ¥~
.axis direction is provided along an edge of the movable table 5
in the X-axis direction, and a plate-shaped cam follower guide (a
second protruding quide mehber) 52 extending in the X-axis |
direction is provided'along an edge of the movable table 5 in the
Y-axis direction. In the present embodiment, although the cam
fbllower gﬁides 51 and 52 are connected with each other as shown
in Fig. 19, they may be separated from each other.
An X-axis VCM 56 is disposed at the side of the edge of

the movable table 5 on which the cam follower guide 51 is

provided, and a Y-axis VCM 57 is disposed at the side of the edge




the ‘gui de nenbers in the above-described enbodinent, an air bearing nay be
used as long as the center of gravity of the novable ﬁqqﬁ&pnz driven.
Next, the second enbodi ment of the present invention wll § cribed. In
t he second enbodi nent, a novable elenent of an X-axis VCM and a novabl e

el ement of a Y-axis VCM are not const npg ned by the novenent s of a anabIe
table in the Y-axis and X-axis directions, respectively. Fig. 19 is a
schemati c diagram show ng the structure of a wire bonder stage according
to the. second enbodi nent of the present invention. In the second

embodi rreﬁ'% thevireable abie 5 (o whdgpohbateam fisd lawer hpsisle A2t ke  fir st
enbodi nent__sh , €.9., in Fig. 4 are denoted by the sane reference
nuneralspﬁgvPﬁ%ge in the first enbodinment, and the detailed description

] s di t, a plate-shaped camfoll ower
qui do. (a1 1St vy P e e f;’a%i%féw@ﬁeg PA e e
' ' ' ' I t he .movapl e. e in the X-
i rocti on SnAsita? RS 1RETOR sl AR EAriP ot ruding
[ - ' [ Xz, aXl ' n_i rovided al ong
Sge of REPICOATRE! BICHAT!dhd Was"af oentty Rk My heRbRis o Bart ©
embodi meBaverdl kAusbribE. Call (koh| QURY sS4l d8SpRdy A B 2L G eonueated with

each other as shown in Fig. 19, they may be separated from eac er. An

X-axis VEhe sfperEingi $n06etvatsddtaonl dgt afn tikceflegiffe HlgnEDYARR table 5
on.which the camfollower guide 51 is provided, and a Y-axis VCM 57 is
di sposedyeke tasetipde56€. t MhceHgaxild Wit 66 2085 inclddbs &% #-higovabl e table
5 on which the camfollower guide 52 is

movable element 56a which extends above the movable table 5, and

a coil 56b which is wound around the X-axis movable element 56a.

The coil 56b is wound so as to surround the iron core 56d. The

longitudinal and lateral lengths of the coil 56b are such that

the coil 56b does not contact the iron core 56d. Two cam

followers (first protruding portions) 56f and 56qg which extend in

" the vertical direction are fixed to edge portions of the X-axis

movable element 56a. The two cam followers 56f and 56g are

disposed so as to interpose the cam follower guide 51

therebetween. Magnets (not shown) are attached fo the inner

dpper surface and inner bottom surface of the yoke section 56c.

Therefore, a magnetic circuit which generates a magnetic field

inside and around the coil 56b is made, i.e., the X-axis VCM 56

has a structure as shown in Fig. 6. There are provided coil

guides 56h which are fixed to the support at the respective sides

6f»the yoke section 56c. The X-axis movable element 56a is moved

in the X-axis direction by following the coil guides 56h.

Likewise, the Y-axis VCM 57 includes a yoke section 57¢

with a shape of a rectangular tube. The yoke section 57c¢ is

fixed to a support (not shown}, and has an opening passing




provi ded. The X-axis VCM 56 includes a yoke section 56¢c with a shape of a
rectangul ar tube. The yoke section 56c¢c is fixed to a qu@orﬁ ﬁagt shown) ,
and has an openi ng passing therethrough in a Ilateral rect 3 " An iron
core 56d is provided so as to divide the opening, into two sections at an
internedi ate height of the yoke sectibgn_56c. The X-axis VCM 56 al so
includes an X-axis novable el enent 56a which extends above the novabl e
table 5, and a coil 56b which is wound around the X-axis novabl e el enent
‘56a. The coil 56b is wound so as to surround the iron core 56d. The

| ongi t udithgrebhrough dnap Laberdls difrechioroi AnSébomrarsubidthat  the coi |
56b does not contact the iron core 56d. Two cam followers (first

pr ot r udi ROPpded Gz yass6p ahwidss Fhehppaning eiftbo wo. sertipmst atadndirecti on
are fixed %o edge portions of the X-axis pnovable el enent 56a. The two cam
fol | ower &2 8@%‘2’031%%6‘8&9@: A s ¥akeoSeetion Pifer Jhise Yravie M6M &7 ower
gui de 51 _.therebet ween. _Magnets t shown) are attached tq the inner

upper suPtgRet %ﬁl‘%’er%n & YB’B%E% rﬂ?&%ﬁc@fﬂerﬁh @ 1PoRB1Sh @%tERA86RDOVeher ef or €,
a magnet i .Cj I L.eh gen tes a neti.c.fi.eld _inpside and around the
coi | 56bkﬁg %é&efk%%%b?etﬁé 5@?i§°%%§?%%“dﬁgg éS§WWUE?ﬁF8u3€'éW%®ﬁ'in Fi g.
6. Therejakg | ! jd whi jxed to the support at

t he respg§%§J§&§¥g%§gl%@%%%égg%kgﬁggg?Fﬁﬂsggcfé$ﬁ%h§fg?i%SH%%able el enent

56a is nmpuefondt e Xraii ol reli ofhebi chghtening Lhg iQ&éE%Uialgg RSN

Li kew se, the Y-axis VCM 57 includes a yoke section 57c w ape of a .
r ect angubdr theleilThebyake Sifdl itBatSdite idoill BXBdddds dhotUBBRELACE NGle Shown),

and has an opening passing 11 March 2005 - 27
_ iron core 57d. Two cam followers (second protruding portions)

57f and 57g which extend in the vertical direction are fixed to
edge portions of the Y-axis movable element 57a. The two cam
followers 57f and 579 are disposed so as to interpose the cam
follower guide 52 therebetween. Magnets are attached to the
inner upper surface and inner bottom surface of the yoke section
57c. Therefore, a magnetic circuit which generates a magnetic
field inside and around the coil 57b is made, i.e., the Y-axis
VCM 57 has a structure as shown in Fig. 6. There are providéd
coil guides 57h which are fixed to the support at the respective
sides of the yoke section 57c. The Y-axis movable element 57a-is
moved in the Y-axis direction by following the coil quides 57h.

In this manner, the X-axis movable element 56a and the ¥v-
axis movable element 57a are connected to the movable table 5 via
the cam followers and the cam follower gquides in the second
embodiment of the present invention.

Next, the operation of the thus-structured wire bonder
stage of the second embodiment will be described.

When the movable table 5 is moved in the X-axis direction,

the X-axis VCM 56 is driven. Accordingly, a driving force is




t herrethrough in a lateral direction. An iron core 57d is provided so as to
di vide the opening into two sections at an internediquIquﬁgb €f t he yoke
section 57c. The Y-axis VOM 57 also includes a Y-axis noVab 8 enent 57a
whi ch ext ends above the novable table-5, and a coil 57b which is wound
around the Y- axis novable el ement 273g The coil 57b is wound so as to
surround the iron core 57d. The longitudinal and |ateral |lengths of the
coil 57b are such that the coil 57b does not contact the iron core 57d.
Two cam fol |l owers (second protruding portions) 57f and 57g which extend in
the vert trahsmittest ifgnmatke f¢ame folldowedgeépant S6gstofticheatt dniiowavabl e

el ement 57a. The two cam followers 57f and 57g are di sposed so as to

i nt er pos@uide Thmwhish| dackixpd do Shetpevalpa webke Maghbesefere attheched to
the inner UE er surface_and inner bottom surface of the yoke section 57c.
Therefor§fa§.$&ﬁﬁh%ﬂ ¢ Epttews WS &nageneTuides 2. nhlgrahyc befing| guided de and
around the coil_57h ig,nmade, i.e., the Y-axis VCM 57 has_a structure as
shown i n*Bi él.le &S alﬁ‘?‘étlpﬂrb\‘i’llﬁgdreﬁB‘?(Ft df &8¢ BIFE i cFh%F e $hed to the

: t i .S{ f th k ti 7c.. The Y- axi
movab e APzl EHETE Mo Tttt g RSeT Tt BB e e Rk he coi |
gui des S4R- thik iR, TR0 Uan (4918681 SR 3 50k IR MHouRRR 1 ANEpd e Y- axi s
novabl e el enent a are connectéed to € nova Fe abl'e vi a P € cam

ol | over ax2ach{:02a8R. | HorRUBE, dihdlthnl Fol 18usf (NACHDOMLIEN abslde

present invention. Next, the operation of the t -structur
stage of thh@lfﬁ@ﬁ%@eéﬁbﬁlﬁb Rt £l Lbwdes desc inhedyq WitRohPerdmvakhend abl e 5
e

is noved int X-axis direction, the X-axis VCM 56 is driven.
Accor di nghem. aTHus yitige fveasesi soddblMilcdbm@f0557a remains still. In
| other words, the movable table 5 moves independently of the Y-
axis VCM 57.
On the other hand, when the movable table 5 is moved in
the Y-axis direction, the Y-axis VCM 57 is driven. Accordingly,
a driving force is transmitted from the cam follower 57f or 57g

to the cam follower guide 52, which is fixed to the movable table

5. Therefore, the movable table 5 follows the Y-axis gquides 4,

thereby being guided in the Y-axis direction with respect to the
X-axis table 3. At this time, the cam follower guide 51 is also
moved ih the Y-axis direction. However, the cam follower guide
51 merely passes through between the cam followers 56f and 56g 7
without engaging them. Thus, the X-axis movable element 56a
remains still. In other words, the movable table 5 is moved
independently of the X-axis VCM 56.

As described above, since the X-axis movable elemént 56a
of the X-axis VCM 56 and the Y-axis movable element 57a of the Y-

axis VCM 57 are comnected to the movable table 5 via the cam

followers and the cam follower guides in the second embodiment,

the movable section and the movable elements of the VCMs of the



- 28 transnmitted fromthe camfol |l ower 56f or 56g to the cam f ol | ower
guide 51, which is fixed to the novable table 5. Thergtﬂgﬁmnﬁ ﬁ SXraX|$
table 3 follows the X-axis guides 2, thereby bei ng guide I'n e X-axis
direction with respect to the base 1. Thus, the novable table 5 provided
thereon is noved in the X-axis directizen— At this tine, the camfoll ower
gui-de 52 is also noved in the X- axis direction. However, the camfoll ower
gui de 52 nerely passes through between the camfollowers 57f and 57g

W thout restraining them Thus, the Y-axis novable el enent 57a remains
still. | KESBERetVaGEES, CRhaTwRiside independenidyeofi aaeipeotthent.| yTiofs,t he Y- -
axis VCM 57._On the other hand, when the novable table 5 is noved in the
Y-axi's ng§c¥T%’Fﬁs fRyableyelergny 572 dogs Radh neadcbe dpaiy yedupdaneyi ng
force isW}1 smtted fromthe cane follower 57f or 57g to the camfollower

gui de 52! \rlAﬁ B BT eﬁPé‘%ngFEstw;@ess. 1*Th'é‘?%gbwa§_,18tthﬁ rrg{v:)t::g
ble-5 th - Xl ui S e I N ui.deq i n e Y-

;(ij?lr Iegt i oﬁ%\%’ rnésgnelgt %étﬁjgv%s?gigi?sV#@%?eci n g‘lf" ‘i‘?c’{%_%sllsﬁ , V\l\{g\fs&%ﬁhe .

ol Sﬁﬁsgﬁ?‘ﬂ?‘“@éf“%é‘?’éf%‘%%%% ?%ﬁé%”'%??@é’n FRR % bR BYEor oad

569 Wit hguie o19386i Re! BLER AlWS al bﬁgﬁ@gﬂns tHBVfa@%}?isf'nchg%gfﬁ-éﬁ ife el ns

still. In other words, the novable ta | S nove ently of the

X-axi s VEM&fel Abolessandeds alpve inStRE &drRenXisxaf Jaawabk e, 8l1q8RNt, 56a  of
the X-axis VCM 56 and the Y-axis novable elenent 57a of the Y- axis VCM 57

ar e -connklr¢ eubvtableheabby ab) ecHeali-axbs Wa tlae haeihg fDldiowesmaare the cam

foll ower guides in the second enbodi nent, the novable section-and the

nmovabl e Ehaerft $hef cotreentGvnadf Xthgis VCM can be used. Therefore, the
force of inertia of the movable section is reduced and the
eigenfrequency thereof is increased, thereby making it possible
to suppress the vibration. Furthermore, since the movable
elements of the VCMs of the respective axes are not fixed to the
movable section, the mass which acts on the X-axis guides 2 and
the Y-axis guides 4 is reduced. As a result, a guide with a
figidity lower than that of a conventional guide can be used for
each of the X-axis guidés 2 and the Y-axis guides 4, thereby
making it possible to lighten the wire bonder stage itself.

Fﬁrthermore, since the X-axis movable element 56a and the

Y-axis movable element 57a are connected to the upper stage
.section also in the second embodiment, the eigenfrequency of each
of the X-axis guides 2 and the Y-axis guides 4 is increased,
thereby improving the controllability. Specifically, as
described above, if the total mass of the movable section which
is composed of the middle stage section and the upper stage
section is constant, the vibration frequency caused by the guides
is minimized when the mass of the middle stage'section is equal

to the mass of the upper stage section. Such a structure is most




11 March 2005 - 29 respective axes can be noved i ndependently of each
other. Thus, the Y-axis novable el enent 57a does not ne, a.tcﬁz%ie
redundancy which realizes a wide range of its novenent in -axi s
direction, and thus the Y-axis VCM 57 can be downsi zed. Mreover, since
the Y-axis novabl e el enent 57a-is notzfixed to the novable table 5, in the
case where a thrust in the X-axis ' direction with a |evel about sane as
that in the conventional case is applied to the novable table 5, the
X-axis VCM 56 having a size smaller than that of the conventional X-axis
VCM can disadvaatagpensfne an KE stagee BOWevRIt iia dhetersensifall wisection is
reduced and_ the eigenfrequency thereof is increased, thereby nmaking it
possi bl ORIy FpPe’ st dopdipgt hepd isur dRepaRPERL sitRRAr AL YThoaBier

el enents_of the V of the respective axes are not fixed to the novable

secti on, tHafk SREEsOhntR otder BRmbeEs w the Lohat Juass ofnghe hnding s qui des
4 i : | t, id i th igidity | th t of
convent 157 %t 56 TP stlad Fereiibas” areefiet b EHE ek of B (he
Y-axis Q8% 4eabBCLER ofTkhA0 AL POISOLE Efedddileot g gire bonder
stage itsSeélT. Furthernore, ‘since t eﬂ%- axi s novabl e el enen a and the

Y-axis %ﬁ@c%lﬁ%ﬂ??"&f %Zﬁhﬁaf Eﬂ@rx?e.gﬁ% hevsgfetéa ent! 36 eargfcehleon al so

in the second enbodi nent, the ei genfrequency eac of t axl s guides

2 and t he-a¥iaxinsvabidlesichen® 5N& " £as @bnnekhed ey ﬂﬂ@ﬁﬁpéfgsﬁéh%
controllability. Specifically, as described above, if the total mass of the

nmovabl e seatiopnawhighthd pressnosasbqfinkehe , Ntk e Gllagetsps iseobiandist he
upper stage section is constant, the vibration frequency caused by the
- gui des fiwrtliem iigkcenwte witheramssctoftot hhenuplale stlaggesseciomn i s equal
Therefore, the eigenfrequency is increased, and thus the
controllability is remarkably improved.

The third embodiment of the present invention will now be
described. A method for connecting each VCM to a movable table
in the third embodiment is different from that in the second
embodiment. Fig. 20 is a schematic diagram showing the structure
of a wire bonder stage according to the third embodiment of the
present invention.

In the third embodiment of the present invention, two cam
followefs 56i and 56j are provided along an edge of the movable
table 5 in the X-axis direction. The two cam followers 56i and 7
56j are disposed side by side in the X-axis direction. Two cam
followers 57i and 57j are provided along an edge of the movable
table 5 in the Y-axis direction. The two cam followers 57i and
575 are diéposed side by side in the Y-axis direction.

No cam follower is provided at an edge portion of the X-
axis movable element 56a. Instead, a plate-shaped cam follower

guide 53 which protrudes downwardly from the edge portion is

provided. The end surface of the cam follower guide 53 abuts on




to the mass of the upper stage section. Such a structure is nost 11 March
2005 - 30 disadvantageous for an XY stage. However, |q1%W cﬁﬁﬁﬁSOf a mnre
bonder, since the bonding head is, in general, renarkably eavi er

each of the other nenbers, the total mass of the bonding head and the
upper stage section is greater than.the pass of the mddle stage section,
and the vibration frequency is large. Particularly, if both of the X-axis
novabl e el ement 56a and the Y-axis novable el enent 57a are connected to

t he upper stage section as in the present enbodi ment, the m ddl e stage
section the MQwﬂﬂéWtﬂbbﬁﬂéd@ﬂmmﬁnhthQS§EB¢0ﬂéowamsu%beﬁnétégg-sectlon
Therefore, the eigenfrequency is increased, and thus the control lability
is remar kabl y T HEEPed. DTHeaR HiAld OwRBots IAvigedt Ab R csdaet PORUEPRI on wi l |
now be described. /A nethad for connectlng?each VCMto a novable table in

the thi rof o dRsiAs Tvahle glefent - « nhistepdin@ plabarehanadogrient . Fig.
20 i's a matic di.a m.showi uct ur onder st age
~accordi ngcﬂg “feﬁ:egflﬁfl?gglg ?’ &"‘ OWB?"@E‘EH ém\ﬂ%ﬁoﬂ 9 n the third
enbodi ne o i e i tion, ollome and are
provi de %.ondléﬁ §5§§y£(Ltﬂg%%Dva °8 %gd% LR 9ﬂe£9}§£”§:§u} %tlon
two cam £l Laner §,5 qﬁg, I i
dlrectlo%@E#wo cgﬁlé¥e m2$% Eéﬁlgﬁ§&%§%gg§é9%?3%F§g§$h#%ﬁ%b§%§e ge of the
novabl e sgpble 5 in the Y-axis direction. The two cam followers 57| and
57j are disposed side by side in the Y-axis direction. No camfollower is
provided at anredgmuposti@ituded BRiXd amicirerebis ineimeat +66ehe | Nstead, a
pl at e- shaped cam f ol | ower
second embodiment except that the member to which a cam follower

The

is fixed and the member to which a cam follower guide is fixed
are switched around; Thus, the same effects as those obtained in
the second embodiment can be obtained by the operation same as
that .in the second embodiment.

Next, the fourth and fifth embodiments of the present
invention will now be described. In the fourth and fifth
embodiments, each movable element is connected to a movable table
via a linear guide composed of a slider and a rail.

Fig. 21 is a schematic diagram showing the structure of a
wire bonder stage according to the fourth embodiment of the
present inveﬁtion, and Fig. 22 is a schematic diagram showing the
structure of a wire bonder stage according to the fifth
embodiment of the present invention.

In the fourth embodiment, a rail 6la is attached to one
side surface of the movable table 5 in the X-axis direction, and
a rail 62a is attached to one side surface of the movable table 5
in the Y-axis direction. A slider 61b which slides by following
the rail 6la is attached to an énd surface of the X-axis movable

‘element 56a. A slider 62b which slides by following the rail 62a




gui de ‘53 which protrudes downwardly fromthe edge portion is provided. The
- end surface of the camfollower guide 53 abuts on 11 Nﬁqqﬁ 2&%@ 5 31 .the
-nmovabl e table 5 between the camfollowers 56i and 56j. "L & %, no cam
follower is provided at an edge portion of the Y-axis novabl e el enent -57a.

I nstead, a pl ate-shaped cam follower zguide 54 which protrudes downwardly
fromthe edge portion is provided. The end surface of the cam f ol | ower
gui de . 54 abuts on the novable table 5 between the camfollowers 57i and
57j. The thus-structured third enmbodinent is simlar to the second _
enbodi neAt ¥eaghed; kat ap rRNGEWERCE0ORhHEIh Yragadm foviloleelanenti X&a. and t he
menber to which a_camfollower guide is fixed are swtched around. Thus,

the sameThf it 038 RRASEISBIdREGOLR tegrthexcsRASEHBYE Mnet léamabe

T L
connect e ledE, YA Btficl 1S 1 FHERRE BUTE e FoYaden fu Wibaer and a
bonder ' sibddinened RSB ulhad’ 5 SIA I BPE FMelEHEC 0t | venti on,

and Fig. 22 i sPscGRCTRL! el AdIRBCABON ASliE enBLEYALHE € Gle §-Miig bonder

stage according to the fifth enbodi nent e present invention. In the
fourth embedileeelenént &la GbaalifsabtathemhenOthBomowdisie Tabiacs mvdde

novabl e table 5 in the X-axis direction, and a rail 62a is attached to one
si de - surimdheok-tRis nbvadltd ohabhfdSthe X-axis movable element 56a

remains still when the movable table 5 is moved in the Y-axis

direction. Thus, the same effects as those in the second

embodiment can-be.obtained.

In the fifth embodiment of the present invention, the
sliders 61b and 62b are attached to side surfaces of the movable
table 5, and the rails 6la and 62a are attached to the end
surfaces of the X-axis movable element 56a and the Y-axis movable
element 57a, respectively. Since linear guides are provided also
in this embodiment, the coil gquides 56h and 57h are unneceséary.

The thus-structured fifth embodiment is similar to the
fourth émbodiment except that the member to which a slider is
attached and the member to which a rail is attached are switched
around. Thus, the effects same as those obtained in the second
embodiment can be obtained by the operation same as that in the
fourth embodiment.

h A linear movement guide device other than a linear guide,
e.g., a crossed roller, may be used. Although the VCM as shown
in Fig. 18A.and Fig. 18B is used in the second to fifth
embodiments,.the VCM as shown in Fig. 6A and Fig. 6B, which is

used in the first embodiment, may be used. Moreover, the linear




in the Y-axis direction. A slider 61b which slides by following the rai
6la is attached to an end surface of the X-axis nnvableﬂiﬁ&%H%QBSSGa. A
slider 62b which slides by following the rail 62a 11 Marc =32 is
attached to an end surface of the Y-axis novable elenent 57a. The rail 6la .
~and the slider 61b together constitut@3one |linear guide, and the rail 62a
and the slider 62b together constitute one |inear guide. Since the |inear
guides are provided in this enbodinent, the coil guides 56h and 57h are
unnecessary. Also in_the thus-structured fourth enbodi nent, the Y-axis
movabl o BPEHRAS 895 1EREGH 1 A VCHneh Mhahroddet eBpKEMSIRoUEST (n {he

o ST Y B S e ST Ay

effects . e.ln,t ecqnd. enbodi nent can be obtained. In the fifth
enbodinen:ug?%ﬁhébp%%ggﬁ I%ﬁ%%ﬁtion, the sliders 61b and 62b are attached

to side surfacgsel chlfeBYMEn AR Bea Afhil N2eM A1 SOl ANd 62a are

attached to the end surface axi s novabl e &l neﬁ?“SGa and t he

Yoaxis negahiered! 85U pierr@aPRAbOY Nt sSHRCEnd L IRAntIBhdeR: 3 pr ovi ded
also in this enmbodiment’, the coil guides 56h an are uﬁnecessary. The
t hus- st rixs tudegtstbbd heie GRirTell héd £f f8dt3lonkOmk} She k! Bn&ERedi ARt

except that the nenber to which a slider is attached and the nenber to

whi ch a iiis iistehded hathtarshesappehdst daduedcoddtisall kecaf fects sane as

t hose obt-ained in the second enbodi nent can be obtained by the operation
same as ndficatibes douiall erbbiln nee trdel spéait vk neobegof dehedevi ce

other than a |inear guide,
invention. ‘




e.g., a crossed roller, may be used. Although the VCM as shown in Fig. 18A
and Fig. 18B is used in the second to fifth enbodiments_H t.he ¥ as shown
in Fig. 6A and Fig. 6B, which is wused in the first enbodwwgﬂ ) y be
- used.. Moreover, the linear 11 March 2005 -- 3 3 notor is not limted to a
VCM as in the first enbodi nent. For- gxanple, the effects of the present
“invention can be obtained by using an AC linear notor. Wile there has
been described what are at present considered to be preferred enbodi nents
of the-invention, it will be understood that various nodifications may be
made t he¥Rip isagdaimedj £s4 ntended that the appended claims cover all such
nodi fications as fall within the true spirit and scope of the invention.
11 March 2455 1- 380 YRaFt39€cCRMREYSIRI: 1. An XY stage, conprising: a
base; a novabl e .t abl e di sposed on said base so as to be novable in anX
direction and_%xb?ﬁﬁ;rection in an X-Y plane; a work nmenber provided on said

RGN NIRSIRR ot S e M RN A

direction to sai nmova

Gy 56 OO R LLen LTHRRE SO Rtk o o o
direction to saibroyahbert @Bl bhessimdieialt tasid e center

a first linear motor which gives a driving force in the X
direction to said movable table at the same height as the center
of gravity of a movable section composed of said movable table

| and said work member; and

a second linear motor which gives a driving force in the Y
direction to said movable table at the same height as the center-
of gravity of said movable section.

2. The XY stage according to claim 1, wherein said first
and .second linear motors are directly connected to said movable
table.

3. The XY stage according to claim 1, further compriéing:

a first guide member fixed to the base and extends in the
X direction;

| a middie table which is guided by said first guide member
to move in the X direction; and

a second guide member fixed to said middle table and
extends in the Y direction,
= wherein said movable table is guided in the Y direction by
said second guide member. |

4. The XY stage according to ¢laim 1, wherein said work

member is a bonding head and is used for wire bonding.:

5. The XY stage according to claim 1, wherein each of the




of gravity of said novable section. 2. The XY stage according to claiml,
wherein said first and second linear notors are dlrect+yMﬁRﬂqﬁﬁged_tp said
novable table. 3. The XY stage according to claim1l, further "Conpri sing:

a first guide nenber fixed to the base and extends in the .X direction; a
m ddl e tabl e which is guided by said-f3sst guide nenber to nove in the X
direction; and a second guide nenber fixed to said mddle table and

extends in the Y direction, wherein said novable table is guided in the Y
direction.by  said second gui de nenber. 4. The XY stage according to claim
l,'mherei$ﬁ%éﬁ o PREC ar AL PH HMPTHESD: and is used for wire

bondi ng. 5. The. XX. st.a accordin o claiml1l, wherein each_of the 11 March
2005'-935 fir§%§§ﬁ5d5§§%Wﬂ“TFﬁ§§a t%r%PHﬁﬂﬁSFi§%§f }84eRPRtent fixed

irst ‘and ! P ot SES ) i
oreat ot tRaAng 252brift HHEHCE; =14 BBy CBE St Prihd BReBRE oo™
movabl € &Rl OfF: o8 AQARI cCLESEIn GANREE! 88l & WadaRYARLE tabl e and a

coi | wound around sal d novabl enent and inserted into  sard opening. 6.
The XY stagaismgording to claim’b5, wherein said coil is wound with a coi
‘axi s thereof being perpendicular to a surface of said novable table.

a movable element connected to said movable table; and

a coil wound around said movable element and inserted into

éaid opening.
| 6. The XY stage according to claim 5, wherein said coil is

wound with a coil aﬁis thereof being perpendicular to a surfacéﬁ
of said movable table.

7. The XY stage according to claim 1, wherein each of the
first and second linear motors comprises:

a fixed element fixed to a support, said fixed element
having an opening running therethrough in a horizontal direction;

a movable element connected to said movable table; and

a coil wound around said movable element with a horizontal

length equal to or greater than a movable range of said movable

section, and inserted into said opening.

8. The XY stage according to claim 7, wherein said coil is
wound with a coil axis thereof being parallel to the X direction
or the Y direction.

9. The XY stage according to claim 1, wherein:

-each of said first and second linear motors comprises:

a fixed element fixed to a support;
a movable element which is connected to said movable
table; and

a coil wound around said movable element, and




7. The XY stage according to claim1, wherein each of the first and second
| i near notors conprises: a fixed elenent fixed to a sugqq@t 266 fixed

- el ement having an openi ng running therethrough in a hori R irection
a novabl e el enent connected to said novable table; and a coil wound around
sai d novabl e el ement wth a horizontal3e Length equal to or greater than a
novabl e range of said novable section, and inserted into said opening. 8.
The XY stage according to claim7, wherein said coil is wound with a coi
axi s thereof bein arallel to the X direction or the Y direction. 9. The
XY stage accorﬁﬁﬁg %%)%ﬁqgﬁnﬁﬁ¥tmﬁ%ﬁgmﬁﬂléﬁﬁh of said first and second

|l i near notors conprises; .a fixed elenent fixed to a support; a novable

el ement which is confetted COPESFELMD ¥ VAbFl;comgciscdrid wound ar ound

id bl 1 h. 5 - 36 id XY st  furth
ighprrgggz S ?#?s é%ﬁ%g%FP%ngﬁé%ﬁgfqﬁﬁ?%hfﬁ%ﬁﬁghPEOEafﬂa*ﬁﬁbg%W@gi?enent
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connects said novable elenment of said second tosard novable
‘tabl e so that ﬁg&&bn@w@mn@;eéﬁ@mnt of said second |inear notor can nove in
the X direction independently of

a second connection member which connects said-

movable element of said second linear motor to said
movable table so that said movable element of said second
linear motor can move in the X direction independently of
said movable table.
10. The XY stage according to claim 9, wherein:
said first connection member comprises: |
two first protruding portions disposed to said
movable element of said first linear motor side by side in
the X direction; and
a first protruding guide member fixed to said
movable table, said first protruding quide member
ektending in the Y direction between said two first
protruding portions, and
said second connection member comprises:
two second protruding portions disposed to said
movable element of said second linear motor side by side
in the Y direction; and
| a second protruding guide member fixed to said
movable table, said second protruding guide member
~extending in the X direction between said two second

protruding portions.




said novable table. 10. The XY stage according to claim9, wherein: - said
first connection nenber conprises: two first protrudlng Q@rt ?@%Sdlsposed
to said novable elenent of said first |inear notor é t he X
direction; and a first protruding guide nenber fixed to sald novabl e
tabl e, sald first protruding guide nerger. extending in the Y direction
between said two first protruding portions, and said second connection
nmenber conprises: two second protruding portions disposed to said novable
el'enment of said second |inear notor side by side in the Y direction; and a
second protrudiihg Ghied8Ynebdes ddcoeding saidlainmo9abiketei:e, said second
protrudi ng guide nmenber extending in the X direction between said two
second prot rudfig Pt eesnectionmesheroosnprdes:11. The XY stage
‘according to claim9, wherein said first connection member conprises: two
first protruding portW‘bn%lr(ﬁts|5’6§§Hu‘f13€i1%£q;tlﬁﬁ%a‘%l@qw &ossaid by side in
ui de nenber fixed to said novable

érgnénslL?CLA?QbY$$i§E%a%HéZ% tr%ggggdng?%tx Prsctienhg@nsii de nenber

extending in the Y dj r |on ng en said two fir rotrudjng porti ons,
and sai d second conne |on &B U iidgsnember fxddf 8" a1

rovable element of said first linear motor, said first

protruding guide member extending in the Y direction

between said two first protruding portions, and

said second connection member comprises:

two second protruding portions disposed to said
movable table side by side in the Y direction; and

~a second protruding guide member fixed to said
movable element of said second linear motor, said second
protruding guide member extending in the X direction
between said two second protruding portions.

12. The XY stage according to claim 9, wherein each of
said first and second connection members is a linear movemeht
guide device selected from the group consisting of a cross roller
and a linear guide.

13. The XY stage according to claim 1, further comprising:

a first position detector disposed on a straight line
extending in the X direction and passing through the center of
‘gravity as viewed in a plan view, said first position detector
detecting a movement amount of said movable section in the X
direction; and

a second position detector disposed oh a straight line
extending in the Y direction and passing through the center of

gravity as viewed in a plan view, said second position detector




two second protruding portions disposed to said novable table side by side
in the Y direction; and a second protrudi ng guide nenbe{ &igggpég said
nmovabl e el ement of said second |linear notor, said secon& 5F i ng gui de
menber extending in the X direction between said two second protruding
portions. 12. The XY stage according 88 ¢l aim9, wherein each of said
first and second connection nenbers is a |inear novenent guide device

- selected fromthe group consisting of a cross roller and a Ii?ear gui de.
13. The stage according to claim1, further conprising: a first

posi t i onég)&?%%?‘&ﬂ adf“?ﬁﬁ"g%’gt JHRoEnd; P gidd |Rqy@bd gt EREFHP (1R £he X direction
and passhE?eégﬂgugh the center of gravity as viewed in a plan view, said
first posi For-det ect or detecting a novenent anount of said novabl e

ement _amount of said movabl e
Straight' 1 no- " ERETRE e BoGBRPETo R o LFegn ot T RE cont or

of gravityods MreWedekfoR Pl Pds%leRe ﬁ?é"gﬁ%?ﬁ:gﬁﬂ 893&1{4 %@B?S}:egf or 11

March 20105 - 38 detecting a novenent a sal d novabl € section in

the Y dirgeitps vewdBeinch P1aaevaes O dHiR0 pheithdh Mebedtbit her conprising
a position detector disposed at the position of the center of gravity as

-~ viewed ideteqiian wednesti thaR@tist bONsAR1 efivabledsteetdidnreyenent anmount s
~of said novable section in the X direction and the Y direction.
direction and the Y direction.

15. The XY stage according to claim 13, wheréin each of
said first and second position detectors comprises an optical
Sensor.

16. The XY stage according to claim 14, wherein said
position detector comprises an optical sensor.

17. The XY stage according to claim 15, wherein scale

‘marks which respectively indicate movement amounts in the X and Y

directions are provided on a surface of said base.

18. The XY stage according to claim 16, wherein scale
marks which respectively indicate movement amounts in the X and Y
directions are provided on a surface of said base.

19. The XY stage according to claim 5, wherein each of
said first and second linear motors comprises a magnetic circuit

- which generates a magnetic field in a vertical direction withinr
said fixed element.

20. The XY stage according to claim 19, wherein said
magnetic circuit comprises at least two magnets which are
disposed so that opposite poles face each other along a vertical
direction.

21. The XY stage according to claim 13, further comprising

a feedback control section which controls an operation of each of




15. The XY stage according to claim 13, wherein each of said first and
second position detectors conprises an optical -sensor. T1 . ‘ﬁg@ gY st age
according to claim 14, wherein said position detector %o@ﬁlfcl 9 an optical
sensor. 17. The XY stage according to claim15, wherein scale marks which
respectively indicate novenent anourt 89 the X and Y directions are
provided on a surface of said base. 18. The XY stage according to claim 16,

“wherein scale narks which respectively indicate novenent anounts in the X

and Y directi.ons are prO\F/’iB‘He on a surface of said base. 19. The XY stage
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detected by said position detectors. 22. The XY stage according to claim
14, furt detecosprbsisadd poftetthacieteenbrol section which controls an

~operation of each of said first and second |inear notors based on a

nmovenment anoun3. ddthecK&dstyges aicdopding i tom ddetimct orwherein each of

said first and second linear motors is an AC linear motor.




23. The XY stage according to claim1, wherein each of said first and
second linear notors is an AC |inear notor. XY STAGE TﬁﬁgE56565 An XY
stage conprises a base (1), a noveable table (5) which I1s disposed on the
base (1) so as to be novable in an X direction and a Y direction in an X-Y
pl ane, and a work nenber (10) which is provided on the novable table (5). -
The XY stage further conprises: a fir linear nmotor (6) for giving a
driving force in the X direction to the novable table (5) at the sane

hei ght as the centre of gravity of a novable conposed of the novable table
(5) and the work nmenmber (10); and a second |inear notor (7) for giving a
driving force in the Y direction tdYtHéG@bvable table (5) at the same

hei ght as the centre of the novable section. FIG5
ABSTRACT

-~ An'XY stage comprises a base (1), a moveable table (5) which is disposed on the base (1) so as
to be movable in an X direction and a Y direction in an X-Y plane, and a work member (10)
which is provided on the movable table (5). The XY stage further comprises: a first linear motor
(6) for giving a driving force in the X direction to the movable table (5) at the same height as the
centre of gravity of a movable composed of the movable table (5) and the work member (10);
and a second linear motor (7) for giving a driving force in the Y direction to the movable table

(5) at the same height as the centre of the movable section.

FIG 5




