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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
11 Marclkui@@ble for a wire bonder, and more particularly to an XY stage
which prevents a vibration caused by a high-speed movement énd
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




2 guides 104 extending in a Y-axis direction which is perpendicular -to the

~X-axis direction are provided on the upper surface of t hs table
103. A novable table 105 is provided on the Y-axis guf@gga%g?bbi-axis

foll ower sections (not shown) for followng the Y-axis guides 104 are

provi ded on the | ower surface of the- hwovable table 105. The novabl e table

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 102. The upper
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at-an internedi ate height of the yoke section 106c. The X-axis VCM 106

al so i nchudaisleartablaxiles . Nnhabhevad RiMeib1806a5 Wi Ibd moveanaetik tya t he
novable table 105, and a coil 106b which is wound around the X-axis
novabl e ekesedireciitsm affiealbsm linl06e X-saxixind rectisn theecause cufidhehE~i ron
core 106d. The lateral length of the coil 106b is about equal to or

great er akds talisy dfiBeandnihe df-axhes gwiddd d02abl Bhel Wpper Ther faceaxifs novabl e
el enent 106a and the coil 106b can be noved without a constraint in the

Y-axi s dFhediowblevighiesl{hdiss Borhynarinfragar ahd @d®nding 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
iOGa. 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 coil 106b can be ﬁoved Withouf

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




- 3 attached to the inner upper surface and inner bottom surface of the

yoke section 106c so as to make a magnetic circuit mhiqqlw%?ﬁgéﬁges a

. magnetic field inside and around the coil 106b. Likew se, e Y-axis VCM
107 includes a yoke section 107c having the shape of a rectangul ar tube.
The yoke section 107c is fixed to thé support, and has an openi ng passing

“therethrough in a lateral direction. An iron core 107d is provided so as
~to divide the opening into two sections at an internedi ate height of the
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107b is tR8Ua| mdgh¥ic §hE83deind NN dnde aPBYAD! @ 28498 Pheib he nmovabl e
tabl e 105. The Y- axis novable el enent 107a and the coil 107b can be noved

Wi thout a consikewiBk, i Théd he-akiaxivemdi 6 Ecindidebhgngdite (Fe@icishon)c ar e
attached to an inner upper surface and an inner bottom surface of the yoke
sect i on H&7mgs dhasshaperalfe aaraatmedularcitubel.t Tie gbkegenetriredodcnbgneti c
field inside and around the coil 107b. The novable table 105 and the Y-axis
novabl e Blxsdero DT asuppsgdt, hend cams tan wpenang uppssingt dheretibtowgh 18, and
the X-axis table 103 and the X-axis novable el ement 106a toget her

consti t' @ datgrgilddirecdtinge Artinen coge TOH s provided ssoad %9 head 110 is
greater than that of each of the upper stage section 108 and the m ddle
stage stk theoopering Aptq two 105fs FHeRR gt terBet bt Agiabhd10 and
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2005 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
fogether 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




110, the upper stage section 108, and the m ddl e stage section 109, which
are nenbers capable of noving in the x-axis and Y-axis th%ﬁbbegs,
€ nMembel : \ . 11 %
coi nci des approximtely with the center of gravity of such an I ntegrated
menber. -In the thus-structured conventional wre bonder stage, the mddle
stage section 109 follows the X-axis-gu des 102, thereby being guided in
the X-axis direction with respect 'to the base 101. The upper stage section
108 follows the Y-axis guides 104, thereby being guided in. the Y-axis
directiorﬁrl'tr% respect to the X-axis table 103, and is novable also in the
- X-axis directitBf UrRYerit@genFeAtLPR H&dands thganiddle shagegsedtign an XY
st age whi twosdi nensional |y drives the mpvable section externally and |
i ndi rect |1§’@’\n gﬁﬁ%ﬁla%%e ﬁrfg'%gr%oﬁ?p?@@%loﬁfﬂoﬁégﬂtJr‘brﬁl}‘?gxaé{i%ﬁeﬁﬂd. Yrax®t der to
sol ve sUugf} &cpE em..s s._been .pr.opos n XY stage which directly
positions a cn%glg%‘l (rag %%btc{lggglgégﬁé Jé“%ftlé’ﬁf‘uﬁgi &%ﬁ’&‘i‘tﬁﬁbﬁ CHEVSRY NE  Hei
1- 291194)hichAas Of s dt hemgd-St age described in this publication, two
| i near notors are nggﬁﬁéd on arbase, and a coil of each of the linear

motors is direqhl ¥héonnasiesdubeutbs é&r%ént%%éﬁil;_@%% b%&dé%vgxb.%ﬁegit%ﬁ' An

L- shaped X-axis stage, which is guided int S rectl

X-axi s gmiddleastagndeani¥nakos tdRAs tlBI KeaxANYuti R8s "PYRD! e are
provi ded on the sanme plane. A straight Line ;éct%g% o? tﬁe’iﬁg%?%ﬁétage

~functi onbeasgagiided din ghe do-adisl dizedtidie WiRhabSpdAbled kheObhdehdin L he
Y-axis direction by the Y-axis guide rail and a Y-axis |linear guide. A
pl ane beZhengpper pitegededcbiomeld)B thod. lswaxtise st-agdsagdidde royabl e tabl e,
and the base. In this manner, the novable table 11 March 2005 5
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




Is driven directly by the Iinear notors rather than via guides. An XY
stage including a link nechani smfor holding a novabl e jpplgnhi-ngparal lel to
a base surface to realize a high- speed novenment has been propose :
- (Japanese Patent Laid-Qpen Publication No. Hei 11-148984). In
t he. XY--stage described in this publication, two VCMs whose coils are
‘fixed to the novable table are provided. A plurality of links are
connected to the novable table, and the surface of the novable table is
“held in parallel to the surface of a base while the novable table is
li fted uptS GBAvERedbeR@1ly Wit Kheudhneas materar sathke:sitigine viabyeides .
sufficient, thereb making it .possible to downsize the XY stage itself.
According to tﬁ%léén§5ﬂ$¢dﬂgﬂ- 1ng Bohir machgaigw Eppviirldimgrag. 1 and
Fig. 2, the mass, of.the bondi head 110 is |arge as described above.
Thereforé‘}o"gg?'rﬁnﬁ%)‘?l? st | Pﬁ\g% BRAPastFPREREH LD pERderena Ritth-+t hus t he
h to withstand the nonent. Fig.

er | PR
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t he an%Q%ﬁiEQE%%QQKWh%QitQf—?@§9%$9 head 110 is noved in the Y-axis

direction. Fig. i's a schématic di‘agram showi ng the position .of the

center of gr aViIhYtHebﬁf-fg&gfehﬁegEﬁ%@@tin el FF.nglj"s%/ﬂ%m%aFﬁgw(?@%i ¢

di agram showi ng the position of the center o ravi

movenent whtbe SOk ng-ehEased 160 i thaaRLBhLY L ASAY Bl EQBGi(?&f'.h gf the upper
stage section 108,and the m ddl e stage section 109, and total mass of the

menber ceidposeiitpfoft Ndnkendiragedig@sttbH0 tanthé ivaipRetabi @ ¢hieon 108
which are integrated with each other is greater than that of the mddle
st age sesurtaca 0¥, the mowebléttalille Nar akl@0DD paraillel 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,




when the upper stage section 108 and the bonding head 110 nove in the
Y-axis direction, the position of the center of gravityTQ 8; ﬁbﬂg novabl e

- section changes to a | arge degree as shown in Fig. 3A adg ﬁpg. B. _
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 section as viewed in a plan view. Wen the novable table
105 is noved in the X-axis direction, the position of the center of
gravity g of the novable section changes in association with the position
of the nwabkbetuppar Biagensebeion @Xi8s addr ehd ilwndiTjeh€ddrg0 BovdRENt
force is generated, causing a problematic vibration in a yaw ng direction.
In the wi BoAst? dizleckdegh thédagpriiitdost ep tlee qemtbor ofdgramingi at eFy after
- the XY stage is stopped, the vibration as described above |leads to a
reduced i BPBAPIR) Sestdanacharges He ki karge Hagsep ebgslidwrcdnt Fig.dégr adi ng
the  bondahility. Thus, as_described above, each of the X-axis guides .102
and the VREFidyuiBresThOUCHISYs ifothavi-axis JOHi 196 st shyveansnder t o be
able to nglcg' a émrrc%nt Iaad due to the novenent of, .the novabl e table 105
and the Bondi Ad® Fead 107 1YERY LR GOtF e YRASSEiPRgS WINHHEaRYLY age
Itself i Icf £ i achi According to.the conventional, XY stage
describe%hgﬁ£é§g%gﬁéggeP%€%ﬁ¥gﬁél&F%ﬁ%hyﬁ%ﬁﬂig i BRVRBLS 1965°tioBgd9 94, since
the ‘hei i e Com bl I Lh.ened. i i fferent fromthe

hei ght a?:& &X?%h%r?g@r]f%@a‘B?e fagbb?]lgni Eh%g(yv{albg%eg?ﬁge glrcﬁlilﬁg“?g?ciem fromthe

VCM does tRet xagtiPairBet $6A) ok aYbt Yo tHkhe b |,op.odhus, it
is difficult to sufficiently supg}eés thé)vibratﬁgﬁgééﬁgég%ﬁgk#hg of

hi gh- speetlermoeiiet settide dRuMAse ial 888ocidLAONEER ShdPosAtRORI & ON
detector is provided at a 11 March 2005 7
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 stroﬁg
‘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




positi on above the novable table, the accuracy of the position detection
~is insufficient. Thus, position control may be difficuhqmggh?%bgorm
Furthernore, according to the conventional XY stage described In Japanese
“Patent Lai d-Qpen Publication No. Hei 11- 148984, although the intended

obj ective can be achieved, it is difficult to suppress the vibration in
the yawing direction caused by the hi gh-speed novenent of the novable
stage. According to these conventional XY stages, since the vibration in
the yaw ngpoiteiain abovecwhs, movhbédbaaklepnthel acoeessy tof bendepdoirima in
order to reduce an influence due to the vibration. In addition, these
" convent i ond¢tectisiragds hdwesuffidcigmiobl dhus, a posdtooncootmitolbanthy Sibece
the X-axis _ table 103, the Y-axis guides 104, the novable table 105, the
Y- axi s nov@bifel@lénsat Pabfeim.and the coil 107b of the Y-axis VCM 107 are
i ncl uded anong nbers on which a thrust fromthe X-axis VCM 106 acts, a
very |arge VCM YFBE: cAPFOYEHIASs the DreaxicONVEM 1) f X hisfiedehr ust

is required. __Ther,ef.or the force of inertia of_the vabl e secti,on_.as a
_'Whole'q bec %ﬁﬁglpgggéﬁ EW@aPﬁéev%Bfg??oha?¢F¢9%Py%H@ g&ﬂPEc&Pon%SF ﬂﬁé
i ke. whic onag a W C e S roblem. S RY OF THE
| NVENTI ON E%%%Fe%gﬁgggé%egbg 6§£§%%§gﬁ§g§ﬁﬁﬂﬁ§ve P&% ﬁF%&FHEHZﬁltXQSStage
capabl e ofgyisfifdgire Si - eat.Lon: . g r fter
P spead rnicuskntc Y SBUPRESP S e Bt bnONin IENE! 36ng [ firdction
control | i nguiske BYVEREMighARpE¥d SheeEna33C OFrdicRg hOvaA ASREGE of the present

i nvention conprises a base, a novable. table disposed on said base so as
to be novabl e 1RckBrdhn@00» 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
»Xg 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




8 in an X direction and a Y direction in an X-Y plane, a work nenber

provi ded on said novable table, a first |inear notor i I a driving
force in the X direction to said novabl e table at thghggﬁ%tﬁgpgﬁt as the
center of gravity of a novable section conposed of said novable table and
sai d work nenber, and a second Iinea[_ngtgr which gives a driving force in
the Y direction to said novable table at the sane height as the center of
gravity of said novable section. In the XY stage, the work nenber nay be,
for exanple, a bonding head and may be used for w re bonding. According to

exanpl e enbodanent difectienpragsierd Yndepkbeion imhan the il e segbiien is
driven by the linear notors, a force fromthe |linear notors acts on the
center of nemhdn profitee ommedbl moseble omablEhereffarst Eusmrwimenotrhehich
position of the novable table is shifted in a direction perpendicular to
the drivi nglvel reckriignng t fFarasennethef Xgdhngatiodr toi agid snetakdes tabhe eated.
Thus, even when the npvable table is noved at a, hi gh speed, substantially
no noment Fff ceale BeHEHataw, thedcemer ghbgrantial of aomevabhei sackien he

havi ng ri GrOHGed Bhorath i e GROLReALbIiAIA: PORAI TG dedner SPRRT
i di t he. .ion, . table. ' tained.. thereb
aking i pouET R Mo Ras BouRarRab TRt B 08 TN O G
the vibratiomi : . G > q |
frgqﬁénigfﬁgﬁ%hﬁé E?%g e#%g§Q:Eﬁ%a5%ﬂ%U%%#?Hfggfﬁggﬁ%§g %E%ggéﬁgg%egﬁgfthe

novabl e - edeneRbsaBletdiedibpear notors of the respective axes are novabl e
i ndependent |y of each other, redundancy (a margin for novenent) 11 March

2005 ' 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)




can be reduced and the nunber of nenbers on which the thrust acts can also
be reduced. Thus, the linear notors can be downsi zed. Qq@&&ﬁbaﬁgy, t he
force of inertia of the novable section is reduced an& the "ei genfrequency
thereof is increased, thereby further facilitating the suppression of: the
vi bration. The nature, principle, and gtllity of the invention will becone
nore apparent fromthe followi ng detailed description when read in
-conjunction with the acconpanying drawings in which I[ike parts are
designated by |like reference nunerals or characters. BRI EF DESCRI PTI ON OF
- THE DRAVEAIESbe | reduvedaand mpla yiundedr ati mgsbers @n dhich alvchpfdtd actkagr am
showi ng the structure of a conventional wire bonder stage; Fig. 2 is a
schenat i cadi abtg@rhes rediingdt hathua , bbhei hipdaeaniotoss atdrableedoent zdde
conventional wire bonder stage shown in Fig. 1; . Fig. 3A and Fig. 3B are
vi ews shdeFagdingivan§bei foree ofpdsiertda of theemovable sdctgyoaviisy g of a
novabl e. secti on when the, bonding head 110 is noved in the Y-axis
di rect j ofedused and theeigeniraguency; bhereskHewilngrearedodiherehyof t he
center of Vi t .before the novenent; and Fig. . 3B is a schematic
di agram gﬂgéﬁ% Blatcarérlﬁﬁg?'ﬁ'? dP PUPRESERHPR OTo £hg, YIR¥IL Pt t er t he
novenent ; Fig. i.s.a._schenatic fia ram show n he structure of Wre
bonder stage a%é%rn(ﬁtﬁl S oPEPFIR e’e%ﬁ@d?ﬁéﬁﬂ%g’f{ ﬁgep?"é‘é%rhfth%\‘?’éﬁi on; Fig.
S is a spAshpl i A amshavi pg a (89- ? ﬁg%i ttached onto the
W re- bonder stage sﬁg&n |n.gﬁg. X?QF?%fl Aﬁlnggﬁgg. €%§§£l§#¥ﬂk“§%ﬁmjng
the strugbsd eiPlcciuadt M Glitd0 e adfompanying drawings in which like
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 wire bonder stage shown in Fig.
1;
Fig. 3A and Fig. 3B are views showing a change in the
position 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 schematic 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 bonder 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




X-axis VCM 6; Fig. 6Ais a plan view thereof; and Fig. 6B is a

cross-sectional view of Fig. 6A along a line AA; Fig. 44Ag 2 b§ 7B are

~views showi ng a change in the position of the center of graV| y G of

novabl e section when a bonding head 10 is noved in the Y-axis direction;

Fig. 7Ais a schematic diagram show pg Lhe position of the center of

gravity G before the novenent; and Fig. 7B is a schematic di agram show ng

the position of the center of gravity G after the novenent; Fig. 8Ais a

schenati c di agram showi ng a nodel such that an X-axis novable el enent is

connect ed-a®ia Vo4 4xi Eigalffe igsai planheiesoheneobpadnd &5igr. §BdiFia. 8B is a

.schematic di agram show ng a nodel such that the X-axis novable elenment is

connect e8rPEStIRCtigpahoYEEY &l Figs fh almmsepbddneehtApf the present

i nvention; Fi 9A _and Fi 9B are graphs each show ng frequency

charact eri sti cEi%hdh ehe %ﬁ%s H @freaviﬁ?‘tﬁll%‘oé“flﬁgeasﬁbﬂliﬁ\ pthe equal to

t he 't ot al (BSS 9A i s the shqw ng t he

el ati on%%?’p Jt?& \Rgeﬁﬁ? h(‘eeraéﬁ% oingr?ﬁjeqf r%(?geﬁcg}og qgcﬂleQBW]l’%“ tthe graph

shomnng n foeen t se nd t he fr en | OA and
Sfafiy Hep8 10 £5 HAE ot i PR BReaCion H0CoTiad Fhe

Fi g. are RS eac mnng frequen mass m

- of the n%éﬁgﬁ%ﬁﬂbaﬂﬁaéfﬁﬁ' ﬁhe ﬂ#&ﬂnokh€¢é(g Eegagf 4ﬂ§giggn§ member

21; Fig. IOA1s the “grap sho ng t relati tmee

the fregueney thanflofiientlOBndSFige m%haseen\éxﬂ&i&%lg 'Qﬁkﬁﬂir% pet Wee“
t he phase and the frequency, Fig. 11A and Fig. 11B are graphs ng

cl osed |vigp phdrachest Silic sehtepest i pelwithot biter Yha2fdvEhnt 9B, Fig. 12A
and Fig. 12B are graphs showi ng cl osed | oop 11 March 2005 - 11

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 respectively for Fig. 10A and Fig. 10B; Fig. 13A and Fig.
13B are graphs each show ng frequency characteristics.hqm%gﬁzﬁﬁgventlona
‘wire bonder stage; Fig. 13A is the graph showing the rela ronsnip between
the gain and the frequency; and Fig. 13B is the graph show ng the
~relationship between the phase and-the frequency; Fig. 14A and Fig. 14B
are graphs each showi ng frequency characteristics in the wire bonder stage
according to the enbodinent of the present invention; Fig. 14A is the
graph showi ng the rel ationshi p between the gain and the frequency; and
. Fig. 14BCheraglergsigns sroswertivedyr 8pntFohsHiOR bodweig. t1B;phase and t he
frequency; Fig.. 15A and Fig, 15B are graphs show ng closed | oop .
characteristi c@lﬁe%PP@eng 3EFidge 95RAPhH Bagly shewing freguenex and Fig.

14A and SPEFeta SEigE 5 NE oBRRefiTtL aria, BmiieF FHAGR FASI ISR

of 5 onts drie sePBRoFhERAC AR LAy ool RRSVeRRREE SRR o the.
S bae e S Rad) A6 MY B se e P BSOSl BBy 100 1o
schenatigegkgg{%ﬁhsﬁgggggnkhghgtEH&&H&ﬁmpf a wre bonder stage according

~to'a second enbodi nent of the present I'nvention; Fig. 20 is a schematic
di agram show retid.hq 4st EHEU R, Qfapa a i %ﬁa%@chsbﬁgﬁiﬁcﬂéﬂu@ﬁciﬂ athird
r

enbodi nent of the present invention, ch 2005 -

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. 21 is a schematic diagram show ng the structure of a wre bonder
stage according to a fourth enbodi nent of the present jhnventipn. and Fig.
22 is a schematic diagram showi ng the structure of a mi?@a%%&ggﬁ st age
according to a fifth enbodi nent of the present - invention. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENY, The preferred enbodi ments of the
present invention will be described below specifically with reference to
t he acconpanying drawings. Fig. 4 is a schenatic di agram showi ng the
structure of a wire bonder stage according. to the first enbodi ment of the
present inventF&g. #Hi gs & sshenathentkigran ahowing Hdwi sgradiaires ofbandi ng
head is attached onto the wire bonder stage shown in Fig. 4. According to
t he pres¥hte hAsiamehaget 3RCotdinids tguadbeurtlf igmbodduente afefthersesndr e
provi ded . on a square-pl ate--shaped base 1, for exanple. The two X-axis
gui des 21BYRRHPnaRddi rection parallel to each other. This direction is
referred to as.an X-axis direction. An X-axis table (mddle table) 3 is

provi ded on th&*% &4 45gai ehematic diagrap) showing Lbe) shEugHBEe ofhawn) for
fol |l ow ng. - axi ides. 2 are provided .on the, | ower rface of the
i

Two Y- axigogitidgs (second guide nmenbers) 4 extending in a Y-axis direction
which is perpendicular to the X-axis direction are provided on the upper

~surface of the pertiept BERIPTIONBKBS ﬁ@%ﬁﬁg# §%u§¢[gfv@£gq§dton the Y-axis

gui des 4.. Y-axis follower sections (not shown) he Y-axis
gui des 4 are priyyigiede@bed Nanbsiiientdr bACENOprRnFOYAPE St foh WMREENp005 -

e 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




“table 5. The novable table 5 can be noved in the Y-axis direction and al so
in the X-axis direction because of the X-axis table 3 ﬁnlgl Itcne)_ogsaxi S

gui des 2. The upper surface of the novable table 5 is a'p?ane surface, and
a bonding head (work nenber) 10 is fixed thereto. An X-axis VCM (linear
motor) 6 is disposed so as to be adjktent to the novable table 5 in the
X-axis direction. Fig. 6A and Fig. 6B are views show ng the structure of
the X-axis VCM 6. Fig. 6Ais a plan viewthereof, and Fig. 6B is a

Cross-s hanal i.e I | an i A- The X-axis VCM 6

i ncl ud-egt%tgléosé sllégt ngé%"gé\%a}b% i%sgfl gxﬁé%%“cfvc? re ?ﬂ%p 'ﬁm(snot shown) and

has an %.%Eﬂgoﬁtaﬁcp%l%iodgno hd rb?—amvg%‘%&fg% ?%%falrsﬁeéfma%‘%l%%[&g‘%l e

el ement 6a which 1's connecte to a side sur le 5 and

a coi |l GRPMI §hahd tnEDHLE L OgRHdNS X- P %;{rﬂé\faehffséff@mh@a are inserted
into the yoke section 6¢c fromthe opening. The coil 6b 1s wound so as to
be parallowlablle tilesw fiaca plakdasurnaeel eahabl q)cﬁxdiﬁtjehéAae{fw&fk the
"opening is about equal to or greater than a novabl e range of the novable

t abl e Smiembehe M abs Fidedethépsto.The X-axis novable elenent 6a and the
coil -6b can be noved without a constraint in the Y-axis direction. A
magnet .6d whode ¥eaxis pilie (flavesrdovwrr)awd ia digpetedesonaestorimt h pol e
faces down are attached to the inner upper surface of the yoke section 6c.
A magnetdgacapbske ther mavpble talles Supnahbe Xrangsedisgehone Ebagk 6ol e
faces up are, attached to the inner bottom surface of the yoke section 6¢
at posPPofidr HEdeE VaPYS ophysiinh theeShapieize of 5he ¥eaXigc d6MdPRgly, a
magneti ¢.circuit which generates a netic field inside and around the
o | 6b TG LT f BIENXYARY SRR FRINEISh SF0g8 & Hoss-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.



In the thus-structured X-axis VCM 6, a magnetic field as indicated-by an
arrow shown in Fig. 6B is generated. If a current flows yhkRysesthe coi

6b in a direction as shown in Fig. 6B, the X-axis novable el enent 6a noves
in the right directionin the figure. A Y--axis VCM (linear notor) 7 is

- di sposed so as to be adjacent to theigpwable table 5 in the Y-axis
direction. As in the X-axis VCM 6, the Y-axis VCM 7 includes a yoke
“section 7c which is fixed to the support and has an opening at the side of

t he novabl e table 5. A Y-axis novable element 7a which is connected to a
si de surface ogntﬁEﬁrﬁﬂﬁﬁﬂﬁ§rFSBPEe@-%nﬂ¥%§ Vel| 6 7R magnekis stigddndsar ound
t he Y-axi.s é el enent 7a are |nserted into the yoke section 7¢c from
t he openﬂﬂ& | A7 BTEEW Ght 10, Fig- t?ﬁtﬁ? ﬁ&P&FP ¢dt olfrm surface of

h I f b
EhSn”‘;V?r%&%s%ﬁ‘P fichp. HiFouih “Tatasiid pROFE & i ekt ot B Flan, The
Y- axi I be h .
Constrai SEh e i g e bR et b Syl M Bl Gl B el

circuit whikCh;. rates a magnetic field inside and around the coil 7b is
‘made in the Y-axis VCM 7. The novable table 5 including the Y-axis fol | ower

sections, theaXyaaiss Weyahhenshe mitio§arang &ﬂ?po\é'eﬂxb§ vabhe el enent 7a
toget her constitute an upper stage section 8, and the X-axis table 3

i ncl udi ngdtibeent a&d shbohbeasle IREN0BSiANthd Ve a¥iaxdsre@Uictes pk tigget her
constitute a mddl e stage section 9. The novable table 5 and the bondi ng
head 10 tbgeX+mrisc¥adt bt uthe d~-axivallCl enidlmdesTheyomks seeftibherdondi ng
head 10 is greater than that of 11 March 2005 - 15
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 movable element 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




each of the upper stage section 8 and thé m ddl e stage section 9. Thus,
when consi dering the bonding head 10 and the upper sta sect] 8 whi ch
are integrated with each other as a single nenber, thgqg@%FﬁPP&genter of
gravity of the novabl e section conposed of the bonding head 10, the upper
stage section 8, and the mddle stagessection 9, which are nenbers capable
of noving in the X- axis and Y-axis directions, coincides approxinmtely
with the center of gravity of such an integrated nmenber. Therefore,
whet her the bonding head 10 is noved in the X-axis direction or the Y-axis
di rect i of@h 1IRf 366 BPBRAL 5itadse seehier Hrngr Rhetpiddle stage serEéeR|Y- noved
in the SﬂHE direction sgbslantba]égkégbthe sine di stance. An X-axis

di rect i on"rsi"Hesn SHBE LR N Abe 9 figad §Rnd ithg 4rPer &153898 position
in the X-axis dijrection with, re t. t he base 1 of the vabl e section
is att aé%%%tlt?r? &n l‘lﬂgv%rre QF?%E‘%%%CWI"%E %‘@ki %Fﬁb"f’% %.S’ﬂg%a'ﬁ‘?%b‘?ﬁ rection
positio el Q@y@& _ i latlve position in the Y-
axi s dipg%?iongaﬁ héégéﬁzc oa%ﬁgyggig%% @gvg%%§§%§gﬁP3 %%QRQ%ﬁé o%s

at t achedeid gdiihgVREad W d 2A¢ReOhphdle JTRYR0 Esﬁ{éﬁ% %, 2anf £5L ik |1 ne

whi ch passes throdgh the position at whi'ch t axi s direction position

det ect Orst&geniceathe @nAHMHNC Are Smemiird LapabPe td¥e mSvankSiditReklon
substantially overlaps with a straight |ine which passés through the

center odxigy awidt y-akis hdireseiehs p Geidididesaagpydiiaatesypaidal e to the
X-axis direction as viewed in a plan view A straight |ine which passes
t hr ough ¢dmeerposi granitag afhisohhtdwe irtexiratdd rmaibean prissidfemedet ector is
attached and which is parallel to the Y-axis direction substantially
- over | apswhgtheratberbouhing iheedwh? cte peyedsin hrlpugrakisMibcctdonsor 16
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




the-center of gravity of the novable section and which is parallel to the
~Y-axis direction as viewed in a plan view. As the X-ax{gmqkhﬁﬁggon
position detector and the Y-axis direction position de eeto

one-di nensi onal optical sensor and a _nagnetic sensor, for. exanple, may be
used. - In the case where the optiEaFGSEnsor is used, scale marks that
respectively indicate anpunts of novenent in the X-axis and Y-axis
directions may be provided on the surface of the base 1 opposing the

optical $@ESesntd: RASLhPtAYEThar ndfard %&E@?&&Qﬁimﬂpgéca' sensor

- capabl e of detecting the anount of novenent in a plane nay used i nstead

of the Xpaxasleli rectthenypesid idaredeiosts Bogelingn Y éﬁ@ns vibeCHON
" position detector. In such a case, the position detector may be attached

to the | bherxsanisaddrottidre poaiahbe déedidr5ananths oflakiBRAKse¥PiSh
respectively indicate anounts of novenent in the X-axis and Y-axis

di r ect i oResHeiOhaeteovddecth ome-timessidade optithe dmsorlanilext, the
operation of the thus-structured wire bonder stage of the first enbodi nent
wi |l be HasRetKeFenrpy, OV gxamplg, B her @sedewdnshbei case whsaegehen the
position of, the center  of ravity G of a novable section when the bonding
head 10 PEUHiRleFEIFATt He UEesxi §Cale dianksn thet gresprdtivelycheditatee di agram
~ showi ng tgeiggsition of the %ﬁnter of gravity G before_the novenent, and
Fig. 7B MROUME QBT diadPafe svie Rd Bod¥is sHrsctines dueait dre
of,grava— fter the movenent. .In the case where the novable table 5 is
moved i %?é?d%ﬁ §Qiéh%ﬁﬁp§§?F%rﬁftqm§ A8Ri 5 WENSHNY LR (RREACAACE BRI y,
the novable ggg#%i§igglégmﬁzgﬂe - axi i des., aO—].%hereb bei n uided in
. . ] t
the Y-axis direction Wt respec?kl%&%%%E§¥§§F§O? IQ?F§9%+h§ﬁ?g%g Mar ch
2005 - ldapable 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 of the center
of gravity G after the movement.
In the case where the movable table 5 is moved in the Yv-
axis direction, the Y-axis VCM 7 is driven. _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,




eveh if the position of the novable table 5 in the X-axis direction
changes, the Y-axis novable el ement 7a can be moved mLHQ@g%hgoﬁgnstralnt
in the X-axis direction. Since the total nass of the er conposed of
t he bondi ng head 10 and upper stage section 8 which-are integrated with
each other is greater than that of -t & wmi ddl e stage section 9, the
position of the center of gravity G of the novable section is not
substantially changed. Thus, a force fromthe Y-axis VCM 7 acts on the

iti i f G of_ th bl | h '
Pher e ¢ nE RS e bEFLtiof ShbompRable sabl B 1n) Tt CLBKLS he. % aui & VOM
6is d t.h t t he , X- des 2,
Cher eby HOrSEEt GHandRe: (HE XAXEE TRYaRls SHemenr ?“%scpaéﬁtbq%é%r%@g‘égsisl
d th h X-
and-the gBVRQLE 5 E@Hls@ré Q‘L\ﬁ Qﬁg %( D§LED nd cttggﬁ ”%gtngsggg f?%é}:.l-a)g(l |Sn t he

di rection. en, even I onof e uppeér

Y- axis ghsecis ‘%'i‘lecﬂ &Iﬂ)%sédaéfs th novéig'n% ﬁ%% qt1Pandy g)pei:s directly

connected to the novabl e tab e 5 can ut - a constraint in the

Y-axis ditegd isrtidf @ Witk laret RRLOGPItdPi%h chbR &lﬁﬂixer Obrgheytty G of

t he novabl e section is not changed Substantially. Thus, a force fromthe
X-axi s VEh tdeits ofnthdanidilsl stage Ofedtivrr et eneo@oagi@dd »rGeaé the
novabl e section. Thus, according to the wire bonder stage of this
enbodlnEﬂenUmmeﬁhgrathyﬁbwﬂbthetmbﬁ&bIbIsecm&mﬂdlﬁnxﬁh%uﬁs&an81alﬂyeCt|on
or the Y-axis direction, the position of the center of gravity G does not
subst ant fkangedehahiyes , @héoebg Braurthey Y-hals CECN 6F asksgonvthy dri ving.
Thus, substantially no nonment force is generated. Therefore, for exanple,
when t hePARiisise of able Tenties pbyEEATHCY e OF &kpsmevalde isestipn.is only

necessary to 11 N%rch 2005 - 18 . .
- 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 étage section 8 in the Y-
raxis 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




consider the rigidity of the Y-axis guides 4 in the X-axis translational
direction for the vibration in the X-Y plane because t N%ﬂ:fﬂ% peak is
smal | due to the positional transfer characteristics w respec? to the
VCM driving force in the X- axis direction. -Wen the novabl e section is.
driven in the Y-axis direction, the Ai8gi~dity for supporting the nonent

| oad does not have to be considered. Since the rigidity in the

translational direction is generally greater than that in the yaw ng
directio i Vi rigidity | ower th that of. a conventional guide
can be sg %?]ghe%gé: 8f g?g%‘g’g?yo q‘k'?y X-8%is %‘{ﬁa‘%@sgzlﬁnﬁhef Hsa¥i8xi s  gui des 4
inthis gﬁgﬂgi e j ] JQidity. ar used, it is
possible to éﬁ?ﬁ?é%ﬁfe]e%cgg;owaqﬁge?ﬂ%tg%{lﬁ%r glhoﬁheh)gT%ipﬁﬁ“Fhe gui des can
al so be gawmai e Paung GMK st BRalPtAle 1BSHeObobiE1dRYR ion can
be reduced, theregyﬁ?ﬁcr%asinglstﬁeaspeeééat Fc%o%ﬂguﬁgéa%%gngg%%ion can
be novedchdacter@suliés Obith RGpektCesNesd i e viagd srd®Pvabkfe glenment 6a
and the Y-axis novable elenment 7a to the side surfates of the upper stage
section &id krechiani owheaushd myvdlle: gecdesn LaMMeHUPAT e5s8daxkhg. 8A
‘i1s a schematic di agram showi ng a nodel such that an X-axis Myvabl e el enent
i s connedimattiionanthe migislitablferasuppottimg aheenbnemal 1cds doeantotri g. 8B
~is a schematic diagramshow ng a nodel such that the X-axis novable

‘el enment have denbet eensidanesl .noviite tthebirdgadity ithehenbodnsbatiaial t he
present invention., The equations of notion of the menber 21 conposed of the
upper stibecdden; p nerad b eREREGT Hehan dhatt he Pheldlawing adjectéonj on 22

in the nodel. shgmm.in Fig...8A are represented respectively b{ Expressions 1
and 2 bet SBide DRRIRG Bishsligvplawer ohhan that of a conventional guide

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.




d2 Mdt 2 - -K(x1-- -X2) Expression 2: d2x2 Mdt -F-kx2+K(xlI-x2) - 19 1In
t he .above expressions, Mis the total nass of the nenbﬁqw%%'zﬁb's the mass
of the mddle stage section 22; Kis the rigidity value o Phe -axi s
gui des provided on the mddle stage section 22; k is the rigidity value of
the X-axis guides provided on a basei83- and F is the driving force by the
X-axis VCM The resonance frequency Win this nodel is represented by
Expression 3 bel ow. Expression 3: The equations of notion of the nmenber 21
consi sting of the upper stage section and the bonding head and section 22
in the.n%ékﬁe§ﬁ%9ﬂann Fig. 8B are respectively by Expressions Expression 4:
d2 M 2x -F%%(XI-XZ) Expression 5: d2 x2 Al d t2 -k,,2 K(xI - x2 ) 4 and 5
bel ow. tMe—mrddfkéystgge represented The resonance frequency win this node
IS represeﬁ%ed by the follow ng, Expression 6 as in the nodel shown in Fig.
8A. EXPERSSs¥Iof 2: |
d2x2 '
'M?-F_k_rz +K(x -x5)

In the above expressions, M is the total mass of the
" 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:




11 March 2005 - 20 jmM K nMIn either nodel, the rigidity value k is
equal to that obtained in the sliding direction, i.e., ,Q, F A and Fig.
9B are graphs each showi ng frequency characteristics ﬂﬁgﬂthgo%%ss m of
the mddle stage section 22 is equal to the total mass Mof the nmenber 21.
Fig. 9A is the graph show ng the rel @i enshi p between the gain and the

.'- frequency, and Fig. 9B is the graph showi ng the relationship between the

phase and the frequency. Fig. 10A and Fig. | OB are graphs each show ng
frequency characteristics when the nass mof the mddle stage section 22
i's less thagmtie total mass Mof the nember 21. Fig. 10A is the graph

B showi ng the¥rltati onship between the gain and the frequency, and Fig. 10B

is the graph showing the relationship between the phase and the frequency.
Fig. 11A and Fig. B.are raphs shaw.ng cl.osed l.oop characteristics
rﬁspecti vel y f%&lpﬁ‘ _erhgtgdggdaﬁ?eg:r \glﬁgdv?f‘be ?‘1215 EHE?T]::H{;P.NA angr Ei gr aphs
showi ng 5695 1590 i .respectively for : g.

- 10B.. Fr o%ﬁté)pressl?lo%gg:sg%g&d{% qg’%lefgﬁééﬁbtja‘le'rfagé of the novable section

composed of thp; geielndlpegnas ot DlprhBs sHoR9fg PEGHARyANd the

bondi ng head and the mddl e stage section 22 1's consta resonance

f r equenCy¥hiit-dSdHiRitABE Wises NN mhBsHidor 3 aAdaTe GstR %&g&ﬁ%znﬁés m of
the mddle stage section 22 is equal to the total mass Mof the nenber 21.
The bondegqeahead thie tobel widss Bobgethé sngerer ally #ieavoar is haw eggpnhof the
upper stage section and the m ddle stage sectioon, and the total mass of

t he 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
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.




menber 21 -is greater than that of the m ddle stage section 22. 11 March
2005 - 21 In the above-described enbodi nent of the preﬁq\%mti1 ?(yd-\sntion,
since the X-axis novabl e el ement 6a and the Y-axis novable “efenent 7a are
directly connected to the upper stage section 8, the total nass of the
menber conposed of the upper stage sec¢iiion 8 and-the bonding head 10 is
‘greater with respect to the mass of the mddle stage section as conpared
to a case where a novable elenent of a VCMfor driving in one of the axial
directions is_connected to the m ddl e stage section 9. Thus, if the nmass

of the entirdiPgpRROGdaser1bed cagvhaddment 1k ey ereeentiegentioasonance
frequencx} S %gcr ased as Sﬂﬁ$n in Fig, 10A and Fig. K 10B. \Wen a feedback
control isT5eEr FOT S PPKE TGOt b A ithienfirajie MQVabier eases, whi ch
: b Ln ter of contrql, ability. As can be seen froma
oo s S1uBh O & ol s BhTR P oty 18U o5 Sk Heckinh 400 the
nt r ol dy} t i ' controllability.
2\820; gi ng'%{éot?ﬁgl Eﬁ%%g%?eglﬁ%o | nen%/,co{aﬁ{ég%ﬁi %a%tlagnu?%e]f i?eta%?aﬁfﬁ W rection

can be sgphgssrs &ﬁlﬁﬁgché%dl@l?&v redBér ﬂt%egéé?%g@rl%zftg\%h‘%%eoﬁm are

descri bed below with reference to the draw ngs.

graphs eatl BhedeGtabbeguenion ARG IHES Lisa &M@%{}h&l@ ire
bonder stage. Fig. 13A is the graph showing the rel ationship between the

gai n anelehent refjueVcy, fandifivingl3B ose tdte theaphishaWrRetiBls is
rel ati onshi p between the phase and the frequency. Fig. 14A and Fig. 14B
are grapkonsactedHonithg niddlerxbagehseaictar i9st i Tisud N ifhehe Whdss lgnder st age’
accordi ng to the enbodi ment of the present invention. Fig. 14Ais the
graph shé&iengnhe mevablensertplasetigeepnstimntgaiche amigartfretuegoency, and Fi g.
14B is the ragh ..
| (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 controllability.
According to the present embodiment, the vibration in 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
frequency 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.




showi ng the rel ationship between the phase and the frequency. 11 March 2005
-- 22 - Fig. 15A and Fig. 15B are graphs showng cl os

characteristics respectively for Fig. 13A and Fig. 135?ﬁﬂkggﬂf@2? and Fig.
16B are graphs showi ng cl osed | oop characteristics respectively for Fig.
14A and Fig. 14B. In the conventional 2w .e bonder stage, the vibration in
the yawi ng direction occurs because the center--of-gravity driving is not
achi eved, and such a vibration has been a problemin terns of control
“ability. The vibration in the yawing direction occurs at a frequency | ower
“than thafl8f 1¥e aRADFOr ohoB RihITEPER sThaigaclapedclieo@h as shown in Fig.

13A and Fig. %%B” gp t he q%g%%ﬁgan , according tqQ the enbodi nent of the
present cb%{?%‘ﬁ GO -5 ntESh pfer g+ drdy 8ndr Fien LB+t neltedfBr of
it gof, -t i brati in th i direcfi iS. d
Thown T noRALFRL, Hent a¥erafldl hdnihe YN 100br ChadibisiustiBR Lot bl e to
the ‘i nfl f i 650 ce; pe a stabl e and broad control
HEOEE Ol gp %‘ 1HR00RACF; X Ay

band can tained as ¢ be seen om a conparison between Fig. 15A and

Fig. 158, and £ Ounel6AndBleibidl iSB phhder Wrdde, A+ RENGTRLIG i agram for

illustrating variations 1n the detection anou by the position of a

posi ti ontHetRaiialg @i redt PHE-FHAIREShERRseS TREObenfe Loy Gradt &y HSLERW th
its origin O being the center of gravity of the novabl'e section I s shown.

In the dassothetdeivbe, posd tsueh devstarions hakopbaRth FropleRsid itekmd Whi ch
is away fromthe center of gravity by the distance of r and away fromthe
X-axi s bgftdmntared! ebdii6y, Thethibiedadioni dn tiet ectviimg dimeweibbycthes angl e
of 0, further away fromthe X axis, the detection anmount when the position
det ect or af s2 direguency 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




axi s direction position detector and that when the position 11 March 2005 -
.23 detector is a Y-axis direction position detector ar & rgphgﬁﬁgted
- respectively by Expressions 7 and 8 bel ow. Expression 7 M%gs -=rcos(O -
.+00) Expression .B r sin(8 + 00) - r sin O Therefore, in the range of 0 <
0 <180 , the detection anount of the2X% axis direction position detector is
mnimzed when it is positioned at a position B of 0 =0 and the detection
- anount of the Y-axis direction position detector is mnimzed when it is
positionﬁd at_ a position Cof, 0 = 90 . Therefore, in the case where a
one- di meASFBREPE skhfo ~PE1gsBresd ign,peritien dpiestos: arerrennasentede of
the driving axis directjons, the osiéi etector can be positioned on
t he drivFﬁgP%§#§”%§%SWhgxP¥¢ﬁ§ﬁﬂﬂ$ t'h80 egpg?‘BT'gravity of the novabl e
. section,Egs é@ (n{qs mechani cal resonance peak is less likely to be
recogni ze From 't he control system Thus, it is possible to broaden the
closed Iresp-compPrél) band, thereby increasing the controllability in the
case where a feedback control is inplenmented by providing a feedback
control pegtbaidiprg perfornmng a control based on the anpunt of novenent.
On the otheér hand, in the case where a two- dinensional sensor is used as a
posi tion”¥f e&Pofsit4 he controllability can be inproved sinilarly if the
position detector is positioned at the center of gravity of the novable
section. -The sThedfore,ofinatMoMdrfienolf bIPEB(°0, tbRd @ttty in Fig. 6A
and Fig. 6B. Fig. 18A and Fig. 18B are views show ng the _
amount of the X-axis direction 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



structure of. another VCM Fig. 18A is a plan view thereof, and 11 March.
2005 - 24 - Fig. 18B is a cross-sectional view of Fig. lﬁﬁw SR | ine B-B.
The VCM i ncl udes a yoke section 31 with a shape of a rectangular tube. The
yoke section 31 is fixed to a support (not shown), and has an openi ng
passing therethrough in a lateral dirsction. An iron core 32 is provided
so as to divide the opening into tw sections at an internedi ate hei ght of
the yoke section 31. The VCNIaIso i ncl udes a novabl e el enment 33 which is
connecteg.fL vable t abl e, cqQil 34 which is wound around the

novabl e 3]3'3 aTﬁé'oéﬁl?e%ﬁl‘?‘? &FFET Qb Big+ d83uatena kime BrBm core

32. The nnvabl glﬁﬁﬁ c incl ud a fixed ecllon 33a which is fixed to
the novabl e tabl ¢ 8ﬁﬁe%t¥ SegtdPhon ?ﬁ’tﬁ’fé‘rsc‘i‘éﬁﬁe‘éﬁl%g the fixed

ti t th | . 34 d. Th
Tateral TaacihduldbuBal R, yBig Gl é%iﬁ}aﬁ% ‘l’%?d J 2 sHBPRE @kovab e
range of shin) MaPhs! Rl Spertify gaggﬁa 33and fhecoll 34 can

nove Ww thout a constrailnt ectlgn perpen Blar Jhr&a riving

* di recti oairdctmsnet AR5 MI0SOrR08Y hﬁ%ﬁ‘ox}fl%as Qoé(@ *&oS éig% V\%“?H'e to the

i nner  upper surface of the yoke section 31 A magnet ose south pol e

f aces upopsniaid dahtedtiwo sderidizeatbaht Qﬂtéﬂﬁé‘ﬁ%@e Réidihe d@lﬁﬁesgﬁcé on 31 at
a position opposing the magnet 35. Accordingly, a magnetic cirtuit which

gener at esegieipretils Tt dECM ambsodinahdies aumdvibb: Glidnedt B3 WRAS, iR t he
VCM In the thus-structured VCM magnetic fields as indicated by-arrows
shown i rcPRRECtEgBtar @ mevarlat dablef andua reeifl Bhowsich Hsouwgtind keoand! 34 in
directions shown_in Fig. 18B, the novable elenment 33 noves in the right

di recti o MAMREle; glementriis -| | Heaurcaigt 84 iis woind isei aedtoosarodd For

exanpl e, .t he
np 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




effects of the present invention can be obtained even when an AC 11 March
2005 - 25 linear notor is used. Although the anabIe_LﬂghqﬁbgaﬁﬁghanlcalIy
‘gui ded by using the guide nmenbers in the above-descri be 2 nt, an
air bearing may be used as long as the center of gravity of the novable
section is driven. Next, the second-emsodi mrent of the present invention
wi'll. be described. In the second enbodi ment, a novable el ement of an
X-axis VCM and a novabl e el ement of a Y-axis VCM are not constrained by the
novenent § f.a movabl.e table in the Y-axis and X-axis directions,
respectiv%ﬁ?ér 01145 Y50 schemati ¢ di agram showing the structure of a

"W re bonder st ordi ng t he__.second enbodi nent of the present
| r%sention. I'n g%@“%%ﬁbﬁ%ﬂ gﬂ%%%#ﬁéﬁﬁﬁfhﬁﬁmm? %ﬂﬁfaéig,giﬁ@a%égbﬁﬁfﬁzsbsagﬁe
S thosegj ' ' 0 e.,0. ., | 1 Q. are _denoted by
Sarre r eF}elge ce en{ljdr}eganrﬁ %fgrm;gq{r{%s%tém?% %%secﬂl%gt ?ﬁﬁgff?‘?‘%‘?ﬂ Alafd" t hte .
detail ed '9&#p t I It . second enhodj nent, :
pl at e-s’hgggﬁﬁg%m o%o%é%su?gglg?gbfﬂ%gtcgp#gh §5i§]§a‘61ulydg}%ng er) 51 |
ext endi ngovabld&ettiayni Bs AriRkdi,on i s provided along an edge of the novable
table 5 in the X-axis direction, and a plate-shaped cam follower guide (a
second pr ot r udiiext: g heesoesie rdmizdigshendi Nthd PreBen¥- %e?;ti@g,r ggijon is
provided al ong an edge of the novable table 5 in the Y-axis direction. In
t he preseatdesdiddedentin &hehsegbnd fenbodimenv] | DWeivadibdesekdntdid 54 are
connected-with each other as shown in Fig. 19, they may be separated from
each ot h&Taxigh VRMaand a/oMvedleselenpusar at YeheisiwmM afret hetedge of -t he
novabl e table 5 on.which the camfollower guide 51 is

constrained by the movements 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
difection is provided'along an edge of the movable table 5 in the
Y-axis direction. In the present embodiment, although the cam
fbllower guides 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




provi ded, and a Y-axis VCM 57 is disposed at the side of the edge 11 March
2005 --- 2 6 of the novable table 5 on which the can1fqh| wer g ide 52 is
provi ded. The X-axis VCM 56 includes a yoke section 56¢ R 4 ape of a
rectangul ar -tube. The yoke section 56c is fixed to a support (not shown),
and has an opening passing therethrouglg in a lateral direction. An iron
core 56d is provided so as to divide the opening, into two sections at an
i nternedi ate hei ght of the yoke section 56¢c. The X-axis VCM 56 al so

i ncludes an X-axis 6 novabl e el ement 56a which extends above the novabl e
tabl e 5, inbhe PG5 ERDIA 2 1PR FhighnbhereumEoliewsr ayiislenbRabse el enent
56a. The_col 6b is wound so as to surround the iron core 56d. The
IongitudPﬁSYl | ateral |engths of the coil 56b are such that the coi

56b d t t_t.he. j 56d. T foll (first
pr ot ragfngopofﬁﬁ%x')a . e"'&ﬁggégﬁg‘%md@ﬁ Qxl\,}g’ﬁ‘%lasfr‘gr?tlgphg\é\gé’?lﬁ Iélr g"El*iilt?%cti on
fi to I f X-.axXi | 56a. The t
FolT over STsRTAnRBRIRE bR, THE R SotTR RS Fodd it cCadin f of | over
i de 51 d t he i
00 90 Sy i naie ok SR PSSBIMRSARGADA R,

upper surface and inner tom surface 0

a nmagnet Let&h41C ditreWBi6h. J2REH RHR Scd: etk Cpfd 5Bs! und the
coil 56b is nade} ?.e., the X-axis Vfﬁ?%g'Eﬁggagﬁgg¥%%?u%%q§€ svgég in Fig.

6. Ther ethe eopemingdédteoivo uitdess5sh whiighednd{dtedeignt her support at
the respective sides of-the yoke section 56c. The X-axi § novabl e el enent

56a i s nyvka sectiibe Xeéaxi Thei Keatiowdmy 56ohlew fig-lulescan | x-guiides 56h.
Li kewi se, the Y-axis VCM 57 includes a yoke section 57c with a shape of a
r ect angubayahlgpelemant yohe vdchi ert&TEs iabove the movable table 5, and
a coil 56b which is wound around the X-axis movable element 56a.
The coil 56b is woqnd 50 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
of -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

ﬁixed to a support (not shown), and has an opening passing




fixed to a support (not shown), and has an openi ng passing 11 March 2005 -
27 therethrough in a lateral direction. An iron core SJq%is Bégvided SO
as to divide the opening into two sections at an inter&e ?3?8 i ght of
the yoke section 57c. The Y-axis VCM 57 also includes a Y-axis novable

el enent 57a which extends above. the ggvable table-5, and a coil 57b which
1's wound around the Y- axis novable element 57a. The coil 57b is wound so
as to surround the iron core 57d. The longitudinal and | ateral |engths of
the coil 57b are such that the coil 57b does not contact the iron core
57d. Two thgretbrouslerin asdaberhlpdéregtion. pant ioms )cors767dnik 57g whi ch
extend in the vertical direction are fixed to edge portions of the Y-axis
novabl e BrEMRAed 55 asThe dipidakhef ePEBIRG sLIEPf tuadsSTicmseati aposed so as
to interpo .cam_follower guide 52 therebetween. Magnets are attached

th
to the Fﬂﬁgm 8GRt Ch IS HRER BRIETEIM SUFF adeo-axts ZERE Sdect i on

57c.. Therefore netic circuit_which generates,a nagnetic field inside
and arouﬁgs?hﬁm%ﬁFﬁggﬁb Taxfpfvaplg e By 24 Whig@dendgsabowq r uct ur e

25T B LSS BT f A ISR MR B o1 Xe, 10

the support at the respective™ & d8€5 o

rovab o gleguby e bendBY a0 4 idXkan0i SEilan Byl ol ow ng the coi

gui des 57h. In this manner, the axi s nova a and the Y- axis

movabl e ghepBitd The akenCAMEad tihd RenER¥ AR St %‘ﬁgﬁ%&éﬁ'}zﬁ 1%':’1&@21

foll owers and the camfoll ower guides in the secon odi nent o
present bfvend icsil Bkt ard htucdpehati e Hoilth 7bhaSes tHo+C LRS- 1R bonder

stage of the second enbodiment will be described. Wien the novable table 5
i s novediron tdwreX5ddi.s Mo eefi 6o lowers (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




the-X-axis VCM 56 is driven. Accordingly, a driving force is 11 March 2005
- 28 transmtted fromthe camfoll ower 56f or 56g to Hqug%FRQBélomer
gui de 51, which is fixed to the novable table 5. Therefor X-axi s
table 3 follows the X-axis guides 2, thereby being guided in the X-axis
direction with respect to the base 1. oghus, the novable table 5 provided
thereon is nmoved in the X-axis direction. At this tinme, the camfoll ower
guide 52 is also noved in the X- axis direction. However, the cam foll ower
guide 52 nerely passes through between the camfollowers 57f and 57g
wi t hout toansmitiiady frohethe Tam folhowyr axé s amBayl to dilemeaim Fdhlowsmi ns
still. In other words, the novable table 5 noves independently of the Y--
axi s VCvasrde it «+ nhighhés Hird teh&het pevahheabable ahl eTherefommwedhen the
Y-axis direction, the Y-axis VCM 57 is driven. Accordingly, a driving
force i sXri%h3nakled 3 fFoll R then&-puls oieldes7 2, obherrby beingegeided ol | ower
gui de 52, m?%ch is.f;éed to_the.nﬁvable table 5. Therefore, the novable
table 5 £BI PRSI SYAiRectinn ydsbaresperty din) thei Bapgdi-dedhisy tHhe v- axi s
- directio | I ct to 1. -axis table 3. At .thig tine, the cam

foll O\Nerﬂaﬁ%%ge g:%%ﬁag éll %%OVl%\c}egh‘iaﬁe?rhele@é?Wg dt F&)‘Et ﬁﬁﬂglﬁi&ﬁ\?g?z}o?he cam
fol | ower pguj ‘ ne Y, o) n foll rs 56f and
569 wﬁtﬁgﬂ%ﬁg%5§3Fﬁg£§%éﬁﬁéiﬁﬁé?&?ﬁé&%pggﬁéMﬁgv%%ggI@ﬁ%ﬁe%k gﬁgja?enains

still. | gxps hefrasRhds. (HmeRYabike (@R §cd1bbe de 59 m,gégfr Lk¥e9f the

X-axis VCM 56. As descri bed above, since the X-axis novab nment 56a of

the X-axtBr tavdnt Bfe Caxirs1 MBMaR &7al QENs7H 4@ thbut Neestradiiisg VOM 57
are connected to the novable table 5 via the cam followers and the cam

f ol | ower tgem deThis, ttie: yYeeand esblicTelenent 57a 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




t he' novabl e secti.on and the novabl e el enents of the VCMs of the 11 March
2005 - 29 respective axes can be noved i ndependently q %%n Bbger Thus,
the Y-axis novabl e el ement 57a does not need to have re&un ancy ~whic
realizes a wde range of its novenent in. the X-axis direction, and thus
the Y-axis VCM 57 can be downsi zed. Myrgeaver, since the Y-axis novabl e

el enent 57a-is not fixed to the nbvable table 5, in the case where a
thrust in the X-axis direction with a |evel about same as that in the
conventional case is applied to the novable table 5, the X-axis VCM 56
havi ng aT€FPECEHER |a8est RaR Pe Heavest indeperdanidyi ofiapach axiterVOMiusn be
used. Thiﬁefore the force of inertia of the novable section is reduced

“and the ﬁehT?%ﬁhéﬁW?biﬁe$¥EW69§sﬁ7ﬁcﬁ@%%éﬁﬁ5Fﬁ@ﬁeﬁ? hawe rgdundpeckible to
suppress h J5 V|brat|on urt hernore, since the anabIe el enents of the
VOV of PRECP eSpEcEsFe a‘% € FNdo Pt 1S METERE 1RoRA I%-a¥d8t i on, the nass

whi ch 2 - d d d. As
resul tacéia‘%&‘e&ﬁn AR e RSB yod i CefaS A EsRenibRa Sul do
can be ugeh-d ofhe @agalgfrgﬁa&eofé%ﬁ_ et 25 12 g0 e -, Sebige

‘thereby neking it possible to ten W re bonder 4

Furt her mogs1e 5§ 168, the dadi TV Dk £ SLETEMERS07. 208k dFecta 8 Sipvabl e

el enent 57a are connected to the upper stage section SO I'n he Second

-enbodi meat letdle apogensars uaNhae§ ifathe @nviehidnaKi el desd idRdid he
Y-axis guides 4 is increased, thereby inproving the controllability.

Speci f i cohé ymowbldesabldes| athey &-akis (Ve 56t BhviRG S ofi Zehendmwabtgagect i on
which is conposed of the nmiddle stage section and the upper stage section
i's constmt ath&hei peavemnidnadqiearys CaUs ednbye tieedqiui Bherefcrd]i Rhai zed
when the_mass of the middle stage section is equal

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 gquides 4 is reduced. As a result, a guide with a

rigidity 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




to the mass of the upper stage section. Such a structure is nost 11 March
2005 - 30 disadvantageous for an XY stage. However, | 'ﬁ@ﬁmﬁ%@SSOf awre
bonder, since the bonding head is, in general, renarkab eavier .than
each of the other nenbers, the total mass of the bonding head and the
upper stage section is greater than_thg ass 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
the upper stage section as in the present enbodinent, the mddle stage
secti on disadvianthgeons gkt sad Xii shages pBevever + Ha ErbpetraSﬁ &fe aswareon.
Therefore t he ergenfrequency is increased, and thus the controllability
i s remarhRIaE.i fiRee ckhe 'h‘f@ dipgr Beaditisti ABngertrate rﬁWé’é]@hly RE_YHSON Wil |
now be escrib d A nmethod for connecting each VCMto a nopvable table in
t he thrrﬁh n@ﬁtt?%;QE eW@ﬂ?e¥§rnﬁq?tht?% N8 Sfcbha P nent. Fig.

20 i's a,sch natr dra ranrihomrn the structu e bon st age

accor di Ed f B APTsR A0 BLish By S Hanl che! §ae? dﬁérsth.rd
embodi Mt fsfesgg S8R0 MUERLLAD BB QUM 3:5Phegld 561 are

provi de ong an’e he ‘novabl € axrs d’rectron

two camgghdiegas196i 4 e%t‘ﬁ%faéﬁe@r?@ae floshiStfe %egrggﬁ 8a LRt Xn

direction. Two ca | owers 57i are provi ong an e ge of t he

novabl ey-_taaalseméva;ﬂlé hel efrepXi §7Q'é:%@dﬁﬂep€@@_ﬁd‘&lfeaﬁbbéf|% 57i and
57] are di sposed side by side in the Y-axis direction. No camfollower is

provi dedserftidn @80en pelid ipgeseht tdmbottiments Ry abiRilel stap sebaion Nist ead, a
pl at e- shaped cam fol | ower guide 53 which protrudes downwardly fromthe
- edge porfiummhersliightened with respect to the upper stage section.
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 dieposed 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




provided. The end surface of the cam follower guide 53 abuts on 11 March
2005 - 31 .the novable table 5 between the cam foll ower j 56j .

Li kewi se, no camfollower is provided at an edge portrﬁﬂﬁ%géégg&g-axis
novabl e el enent 57a. Instead, a pl ate-shaped cam follower guide 54 which
protrudes downwardly fromthe edge _pgftion is provided. The end surface of
the camfoll ower guide 54 abuts on the novable table 5 between the cam
followers 57i and 57)j. The thus-structured third enbodinent is simlar to
the second enbodi nent except that the nenber to which a camfollower is
fixed anthe Rovabdsetable vhibsitwaenabheé stamoel lgwede 56l RindeB6jare switched
around. Thus, the sane effects as those obtained in the second enbodi nent
can be obt ai nebdlRisRe BPeral ifoHlowRe 18 prgvddernat han sslgengoshbedi nent .
Next, the_faqurth and fifth enbodi nents of the present invention will now

be descr?bddi® ¥raghe rAARYe SAGTENE (W a-enkRelieatht @ PLAER-FHARSS €28 enent i s
connect e a novahle_tahl.e. via a linear qgui: c osed of a slider and a

e ot R de od S B, Prdr e S mier iy B Ehe St e
bonder s ccqording. to.t f our i of _th resent .i.nventi on,

and Fi g"g@“eilog1 %gsgﬁcérra % d a%reanr(r% %H%V%Q‘%‘g (%Tﬁeqz%esplaﬂc QHEEE $9 Fe bonder

st age-aC%geg%d& ba the ﬁvfa%)?e £apedi gatent&?e %@fg{&h&%&ggbgp@ig the

fourth e ment, a ral a 1s attached to one e su
novabl e §aple 5 in the X-axis direction, and a rail 62a is attached to one
side surface of the novable table 5 in the Y-axis direction. A slider 61b

which slides bghd ahuevstguctdted ehlird lahddiakhacieds ingi1ar esdesar face of
t he X-axis novable
second embodiment except that the member to which a cam follower

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




el erent 56a. A slider 62b which slides by follow ng the raiI 62a 11 March

. 2005 - 32 is attached to an end surface of the Y-axis éﬁog%enent 57a.
- The rail 6l1la and the slider 61b together constitute one ui de, and
the rail 62a and the slider 62b together constitute one Ilnear gui de.
Since the linear guides are provided gn this enbodinent, the coil guides

- 56h and 57h are unnecessary. Also in the thus-structured fourth enbodi nent,
the Y-axis novable elenment 57a remains still when the novable table 5
noves in the X-axis direction, and the X-axis novabl e el enent 56a renains
still whéh FHAGREFabPeaR b SHIfaCROOBdther Y-axiy- mavablaliglesenbns7ahus, the
- sanme effects as those in the_second enbodi nent can be obtained. In the
fifth enbBQiFit 64p apd ‘HFeesSelﬁfieifnéeht‘FQH?tWecogﬂﬁ%‘ﬂ'@ ®ne dhgeseb are
attached_to,side s faces é& the npvable .table 5, and the rails 6la and

62a are glt‘%%%h@ﬂ’dt ‘?h’éaje]n asﬁ‘P@aEE% %]flq% G%baﬁ?%e%ﬁoé‘séﬂﬁwé%t 56a and
. O e e B R 0
unnecessg&gbdiﬂgatth ﬁe%&%ﬂ@%@hggsfbgﬁa% Ol dSecddl L r to the fourth

enmbodi ment except 't er to Ich a S |der 1S %8 Pached and the

b to wh ffect
member to whi gy Kl théstméwtﬁ&edﬁ%&ﬁgw %g.gtobt i negi&gye ects

sane as those obtained in the second nt can t he

oper at i ofowdiTe asehdit 57k WeMaihoUEtin eRiedl FREtmovhBId1€ab] BDY &Rl gui de
devi-ce other than a linear guide, e.g., a crossed roller, may be used.

Al t houghin sheVEVaass sdiwsrtion, Fagd H13A xaeeiEi govdSR: i3 cnead 6t he second
to fifth enbodi nents, the VCM as shown in Fig. 6A and Fig. 6B, which is
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'Glb 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 unneceseary.

The thus-structured fifth embodiment is similar to the
fourth embodiment 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.

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



used in the first enbodi ment, nmay be used.. Mreover, the linear 11 March
2005 -- 3 3 nmotor is not limted to a VCMas in the fi SMa%SQ@Qé”em For
exanple, the effects of the present invention can be ob al ne usi ng an
AC linear notor. Wile there has been described what are at present
-considered to be preferred enbodi nent 330k the invention, it will be
under st ood that various nodifications my be made thereto, and it is

i ntended that the appended clains cover all such nodifications as fall
within the true spirit and scope of the invention. 11 March 2455 - 34
What i s BPERTEE MOt 131‘%7?‘3(\?5%1361%34 2Bt idiengirsh epkedingngeydisite tabl e

di sposed_on e novabl e .in anX direction and a.Y

aid
di rectl ofi* ‘WP %p‘%s g%ts LR RERTRI dT“(Y\?i“Hé‘ano?la%d?ed obsaaRed B¥abl e; a
first es.a driving force in the X direction to said
rrlov:tbl e 'F&gr?%%%t %thhég%%q%v oéfﬁt asI ;“hegcent er I of gr avi tyI of aI novabl Z |
section corrpoaﬂ,ﬁ]%f hekd npyvahls, R P,Eflb&ﬁ‘qa e%{\ém rrenber and a second

| i near notor gives a driving torcein |on to said

movabl e éalerbd! B BAPd1e:g0l ERbddmER B A ﬂi@éﬂt& nol i€ty qrovabl e
section. 2. The XY stage according to alm1, erein said f1Fs
second |héaaidefBte68 Bift Vdrdehbyme@NRGHEdnEOnsSH 5k HRAURPLEerdtaD! Sng

it is intended that the appended claims cover all such

mOdlflcathIlS as fall within the true spirit and scope of the

invention.




3. The XY stage according to claim1, further conprising: a first guide
menber fixed to the base and extends in the .X directLﬁqgaphgbﬁgle tabl e
which is guided by said first guide nmenber to nove in th K'drrRction; and
a second gui de nenber fixed to said mddle table and extends in the Y
direction, wherein said novable tablLezigs_guided in the Y direction by said
" second gui de nenber. 4. The XY stage according to claim1, wherein said
work nenber is a bonding head and is used for wire bonding. 5. The XY
stage according to _claim1, wherein each of the 11 March 2005 - 35 first
and secoWeRt iiegladdBedrtStonprises: a fixed el enent fixed to a support,
said fixed el epent having an opening with a size equal to or greater than
a novabl e rahgg 6P X% F-HRraSPBPEREIn at the side of said novable
section; a novahle el ement connected to said novable table; and a coi

wound around shitFfdvabl e el enent and inserted into said opening. 6. The
XY stage accordi claim 5;. wherein said,coil is wound with coil axis
t her eof bei ng %%@%ﬁ?ct?ﬁﬁt%ls ogarr GRSkt %saé?iedsf?o@%btf% aBPEaP#  The XY

st age aqﬁpQg{&gdhggg$?§ggﬁgi%pgrgiﬁ%ggﬁﬁqu_%ﬂex {1 58f,eand second |inear

Mot ors conpri ses: ) enent to a supﬁor , sdid fixed el enent
having an-openj %ﬁwmnﬁgrtﬁfdﬁh%aoaﬂ%?m %dvlyuléOE%ﬁie,ﬂ' rection; a
an

novabl e el ement connected to said novable table;

' 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




a coil wound around said novable element with a horizontal Iength equal to
or greater than a novabl e range of said novable sectio pIMgHH:iggerpedilnto
sai d opening. 8. The XY stage according to claim7, wherernh said coil is
wound with a coil axis thereof being parallel to the X direction or the Y
direction. 9. The XY stage according-t®sclaim 1, wherein: each of said
first and second |inear notors cofnprises: a fixed elenent fixed to a
support; a novable el ement which is connected to said novable table; and a
coi l mou arou sai d vabl e el ement, and 11 March 2005 - 36 said XY

st age fur PPSRR] Linear sROEQNH SQMPBHSRBfber whi ch connects saldh
novabl e el ement |d first ar notor to said, novable table so that
R, e fo

sai d novabl e el%® Flamenf n@at %35F0r %d s ?de¥ _

e, and.a second connection
o ngﬁl \%}lldch ?g(r%ﬁcejg élllya‘rzrgvﬁﬁlova aefbde nt Oo?r %eﬁtgﬁcgﬁ%nlq 2 G ﬁrﬁt or to
o0 o LGS ) Pl o0 | 1o

notor can nove in the X direction sai abl e table. 10.
The XY s@gggu_ ording to claim9, wherein: sald first connection nenber
conpri ses: ?lrst protruding portions disposed to said novable el enent

~of said fi rst ld neeabl®telentingecbinstele ith shhe mowlidieckhBie; alith
. | 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




a first protruding gui de nmenber fixed to said novable table, said first

protruding guide member extending in the Y direction tween id two
- first protruding portions, and said second connectlonqﬁJW%g?zﬁ@%prlses:

two second protruding portions disposed to said novable elenment of said
second linear notor side by side in g3lge-Y direction; and a second
protrudi ng guide member fixed to said novable table, said second
protrudi ng gui de nmenber extending in the X direction between said two
second “protrudin ortions.. 11 March 2005 - 37 11. The XY stage
according to CFSQH% [ SHRgPe AT thel QPUPASES Eonnect | on menber conpri ses: two
first protruding portigns di sposed,.to said npvable table side by side in

the X direction: andaa;FﬁﬁéF SFFﬁﬂ?Hﬁ?&??d@?ﬁ%ﬁﬁ%f“ﬁﬁ?éds@%éZgigenggyable
I f i J inea tor, i [S rotrudi ng gui
| gxtegﬁgit ng i ialt ﬂé’@?ﬁt reel;:eg:‘gggﬁ_ gge?%de%alﬁfzdbf’%&t?]? %ng)rp?%t rqc.)l]ﬁ ﬂgivﬁg;f)io???bns
d-said r X secqngd. .
Al sposed to sararToe et SR ShoviTR biens U, 3813 O R0 6%
second prot r udnBgof Wdle mEabeR e diQesalsh im\égghgen,géegﬂg% es%f- sai d

second linear notor, said second protruding gul aﬁng in the
X direction bﬁbﬂg@ngaﬁbgegm@néecond protrudi ng portions. 12. The XY stage
‘according to claim9, wherein each 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 moﬁe 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 first and second connection nmenbers is a |linear novenent guide device
sel ected fromthe group consisting of a cross roller qﬁgmgclhgﬁfr gui de.
13. The XY stage according to claim1, further conprising. % st .
position detector disposed on a straight line extending in the X direction
and passi ng through the center of grawity as viewed in a plan view, said
first position detector detecting a novenent anount of said novable
section in.the X direction; and a second position detector disposed on a
straight line extending in the Y direction and passing through the center
of gravity asl¥iebe KN atapjearmodoevingata cledond, peséteim detector 11
March 20105 - 38, detecting a novenent anmount of said novable section in
the Y directi8A1ld 14irstheoryest igfe mesberdromprisasd:ai m 1, further conprising
‘a position detector disposed at the position of the center of gravity as
viewed in a plan vi el saitdth@EPEradine moatapns qdispasedy taosaidnt anount s
of said novable s%&ti§$ i.n th&ﬁé? direction and the Y direction. 15. The XY
stage accor di nJoYPE didklessidaeieisideadh bre X 4igection; a0 second

position detectors conpriges._an optical . sensor. 16. The XY stage according
to claim 14, wherei ngsr%“rc? BESFFP@%“%&”@@SFOFHB‘B%r'% iR 9 cal sensor.

espectively | Ral e casantret amoniareh FEd BREel, STLEHES are
provided on a gHstARAnef qa2id RadRr 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
e;tending 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




18. The XY stage according to claim 16, wherein scale narks which
respectively indicate novenent anounts in the X and Y ,ﬂ”&e%higﬁ are
provi ded on a surface of said base. 19. The XY stage acco o & claimb
wherein each of said first and second |inear notors conprises a magnetic
circuit which generates a magnetic-fidgld in a vertical direction within
said fixed elenent. 20. The XY stage according to claim 19, wherein said
“magnetic circuit conprises at |east two magnets which are disposed so that
opposite | es. face each other along a vertical direction. 21. The XY

st age acéggﬁﬁnﬁg"q & @PXFW‘?&%,@%%QE ERHP VRGeS getdbdékthen¥rol section
whi ch COQE{&%é-an operation of each of 11 March 2005 - 3 9 - said first and
second | Inear hotors based on a novenent amount det ect ed by said position

detectors. 22.,7fhe ccordi to claimi14, further conprising a

f eedback cont r o 'sg?:% %%a%?%%%ggwgﬁlgq%on c@ﬁ&?‘a}f o%u egagﬂmgglsls%ﬁd first
and -secogdnhd 1S WRE qﬁ§&, a ﬁgTﬁgs. n t by.said
position etectog{ 23e&§%€ XY’ggggeaggﬁor |ndE$§Hc+%ﬁ%§ﬁ?%§§§Fé¥% each of

said firgta $RC QRdwbd NBRla FLAT §ibw, ahRACPbtIeasy Mtotor XY STAGE
ABSTRACT An XY stage conprises a base (1), a rmvea%l e table (5) which is

- di sposeddetredtimdoaseefdnt SOncAmtisOobesdny avaph8 38-tSidH Hacthenxand a Y
~direction in an X-Y plane, and a work nenber (10) which is provided on the
nmovabl e datxatidn) andheh& W stiagetfiont her conprises: a first linear notor
| 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




(6) for giving a driving force in the X direction to the novable table (5)

at the sane height as the centre of gravity of a novab co d of the
novabl e ‘table (5) and the work menmber (10); and a secotﬁMPFﬁggﬁgnntor (7)
for giving a driving force in the Y direction to the novable table (5) at
the sane height as the centre of the- rB®vable section. FIG5

rsaid first and second linear motors based on a movement amount
detected by said position detectors.

22. The XY stage according to claim 14, further comprising
a feedback control section which controls an operation of each of
said first and second linear motors based on a movement amount
detected by said position detector.

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

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






