- 1 - DESCRI PTI ON ALI GNI NG APPARATUS, ALI GNI NG METHOD, EXPOSURE APPARATUS,
EXPOSURE METHOD, AND DEVI CE MANUFACTURI NG METHOD 5 Technical Field [0001]
The present invention relates to an aligning apparatus which noves at a

hi ghly accel erated speed while holdlng_an obj ect, and an exposure
apparatus and the |ike having the sa 10 This application clains
priority to Japanese Patent Application No. 2004-188113, filed on June 25,
2004, the <contents of which are incorporated herein by reference.
Background Art 15 [0002] In a Iit@&ﬁ@ﬁﬁ%?%ﬁ%cess for nanufacturing

sem conduct or deV|ces uid Q%KStal s devi ces,

st ep- and- r e @&mﬁ?%ﬁﬁ% ¥on E@%EF?O% @§ BsuﬁgPoﬁﬁﬁﬁré?ﬁ§R§§83calIed

(soral | ed scarra U Sruis) AEAPeRRcE, AhFERAERURIBRIHERSBRIIL™ 1%, | o

nostly wused in a lithography process to transfer a pattern formed on a
mask or reticle (hereinafter generically referred to as "reticle") through
a proj ectinrRpRld0alpisigi emonto a photosensitive object, such as a wafer
or a glass plate 25 (hereinafter generically referred to as "wafer") the

surface of{0gU1gh THe ¢RIt M itvent s SteDitébdetdi k8 aligndngr0j ection
exposure apparatus such as a 2 stepper, a stage device i1s provided, which
noves Wit lapgparatus which moves at a highly accelerated speed while
holding an object, and an exposure apparatus and the like
having the same,
10 This application claims priority to Japanese Patent

Application No. 2004-18B113, filed on June 25, 2004, the

contents of which are incorporated herein by reference.

Background Art

15 f0002] Inm a lithography process for manufacturing
semiconductor devices, liquid crystal display devices,
etc., a step-and-repeat type reduction projection exposure
apparatus (so-called stepper), a step—and-scan type
scanning projection exposure apparatus (so-called scanning

20 stepper) modified from this stepper, or the like is mostly
used in a lithography processg to transfe; a pattern formed
on a mask oxr reticle (hereinafter generically referred to
as “reticle”) through a projection optical system onto a
photosensitive object, such as a wafer or a glass plate

25 (hereinafter generically referred to as “wafer”) the
surface of which is coated with a resist or the like.

In a projection exposure apparatus such as a



reticle or wafer placed thereon precisely in a one- dinensional direction
or two-di nensional directions within a plane (XY plane) under position
servo control of a laser 5 interferoneter. Because of the need to achieve
hi gh throughput and hi gh precision exposure, the stage device 1is required
to achieve not only high acceleration and high speed but also high
position control performance (including aligning performance). 10 To
comply with these requirenments, there are known a technique for absorbing,
by count er ShEEPLLi FetSt@aEn&lei coipbh BFeVidRda Woleh| BOEeageith uppress

reaction fqQrce qQr vibration, and_a technique for suppressing right and
left rot at"‘ieg"r'l'scqz?o&ft “’taaﬁi@rcéﬂtaéfre%fﬂb‘?’é‘?ﬁ? T+ ng’én%n?ngf 1% t he
novabl e st is s static pressure. bearin so-_called yaw bearing)
(66 Pat enc st Bbhed, PASRAST B CRIVeRmoRiAOTat TOirAEt bite | CLERER | <

i ncor por at ed [.ei J i ficati Lthln,a ka f

perm gsi on%opl{yhig g{rﬁ?tll%g{ )aaj/sn%ér%%fﬁ&l niaé]%e%%fgtﬁ%ﬁ%g%oﬂ%t$igg%ger

desi gat ed i@l rFRIReeRr .| mddsd LI I @l +APPLL £ 'éongi tent Document
1: Japanese Patent Application Laid-Open No. 2004-80877 2 scl osure of

t he | nvent ittircRlgdiphemar@ e o¥0lpsaskt byi dheaipyantd Pnef H098L gloweyeEe t he
above-nentioned techni ques are not 3 necessarily enough for scanning type
exposur e appanswsesd (st ephdredrs caok topky exjgis wecappesaiosesidfi Righ
' speed but also high position control performance
(including aligning performance) .
10 To comply with these requirements, there are known
a technique for absorxbing, by counter mass, kinetic energy
upon driving a moevable stage to suppress reaction force or
vibration, and a technique for suppressing right and left
rotations about the center of gravity during movement of
15 the movable stage using a gas static pressure bearing (so-
called yaw bearing) (see Patent Document 1l). The
disclosure of the following publication is incorporated
herein as part of this specification within a range of
permission of the domestic laws and ordinances of the
20 countries designated (or selected) in this international
application .

Patent Document 1: Japanese Patent Application

Laid-Open No. 2004-80877

25 Disclosure of the Invention
Problem to be Solved by the Invention

[(0003] However, the above-mentioned techniques are not



manuf acturing el ectronic device chips in a 1G4G bit class (with a m ninmum
linewidth of 0.2 pmor less), which is 5 expected to be produced on a | arge
scale. In other words, there arises a new problemthat the novable stage
itself defornms as the acceleration (drjwng force) applied to the novabl'e
stage increases. Particularly, during acceleration of the novable stage,

If 10 distortion occurs anong a region (point of application of force) at
which the driving farce is plied, a target object ﬁneasured oint) to be
neasur ed mféfq§é%ﬁl ¥ e eﬁ?a%ﬁ&P%.F%@?oﬁ#?%ﬁ'@ﬁiﬁﬁpﬁé?géﬁe%oint)
upon which reticle or, wafer is placed, the relative 15 position

bet ween thegﬁﬂ%%é§§1§ﬁﬂﬂm¥%ﬁﬁrﬁ%ﬁo ¥ %¥§§Fatgﬁ?§?n%?ronly nmekes it

di fficult Mefo ! 4 | d et l e sta C t but
al so nakestxﬁe cﬁ@trolrt oe?'éoccurr|%g&%‘ﬁi$%eggn%€%b$% ét%é%eﬁégsg%xgﬁer

conpl eti on Qf;i Gf G ARl LD ﬂi%eﬂﬁiﬁﬁt@f | prergl oy Péé‘é'{ Pwhgenjgsr efore,

t he exposure process cannot be ormed until the internal vibration of

the novabl exgagtd TSHPEsSAthed a0W 4 Nisrgousdadversely affect the
i mprovenent of throughput. [0004] The present invention has been nade

under the above 2B ecithewnwbanses thard idrisesam ohjwedrddsmeathd410 fHovi de
an aligning apparatus, an aligning nethod, an exposure apparatus, an
exposur e mEAEDlearrtagaldnast eresrdfgide aechberaphosh{danvingrove

stage alignnment accuracy during stage acceleration and suppress the
gener at i on IG5t &Apdii€d to the movable stage increases.

Particularly, during acceleration of the movable stage, if
10 distortion occurs among a region (point of application of
force) at which the driving force is applied, a target
object (measured point) to be measured by a laser
interferometer, and a region (aligning target point) upon
which the reticle or wafer is placed, the relative
15 position between these members (tﬁo points) will.vary.
This not only makes it difficult to control the alignment
of the movable stage accurately, but also makes the
distortion occurring in the movabls stage released after
completion of acceleration to generate interxnal vibration.
20 Therefore, the exposure process cannot be performed until
the intexnal vibration of the movable stage is suppressed,
and this could adversely affect the improvement of
throughput.
[0004] The present invention has been made under the above
25 circumstances, and it is an object thereof to provide an
aligning apparatus, an aligning method, an exposure

apparatus, an exposure method, and a device manufacturing



vibration of the stage to inprove throughput. Means for Sol ving the Probl em
5 [0005] In order to solve the above problem an aligning apparatus, an
al igni ng met hod, an exposure apparatus, an exposure method, and a device
manuf acturing nethod according to the present invention enploy the
following neans. 10 In an aligning apparatus (40) of the present

i nvention including a table part (43) wth an aligning target object (W
pl aced thereon and novable at least in a wuniaxial direction, a driving
part (46) medhodppWhiéshacadr iwpngviostegerFplignmeatt aldomyzaoyt dwa3ng n t he
uni axi al 15 direction, and a position neasuring part (48) that neasures a
position iptage aprakesprtipneenfopupbrese thsl eengpetiorhef duite et
conprises actuators (86, 96, 97), provided in one or nore anong sonewhere
bet ween t wbiBBRrRien OfnEBhBeFhgds HOi APEPVEpFPFOREONOf force (91) at

whi ch 20 the drivying fgrce i% apBIiﬁg and the other being an aligning
target poi ?a?§2¥oﬁp8ﬂ ¥APEhthReFEPPdfMng target object Wis placed,

somewger e peRUSEITE.ROETLS siGe URENIrRLRORILGLDe PR DY) by the

position asu g part an € Ot her e -alidgni 5 point,

and_SOMENNGS 62 BELUESIsh91 pgh RS, nARAJREI A6, WhibodhieNlarla ARl 0ok on of

force and t ot her being t asure t,"to naintain relative
positions bep¥eePet RELthol, EASPACHEVE cbWRaPRIfAE UTURY Midld Y constant.

According to this invention, when the driving part
according to the present invention employ the following
means.

10 In an aligning apparatus (40) of the present
invention including a table part (43) with an aligning
target object (W) placed thereon and movable at least in a
uniaxial direction, a driving part (46) that applies a
driving force (F) to the table part (43) in the uniaxial

15 directicn, and a position measuring part {(48) that
measures a position in the uniaxial direction of the table
paxrt, the table part comprises actuaters (86, 86, 97},
provided in one or more among somewhere between two points,
one being a point of application of foxce (91) at which

20 the drxiving force is applied and the other being an
aligning target point (92) upon which the aligning target
ocbject W is placed, somewhere between two points, one
being a point t¢ be measured (93) by the position
measuring part and the other being the'aligning target

25 point, and somewhere between two points, one being the
point of application of force and the other being the

measured point, to maintain relative positions between the



applies the driving force to the table part on which the aligning target
object is placed, since the relative S positions between the point of
application of force and the aligning target point, between the nmeasured
point and the aligning target point, _and_between the point of application
of force and the neasured point are maintained constant, respectively, the
alignnment of the aligning 10 target object can be perforned precisely.
Further, since istortion hardly occurs between the two points during

novenent off SFRES NS e PoUTS iSHRSYRIt M PnatGUeteinthe table part
caused by rel easi the.distortjon can be. prevented, 15 [,0006] If the
tagle pa?t (43) :%gF85§§DQn£8c%h&§oang?EloghaF%ﬁ§iﬁpgi 1HES S3%KG ve
ition b r L er..(8 i.n. the table part and the
Bgisn_t of g&%ﬁ'ﬁc%as?itg% ?&%’g‘rﬂ el}?’%fggsrs% s‘i}gentzci)aa{:f]l%/ %aoﬁtstoa{ht‘fﬁ’_t% gb%currence
of distortizgn gnlrighe 2JRe PRldetcal ?ﬁg‘%&uw’ﬁ?%é)ﬁr&%&w t he
r er t he pol n

rel ative position betwéen th predeterm ned ne an t of

appl i cat i opogfi tiiehee betwRenafthe DREMAD O DAL A i) & 0 CEF £ & ey Of
internal vibration. Further, if the actuators (86, 87, 96, and 97) are 25

driven upothac@dliendnioon aameiopcdens! eyativadn afhd hedahted paiqdt (43, the
occurrence of internal vibration in the table part can be prevented even
if a | argetde vildgniogcéarg@t- picd rapplaretl bdwddrerthed fpdiret asf uat ors ( 86,
87, 96, and 97) are
application of force and the measured point are maintained
constant, respectively, the alignment of the aligning
10 target object can be performed precisely. Further, since
distortion hardly occurs between the two points during
movement of the table part, the internal vibration of the
table part caused by releasing the distortion can be
prevented.
15 [0006] If the table part (43) includes an actuator (87)
that maintains the relative bosition between a
predetermined member (82) in the table part and the point
of application of force (91} substantially constant, the
occurrence of distortion in the table part can be
20 suppressed by keeping the relative position between the
predetermined member and the point of application of force
constant, thereby preventing the occurrence of internal
vibration.
Further, if the actuators (86, B7, 96, and 97) are
25 driven upon acceleration and/or deceleration of the table

part {(43), the occurrence of internal wvibration in the

table part can be prevented even if a large driving force



to provide a change inrigidity between the two points, respectively,
since the occurrence of distortion in the 5 table part can be suppressed by
increasing the rigidity between the two points in the table part, the
generation of internal vibration in theg table part caused by releasing
the distortion can be prevented. Further, if the actuators (86, 87, 96, and
97) are 10 to exert a predeterm ned force between the two points,
respectively, _since the occurrence of distortion in the table part can be
prevent ed Bé 8?839#99 substantially the same magnitude of force in a

di recti on opposit at,ef .. the driying fqrce_appli.ed between the two
poi nts during 15 ﬁ%%g%%%t %? Fig ?5%P3¥853tf%FheB?ntgﬁnaﬁnﬁigﬁdtﬁ&ﬁ of the
tabl e part ¢ga i e i L he ;djsd: [ vented. As the
actuators 2:8653%31%% ,a Fgl?% xar%ﬁ gl(ylﬁlgcrf%éoéécﬁhcb“}ﬁ 5{;1 oofrgoirg?’and 87)

can be usedebpedBk@eilly, 3Qn@@SYHO JdBAAEMe (¥ ARG SITHEHBhe I N @

different aspect of the present invention, an aligning apparatus conprises
a tabbe patbblé3patrhatapl BeeSuppte@yerl by Wnd IS0y @ Aigidve, unit (46)

that noves the table part, wherein a relative position between a 25 point
of applicabebweeh tbrcewp9bpintst Hey tthlel eapart patrt Whiteh gertidat n f or ce
(F) of the drive unit is applied and an aligning target point (92) in the
obj ect is fhi AhhpHagl7 vibradeantinalthe dabsiteapart @e@Eed\bsal i gni ng net hod
of the pre%STgaggggngkgndggt%%tion can be prevented.
Furthex, if the actuators (86, 87, 96, and 97} are
10 to exert a predetermined force between the two points,
respectively, since the occurrence of distortion in the
table part can be prevented by exsrting substantially the
same magnitude of force in a direction opposite to that of
the driving force applied between the two points during
i5 movement of the table part, the internal vibration of the
table part caused by releasing the distortion can be
prevented.
Az the actuators (96 and 27), for example,
piezoelectric actuators (86 and 87) can be used toc make it
20 eagy to implement the above structure,
In a different aspect of the present invention, an
aligning apparatus comprises a table part (43) that places
an object (W) thereon, and a drive unit (46) that moves
the table part, wherein a relative position between a
25 point of application of force (91) in the table part at

which a driving force (F) of the drive unit is applied and

an aligning target point (92) in the object is maintained



pl ace an aligning target object (W on a table part (43) novable at | east
in a uniaxial direction and neasure a 5 position in the uniaxial direction
of the table part while applying a driving force (F) to the table part in
the wuniaxial direction so as to nove the aligning target object to a
predeterm ned position, wherein upon acceleration and/ or decel eration of
the table part, one or 10 nore relative positions between a point of

applicatio%ug%tg%%é%ﬁ 2912 inE%H%?ble part at which the driving force is
applied an i int (92) upon which the aligning target
object is b%%ﬁg, betéﬁgn. oi nt Q?%% tq} be nmeasured by a position
measuring part ‘andt fe A ﬁrbetf;oo St HRTRICHN AL BERHELAR  h& BOi nt of
applicatio f.. f.arce . t red. poi nt..are maintaj ned sub tially
const ant . %&%gfdia%ggﬁé%?%ngﬁiﬁ\?% | 00%3%]%”{@ a‘?l?\ﬁnﬁa'_f} ?tpa]é‘bp?%gg_ the
driving fopesatqel B takls® R ta Yh ML tdhe é?ﬁéﬂ!éﬂﬁrﬁhégﬁﬁet object is
pl aced, since the relative positions etween 1he poi Nt ~of ~app ¥ cation

of -fosce apdsithenalind®heg Jral8ts PAU e cPRINESH LH\e E‘Q@ﬁé‘@&'r@%ﬂ{ gnd
the other being the aligning target point, and between the ™ pornt o%
applicati oappilyiagce ardviibey measiy ed)paiditrag eta%}_ére%@f@i edegonst ant
respectively, the alignnment of the aligning target object can be perforned
preci sel y. bRdaxhed, digiegtd odi stcordts dio v ythoe calt gt gveemrgére two poi nt's
-a- during novenent of the table part, the internal vibration of the table
part cause@PBfcteltOadi BFedesedidined inmeiddrn, wherein upon

acceleration and/or deceleration of the table part, one or
10 more relative positions between a point of application of
force (91) in a table part at which the driving force is
applied and an aligning target point (92) upon which the
aligning target object is placed, between a point (23) to
be measured by a position measuring part and the aligning
15 target point, and between the point of application of
force and the measured point are maintained substantially
constant.,
According to this invention, when a driving part
applies the driving force to the table part on which the
20 aligning target object is placed, since the relative
positions between the point of application of.force and
the aligning target point, between the measured point and
the other being the aligning target point, and between the
point of application of force and the measured point are
25 maintained constant, respectively, the alignment of the
aligning target object can be performed precisely. Further,

since distortion hardly occurs between the two points



be prevented. [0008] If the relative position between a predetermined 5
menber (82) in the table part (43) and the point of application of force
(91) is mmintained substantially constant concurrently, the occurrence of
distortion in the table part can be §ugpgessed by keeping the relative
posi tion between the predeterm ned nenber and the point of 10 application
of force constant, thereby preventing the generation of internal

vibration. Further, if rigidity between two points is changed, since the
occur r encedigf g smovenenti aft hhet sBbéeppertcathebdrsgypads yé& uayf liafcr easi ng
the rigidity between the two 15 points in the table part, the generation of
internal 9fbkhei babla pactt aprecgabl €8dsaging ftoiceddistgrtion @t ortion
can be prevented. Further, if a predeterm ned force is exerted between two
points, sifEePFRESBESHrrence of distortion in 20 the table part can be

revent ed rting substantially the sa magni tude of farce in a
8irection g%%@éft%%tghetﬁﬁ agfv?h5%85F§Pﬁgg%§V@ naﬁpﬁﬁﬁ?ﬁ&ﬁﬁﬂ%ﬁ$dphe t wo
oi nt durj nt.o h I rt,a=bhednternal .yi.bration of the
Fable§par?&%ﬁg%gnggFr%PeggéngaFgg gF??o#ﬁP&n%€§h%%55?%3¥%$ében;ed. In a
di fferent fs;&aeioﬁhsfpfs§eat9 (g?zg?%ﬁ%in%in@d it SRtRAd J s to place

an object ( on a table part nove the table part by a drive
unit (46),coherehd cbheurekatiye pdsi bicenrhenwer fa deitdirtdforafpl ittad i on of
table part can be suppressed by keeping the relative
position between the predetermined member and the point of
10 application of force constant, thereby preventing the
generation of internal vibration.

Further, if rigidity between two points is changed,
since the occurrence of distortion in the table part can
be suppressed by increasing the rigidity between the two

i5 points in the table part, the generation of internal
vibration in the table part caused by releasing the
distortion can be prevented,

Purther, if a predetermined force is exerted
between two points, since the occuxrrence of distbrtion in

20 the table part can be prevented by exerting substantially
the same magnitude of force in a direction opposite to
that of the driving force applied between the two points
during movement of the table part, the internal vibration
of the table part caused by réleasing the distortion can

25 be prevented.

In a different aspect of the present invention, an

aligning method is to place an object (W) on a table part



force (91) in the table part at which a driving force (F) of the drive
unit is applied and an aligning target point 5 (92) in the object is

mai nt ai ned substantially constant at |east during the novenent of the
tabl e part. [0009] In an exposure appar gt us (EX) of the present invention
i ncl,uding a mask stage (20) for holding"a mask (R) and a substrate stage
(40) for holding a substrate (W 10 to expose a pattern (PA) forned on the
mask onto the substrate, the aligning apparatus of the present invention
is used fof4dl RBdsEOBERt RBE 5fblRePAEdk byt &griye) vadd tH&) ,suhanaie stage

40). Accordin o this inyentiop, not only can the 15 _alignment of the
grasi or thEhguggﬁ'fiﬁﬁgebﬁoﬁéﬁﬁpn\g&t\ﬂe@ﬁ ahi}é’(j’rjrnﬁr é’%i ﬁp&]r,l‘:’&\(’]il% s‘bfo t he
generati on i.n al, | bration be . pr t ed I tjiQn or
docel or a1 BRege 1AL Sin Ehe, BabA, B R LAMER B AW BF e R O
t he substrake 0AnQt.her . S I s Qfs . L.nvention
010 For noEEhe (afR0LEh1 £1RE dpp1 AP i it SRR By ent

al i gngng ar@@@gaiﬂ%ﬁé bBeechl 25ehk it R ubs HasAd Ay AdiEidir tde
substrate. [0010] An exposure nmethod of the present invention is to 25

align a mskagR) dpfasagdthg ackefkntt age thel)radl@ parxubstrate (W placed on
a substrate stage (40) and expose a pattern (PA) forned on the nask onto
t he substr§060910Inwher exposhecabippainaguset(id] of tthe paeessatinvention is
used as at |east either a mask aligning nmethod or a
invention including a mask stage (20) for holding a mask
(R) and a substrate stage (40) for holding a suﬁstrate (W)
10 to expose a pattern (PA) formed on the mask onto the
substrate, the aligning apparatus of the preésent invention
is used for at least either of the mask stage (20) and the
substrate stage (40).
According to this invention, not only can the
15 alignment of the mask or the substrate be performed with
high precision, but also the generation of internal
vibration can be prevented upon acceleration or
deceleration of the stage, enabling efficient alignment of
the mask and the substrate.
20 Another exposure apparatus (EX) of the present
invention is to form a predetermined pattern on a
substrate (W), wherein the aligning apparatus of the
present invention is used for aligning the substrate.
[0010] An exposuxe method of the present invention is to
25 align a mask (R) placed on a mask stage (20) and a

substrate (W) placed on a substrate stage (40) and expose

a pattern (PA} formed on the mask onto the substrate,



substrate aligning nethod. According to this invention, not only can the 5
alignnment of the mask or the substrate be perfornmed with high precision,
but al so the generation of internal vibration can be prevented upon

accel eration or deceleration of the stage., enabling efficient alignnent of
the_mask and the substrate. 10 [0011] Anot her exposure nethod of the
present inventionis to forma predeterm ned pattern on a substrate (W,

wherein the all%ﬁb nethod of the presept |nvent|on is wused for aligning
the substrdtE*s B ST HRRALPonthe rrﬁe%tatterﬁntaﬂnbés 15

d d t h d h h th h f act
hethod o f““t%%%'ra%sea‘# o e A B ng Bl a5 a0r tha. o
exposure éE%lg%%%?fﬁQfﬁééﬁg of the I nvention [00;2] According to

t he present I nvention omnng effects can be obtained. In the

al i gni ng appar at Uscaadaiy Ald 410 JHRIIAL ot Hidi® PGSR, idjyenti o, when

the driving force is 25 applied to the table part ative positions

bet ween t kA ipirntofomAMd GRidlonof ther sgbangat 8enal hapFHmbar getn point,
bet ween the two points of the neasured point and - 11 the aligning target

poi nt, andhiethweerediss.qugi futofalsppthe afenerotidnro hntdethel neasur ed
point are maintai ned constant, respectively. This nmakes it possible not
only to vibration can be prevented upon acceleration or
deceleration of the stage, enabling efficient alignment of
the mask and the substrate.
10 [0011] Another exposure method of the present invention is
to form a predetermined pattern on a substrate (W),
wherein the aligning method ¢f the present invention is
used for aligning the substrate.
According to this invention, a fine pattern can be
15 produced with high precision and high throughput.
In a device manufacturing method of the present

invention, the exposure apparatus (EX) or the exposure

method is used.

20 Effects of the Invention
[0012} Acecording to the present invention, the following
effects can be obtained.
In the aligning apparatus and the aligning method
of the present invention, when the driving forxce is
25 applied to the table parft, the relative positions between
the point of application of force and the aligning taxget

peint, between the two points of the measured point and



i nprove alignment accuracy in the table part but also to 5 prevent internal
vibration in the table part. In the exposure apparatus and the exposure

met hod of the present invention, since the alignnent of the mask or the
substrate can be performed with high pregcision wthout the need to spend
unnecessary waiting time, an 10 exposure process for fine patterns can be
performed with high throughput. In the device manufacturing nethod of the

present inyenti.qQ S|nce a fine pattern can be produced wi t h_hi gh
preci si on 3%@ FGHARE AR p &b RRERESD |0 R9eet a5 deV|ces can

gghg%?: (r:]ev \Iixal) ﬁﬁ%ﬁ%ﬁ %“ ?c}n?eg c{ DraW| E'él OOLB’LH[' g e‘Ff%Uﬂ‘f 011: an
2 .E 2

R b o 45T ”?EFéFC{.[ iPedy o d‘?ﬁl&d“’ S B IR h@lv%gfge ati on

upon appl yllﬂ@z%v@ I Qe @%&&fﬁ%ﬁ%%ﬁﬁé%ﬁé%ﬁ% it %1%53] Is a

conceptual diagramill'ustrating operati on upon applying t riving

forcesF topreeXY iAterhall &ibFadiGin@nd tedsle gncept ual di agram
illustrating the operation upon applying the driving force F to the XY

tabl e 43. In the exposure apparatus and the exposure method
of the present invention, since the alignment of the mask
or the subpstrate can be performed with high precision
without the need to spend unnecessary waiting time, an
10 exposure process for fine patterns can be performed with
high throughput.
In the device manufacturing method of the present
invention, since a fine pattern can be produced with high
precision and high throughput, high-~performance, low-price

15 devices can be obtained.

Brief Description of the Drawings
[O0131[FIG. 1] It is a schematic view illustrating the
structure of a preferred embodiment of an exposure
20 apparatus EX.
_ [FIG. 2] It is an enlarged schematic view of an XY
table 43.
[FIG. 3A] It is a conceptual diagram illustrating
operation upon applying a driving force F to the XY table
25 43.
[FIG. 3B] It is a conceptual diagram illustrating

the operation upon applying the driving force F to the XY



5 [FIG 4A] It is a schematic view illustrating operation upon applying
the driving force F to a conventional XY table 43'. [FIG 481 it is a
schematic view illustrating the operation upon applying the driving force
F to the 10 conventional XY table 43'. {#IG 4C] It is a schematic view
illustrating the operation upon applying the driving force F to the
conventional XY table 43'". [FIG 5A] It is a conceptual diagram
iIIustratin% 154§he operation upon applying the driving force F to the
convent i ondFCXY fabl e 43" . [FIG 5B] It is a conceptual diagram

illustrati th ' | ving.the driving f Ftoth
convent onar xv ¢ AEEE" 2367 sbPRR, BPRERCARANT Biehnel tdar e A
illustrati t g the driving f Ftot

convent onalexPEZARE0ALLERAIBGR ARG I 108 Pia) AL 4% 8 g an

alternati veabaet g XY table 43. 25 [FIG 7] it is a flowhart illustrating
an exanple of a mcrodevice manufacturing process. [FIG 8] it is a chart

illusBrating an exBDpl eddf 2rlBs debahbedtpcoggsw @h 18keRa$L3qf OF
sem conduct or devices. Description of Reference Nuneral s and "Synbol s

[0014] 20 pperekéost agen( applyihagahe 4l naifrey fimge B H{@ld gni ng appar at us,
substrate stage); 43 XY table (table
conventional XY table 437,

[FIG. 4B] It is a schematic view illustrating the
operation upon applying the driving force F to the

10 conventibnal XY table 43’.

[FIG. 4C] It is a schematic view illustrating the
operation upon applying the driving force F to the
conventional XY table 437,

[FIG. 5A] It is a conceptual diagram illustrating

15 the operation upon applying the driving force F to the
conventional XY table 437,

[FIG. 5B] It is a conceptual diagram illustrating
the operation upon applying the driving force F to the
conventional XY table 437.

20 [FIG. 5C] It is a conceptual diagram illustrating
the operation upon applying the driving force F to the
conventional XY table 437,

[FIG. 6] It is a schematic view illustrating an
alternative to the XY table 43.

25 [FIG. 7] It is a flowchart illustrating an example

of a microdevice manufacturing process.

- [FIG. 8] It is a chart illustrating an example of a



part); 46 driving part; 48 |laser interferoneter (position measuring part);
82 | ower nenber (predeterm ned nenber); 86, 87 piezoelectric actuator; 91
poi nt of application of force; 92 aligning target point; 93 neasured

point; 96, 97 10 actuator; F driving_fgrce; PA pattern; Rreticle (mask); W
waf er (aligning target object, substrate); EX exposure apparatus. Best

Mode for Carrying Qut the Invention 15 [0015] Enbodi nents of an aligning
apparatus, an aligning method, an exgosure apparat.us, an exposure nethod,
and a deWeRTHPRIREIIRI RO hethBR 81 3t RTpPERERPNAHGERTI BRVWCERE - now be
described with reference to the drawngs. FIG 1 is a schematic view
illustrating the 20 structure of a preferred enbodi nent of an exposure

apparatus EX of.the pre t.ipventign. The_e SUr aratus EXis a
rop- and: SR T iREroR G TRAEL BYACE Rl LA ERA S RRBRRE 212 Tl e

scanni ng Fé@PpFrzomﬁé€BCié€€E%§%;ﬁﬁgggtEﬁége?é ﬁgrgggegnsgar%ticle 25 Rto

each shot area on a wafer ro tion optical system 30 while

synchg onougéyiwﬁ@gaf@@raeﬁé ¢l subkreale) sRagedl;t he waf epplal i(@abna target
obj ect, substrate) 14 - Win one-dinensional "direction. The exposure

appar at us gt 5; e46i PpPeingthadd; 4Bl uasBat ancepbireaktaysSt(edsi® ifoar
illumnating the reticle Rwith exposure light EL, a reticle stage 20 for
5 hol di ng ndmsueinglpaik;) § hg2 pioyect nenbept i(pakdsystrmingd meabem)gj ecti ng
the exposure light EL irradiated fromthe
86, 87 piezoelectric actuator:; 91 point of application of
force; 92 aligning target point; 93 measured point; 56, 97
10 actuator; F driving force; PA pattern; R reticle (mask); W
wafer (aligning target object, substrate}); EX exposure

apparatus.

Best Mode for Carrying Out the Invention
15 [0015] Embodiments of an aligning apparatus, an aligning
method, an exposure apparatus, an eXposure method, and a
device manufacturing method of the present invention will
now be described with reference to the drawings.
FIG. 1 is a schematic view illustrating the
20 structure of a preferred embodiment of an exposure
apparatus EX of the present invention. .
The exposure apparatus EX is a step-and-scan type
scanning exposure apparatus, that is, a so-called scanning
stepper, which transfers a pattern PA formed on a reticle
25 R to each shot area on a wafer W through a projection
optical system 30 while synchronously moving the reticle

{mask) R and the wafer {(aligning target object, substrate)



reticle Ronto the wafer W a water stage 40 for holding the wafer W and
a control device 50 for centralized control of the exposure apparatus EX
10 These conponents are supported in a main frame 100 or on a base frane
200 through vibration danping units 60,3470 and the like. It is assuned in
the follow ng description that the direction that coincides with the
optical axis AX of the 15 projection optical system30 is a Z axi s

direction,v$g§&%%£§£¢%£pu (ﬁgéin% q%gggtion (scanning direction) of the

reticle R an er ?%éndicular to the Z axis direction
is a Y axis direckan e_dir I.QN '§ﬁ@ )i i,,ectjon)

perpendi cul ar to ?hg %xggggggoagk)raggtlu%n Eéélg{%?ﬁe ﬁr}g “g'lﬂ;hegsﬁ onis an X
axi s di rectinammirlat iddidgQball AyAd O 00 rest | PBuRbRME jhle e axis, the Y
axis, and the Elékis aré&tK,EbY,lgid Qz directions, ré%ﬁ%ct%%ely. [ 0016]

The illum paitiieleo® wddh UGN if%rt@ g1, ) U Pt £c1 2o Wb g bheggxposure
light EL the reticle R supported by the reticle stage 20, and i ncl udes

(though noticdlidwy) thie eepdsiliee H, gife sotsTect Bon oppt Lol | oyepemt o for - 15
uniform zing the illumnation intensity of a light flux irradiated from

t he exposufer pgaiestinge the copensey light Ebricondibasedgftdae ex@osure
light EL fromthe optical integrator, a relay |lens system a variable

field stopTRéicdesdt ONt® &k MafAhdldi oh WAERE ot-adR $@tferehelding the
exposure l%%gtw%%e&nﬁﬁh%ngpgméghé%éﬂiéévfgg'SO for centralized
control of the exposure apparatus EX.
10 These components are supported in a main frame 100
or on a base frame 200 through vibration damping units 60,
70 and the like.
It is assumed in the following description that the
direction that coincides with the optical axis AX of the
15 projection optical system 30 is a 2 axis direction, the
synchronous moving direction (scanning direction) of the
reticle R and the wafer W in a plane perpendicular to the
Z axis direction is a Y axis direction, and the direction
{(non-scanning direction) perpendicular t¢ the Z axis
20 direction and the Y axis direction is an X axis direction.
In addition, rotation directions about the X axis, the Y
axis, and the Z axis are 60X, 0Y, and 6% directions,
respectively.
[0016] The illumination optical system 10 is to illuminate
25 with the exposure light EL the reticle R supported by the
reticle stage 20, and includes (though not shown) an

exposure light sourxce, an optical integrator foxr



As the exposure light EL irradiated fromthe illum nation optical system
10, an em ssion line (such as g-line, h-line, or i-line) in a ultraviolet
region 10 irradiated froma mercury lanp, far ultraviolet |ight (DU
light) such as KrF excinmer |laser |ight {48 nm wavel ength), or vacuum
ultraviolet light (VUV light) such as ArF excimer laser light (193 nm
wavel ength) is used. A laser beamirradiated froma light source 5is 15

i nci dent i A lLum, nati, t i cal St 10 i ich th

oction of UFRECRREE Hes o HAATYRD S AL o b L o bl yoonal )
h d i s L [ | ' | A d bstanti al | i f Th

1 T nat | o FEGR rorreturs™ MRGHa iy TS iRttty ol form
1 um nati on TIGAC Cexposur B b VT u

11 o nat i On Spre el e Sa g T AN By et i i G EbR b

supporti ngineegeacd?,f bxedieny hes UWRRATers U] ags 0l R SEGO! P board
120 that forns 25 part of therSP mai n framee 100. [00117] The rerl?i C g%éa%e

( mask Sst agekt2@nigs aho iddkmitati odi rars omRltHoveEiiise 0 Wil afge that is,
in an XY plane, 16 orthogonal to the optical axis AX of the projection

opti cal sysEpms80cahdghitn&lr dnatthenstdmm tdfe ;A ditr,ecdtiaan  whil e supporting
the reticle R The reticle stage 20 includes (though not shown) a reticle
fi ne novenent stalye Bheoexmesudraglipbtr BLi dkeafliagedetfivoe thear se novenent

st age ”DVLTQ imtegnally wi,th the reticle fine novenent stage in
i1lTumination optical system 10, an emission line (such as

g-line, h-line, or i-line) in a ultraviolet region

10 irradiated from a mercury lamp, far ultraviolet light (DUV
light) such as KrF excimer laser light (248 nm wavelength),
or vacuum ultraviolet light (VUV light) such as Arf
excimer laser light (193 nm wavelength) is used.

A laser beam irradiated from a light source 5 is

15 incident into the illumination optical system 10 in which
the cross section of the laser beam is shaped into a slit
or rectangular {(polygonal) shape and its illumination
distribution is made substantially uniform. The
illumination light (exposure light) EL having the

20 substantially uniform illumination distribution is then
irradiated onto the reticle R.

This illumination optical system 10 is supported by
an 1llumination system supporting member 12 fixed on the
upper surface of a second support board 120 that forms

25 part of the main frame 100.

[0017] The reticle stage (mask stage) 20 is to make two-

dimensional movements in a plane, that is, in an XY plane,



the Y axis direction as the scanning direction with a predeterm ned
stroke, a liner notor for noving these stages, etc. A rectangul ar opening
is formed in the 10 reticle fine novenent stage, and a reticle
suction-hol ding nechani sm provi ded arou@d-t he periphery of the opening
hol ds the reticle by vacuum suction or the like. A nmoving mrror 21 is
provided on the reticle stage 20. A laser interferoneter 22 is al so

provi ded a I 4.0 i & 0 V] irror.21. .The position in
the two-di tr?erflcshlja?nai diteroecr%th%gwaln‘%afr o?%{?o%?a%gg%ﬁ%fp?%ec?é??pl e Ron the
reticle st age 2 1aysRas WPddy iiife 1AREL0NL o SOURREIa 22 b0, pgal time,
and the neasurenent = results are output to the control device . Then,

based 20 owHille RAPURTINY HIRSWdsicldr COMd OletdyiSes R droyes the
liner nmotor or the like to align the reticle Ror the |ikée supported by

the reticl drstlages2(thbhigh retd dlewijage 26tisle upnos tesvéhestgbtage

uni | lustrated non-contact bearings (for exanple, gas 25 static pressure
beari fgs) if®ra hilekdmign FheamedricheerR i e reippele seodase odvehen s esbage
support board 120 that fornms part of the main frame 100. 17 (0018] The

pr oj ect i onTOFIFaPIréhiz0 With Sl ojecksbn-figosevemenpastage DA of the
reticle Ronto the wafer Wat a predeterm ned projectjion magnification p,

and is co Sbgdaﬁﬂsadﬁﬁﬁ%£HQQ/§ﬁ TR G PRIV HEN of 5 opt i cal
e e PRGBS 0
stages, etc. A rectangular opening is formed in the
i0 reticle fine movement stage, and a reticle suction-holding
mechanism provided around the periphery of the opening
heclds the reticle by vacuum suction or the like.
A moving mirror 21 is provided on the reticle stage
20. A laser interferometer 22 is also provided at a
15 position opposite to the moving mirror 21. The position in
the two-dimensional directions and rotation angle of the
reticle R on the reticle stage 20 are measured by the
laser interferometer 22 in real time, and the measurement
results are output to the control device 50. Then, based
20 on the measurement results, the control device 50 drives
the linexr motor or the like to{align the reticle R or the
like supported by the reticle stage 20.
This reticle stage 20 is supported through
unillustrated non-contact bearings (for example, gas
25 static pressure bearings) in a fleoating manner over the
upper surface of the second support board 120 that forms

part of the main frame 100.



in a body tube 31. In the enbodi nent, the projection optical system30 is
a reduction systemin which the projection magnification p is, for
exanple, 1/4 or 1/5. 10 Note that the projection optical system 30 nay be
of a full-scale (1:1) or enlargenent- type- A flange 33 is provided around
the-outer wall of the body tube 31, and inserted into a cylindrical sensor
supporting franme 35 having a flange. Further, the body 15 tube 31 and the

sensor suppebibpoTheafEofacRitn BRELLRY sY3Andan SUPRY Sl fueadipl e part

113 provided In"a support Dboar ornms pa e main

frame 100.oxgBgef thet patipeeht pPROBED tHL0 ret iSURP Y o4 AlMRSt ¥ Fpnfsal |y
t hrough the vibration danping unit 60 over 20 the base frane 200. The

Sensor suppoptredgtérAifedSpirsjachBdnehak@i fisupaont ipNg aseNsy s and the |ike
such as an autofocus sensor. Further, an unillustrated kinematic nmount is
provi ded betmpesetheffarplusappayt ofoaptithl aidmem:s?25 rednghimesupporting
frame 35 to enable tilt angle adjustnment of the projection optical system
30. (D019]oFhécadf elenenge3Rabicgriidgdappatheus ronibsmndatid owetr8 erstlage) 40
is to nmake two-di nensional novenents in the XY_ plane and fine rotations in
the 8z direRtFbBA WAFEE WsapPsnt THESEhePRdfad Rlomeatfafae FURREURI ncl udes

e oL PO 33 Bl Ot 9 B EUEL AL BZ N £ 42 Lar 5 (1l drive
the OX dir&ﬁ&&BQi Qggtéﬂe30 is a reduction system in which the
projection magnification f is, for example, 1/4 oxr 1/5.
10 Note that the projection optical system 30 may be of a
full~scale (1:1) or enlargement type.

A flange 33 is provided around the outer wall of
the body tube 31, and inserted into a cylindrical sensor
supporting frame 35 having a flange. Further, the body

15 tube 31 and the sensor supporting frame 35 are inserted
into and supported by a hole part 113 provided in a first
support board 110 that forms part of the main frame 100.
The first support board 110 is supported almost
horizontally through the vibration damping unit 60 over

20 the base frame 200.

TPe sensor supporting frame 35 is a member for
supporting sensors and the like such as an autofocus
sensor. Further, an unillustrated kinematic mount is
provided between the first support board 110 and the

25 sensor supporting frame 35 to enable tilt angle adjustment
of the projection optical system 30.

[0019] The wafer stage (aligning apparatus, substrate



OY direction in order to performleveling and focusing on the wafer W an
XY table (table part) 43 for continuously noving the Z table 42 in the Y
axis direction while step 10 noving in the X axis direction, a wafer bed 44
for novably supporting the XY table 431gn-the XY plane, a driving part 46
(see FIG 2) conposed of a liner notor or the like for noving the z table
42 and the XY table 43 integrally in parallel, etc. 15 Further, a noving

' 47 | [ L t bl e 4 d I interf
(posi 11 on feaEl P 2N Ha ST EPhal AT EhanloobootRE KB the
. : T dhe o ot T . . : q
?g;/:a??onma:%l%{anegfa t%e%\/\r%szé l\ﬁ ond the" vvat%%\gr) ééidt" 2%2%’8@%“ gdr’léf%langedagy t he

|aser i nt ersgpuiRi g Ahd hdRal  Mhe ROEH e IBISH) CIROLLESULI S ar e

output to the contro devi ce 50. Then, based on the neasurenent results

fromthe hafr indeidrerametear HHidiﬂ?kﬁK&“ﬁé&eﬂeWJcﬁ 2O ghiNegot Bgy |iner
notor or the like to align the wafer or the like 25 supported by the

waf er st agdid@1lyA drtivrenltitey waffeat rhadiadisr 461 agitihetnbse CHeypeds bearings are
fixed on the bottomsurface of the XY table 19 43, and these air pads 45
al | ow t he Xressisime 1438 the He asiyppbimentiona theadX ndgirentton pvandt hkewaf er
bed 44 mﬁt% a .cl earance of, for exanple, about several mcrons. Further
the waf er B UFSEIQHHESY 1¥del Fss PaTFIEBnt eVe Jimg tandufpcuningi rati on

danpi ng umtthewi)\ra eorv%’a an rttal:)lbeaoa(tdab%ﬁQ Sgré)he-l?? a?c?rfcr:gggigggﬁsly

moving the Z table 42 in the Y axis direction while step-

10 moving in the X axis direction, a wafer bed 44 for movably
supporting the XY table 43 in the XY plane, a driving part
46 (see FIG. 2) composed of a liner motor or the like for
moving the Z table 42 and the XY table 43 integrally in
parallel, etc.

15 Further, a moving mirror 47 is provided on the %
table 42, and a laser interferometer (position measuring
part) 48 is provided at a2 position opposite to the moving
mirror 47, The position in the two-dimensional directions
and rotation angle of the wafer W on the wafer stage 40

20 are measured by the laser interferometer 48 in real time,
and the measurement results are output to the control
device 50. Then, based on the measurement results from the
laser interferometer 48, the control device 50 drives the
liner motor or the like to align the wafer W or the like

25 supported by the wafer stage 40,

A plurality of air pads 45 as the non—contact

bearings are fixed on the bottom surface of the.XY table



[ 0020] The control device 50 centrally controls the exposure apparatus EX
and includes a storage part for recording various information, an

i nput/out put part, etc. 10 as well as an operation part for various
conputation and control operations. Thesg, .for exanple, based on the
detection results fromthe laser interferoneters 22 and 48, the control
device 50 controls the positions of the reticle R and the 15 wafer W and

' h PA
5o R S e O e PR HBRE T
I d f tabl e_43. 20 _The d
onlarged SQRELGAL A Oeb 1 WS 20l RNLADLS 4] 1 bompose
(predet er mned JIBIIR) 2 oL h@xé&@;gf{;s'%oﬁ which, i h ?118% ’5}852?: jgaarﬁ

arranged, a nover securlng menb Securi ng par
" 82

the drivi ngnpaide 46 t1R! Gra £5r Theg UPPel s NBY gPﬁérgédaQﬁnBQE hem

are plate-like nenbers respectively, coupl ed toget her roug%

pluralfity afhreoigh ithe REFeS: @. dé’x@plﬁ@eumevosgsu{renl g8 65:1:83 i's
arranged between the upper nenber 81 and the | ower nenber , and coupl ed
to the uppdramshi?dl & ttholpsa framal 20¢. of coupling nenbers 84. The
novers 46a in the |iner notor édriving 5 part 46) for noving the XY table
43 in the X084 e sariterrbrdenicy 2Xi cenfiraktly ononteodsrihged on the

exposure apparatus EX, and includes a storage part for
recording various information, an input/output part, etc.

10 as well as an operation part for various computation and
control operations.

Then, for example, based on the detection results
from the laser interferometers 22 and 48, the control
device 50 controls the positions of the reticle R and the

15 wafer W and repe¢ats an exposure operation to transfer an
image of the pattexrn PA formed on the reticle R to shot
areas on the wafer W.

[0021]) FIG. 2 is an enlarged schematic view of the XY
table 43.

20 The XY table 43 is composed of an upper member 81.
for placing the Z stage thereon, a lower member
{predetermined member) 82 on the underside of which the
air pads 45 are arranged, a mover securing member 83 for
securing part of movers 46a in the driving part 46, etc.

25 The upper member 81 and the lower member 82 arxe
plate-like members, respectively, and coupled together

through a plurality of coupling members 85.



| ower surface of the upper nenber 81 and the upper surface of the nover
securing nenber 83 in such a manner to oppose to each other. A stator 46b
is arranged between the pair 10 of novers 46a and coupled to the wafer
stage bed 44 or the support board 2105gThe coupling nenbers 84 and 85 are
guadrangul ar colum-1i ke nmenbers elongated in the Z direction,
respectively. Therefore, they have | ower rigidity inthe X 15 and Y

di rections than é%F per nmenber, gés? % and t he nover
secuLing nmenber ﬁ ﬁﬁqgﬁﬁﬂQHﬂ ﬁga&%r%r%%n%ﬁ RGTEPRN at t ached
85 ,
ospoct i vei§e Soreh ey B8 MREVERE SAvERTnENsRE B2 ARRaToleiated to
the four sidlethe REbge: dlembleZ0F! EhLbLENAG! YRLOLS18G e@dc%&gqaagﬁ' te to

each other expand "and contract di ntia y I'n accordanc

instructi gRsmbe LM ENe TROIHOVeHEVEEE 2R tHedllRBRERORSY WidldivR@gdescribed
| ater. For exanple, when the 25 piezoelectric actuators 86 attached to the

si dess of tpert coslpl fog mErhed stBd Xp tBbleX4di tacthenxexpard, the

pi ezoel ectric actuators 86 attached to the sides in the -X - 21 direction
contract byitdetsamecantmty This, dsractivhearpi exvehgetr bn dbteuat ors 86
and 87 attached on the opposite S|des expand and contract differentially,

t he coupl i ¥rprenenbetzcslo gnﬁh85UEEﬁrb@eﬁbﬁut8ﬂya§éf@hﬁe@P@@rb@UB@ﬁFﬂ nb5
the X direction. Simlarl { he piezoelectric actuators 86 and 87 attached
on the oppdsitRe JITMERT | $PEHELNT JRPBEEFOR3 in such a manner to oppose

to each other. A stator 46b is arranged between the pair
10 of movers 46a and coupled to the wafer stage bed 44 or the
support board 210.

The coupling members 84 and 85 are guadrangular
column-like members elongated in the Z direction,
regpectively. Therefore, they have lower rigidity in the X

15 and Y directions than the upper member 81, the lower
member 82, and the mover securing member 83. Then,
piezoelectric actuators 86 and 87 are attached to the
sides of the coupling members 84 and 85 in the X and ¥
directions, respectively. Among the piezoelectric

20 actuators 86 and 87 attached to the four sides, pairs of
piezoelectric actuators 86 and 87 opposite to each other
expand and contract differentially in accordance with
instructions from the control device 50 in a manner as
will be described later. For example, when the

25 piezoelectric actuators 86 attached to the sides of the
coupling members 84 in the +X direction expand, the

piezoelectric actuators 86 attached to the sides in the =X



are operated differentially to each other so that the coupling nenbers 84
and 85 can be mnutely deforned to be bent in the Y direction. 10 [0022]
The main franme 100 is conposed of the first support board 110 for
supporting the projection optical system 30, the second support board 120
for- supporting the reticle stage 20 and the |ike arranged above the
projection optical system 30, and a plurality of colums 130 standi ng 15

bet ween thg. fLLst_su a t secon ppar.t  bqgard 120. As
nent i oned gh%é%ﬁg?ﬁegﬁgﬁéaggrFgl%éghggﬁﬁgggou %éngw®%'sﬁﬁéﬁ?13§¥%rger t han
t he outer 4gi i th Liadriggal e gt tical I S
formed in ?%SHE%?égﬁié%pggF?MEgggd%%189E&gpe%%ﬁ%%h%%éD |F§%y§%§%%§&eboard

20 110 or sheeseerpEn8URREr ohoahd 139 faed it aNliy, althy Rfup1a@lgimms 130
may be coupled by fastening nmeans or the like, or they may be forned

i nt egr al | ym@inkarsa84menti 86edaabbeeminie el Befioamedl@®® be AR ed above
the base frame 200 through the vibration 25 danping unit 60. [0023] The
base $ranetRe0Xidicenpbsrd Bimiherdypphbe piarzdel2tldrfiar asumadcrisngda he
waf er stage 40 _through the 22 vibration danping unit 70 over the upper
surface therdof’ ahhdchad phuthei eppesidel Gites2in $hend kg reetilee support

board 210 to suggort éhg,nain frame 100 through the vibration danping unit
60. The suppBrtPpbaFrad29biiRgethdas lyoitomfec2otheF 5O t&@H ddsy f ast eni ng

reans or t@@uﬁik&g mQﬁbéPEVBHHXnQes%”%%%r%%'%i%%%%ﬁ% deformed to be

bent in the Y direction.

10 {0022] The main frame 100 is composed of the first support
board 110 for supporting the projection optical system 30,
the second support board 120 for supporting the reticle
stage 20 and the like arranged above the projection
optical system 30, and a plurality of columns 130 standing

15 between the first support board 110 and the second support
board 120. As mentioned above, the hole part 113 having a
diameter slightly larger than the outer diameter of the
cylindrical projection optical system 30 is formed in the
first support board 110. Note that the first support board

20 110 or the second support board 120 and the plurality of
columns 130 may b? coupled by fastening means or the like,
or they may be formed integrally.

Then, as mentioned above, the main frame 100 is
supported above the base frame 200 through the vibration

25 damping unit 60.

{0023] The base frame 200 is composed of the‘support board

210 for supporting the wafer stage 40 through the



The base frame 200 is installed al nost horizontally on the floor in a

cl ean roomthrough foot parts 215. [0024] The foll ow ng describes an
exposure method for 10 exposing an inage of the pattern PA of the reticle R
onto the wafer Wusing the above-nentizgned exposure apparatus EX FIGS.
3A to 3C are schematic views illustrating operation upon applying the
driving force Fto the XY table 43. FIGS. 4A to 4C and FIGS. 5A to 5C are

hemat i ' | gl i f tional XY
rabl o 43 o FefiSn EinERRaPERKE, 28] BT v B H and the

fer Wi 2Lhes waf 0poFN ] '
exposur & condi € rong 5r SueT el i G2 B prar BRR e e uonB IRt he

control ofpbhedconbrob sde¥bee BRe SHER 2% ah@! 10I0C tRlr-GYEHRSHISI NY a
reticle mcroscope and an off-axis alignnment sensor, or the like (both

not shown)vibaseibnedampshgedrbt asLnghans@b@@&meubaraemmmyaﬁa(thévter
that, fine alignnment (Enhanced d obal 25 Alignnment (EGA) etc.) of the wafer
Wis Tonpletkdnnsi A0 map kéi gouphedsbysdastendeke meane fohre tAld dninent
coordinates of a plurality of shot areas on the wafer W 23 After
conpl et i orPBf taey PBRE| bai haEpansLkyf Sermedposure of the wafer W the
control device 50 noves the wafer stage 40 to an acceleration start

posi ti on (scanni ng'€ R ?ﬁﬁﬂii%ﬁﬁ ?%riﬁiﬁﬁéh?é atmasti herigpbtagdivr st
oL, o PhaPEpEL W MLAE, IR EPGRLGH TR s Trom ehe

[0024] The following describes an exposure method for

10 exposing an image of the pattern PA of the reticle R onto
the wafer W using the above-mentioned exposure apparatus
EX. FIGS. 3A to 3C are schematic views jillustrating
cperation upon applying the driving force F to the XY
table 43. FIGS, 4A to 4C and FIGS. 5A to 5C are schematic

15 -views and conceptual diagrams in case of a conventional XY
table 437,

First, the reticle R is loaded on the reticle stage

20 and the wafer W is loaded on the wafer stage 40. Then,
after setting various exposure conditiens, predetermined

20 preliminary work is done under the control of the control
device 50, such as reticle alignment using a reticle
microscope and an off-axis alignment sensor, or the like
(both not shown), baseline measurement using an alignment
sensor, etc. After that, fine alignment (Enhanced Global

25 Alignment (EGA) etc.) of the wafer W is completed using
the alignment sénsor to determine the alignment

coordinates of a plurality of shot areas on the wafer W.



on the alignnment results. Then, the control device 50 starts scanni ng of
the. reticle stage 20 and the wafer stage 40 in the Y axis 10 direction,
and when the reticle stage 20 and the wafer stage 40 reach their target
scanni ng speeds, respectively, an pattern area of the reticle Ris
irradiated with the exposure light EL to start scanning exposure. Then,
different pattern areas of the reticle Rare 15 sequentially illum nated

with the exposure light EL, and after conpletion of illun nation of al
the pattern aread®ft@hETRARHIRR SHodth LI IHNFTF HOThotChrea on the

wafer Wis co Ieteg, resulting_in reductjon,transfer 8f t he @ ttern PA

of the ret?%ﬁ%gﬁg?op TR € ehy Ry Fﬁetﬁ%nkr?étdﬁﬁlgﬁoé aff8¥®8n “C'fe wafer W
th h th ' ' tical 0, Af et f_th '
exposare TR sSERee CiO0hs T8 a8¥E) REh ey o EhevPRRL B o sssaPerarer
stage 40 ig.the aé%éi‘f’iafnf‘xfé déﬁé&éhf_’@sof“ arsL-eP- BioBt §R123+f @8Akon to an
accel eration start position For Xposur e o? a secong shot "area.” I'n other

wor dsg & Si£PR) NGr Opes ki S8r ROFMEEE MOALEokEngether ABHsutBANvae@RNi ng
exposure is 24 pertornmed on the second shot area in the manner as

ment i oned gbawechdhlsset henteaPeatoget®pOsar enotha shferaneside bageanafer W
and the stepping operation for exposure of the 5 next shot area are
r epeat edl yopetthorakbigtment ansféeltehe pattern PA of the reticle R
sequentially to all exposure

Then, the control device 50 starts scanning of the
reticle stage 20 and the wafer stage 40 in the Y axis

10 direction, and when the reticle stage 20 and the wafer
stage 40 reach their target scﬁnning speeds, respectively,
an pattern arxea of the reticle R is irradiated with the
exposure light EL t¢ start scanning exposure.

Then, different pattern areas of the retiéle R are

15 sequentially illuminated with the exposure light EL, and
after completion of illumination ¢of all the pattern areas,
the scanning exposure of the first shot area on the wafer
W is completed, resulting in reduction transfer of the
pattern PA of the reticle R to a resist layer in the first

20 shot area on the wafer W through the projection optical
system 30.

After completion of the scanning exposure of this
first shot area, the control device 50 moves the wafer
stage 40 in the X and Y axis directions in a step-by-step

25 fashion to an acceleration start position for exposure of

a second shot area. In other words, a stepping operation

between shots is performed. Then, scanning exposure is



target shot areas on the wafer W Then, such processing is repeated to
perform exposure of a plurality of wafers W 10 [0025] As described above,
al t hough the wafer stage 40 repeats accel eration and decel eration during -
the exposure process, since the accelesgtion absolute value is becom ng

| arger year by year to inprove throughput, the driving force
(acceleration) applied to the XY table 43 is also 15 becomng larger. If a
| arge driving force (acceleration) is applied to the XY table 43,

di st orti on PEEEeth o e iscansiy shafeaaged nin i heliB3 ReK cdBe of the
conventi onal_ XY ta%#e 43'. Specifically, as shown in FIGS. 4A and 4B, when
a 20 | arge MINAMES $POF¥S i s applied to the right on the paper surface,

distortion (m nuteg,defo ti urs _in. the ortion weak in rigidity in
the v direct] ons PiRa B sERhndfe Smdburh ol r, e b 6% bl &

43" . When Haemeg i I i | Sy, i nt -9 5 resides
as shown i r‘{J%FI G SR et%ee;ﬁs%:% B%d{ %éo 1§J<’a{)l‘?rle er%(g%l?%% %¥ g%%l i cation

of force) b MHCh e (d Vidkbaf QITE g i forditd i €8 8Rgh SrEBPRE
(aligning target point) 92 25 wupon which the wafer Wis placed, and when

the |arge pduterg Hode thd reatle® adedhenPad Ity of o a9l | éapbonref force
91 in the XY table 43 as shown further in FIG 5B, the spring elenent 94
i s conpressedgethemotwWaerasherb Hoxavaefeat i¥on or decel eration is conpleted
and the application of the driving force F is stopped, distortion
Then, such processing is repeated to perform
exposure of a plurality of wafers W.
10 [0025] As described above, although the wafer stage 40
repeats acceleration and deceleration during the exposure
process, since the acceleration absolute value is becoming
larger year by year to improve throughput, the driving
force (acceleration) applied to the XY table 43 is also
15 becoming larger.
If a large driving force (acceleration) is applied
to the XY table 43, distortion occurs in a portion low
(weak) in rigidity in case of the conventional XY table
437, Specifically, as shown in FIGS. 4A and 4B, when a
20 large driving force F is applied to the right on the paper
surface, distortion (minute deformation) occcurs in the
portion weak in rigidity in the XY directions, that is, in
the coupling members 84 in the XY table 43'. When
schematically representing this, a spring element 94
25 resides as shown in FIG. 5A between two points of a member

{point of application of force) 91 at which the driving

force F is applied and a member (aligning target point} 92



occurring in the spring element 94 is released, resulting in the
generation of vibration (internal vibration) in the XY table 43 as shown
in FIG 5C 10 Therefore, even if a target scanning speed is achieved
during acceleration froma stopped statg Lo start exposure, it is
necessary to wait until the internal wvibration that has occurred in the XY
table 43" is suppressed (see FIG 4C) before the start of irradiation 15
of exposure light in order to preyent%goor exposure. This_ causes

unnecessar$Phi YiHE thhe vatetigh LS shbrteti ned WRelnghené2&RFosur e
, |1 ' duction,i h hput 026] -Sim l.arl
Process, ESAgOIn2 £otelionl Sl NRUINRNL, LOOSBLASIbAA Ke Suppoce
mrror 47 E&fc? ”?f‘?;‘:&g'ggeti'? fé’éié!@ﬁ‘ 8{; &ng}‘é’affﬁh Lsihil peg arg the
al i gning target poin has Tow rigidity. Sincé a sprifng element 95

resi des baiyeotod ity A ANLAG §AT 06! cBRbPLs2a. APAehlCuBRSURR poi Nt 93, I

a large drivin orce Fi1s 25 applied at the point of application of force
91 imsthe cel@Pi€ids or IdEcEPEL AT BhEMBNEoRABLBEEN BRaCcerpr essed. Then,
when the accel eration or deceleration is conpleted and the 26 application
of the driappiidotLen Fof stisé oppedingi Sbocki Pnisoseuppedy disthetipni ng
element 95, like in the spring elenent 94, is released, resulting in the
gener at i orcofuryihg atw orhd | speinal evebenti 8A4) isnreheaX¥d; alfeewd3'ings Thus,
when m salignment in the relative position of the aligning tangethpoint 92
e

and the neddutleel geperapin of vibration (internal vibration) in t
XY table 43 as shown in FIG. 5C.

10 Therefore, even if a target scanning speed is
achieved during acceleration from a stopped state to start
exposure, it is necessary to wait until the internal
vibration that has occurred in the XY table 43’ is
suppressed (see FIG. 4C} before the start of irradiation

15 of exposure light in oxrder to prevent poor exposure. This
causes unnecessary waiting time, though a short time,
during the exposure process, resulting in a reduction in
throughput.

[0026] similarly, suppose that a member between a member

20 (measured point) 93 to which the moving mirror 47 for
measuring the position of the wafer W is fixed and the
aligning target point 92 has low rigidity. Since a spring
element 95 resides between the aligning target point %2
and the measured point 93, if a large driving force F is

25 applied at the point of application of force 91 in the XY
table 43', the spring element 95 will be compressed. Then,

when the acceleration or deceleration is completed and the



occurs, the alignnment of the wafer Was the aligning target object becones
I naccurate. Further, msalignnment in the relative position of the point of
application of force 10 91 and the nmeasured point 93 nmakes the alignnent
control systemunstable. Therefore, like in the above case, it is
necessary to wait until the internal vibration that has occurred in the XY
table 43" is suppressed before the start of the exposure process in order
to prevent r 15.expsure. [0027] In contrast, in the XY table 43 of the
enbodinent?ngﬁgagﬁPpn§§e%§ﬁehf1§&¥99%°§ﬁﬁaﬁﬁésaEFﬁQFﬁps ¢4 5 ter
arranged i g.pacaklel ;he e e _pai f li,catli f._ force 91 and the
al i gni ng ta?get po?n% Q%Hgsggkgﬁﬂ %%%EF t %%R3A} enggt%gﬁ\ﬂﬂﬁkﬂgit nmeans

that the piggmehecbyl, Cisafzewéagé§68§e%mt%§g§]@1 0 Jelie SR N member s

e
84. Then, when a large driving rce Fis | e e poin

appl i cati opipkatesae (YAtbAnkhevX¥rbalklon)43n e yactughy 9396 and 97 are
driven at the sane instant 25 when the driving force F is applied.

Speci §ical |y, thelprezoetartmisabiguneatsiR6tabt 26hedive pheisidascef the
coupling menbers 84 orthogonal to the noving direction is 27 operated

di fferentitheyailbdgeina dbahgett pointuddl wndefubremmeasvaede pdint 652 ore t he
coupling nmenbers 94 distorted by the application of the driving force Fto
the ori gi nafFcUEfapeheTAL9BBANEUPHr E8& M sdefbmpattiben aldandingg) of the 5
coupling nber% 8§.eé§n i f the Largg drivin%1force Fis _.applied. In other
words, as SROARCI RPEFES BBCOPRE ippgsigete. Turther, misalignment in

the relative position of the point of application of force

10 91 and the measured point 93 makes the alignment control
system unstable. Therefore, like in the above case, it is
necessary to wait until the internal wvibration that has
occurred in the XY table 43’ is suppressed before the
start of the exposure process in order to prevent poor

15 exposure.
[0027) In contrast, in the XY table 43 of the embodiment,
the spring element 94, 95 and the actuators 96, 97 are
arranged in parallel between the point of application of
force 91 and the aligning target point 92 as shown in FIG.

20 3A. In other words, it means that the piezoelectric
actuators 86 are attached to the coupling members 84.

Then, when a large driving force F is applied to

the point of application of force 91 in the XY table 43,
the actuators 96 and 97 are driven at the same instant

25 when the driving force F is applied. Specifically, the
plezoelectric actuators 86 attached to the sides of the

coupling members 84 orthogonal to the moving direction is



96 is driven to generate a force (-F2), having substantially the sanme
magni tude as force F2 applied between the point of application of force 91
and the 10 aligning target point 92, in a direction opposite to that of
F2. Simlarly, the actuator 97 is drive to generate a force (-F3), having
suhstantially the same nmagnitude as force F3 applied between the aligning
target point 92 and the neasured point 93, in a direction opposite to that
of 15 F3. If the sses of the_nmenbers in which the point of application
of force Qﬁ??eFﬁéeQI"B@ﬁffﬁﬁef‘éﬁ-@étlyp&i"nteag@, ofRET tHee FHERIRIaH GRAGHD 93 exi st
are represented .as m, n2_and_.nB, respectively, and the acceleration is
oot eoont offaB e EIB0r FESHERR: I GELE LA T MO D RS RE @ BY
applicatio f I, 91 is F=z +IR+nB8) X The ri.ving f.or.ce
F2=( m2+nB) gggi ?p[oﬁé‘%gr%lppeafbg&?eg tvﬁél)gp?iorﬁcréo& tg°p|5cl\{“|eca Hl(%%rb%lfor ce 91
and the al ;gaLAY Takget R0 LI2s <2Re AIdad NG F1ar = | Sy T mtted
B e P s 2 et T e ey

between the 25 aligning targ poi nt 92 an ol'nt 93. Thus,

as nept i oneduphevg, reheeaet vat @Er%ngﬁfa&@leqﬁag:%{é?rc&?ﬁriﬁ tddLer bgf ween the
poi nt of application of force 91 and the 28 aligning target point 92 and

-F3 force hppied.t fe oahegnwogdsar get shewi 192 @l (38 meaes Wethapoint 93
(note that -F2 and -F3 are forces in the direction opposite to that of
the drivi n§éf éscdriEyvenhitoh ganeriate eatfeddey (dd)d Shaaritgws in FIG 3B).
This increases apparent rigidities between the point of application of
force 91 afgbpkantially the same magnitude as force F2 applied
between the point of application of force 91 and the
10 aligning target point 92, in a direction opposite to that
of F2. Similarly, the actuator 97 is driven to generate a
force (-~F3), having substantially the same magnitude as
force F3 applied between the aligning target point 22 and
the measured point 93, in a direction opposite to that of
15 F3.

If the masses of the members in which the point of
application of force 91, the aligning target point 92, and
the measured point 93 exist are represented as ml, m2, and
m3, respectively, and the acceleration is represented as o,

20 the driving force F applied to the point of application of
fOEFe 91 is F={ml+m2+m3) xox. Then, driving force
F2=(m2+m3) xxx is transmitted between the point of
application of force 91 and the aligning target point 92,
and driving force F3=m3xa is transmitted between the

25 aligning target point 92 and the measufed point 93. Thus,

as mentioned above, the actuators 96 and 97 generate —~F2

force betweaen the point of application of force 91 and the



aligning target point 92 and between aligning target point 92 and the
measured point 93 during acceleration of the XY table 43, thereby
suppressing internal vibration. In other 10 words, the relative positions
are mai ntained constant without theic dgfarmation. Then, the driving of
t he. actuators 96 and 97 is stopped when the application of the driving
force Fto the XY table 43 is conpleted, that is, upon conpletion of 15

accel eration.. T@is qgnti%gousl% [ntains_the relative positions constant,
as shown i B EQP%'%ng%iﬂ?d oF > apprredPebresn £Bece 91 and the

ligning t d b t li gni ng .t t point 92 and th
e od LA G AY Naxade BOLOBITEN BF Tedluia! S05E BY! Noeieipe.

int of icatg ki h int 93 is. al
Pt al ned AL PO 1S SOl BiCL oy RECHLELROLR! oBBobRE8L 2801 r ence

of di stor it aw ﬁ%‘%i%cﬂ%@fé’éiﬁﬁ mimtgfgainaiegeéhogy ghg&s the

occurrence of distortion in the XY table 25 43 Is suppresse

al i gnrient contoval jof Rl BB)ONITHYEs tAiQREa HOs NipP2rehPatihsdi phekhe wafer W
can be performed wth high precision. Further, since internal vibration is

29 preventEtwede hepgsuine: |o Hhdprhicdei o retli fbedet 01 shAat thexposure at
the sane instant when acceleration is conpleted. This can elimnate the
unnecessar Whigining tanget aninte® amprisyvevedn oabgming 5tEH§28] pFhatsanme
operation can be perforned upon deceleration as well as upon accel eration.
Upon 92 and the measured point 93 during acceleration of the XY
table 43, thereby suppressing internal vibration. In other
10 words, the relative positions are maintained constant
without their deformation.
Then, the driving of the actuators 96 and 97 is
stopped when the application of the driving force F to the
XY table 43 is completed, that is, upon completion of
15 acceleration. This continuously maintains the relative
positions constant, as shown in FIG. 3C, between the point
of application of force 91 and the aligning target point
92, and between the aligning target point 92 and the
measured point 93. Note here that the relative position
20 between the point of application of force 91 and the
measured point 93 is also maintained constant in an
indirect manner, thus preventing the occurrence of
distortion and hence the generation of internal vibration.
Since the occurrence of distortion in the XY table
25 43 is suppressed, the alignment control of the aligning

target point 92, that is, of the wafer W can be performed

with high precision. Further, since internal vibration is



acceleration again imedi ately after deceleration to performthe next
exposure or the like, since internal vibration is prevented, the exposure
can be performed 10 while maintaining the alignnent accuracy of the wafer
W The present invention is also appligable to the reticle stage 20 as
wel.l as the XY table 43. According to ghe present invention, since the

di stance between the aligning target point 92 and the 15 neasured point 93
is maintained constant even during_acceleration or deceleration of the XY
tabl e 43, preventednnehe e¥reRerfatéahtsapst bat éFraddanese teogéart

accurately. Therefore, in case of the ab ve-nenthonegéﬁscanning type

exposur e, THROERPDsAT eEBPeFAF on GG BeWRB R pBFFELREATAN™ HE waf er W not
ly wh th Y.tablg 43 holding.th Wt i i
cContant sPOBRLSCHAr FLS GO Hb REDALEr BRCoR BPOHECRL, MALGNS £ o
, i I diati f light to th
warer wisTEd b eSO R O A Phe T hticl o stage 20

reaches !t§o@§égefh503&ﬁénapéegeﬁona%ﬁr pacpekebahicanupbpen, the
irradiation of the exposure light Y to the wafer Wis maintained while the

XY tabl e 43e30lephitibe a61WeLe SkagpodlakgeNByvhfgonl. Wp@rconstant speed as
its target scanning speed and until the XY table 43 or the reticle stage

20 reachesaacblératidy seaini mnmgddatedy adteel degelenwadfitcgr tia s const ant

speed novenent. This nmakes 5 it possible to further inprove throughput. In
this case, perfogmnthe sexttfRPOEHES pPradihat iLldkeof SERESIFFSITE]Y i ght

vibration is prevented, the exposure can be performed

10 while maintaining the alignment accuracy of the wafer W.
The present invention is also applicable to the
reticle stage 20 as well as the XY table 43.
According to the present invention, since the
distance between the aligning target point 22 and the
15 measured point 923 is maintained constant even during
acceleration or deceleration of the XY table 43, the
alignment of the wafer (substrate) W can be done
accurately. Therefore, in case of the above-mentioned
scanning type exposure, the exposure operation may be
20 performed on the wafer W not only when the XY table 43
holding the wafer W thereon is moving at constant speed,
but also during accelefation or deceleration. In this case,
in case of scanning exposure, irradiation of exposure
light to the wafer W is started before the XY table 43 or
25 the reticle stage 20 reaches its target scanning speed
after acceleration. Then, the irradiation of the exposure

light ¥ to the wafer W is maintained while the XY table 43



to the wafer Wis perforned while the control device 50 is driving the
actuators 96 and 97. The irradiation of the exposure light to the
substrate Wnay be perforned only 10 during accel eration and constant speed
nmovenent of the substrate W or only_dygging constant speed novenent and
decel erati on. Exposure nethods for perform ng scanning exposure during
accel eration and deceleration of the water (substrate) are disclosed, for

exanpl e, in UQ,Patent, 15 5,995, 203 and Japanese Patent Application
Lai d- Open %5 %h&r e e % é& ISUrE oMY - JhR S US RitentPerd as

bl i cati ' ted by ref in it tirety t
Phe extent 5o ratear AReiind SHPR AR e { LS og dre A ipate’ ' °
t at rsel; t ' . 1 t ti onal
patent sppiteation ca0509%) e WAL B B g M  veon « ne

poi nt of applegaiia®noal afekse i85 Ah AL JBRIMES ddb e oY tabl g, 43 to

i nmprove rigidity therebetween in order to revent 1 nternal V|%ra ron. In
ot her Swor dit pbesiblpi ezoghetherC iagitaioohdbugifunt tachad 4 a4 fie, coupling
menber 85 (see FIG 2) and the piezoelectric actuators 87 are operated in
t he manner i&scaBnbieoset &botetbe tihatadifEridh of diie engoofrdi Bightion in
the coupling nenber 85 can be suppressed. Thus, since the actuators

(pi ezoel ectPi ERgcradesr ¥ ig7peatfo nnesl ivhd Isethbee rcartter qioidevioie appli<at i on
of force a 91 .and %he ot her nmenmber (coupling nenber 85) to apply a force
opposi te i A*4VABEt FBR BEtERECFSr &8 Bh ¢tﬁhf irradiation of the

exposure light to the substrate W may be performed only

10 during acceleration and constant speed movement of the
substrate W, or only during constant speed movement and
deceleration. Exposure methods for performing scanning
exposure during acceleration and deceleration of the wafer
(substrate) are disclosed, for example, in US Patent

15 5,995,203 and Japanese Patent Application Laid-Open No,
07-57985. The disclosure of the above US patent and
publication are each hereby incorporated by reference in
its entirety to the extent permitted the national laws and
regulations of designated states {or selected states)

20 designated by the present international patent application.
[0029] Further, actuators may be provided between.the
point of application of force 91 and another member in the
XY table 43 to improve rigidity therebetween in order to
prevent internal vibration. In other words, the

25 plezoelectric actuators 87 are attached to the coupling
member 85 (see FIG. 2) and the piezoelectric actuators 87

are operated in the manner as mentioned above 860 that the



bet ween these two points upon application of the driving force F to the XY
table 43, apparent rigidity can be so inproved that the relative position
bet ween the two points 10 can be nmintai ned constant, thereby suppressing
the occurrence of distortion between ge_tmo poi nts, and hence preventing
t he generation of internal vibration. F 030] In the foregoing enbodi nent,
the spring elenents 94, 95 and the actuators 96, 97 are arranged in
paral l el 15 between the point of application of force 91 and the aligning
target poiogc@prentr oetdkshorhionl tgnthy carpéingpseRbey28anganhdeneasur ed
poi nt 92, respectively, but only the actuators 96, 97 may resi de between
these two PEpR¥essedespectively. In other words, the nembers weak in

rigidity 20 such _gs the coupl,ing nenbers 84 npy be all constructed of
pi ezoel ectric actﬁ’é{sdr g1 Hafreaters h&p%‘?%?"etﬁ%c ASTERBRASin FI G

2, Uhe coupl | g Io0ber Sa84oBR-LICTRE! Uetar | A0 087 ELRRTLA Ol Hhe XY Labl e

43 may be co%s Tacked’ o actuator prezoelectric elenents).

F“”hfre’rg%fséﬁgcwéa&tﬁ%frm&ﬁegt Weeugmﬁﬁgbggrggggpb%ggggag%@ 84, 85 may

al so aced wtht pl ezoel ectric ac

pi ezoel ect g EeaCtPREOi S NBY Q€ra8ktebhheh 8h32forkantpahefhityre or a bimorph
type. Further, the actuators 96, 97 do not necessarily need to have high

rigidity uspseweanr tRéseotdbt ponRtsThpsn appheeausent b€ appadentrimigyi dity
can be increased as long 5 as they can generate a |large force opposite in
direction fencandl tonpié¢i XYveabiehd4Bheappacentppligédibet waasn bewso
improved that the relative position between the two points
i0 can be maintained constant, thereby suppressing the
occurrence of distortion between the two points, and hence
preventing the generation of internal vibration.
[0030] In the foregoing embodiment, the spring elements 94,
95 and the actuators 96, 97 are arranged in parallel
15 between the point of application of force 91 and the
aligning target point 92, and between the aligning target
point 92 and the measured point 92, respectively, but only
the actuators 96, 97 may reside between these two points,
respectively. In other words, the members weak in rigidity
20 such as the coupling members 84 may be all constructed of
piezoelectric actuators. For example, in the XY table 43
as shown in FIG. 2, the coupling members 84, 85 themselves
that form parts of the XY table 43 may be constructed of
piezoelectric actuators (piezoelectric elements). Further,
25 structural elements othexr than the coupling members 84, 85

may also be replaced with the piezoelectric actuators.

[0031] The piezoelectric actuators may be of either a



menbers (two points). Therefore, they may be non-contact type

el ectromagnetic actuators or the like. [0032] Note that the operation
procedure, the various 10 shapes and conbi nati ons of respective nenbers,
etc. illustrated in the foregoing enboginent are just illustrative
exanpl es, and various changes can be nade based on the process conditions
and design requirenents wthout departing fromthe spirit and scope of the
present 15 invention. For exanple, the present invention includes the

fol | owi ng dleamigeded GO2E dm a heidarmydiyre enbodi ment, al t hough t he
description is made of the case that the relative positions between the

poi nt of applicat FBREBETS ofbe 6FLHARCXG e A7 F§ FPh ARFARS§RH Y 92, and
between the aljgnin target point. 92 and the neasured,point 93 are kept
const ant t&q{aéjle % @V&&&%ﬂf%ﬂ%%&%&%ﬁrﬁﬁ ‘b%q"?‘lftl%‘flsaplﬁﬁ?*ﬁat i on of
force 91 and the .neasuyred t he

pr esent i NV&NtIoR S enoﬁop%%alnlfﬁr{%gorfcﬁlgr}e?gc%‘ %%ui@g%éégéﬁggpggggn be

4" . o wout o
meacurod a5y 38 W R AP Gy, PR FRRORLES 1S EERGsE,
poi nt of app igGRl it ftAREE Bl Nthd NeoPdé U EPi @ P8Ewe BRI PLo92 May be

kept constant w thout providing the neasured point 93. For exanple, if the
driving pamderters i(t3€ fpganasat ehardifdve NOhOy CRay i ke foputsatgator based

on information related to the target position of the
type electromagnetic actuators or the like.
[0032] Note that the operation procedure, the various
10 shapes and combinations ¢f respective members, etc.
illustrated in the foregoing embodiment are just
illustrative examples, and variocus changes can be made
based on the process conditions and design requirements
without depaxting from the spirit and scope of the present
15 invention. For example, the present invention includes the
following changes:
{0033] In the foregoing embodiment, although'the
description is made of the case that the relative
positions between the point of application of force 21 and
20 the aligning target point 92, and between the aligning
target point 92 and the measured point 93 are kept _
constant to keep the relative position between the point
of application of force 21 and the measured point 93
constant in an indirect manner, the present invention is
25 not limited thereto. Of course, actuators can be arranged

directly between the point of application of force 91 and

the measured point 93.



aligning target point 92, the aligning target point 92 can be positioned
accurately as long as the relative position between the point of
application of force 91 at which the 10 driving force of the pulse notor is
applied and the aligning target point_92 is substantially constant.

[ 0034] Further, as shown in FIG 6, gvéd Tf novers 46a of a plurality of
driving parts 46 are coupled to the XY table 43 through the coupling
menbers 84, a plurality of 15 piezoelectric actuators 86 have only to be
fixed to each ofuthieequphilyg terberiatdde Tred, titde hetresl dcheic
actuators 86 are selectively driven depending on the _direction of the
driving f gcantr apeirddcatiore ¢ fapre 94Rnd thatalhenydfdeEarush of

i nternal vibration can be 20 prevented in,  each novin direcéion. [ 0035] The
present i mamt @ imavike kept i caprbakh withpnt E%%}jgdwget fposur e |
apparatus described, for exanple, in apangsehPa ent.AgpIic tiﬁn Lai d- Open
Nos. 10- 16%GTRTred POHUy % aniP TS FATRAE, Not  BRA0BT # A1 EoPPEEPARAI ng

h , 5 Published J . ' P '
PUbl  Sat | AT AU ¢ (AT B ARor CbbB0L ke ot ol RE ROLRE  Baseq,
5,969, 441 goryespondi ng, Ler 2toa 88dcHS Pakest oo idh. of 262 796 The

. or: 1 ;
di scl osur € 0f "t he ove p Ications and U ents are incorporated

herein as Alg thisgesns6i AL capi opnwi hbignangangeget petmitssoraaf the
donestic %%g%naﬁ% or%?%aﬂ%gs of "t he countr?es designated (or 5 sel ected)

in this i terpwdienehe@pptégoiiony abelpngseat thavesiavdvies pogithien
applicable to an
between the point of application of force 91 at which the
10 driving force of the pulse motor is applied and the
aligning target peoint 92 is substantially constant.
{0034] Further, as shown in FIG. 6, even if movers 46a of
a plurality of driving parts 46 are coupled to the XY
table 43 through the coupling members 84, a plurality of
15 plezoelectric actuators 86 have only to be fixed to each
of the coupling members 84. Then, the piezoelectric
actuators 86 are selectively driven depending on the
direction of the driving force F applied to the XY table
43 so that the generation of internal vibration can be
20 prevented in each moving direction.
[0035] The present invention is also applicable to a twin-
stage type exposure apparatus described, for example, in
Japanese Patent Application Laid-Open Nos. 10~-163089, 10-
214783 and US Patent No. 6,400,441 corresponding thereto,
25 Published Japanese translation of PCT International

Publication for Patent Application No. 2000-505958 and US

Patent No. 5,969,441 corrxesponding thereto, and US Patent



exposure apparatus, as disclosed in Japanese Patent Application Laid-Open
No. 11-135400, which includes an exposure stag novable while holding a
substrate to be 10 processed such as a wafer thereon, and a neasurenent
stage equipped with various measuring nbers and sensors. The disclosure
of -t he above publication and a corresponding US Patent is incorporated
herein as part of this specification wthin a range of perm ssion of the

domestic 15 | aws and ordi nances of the countries designated (or selected)
in this i nf&ndridhtal? %ppliteatdittlesrineof obkyyArryenbodl ieat ioas

light-transmjt] mask with a predeterm ned |jght-shielding pattern (or
phase patt m yrsnl%lad:fﬁ“-trsem AP IREREFF) oL NPERE D RS DO | @ﬁttﬁiansm tting
substrat e, %% %éiéggsreky Lin%tnask n%éh a predeterm ned reflection
pattern foried on & Ticght HHPS DSIRRERIT TP A Bk dnBepEiSent

i nvention iy iJPL:ed t 10. r le, instead of such a mask, an
el ectronic %ﬁqssﬂ% éis Opmg%?%&&%%o%ﬁlgeglc%l S r%%ﬁjb%n%‘se%sz L which forns

a tramsm sskQRpaidierim &Ll B it 3 ieg : JA/mM nous pattern based
on electronic data of the pattern tolcgtgé exp%bslé%a%ucrﬁ an el ectroni ¢ mask

is 35 disclosed, Therpe¥agpteinvBndSoRatientfull@ne® 4FP14%hb1d& o dSCl Osure
of the above US Patent is incorporated herein as part of this

speci fi cat espositre rpparatys,ofagpetifalsiond o Jdpakdestd€ehaws and
ordi nances of the countries 5 designated (or selected) in this
i nt er nat i oARPlagptioat Ledd-Oxeme Nchatl k-3 %4 &kt ndniich nMaskiudea anncept
I ncl udi ng bot h
eXposure stag movable while holding a substrate to be
10 processed such as a wafer thereon, and a measurement stage
equipped with various measuring members and sensors. The
disclosure of the above publication and a corresponding US
Patent is incorporated herein as part of this
specification within a range of permission of the domestic
15 laws and ordinances of the countries designated (or
selected) in this international application.
In the foregeing embodiment, a light-transmitting
mask with a predetermined light-shielding pattern (or
phase pattern or light-reducing pattern) formed on a
20 light~transmitting substrate, or a light-reflecting mask
with a predetermined reflection pattern formed on a light-
reflecting substrate is used, but the present invention is
not limited thereto. For example, instead of such a mask,
an electronic mask (as part of an optical system) may be
25 used, which forms a transmission pattern, a reflection

pattern, or a luminous pattern based on electronic data of

the pattern to be exposed. Such an electronic mask is



a non-lum nous type inmage display elenment and a self- |um nous type inage
di splay elenent. Furthernore, the present invention is applicable to 10 an
exposure apparatus for exposing, onto a substrate, interference fringes
caused by a plurality of |ight beans_ bgtgrfering wi th one anot her, for
exanpl e, an exposure apparatus for perform ng so-called two-beam

I nterference exposure. Such an exposure nethod and exposure apparatus 15

i s disclosed, for exanple, in International Publication No. NO 01/35168.
The di scl e ofed hefcabouanid oat imtUSinek tpubl Yeat & oh’ &r 25 éachhfier eby
incorporated by reference in its entirety to the extent permtted the
national |dive:larshre egfulthe oxlsovs UesPapatedist tRe’rporateflcRPERLBt at es) 20
designated by the present international patent ap Iicatign. %OOSGL
Further, ias tart legoii®y sppeut Heation) YHEOR #hEaNYEsefi BEFBASFE®Rade of

t he exposure apparatus jn which a, gas.(air _or pitrogen)._ Ls.filled between
the proj e@f difie ML 1S3 % 27d ‘?ﬁ@l P&FT ?geE% egg?ﬁflkl%:ﬁgnt ion is 25
al so appligable to an i mersio pe_e ur. # . : ' rsion
exposiir o A Etied o(oF st bsanet! Fop” idsn A e, M A o
No. WO - 2004/.053958, - i ' Lgui dgi : | : bat m the
projectio (8% i%hégééi é%%%%tan f?h%éggbg?rgtEegﬁééﬁeahggggﬁgguﬁgeof t he
above panwlggnifmhm&w%ﬁﬁdm%@i 8i8p1lapaclefbnthhadspegilireat i on within

a range of perm ssion of e domestic |aws and ordi nances of the
countri es 1.ge5hGRAt €fpé Oimagb egiedlaynelbinentnt er nati onal applicati on.
Furthermore, the present invention is applicable to
10 an exposure apparatus for exposing, onto a substrate,
interference fringes caused by a plurality of light beams
interfering with one another, for example, an exposure
apparatus for performing so-called two-beam interference
exposure. Such an exposure method and exposure apparatus
15 is disclosed, for example, in International Publication No.
WO 01/35168. The dizclosure of the above US patent and
publication are each herxeby incorporated by reference in
its entirety to the extent permitted the national laws and
regulations of designated states (or selected states)
20 designated by the present international patent application.
[0036] Further, in the foregoing embodiment, although the
description is made of the exposure apparatus in which a
gas {air or nitrogen) is filled between the projection
optical system and the wafer, the present invention is
25 also applicable to an immersion type eXposure apparatus.
Such an immersion exposure apparatus is disclosed,

for example, in International Publication No. WO



Further, the present invention is applicable to an i mmersion exposure
apparatus in which a stage holding a substrate to be exposed is noved in a
liquid bath, or an 10 inmersion exposure apparatus in which a liquid bath
is formed to a predeterm ned depth on stage so that a substrate will be
hel.d in the liquid bath. The structure” "of the inmmersion exposure apparatus
I n which the stage holding the substrate to be exposed is noved in the
liquid 15 bath and its exposure operation are disclosed, for exanple, in
Japanese RAGEMOTEAAE cain orhich dligpekd Nes becadbig78illind PREeVERFerBfon
exposure apparatus in which the |iquid Qgth$is forged towa gﬁedeternined
depth on tHOIRHUGEBPPEIERL (HESGMsT ARD W PEPREFASF "t hePFi quid bath

is 20 di ; d, f I in J P. ' | | d- No.
10- 303114 URFIREHR o TUF ST SAPUTEE Thi hrBBoLsBhaerkEhiaNE"

t ent d bl i ' | d ] Lig it
Pt i ety B heE S ALkl Y b Do AL B R ok e ERER bR '35
desi gnat ed.ia! aigged0fc ;%&gt%sa £5dndes! OPaLRE Byuhbeied! esent

i nternation pat en Ication Further, the present invention is not
limted tqidfighdieadt (dEt Y6 LBt el) | LhN@hA | igtisdrdtiliohalatapp] dontaibn.

optical path space on the irradiation side of an end optical nenber of the
proj ecti on opti caursysiremc}i® poremxposnversthbst ras eapplvdletg . tAsadi scl osed
in 5 International Publication No. WO 2004/019128, the liquid (pure water)
may al so bigurfiét$bon | expesopt | appapathsspacehich a stage holding a
substrate to be exposed is moved in a liquid bath, or an
10 immersion exposure apparatus in which a liquid bath is
formed to a predetermined depth on a stage so that a
substrate will be held in the liquid bath. The structure
of the immersion exposure apparatus in which the stage
nolding the substrate to be exposed is moved in the liquid
15 bath and its exposure operation are disclosed, for example,
in Japanese Patent Application Laid-Open No, 06-124873,
and the immersion exposure apparatus in which the liquid
bath is formed to a predetermined depth on the stage so
that the substrate will be held in the liquid bath is
20 disclosed, for example, in Japanese Patent Application
_Laid-Open No. 10-303114 and US Patent No. 5,825,043. The
disclosure of the above US patent and publication are each
hereby incorporated by reference in its entirety to the
extent permitted the national laws and regulations of
25 designated states (or selected states) designated by the

present international patent application.

Further, the present invention is not limited to



on the incidence side of the end optical nenber of the projection optical
system 30. The disclosure of the above US patent and publication are each
hereby incorporated by 10 reference in its entirety to the extent permtted
the national |aws and regul ati ons of_ i gnated states (or selected
states) designated by the present international patent application. (0037]
Further, in the foregoing enbodi nent, the step- 15 and-scan type exposure
apparatus is taken as an exanple, but the present invention is also be
appl i cabl e*h8 gtsushurgngfr &fddingy pe 1d r@wpataiten). Hurather, in
addition to,the, exposure appara&y&bused | n manufacturing sem conductor

devi ces, tRBEpFaeRE PnFBACRORT FHEFEAH A 1 1oidgh B RRA appar at us
di ' di spl i ncl.udi | i qui.d tal displ devi
(Laos) | whb b Eer ERePE " Beakhe, BRRsA b, S et & & exposure
apparat us UsedsbnaMOuERghIL 99 ()| RIRgshg. dieads,  whi ch transters
pattern onto a ceram c wafer, ‘an SXposur e apparatus used in

manuf 8ct ur [AgekrABESoRRIK BRL1GSKEGRS LN WP %ﬁoﬁfzef”&}é‘ef%%h% the
present invention is applicable to an exposure apparatus for

transferringugecwaedir) Payt alBol ®ed fAl1asd SUDSH Apidhl dddieipyai er, or
the like to manufacture a reticle or nask used in a photoexposure

appar at us, oantEeViexpdsuce sdppandt the amndX-apeii @xXpossnies AppArgials, an

el ectron-beam 5 exposure apparatus, etc. Here, in case of an exposure

appar at us BEPDECDUVT( PRELGRLr FYissiest B0.i Jite olisgdoswzr wfinthe above
US patent and publication are each hereby incorporated by

10 reference in its entirety to the extent permitted the
national laws and regulations of designated states (or
selected states) designated by the present international
patent application.

{0037} Fuxther, in the foregoing embodiment, the step-

15 and-scan type exposure apparatus is taken as an example,
but the present invention is also be applicable to a step-
and-repeat type exXposure apparatus. Further, in addition
to the exposure apparatus used in manufacturing
semiconductor deviges, the present invention is applicable

20 to an exposure apparatus used in manufacturing displays
including liquid crystal display devices (LCDs), which
transfers a device pattern onto a glass plate, an exposure
apparatus used in manufacturing thin-film magnetic heads,
which transfers a device pattern onto a ceramic wafer, an

25 @Xposure apparatus used in manufacturing image pickup

devices such as CCDs, etc. Furthermore, the present

invention is applicable to an exposure apparatus for



ultraviolet) light, a transm ssion type reticle is typically used, and
quartz glass, quartz glass doped with fluorine, fluorite, nagnesium
fluoride, quartz crystal, or 10 the like is used as the reticle substrate.
Further, in case of an x-ray exposur_e -gpparatus or an el ectron- beam
exposure apparatus based on a proximty system a transm ssion mask
(stencil mask or nenbrane mask) is used, and a silicon wafer or the like
is used as the nmask 15 substrate. (0038] The follow ng describes an

embodi nent tpénafenyitngdevetscrahubatterin§ondt BéasgssHystateéxpdsur e

appar atus and_ exposure net hod according to the enbodi nent | of the present
i nventi on $hlicPnt¥agrBEph9T pEBReddkerte manpdacsuger pok@hdAlS |9%ust rati ng

an exanpl e of, manufacturing a mn crodevice (a-sem con or chip such as an
1S or ) ngbx | e AT & PP P RBPe E S pEpa St hen ARgRll EARERITS,

m cromachine, _or.the like). As shown.in_ELG first i step.S1 desi gn
Tt apy T F o eEpRRR AT phafike oo kR nsg abbSrafus| R eldoeiiiPoddn (150 90
desiga for L C deyi ce, ) sn@ r ' enent the
fonceBon | SR BEEL COBPHELPUSTPULES . Bk, ) 4noRAoE, BE' bR Radoaul) OO

(reticle) gppybhehsthgifgsShoied ek’ alitkavialie@)n LightoFeUw FRdRwunOn the
other hand,”in step S12 “(water manufacturing step), a wafer is

manuf act ur gt yavDgled) Mbight al asughbnamisisiicaonyps [RE3IG1eNed, in step 13
(waf er processing step), an actual circuit or the like is forned on the
waf er by |tybbgahphyused, and quartz glass, quartz glass doped with
fluorine, fluorite, magnesium fluoride, quartz crystal, or
10 the like is used as the reticle substrate. Further, in
case of an x~-ray exposure apparatus or an electron-beam
exposure apparatus based on a proximity system, a
transmission mask (stencil mask or membrane mask) 1s used,
and a silicon wafer or the like is used as the mask
15 substrate. '
[0038] The fellowing describes an embodiment of a
microdevice manufacturing method using the exposure
apparatus and exposure method according to the embodiment
of the present invention in a lithography process. FIG, 7
20 is a flowchart illustrating an example of manufacturing a
microdevice {(a_semiconductor chip such as an IC or LSTI, a
liquid crystal panel, a CCD, a thin magnetic head, a
micromachine, or the like). As shown in FIG. 7, first in
step 810 (design step), function/performance is designed
25 for a microdevice (e.g., circuit design for a
semiconductor device, etc.), and a pattern to implement

the function is designed. Then, in step S11 (mask making



using the mask and the wafer prepared in steps S10 to S12 in a manner to
be.described later. Next, in step $14 (device assenbly step), a device is
assenbl ed using the 10 wafer processed in step 513. This step S14 incl udes
processes such as dicing, bonding, pagk?gigg (chip encapsulation), etc. as
required. Finally, in step S15 (inspection step), tests on operation,
durability, and so on are perforned on the device made in step S14. After

15 these steps, the mcrodevice is conpleted and shipped. [0040] FIG B
i |1 ust r at eSTER) exdnPrskofl retd&la) e piveds Shedagigmes Firrhse of

manuf acturing.a _sem cqnductor. devjce. In step.S21 (oxjdation ste t he
surface of pf‘%écerfo ""\ﬁ/a%&mﬁeéj oxi gt .9 fstfeepfpté?f (%ﬂﬁlfst’e‘b)s,t%ﬁﬁ gi%l ating

filmis formedgn ta%f\g%ft%&i?#r fs?;%ﬁ;-g J L SEER S33 (8l aré)cc{&glcg;]t_: Jtrli;ﬁé)gt ep

step), an electrode is formed’on t waf er” Dy Vapor deposi

S24 (ion igphaeatiixan susheRks 4191 e inplanted into the wafer. Steps S21
to S24 25 described above constitute a pre-process for the respective

stepssin wegbesoyr meedsi Ha, stk are el ipeldesdiald WHHS) | acsofdance
with processing required in each - 40 - step. [0041] After conpletion of

the above piecpridcess tive tlide rnesgexinad i afife ivnfdie MafRItsQESSSy a
post-process is perfornmed as follows: In this post-process, first I1n step
5 S25 (reskustindortingt mes kst the pladicos grsipdnssl dgertttdps 3ppltedsbhto t he
wafer. Then, in step S26 (exposure step),
in a2 manner to be described later. Next, in step $14
(device assembly step), a device is assembled using the
10 wafer processed in step S13. This step 814 includes
processes such as dicing, bonding, packaging (chip
encapsulation), etc. as required. Finally, in step $15
(inspection step), tests on operation, durability, and so
on are performed on the device made in step S514. After
15 these steps, the microdevice is completed and shipped.
[(0040] FIG. B illustrates an example of a detailed process
of step S13 in case of manufacturing a semiconductor
device,
In step $21 (oxidation step), the surface of the
20 wafer is oxidized. In step S22 (CVD step), an isolating
film is formed on the wafer surface. In step 523
(electrode formation step), an electrode is formed on the
wafer by vapor deposition. In step S24 (ion implantation
step), ions are implanted into the wafer. Steps 521 to 524
25 described above constitute a pre-process for the

regspective steps in wafer processing, and are selectively

performed in accordance with processing required in each



the circuit pattern on the mask is transferred onto the wafer using the
above-nentioned |ithography system (exposure apparatus) and the exposure
met hod. Next, in 10 step S27 (devel oping step), the exposed wafer is
devel oped, and in step S28 (etching_;tﬁy)J exposed portions other than
those on which the resist remains are renoved by etching. Then, in step
S29 (resist renoving step), the resist unnecessary after the etching is
conpleted is 15 renoved. By repeating these pre-process and post-process
st eps, cirEEFP'patterns are formed one upon another on the wafer in a

super i npos nner, 0042] .In,additjon to.the m crodevice such as the
segicoggucﬁgpqgévﬁgg?LiﬁoﬁkégFlPB ﬁEL ARAY S BESRARSHS b th&Kk used in
a phot oex r ex ure appar atus n _X-ray exposure
Sobaratus ToapErREpE Bkbe 9 K AR AT % Po i 4Rt e

i nvention | wcall e .k . eX%POSbLL: " (P Il

circuit paF'E%grfgegkgmag %&%g?gfeﬁﬁcﬁglgoia gi gztsxlsﬁ%sé; gt r%%[gg %{a&[%ﬁi con

waf er 5 or 5hg l(irkeiskn feam8tebnaBt@EIOS W ShARRAUAIUS WS idyk UM 4 far
ultraviolet) light or VW (vacuum ultraviolet) light, a transm ssion type

reticle isagplisypongbl yhusedfeand Thed,t Zrglaash IREAT (ekpd Al dongsh Wi th
fluorine, fluorite, nmagnesiumfluoride, quartz crystal, or the like is
used as théheetiicksisupstrere. oButhieemasin iscasmreifearad rantexgosur e
apparatus or an el ectron-beam 5 exposure apparatus based on a proximty
system a Wef8&NsHSdgpoRhAnakovsrasaitiongesk lorthaoramine swatiem i s used,

(exposure apparatus) and the exposure method. Next, in
10 step S27 (developing step), the exposed wafer is devaloped,
and in step 528 {etching step), exposed portions other
than these on which the resist remains are removed by
etching. Then, in step S29 (resigt removing step), the
resist unnecessary after the etching is completed is
15 removed. By repeating these pre-process and post-process
steps, circuit patterns are forméd oﬁe upon another on the
wafer in a superimposed manner.
{0042} In addition to the microdevice such as the
semiconductor device, in order to manufacture a reticle or
20 magk used in a photoexposure apparatus, an EUV exposure
. apparatus, an X-ray exposure apparatus, an electron-beam
exposure apparatus, etc., the present invention is
applicable to an exposure apparatus for transferring a
circuit pattern from a mother reticle to a glass substrate,
25 a silicon wafer, or the like. In case of an exposure

apparatus using DUV (far ultraviclet) light or VUV (vacuum

ultraviolet) light, a transmission type reticle is



and a silicon wafer or the like is used as the mask substrate. Such an
exposure apparatus is disclosed in International Publication Nos. WO

99/ 34255, 99/50712, and 10 99/66370, and Japanese Patent Application
Lai d-Open Nos. 11-194479, 2000-12453, and 2000-29202. The di scl osure of
t he above US patent and publication are ®ach hereby incorporated by
reference in its entirety to the extent permtted the national |aws and
regul ati ons of designated 15 states (or selected states) designated by the
present ihyeigaliynubegat end gysidtsatdlass, BRIt Jogeduiv it gni ng
apparatus conprising _a table part which is novable at | east in a uniaxial
di rection ®iBRriReal £3HPRG Ly aGaNesEjUBE L 10IAEe + 1BYETE RT3 nPHart
t hat applleE i ﬁ dr|V|n% force to the tabl art in the yniaxial

directi on, tBRd1dXBodFt 1§ drré‘a"smendfeﬁdﬁ Steddfied Wt t¥™n in the

uni axi al directi naof t he tabl egp v\/ner(?1 otrheatabj[e(gp{irt has a first
poi nt of r&R&Fefice Rndr&=Y16 HN Wﬁ%\ﬂqﬁfrﬁgTé% thot re 3" a second

poi nt gof E@?%ﬁ% © gﬁﬁ%‘étﬂl@e | Pp(itoﬂlzn]taé}# %ij‘é’:l T and  a

t hi rd poi nt cé where t e posi ti [ dlrectlon is
measured r %%h@hﬂgsEBﬁr falsik a(@ierfdirlt &5 1 Y nlenléhnel Sndlc ACE 4lak H&qa Whi ch

is provided on the table part and maintains the relative distances between

any two of ahblea sé3peoh wafeal Rixs thestidnt iia lysabnsd atfie mask
.substrate. Such an exposure apparatus is disclosed in
International Publication Nos. WO 99/34255, 99/50712, and

10 99/66370, and Japanese Patent Application Laid-Cpen Nos.

11-1294479, 2000-12453, and 2000-29202, The disclosure of
the above US patent and publication are each hereby
incorporated by reference in its entirety to the extent
permitted the national laws and regulations of designated

15 states (or selected states) designated by the present

international patent application.



[2] The aligning apparatus according to claim11, wherein 20 the table part
conprises an actuator that maintains a relative position between two

poi nts, one being a predeterm ned nber in the table part and the other
being the point of application of Pg?ée, substantially constant. 25 [3]
The aligning apparatus according to claim1 or 2, wherein the actuators
are driven upon accel eration and/ opragfgel eration of the table part. - 43

[4] The aligning aratus according to.any one_ gf. cl ai 0.3, wherein
t he actuaﬁ&gshﬁrasfg%l%géﬂ%ﬁﬁ@gﬁﬁ F38P5%§§ng%t%%%ﬁeF%%qfwg;ﬁgiﬁ%s,
respectively. 5 [5] The aligning apparatus according to any one of clains
1 tg 4, mﬁ@%@?ﬁegﬂé %%Tﬂ%fd?f’é%é?%gﬁ pPEHBY Bt PR & 5Vb§qgg8%ﬁgen the two
poi nts, respectively. 10 [6]_ The aligning apparatus accordi ng.to any one of
clains 1%®698t QRéPel PlaEhHTEEors thﬁtgf@%sp%%ﬁ§ﬁFﬁtﬁpEgleFeast one of

t he respective di stances between the two points. 15 hé% The aligning
appar af us 2agédvdnagfescanye die debdraPREt 17t Bhe, ¢ In the actuators are

pi ezoel ectric actuators. [8] An aligning method for aligning target object
conpri si ngirez0iphactng 2 Heosltign HGERF§RY BB ecthdn MEASABEE Bart; noving
the table part at least in a uniaxial direction by applyin% a driving force
to the taogiparn in theewnidwdalaldidgiecedéenodl el table part,
wherein
the table part has a first point of reference where
10 the driving force is applied thereto, a second point of
reference where the target object is aligned thereon, and
a third peint of reference where the position in the
uniaxial direction is measured regarding thereof, and
further comprising:
15 an actuator which is provided on the table part and

maintains the relative distances between any two of the

respective points substantially constant.

[2] The aligning apparatus according to claim 1, wherein
20 the table part comprises an actuator that maintains a

relative positicn between two points, one being a

predetermined member in the table part and the other being

the point of application of force, substantially constant.

25 (3] The aligning apparatus according to claim 1 or 2,
wherein the actuators are driven upon acceleration and/or

deceleration of the table part.



measuring a position of the table part in the 25 uniaxial direction;
wherein the table part has a first point of reference where the driving
force is applied thereto, a second point of -44- reference where the target
object is aligned thereon, and a t+ti3d point of reference where the
position in the wuniaxial direction is neasured; and any two of the
respective points are maintained 5 substantially constant when
acceleration is operated on the table part by providing a predeterm ned
force to the table part in addition to the driving force. [agj%nThe al i gni ng
met hod aclddr ey atlé IBLBY N2 Gklet i 3 1 nE0 tPe PRY | Q’éep%gi?]i et ween two
points, one being a predeterm ned nenber in the table parf and the other
bei ng t He woidnt wberappl Feat reatoFoRIEVide RarhtafRet: Sthtdntially
constant concurrently. 15 [10] The aligning nethod according to claim8 or
9, wher éatweegi dihiey thhet peents heresRePoiiely -i s changed. [11] The aligning
nmet hod according to any one of clains 8 to 10, wherein a predeterm ne
forcesis exerted between the 20 two points. [12] An exposure apparatus,
including a mask stage that holds a mask and a substrate stage that hol ds
a substraps, THehatl igxpegesppapatteracdordied de ehy aaskobnebaime 25
substrate, wherein the aligning apparatus according to any one of clains 1
to 7 i s useth for wileregasthei abenaodrd hexamsk predetermined force

between the two polnts, respectively.

10 [6] The aligning apparatus according to any one of claims
1 to 4, wherein the actuators themselves construct at

least one of the respective distances between the two

points.

15 [7] The aligning apparatus according to any one of claims

1 to 6, wherein the actuators are piezoelectric actuators.

[8] An aligning method for aligning target object
comprising:
20 placing the aligning target object on a table part;
moving the table part at least in a uniaxial
direction by applying a driving force to the table part in
the uniaxial direction; and
measuring a position of the table part in the
25 uniaxial direction; wherein
the table part has a first point of reference where

the driving force is applied thereto, a second point of



- 45 - stage and the substrate stage. [13] An exposure apparatus that forns
a predetermned pattern on a substrate, 5 wherein the aligning apparatus
according to any one of clains 1 to 7 is used for aligning the substrate.
[ 14] The exposure apparatus accordimyto claim 12 or 13, wherein the
exposure apparatus is a scanning type 10 exposure apparatus for

irradiating exposure light to the substrate i.l e ing the substrate, and
the expostffier9agnt"Pege; F?%dF%’f%ﬂtt%D}%%t sjlfbgirlgpgggﬁfrl?%%o%’t c_’fnec%'flst ei t her

accel eration or decel eration of the substrate. 1%.%15% exposure net hod
that ali ghsth st iptacédr8he e rRasK Stade ak? >4 *40BstPat’®s® pl aced on a
substrate stage to each other to expose a pattern formed on the mask onto
the substpimeialwfdrechirRelsl PeRFHEFHRtdH according to any one of 20
claims 8 to 11 is used as at |least either of an aligning, nethod for the
mask and an al i @ Mgranstthédef seSpRETEUPsPPBrES 2el 6 IAN2ERBBsur e net hod
that forns a predeterm ned pattern 25 on a substrate, wherein the aligning
net hod acedvstiarg itd langooatant wheai aecslarptipn dsusearfbed aP® gni ng t he
substrate. - 46 [17] The exposure nmethod according to claim15 or 16,
wher ei n tee exgidsuparmebodrosidisganrprepatypaingdpdotre het Howl for
irradiating exposure light to the

table part in addition to the driving force.

[9] The aligning method according to claim 8, wherein the

10 relative position between two péints, one being a
predetermined member in the table part and the other being
the point of application of force, is maintained

substantially constant concurrently.

15 [10] The aligning method according to claim 8 or 9,

wherein rigidity between the two points is changed.

[11] The aligning method according to any one of claims 8
to 10, wherein a predetermine force is exerted between the

20 two points.

[12] An exposure apparatus, including a mask stage that
holds a mask and a substrate stage that holds a substrate,
that exposes a pattern formed on the mask onto the
25 substrate,
wherein the aligning apparatus according to any one

of claims 1 to 7 is used for at least either of the mask



5 substrate while noving the substrate, and the exposure light is
irradiated to the substrate during at |east either acceleration or
decel eration of the substrate. [18] A device nmanufacturing nmethod incl uding
a lithography 10 process, wherein tfre” exposure apparatus according to any
one of clains 12 to 14 or the exposure nethod according to any one of
clains 15 to 17 | sed in.the |ithography process. 15 [19] An aligning
apparatusSE%%%ngf&ge gukggfg%ﬁh?%%g%]aces an object thereon; a driving
device that noves the table by applying a driving force at a point of
application of force which is placed on the table; and 20 an actuator
whi ch exerts a predeterm ned force etween an aligning target point of the
Y 191;‘“? g%g

obj ect anfltheA! FERASUSE APBRTELEF ohnRdF ¥orte:® WHERE T I'HBSPr edet er mi ned
force is generated by the actuator depending on the driving force of the
driving DBLeREG QR afdPek&asPr gning target point of the object and the
poi nt of application of force are maintained substantially - 47 - constant.
[20] An exposuréhempin dihss ald@ningr AEParpEedct et hay T9arfdr A%6n a
substrate, 5 wherein the aligning apparatus according to claim 19 is used
for aligndPhgcidiensdbdior gt és [Ref Apraplfgnirg feh&FPBE&Ea5Paci ng an obj ect
on a table
[14] The exposure apparatus according to claim 12 or 13,
wherein the exposure apparatus is a scanning type
10 exposure apparatus for irradiating exposure light to the
substrate while moving the substrate, and the exposure

light is irradiated to the substrate during at least

either acceleration or deceleration of the substrate.

15 [15] An exposure method that aligns a mask placed on a
mask stage and a substrate placed on a substrate stage to
each other to expose a pattern formed on the mask onto the
substrate,

wherein the aligning method according to any one of

20 claims 8 to 11 is used as at least either of an aligning

method for the mask and an aligning method for the

substrate.

[{16] An exposure method that forms a predetermined pattern
25 on a substrate,
wherein the aligning method according to any one of

claims 8 to 11 is used for aligning the substrate.



and noving the table by means of a driving device; 10 wherein the relative
position between a point of application of force of the table at which a
driving force of the driving device is applied and an aligning target
poi nt of the object is maintained substantially constant by exerting a
predeterm ned force between the point of 15 application of force and the
aligning target point in addition to the driving force depending on the
driving force of the driving device. [22] An exposure nethod that fornms a

predeterm ned 20 pattern on a substrate, wherein t al i gni t hod
accor di ng{} 6l cThe RPPSUrE FEEFCPORCEPT '9qu|§§§§ﬁbg$rﬁfeggkgg]ni dgvice

manuf acturing nethod including a |ithograph 25 process, wherein the
exposur e apparaFﬁ%r%E%d#H1ﬁ&FF@uéﬁaPﬁFg?é b¥ ?rﬁ?%%ﬂﬁﬂﬂuﬁ¥pﬁethod accordi ng

toclaim22 is used in the |ithography process.
exposure method for irradiating exposure light to the

5 substrate while moving the substrate, and the exposure
light is irradiated to the substrate during at least

either acceleration or deceleration of the substrate.

[18] A device manufacturing method including a lithography

10 process, wherein the exposure apparatus according to any
one of claims 12 to 14 or the exposure method according to
any one of claims 15 to 17 is used in the lithography

process.

15 [19] An aligning apparatus comprising:

a table which places an object thereon;

a driving device that moves the table by applying a
driving force at a point of application of force which is
placed on the table; and

20 an actuator which exerts a predetermined force
between an aligning target point of the object and the
point of application of force; wherein

the predetermined force is generated by the
actuator depending on the driving force of the driving

25 device; and
the aligning target point of the object and the

point of application of force are maintained substantially
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20

25

-47 -

constant.

[20] An exposure apparatus that forms a predetermined
pattern on a substrate,
wherein the aligning apparatus according to claim

19 is used for aligning the substrate.

[21] An aligning method for placing an object on a table
and moving the table by means of a driving device;

wherein the relative position between a point of
application of force of the table at which a driving force
of the driving device is applied and an aligning target
point of the object is maintained substantially constant
by exerting a predetermined force between the point of
application of force and the aligning target point in
addition to the driving force depending on the driving

force of the driving device.

[22] An exposure method that forms a predetermined
pattern on a substrate,
wherein the aligning method according te claim 21

is used for aligning the substrate.

[23] A device manufacturing method including a lithography
process, wherein the exposure apparatus according to claim
20 or the exposure method according to claim 22 is used in

the lithography process.



