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- 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 [00017 The
present invention relates to an aligning apparatus
whi ch noves at a highly accetetated speed while
hol di ng an obj ect, and an exposure apparatus and the
i ke having the same. 10 This application clains

priority to Japanese Pat escoptigati on No.
2004- 188113, filed on June 25, 2004, the contents of

WA ICHGII NG | AERARDTAS edADECBINGOYETEDE, ERR@OSURE APPARATUS,
Background Art 15 [0002] In a Iithography process for

manuf FXRRFVRE MERRE@DNJAED OPEUWECEC HANUFRGUURINGY SIEQHOD

di spl ay devices, etc., a step-and-repeat type

reduction projection exposure apparatus (so-called

.St.ep- and- scan type scanning projection
3%%%§u€§l %‘ us (so-called scanning 20 stepper)

Tt ARy RSttt Thaneter o Tt vbing

i'nalEtho gr aphy process

e?g‘ri@tu%nw?u'@xs%oqfrea" efd ¢ qhﬁ%gigﬁ DALLLL Qgréﬁéﬂé&ywhlle

red to as "reticle") a projec
aptidealy aysbeeestt,0 adaq nﬁpt i Vﬁpm;@&s §H&h Ae like
a wafer or a glass plate 25 (hereinafter generical F
hevéngedheosame".waf er") the surface of which is
coated with a resist or the like. 1In a projection
exposur Erappapat isatien gdaam@ priority to Japanese Patent

Application No. 2004-188113, filed on June 25, 2004, the

contents of which are incorporated herein by reference.

Background Art

[0002] In a lithography process for manufacturing
semiconductor devices, ligquid 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
stepper) modified from this stepper, or the like is mostly
used in a lithography process to transfer a pattern formed
on a magsk or reticle (hereinafter generically referred to
as “reticle”) through a projection optical system onto a
photosensitive object, such as a wafer or a glass plate
(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
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stepper, a stage device is provided, which noves with

a reticle or wafer placed thereon precisely in a one-

di mensi onal direction or two-dinmensional directions

within a plane (XY plane) under position servo

control of a laser 5 interferometer. Because of the

need to achi eve high throughput and hi gh precision

exposure, the stage device is required to achieve not

orfbeHriegh & cdiagraatdeoni andi hi ghovspeed bhichl sovesghith a

posi tiaon control performance (including aligning

pEETGTHEN 68) Wat® ITd lesrist yE M X400 Hesect eelly r Bmeat sne-

Lgfre ar.e kqp a techni que for absorbing, by counter
SICNLREE ST &R Ctupthh e v Heens | &l Be@geore within

suppyr r [ f.orce. or vibration, and a techni que

ETRIERS, (B R MRegh i RY IR ft R9TR GO Het & laser

c k. Qf ity [ nt_of .15 the novahl e

rager e R B p Sl g (e ek

yawxbeghipu) aheea.iBal ehle dOUIPxplsurdl® el SELOSU Govice

of the follow ng publication is i1ricorporate erern

asspastjudtetinics spegichiecCadtomniiyt Hiya JaNdR A tion and high

perm ssion of the donmestic |aws and ordi nances of the

20restnbriesldeshgnat edsidricselentad)l ipe4fimance

international  application Patent Document 1: Japanese

PALBALUADDE| BALPBANIL REG-EQF@RING.) -2004- 80877 25

Di sclosyte of the Inventjon Problemto be Solved by
t he |nvgﬁ%i%ﬁP%{kxﬁﬁt¢bﬁéeé?,r?ﬂélaﬁaeetﬁenﬁhéﬁédare known

t§CQQéHHf§u@rfoPogbgorbing, by counter mass, kinetic energy
upon driving a movable stage to suppress reaction force or
vibration, and a technique for suppressing right and Jeft
rotations about the center of gravity during movement of
the movable stage using a gas static pressure bearing {so-
called yaw bearing) (see Patent Document 1). 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
countries designated (or selected) in this international
application )

Patent Document 1: Japanese Patent Application

Laid-Open No. 2004-80877

Disclosure of the Invention
Problem to be Solved by the Invention

[0003) However, the above-mentioned techniques are not
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necessarily enough for scanning type exposure
apparatuses (step-and-scan type exposure apparat uses)

for manufacturing electronic device chips in a 1d 4G

bit class (with a nininun1|ine£Adth of 0.2 pmor

| ess), which is 5 expected to be produced on a | arge

scale. In other words, there arises a new problemthat

the novable stage itself deforns as the acceleration

( REARPT ¥y cyouphl fed soanhéngougbkeespagare apparatuses
increases. Particularly, during acceleration of the

VTR WA gecan LR dP SPBF I FBnaBRaERSUARBAG ER LT egi ON

' f | i [ f,. f t which the_drivi
(opill lcprldcotosnesty spgel bt e i
be, . | by | i nt t d ' .
0o R AL Sl LBy A BSOS 00, ) LRI

wad d I tive 1 i Ll bet ween
t he?(’ee r;ier%et?gq% &fﬁ%%g)b%?lﬁ%ggé Eb%ﬂleé not only

makes it Idi bthewl wok@isGoRHAle tha Ald WNRY pUpIdR that the
novabl e stage accurately, but al so nmakes the

diretvedtlieors tegeurirtised § ndd hermovabl et agec16+88s6d (driving
after conpletion of acceleration to generate interna
vitrF&Ei) 0 RPPAG eFhérce fidvee matab kx pobage processesannot
ﬁg pgtforne untjl . the internal vibration of the

FEB-EUSREGY i ST dssallerainn € Howlmorabéesetgge, if
atyf; he i nprovenment of _ throughput..[0004] The, .
p?é§§§EE%§€eﬁt CHEN RN R Ao Te AbovePl sgation of
CiEheURBt aRCES ; ~ANG 1ot 4 | t.hereof. to.provjde
an aF?gning éﬁ%a?ﬁfhé#éﬁﬁﬂl ﬁ%ﬁﬁ%@iﬁ%tﬂ%%%l%%’ 2 éarg@t
espgeute (maRRaratUBo id )ORPYY eudBhNady ¥pd; & device

manuf act uri ng

interferometer, and a region (aligning target point) upon
which the reticle or wafer is placed, the relative
position between these members (two 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 movable stage released after
completion of acceleration to generate internal vibration.
Therefore, the exposure process cannot be performed until
the internal 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
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
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4 method, which can inprove stage alignment accuracy
during stage acceleration and suppress the generation

of internal vibration of the stage to inprove

t hroughput. Means for Solving the Problem 5 [0005) In

order to solve the above probl &m~ an aligning

apparatus, an aligning nethod, an exposure apparatus,

an exposure method, and a devi ce manufacturing method
amedhdidpgwhachheapr ésgmovienseigeon lemn@ht ccuracy during
followng neans. 10 In an aligning apparatus (40) of

t Aeapeeseneleratdnn end soppdieny aitabjenqartidiIL internal
with an alignin target object (W placed thereon and
nﬁ@ﬁﬁﬁélﬁﬂ P§a§8elﬁtégeumoa%WﬁIQﬁawﬁﬂnqughpﬂtk|V|ng

46) that appli s a driving force (F) to the
Eg g%? %Ylﬁ @ GRCENEH 15 dlrectlon and a

r’ﬁéw%ﬁeem 035tk Bhet B RIS 2 0K S

uni axi a

t@@ﬁérasz@a&,csﬁpmgﬁlﬁgt Bt QLS <§§m5§gms%@e Q¢ lded  .n

in‘one or nore ano newhere 'bé

08gpHSLAY BeBRbA] ahdaaphbca@t;'eoa ofa gt
mh?%h 20 the driving force is apg |ea%E% %ﬁé%§ﬂﬁg¥i

beatograing ato gohagptasgat paveht(92) «upedywWhingh #d18lowing
aligning target object Wis placed, sonewhere between

t@apei nts, one being a point to be neasured (93) by
the position measuring part and the other being the
al i gni ngd™t &yett PR By meraret sonehber ef bebaepnetwot

poi nts,. one, bej t he Eokft of application of faqrce
dﬂf??ﬁf%ﬁf&ﬁc£%$ﬁ@gtﬁe able 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
direction, and a position measuring part (48) that
measures a position in the uniaxial direction of the table
part, the table part comprises actuators (86, 96, 97),
provided in one or more among somewhere between two points,
one being a point of application of force (91) at which
the drxiving force is applied and the other being an
aligning target point (92) upon which the aligning target
object W is placed, somewhere between two points, one
being a point to be measured (93) by the position
measuring part and the other being the aligning target
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
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measured point, to maintain relative positions between
the - 5 respective two points substantially constant,
According to this invention, when the driving part
applies the driving force to the table part on which
the aligning target object i%-%rhced, since the
relative 5 positions between the point of application
of force and the aligning target point, between the
g Wittt subgramg 4 By getopst ant . and
bet ween the point of application of force and the
neasur ed?F6PREIRAe tRatAL S dadenddmst amtherr ddpectivelng part
t@? l.i gnnent of. the aligning 10 target object can be
péEE dr%eearslmg Fitdfert sthft £kl e tor¥F of hehaely the

: he. t. i nts during . t of th
S R e e kTR Lr L 3 T
(REaRY el PR s B ) Uk o G HRE S on
(8% athahifg Rhaiges }:lébg.)rftfi‘,l @Jét\cfeéaplsaﬁé %@&M\@ﬁ%@int and

predet er m ned nenber i'n the table part and

pohert alébnappl teatieen pefinfQr ca1d Pt wridistad igdiyve of
constant, the occurrence of distortion in the table
paPplégatben20fsdppressead Myhekemping ddheairlatdi e maintained
posi tion between the _predeterm ned nenber and the
pGPRBLBPLappREBSFLaF el  f Shee 2 ldemstentt of Heremligning

preventing.the occurrence of internal vibration. )
FLFFREH BPa50RoSa6: har BrecpumeoPresd sednn onr dier, msince

da} ¥e0-UPOR AEERAST BLLARSABYLERBCERLC B U M d v ing
movement of the table part, the internal vibration of the
table part caused by releasing the distortion can be
prevented.

{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
suppressed by keeping the xelative 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, 87, 96, and 97) are

driven upon acceleration and/or deceleration of the table
part (43), the occurrerice of internal vibration in the

table part can be prevented even if a large driving force
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part (43), the occurrence of internal vibration in the
tabl e part can be prevented even if a large driving

force - 6 - is applied. Further, if the actuators (86,

87, 96, and 97) are to provide. a change in rigidity

bet ween the two points, respé6§FVely, since the
occurrence of distortion in the 5 table part can be
suppressed by increasing the rigidity between the two
poishtt®hliqche table part, the generation of internal
vibratiog in the table part caused by releasing the

di st ort i 6H*CERR e ifr APEnEEFuatemneif6,i 18 ThedGictarmt 093) are
( 7,9 and 97) are 10 to exert a predeterm ned

{ 52 b £ et PoirhEtditpdapbyeerl fhe skreebphats,
0 K f, di st [ in the table_part, can be |
e e ey Sl ot =71 97 (36 ShsferLion in the

preveéente xerting

NegRM kU f i ' i jte to_that.of ..
the dri %I%ﬁg— f({)a?igﬁeapggisﬁje%%%tc&v\e n l?rﬁeé&%\%l%%i%?% rigidity

dbeitngehb thev et A the i alle hast i n _
vibration of the table part caused'%y§$€¥%2é$%g$%ﬂ%ratlon

dp§t dnteonadavibeaticeyan ethe Asbhe Rotuatorsed 96, and

97), for exanple, ©piezoelectric actuators (86 and 87)
CERLIBBSUBEd the SHisd ont 1620 ceas\pet prieydrenent the above
§tructyg§#réﬁeg different aspect of the present

i nventi on, al t§nthe apparkeus d8fpr Bdes 94t alpide 97) are
A6t ki bR RLRTER,, 2 Wes! (L Lersen, ane s,
rebabbyei POyl Q0 RELVWRRN B i rrence of distortion in 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 releasing the distortion can be
prevented.

As the actuators (96 and 97), for example,
pPlezoelectric actuators (86 and 87) can be used to make it
easy 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
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
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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 7 - substantially constant.

[0007) An aligning nethod of Thé present invention is

to place an aligning target object (W on a table

part (43) novable at least in a uniaxial direction

arf e lal 6 posstamn. in the uniaxial direction of

the table part while applying a driving force (F) to
th@qogﬁl SThA i Fhi rhanethedxpal tl recesont sonasntdon is to

nnéf the aligning target object to a predeterni ned
p&sitiSit? \/a%g’rgé} UG IS ceP 9%k | OR) aPBl/ artable part (43)

d rratiqQn .of the table part, one or 10 nore
rg'\%g’]ta?’vl% Sgsijtelaosnts WhiheBh & btk 1o hbpri aadi BRzspre a

f : | e 1 ich th riving.force

B e B L e e oz Hpprbae wiiae
vbbeh ying oAld:aWing tRhadl B ad dn ALaced phel vegn, g,
point (93) to be neasured by a position nea%urlng

pant azrd 1t e reldtgrimn@ ol B ¢ argetoroitie @Pﬁgz@ﬁ&’e%‘r%‘@

poi nt of application of force and the nmeasured po
aPBIREENtal Aewregssicantinald o stidnsirgntwh eSS diypén t 0

this invention, when a driving part applies the
dRFGRAGTRELEE BB RE datsied apartticon cvhitdie tebl@0part, one or
alignin% tgnget obj.ect is placed, since the relative

pO_F Ei RS 2hel ReBRStRdOpsi MetoreipM insduitorrbiapmtteation of
apgd..Lhegali gping rget _poi nt, ?ft en the nmeasured )
poi Nt aﬁd 5t%§ %tﬁéglgepﬁdgtﬁ% &l %ﬁ%ﬁﬁf%zﬂiﬁﬁl?ﬁﬂﬁﬂﬁce s
angpbetwegnat be aligning target point (92) upon which the
aligning taxrget object is placed, hetween a point (93) to
be measured by a position measuring part and the aligning
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
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
maintained constant, respectively, the alignment of the

aligning target object can be performed precisely. Further,

since distortion hardly occurs between the two points
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poi nt of application of force and the neasured poi nt
are 25 mai ntai ned constant, respectively, the
alignnent of the aligning target object can be
performed precisely. Further, since distortion hardly
occurs between the two points 8 B during novenment of
the table part, the internal vibration of the table
part caused by releasing the distortion can be

preyenyefoved@ed) dif thke tiag)1al it PosiHd ohdsteeN Boration
predetermned 5 nmenber (82) in the table part (43)

anfl the pebit ofrtapphiseat bon refldaricey (2 distortion can
mai nt ai ned substantially constant concurrently, the
obeuprerestefl.di stortion in the table part can be

suggressed bﬁﬁkeeping the rel ative position between
t RBYBE edéfethPn&g lataer Posd tipa fsititesst a@predetermined

§@%%%>§?f ‘aﬁﬁa?fipﬁ%?eﬁg%%ﬁféé%%&;toh@%éﬁ%yn@ S BT 4y
CeLUPDALIBIPBLILS L GRAI08Y. palinas e SeRHIENS)
| agh8ashadcbhetk-ghdhty hetween the fuo d&\%%@t&i‘& in the

the table part, the generation of interna ration
i abhe pabtechpar becaugﬁ%%_eaehog»aw@ﬂd@tr@ SOrdd 05k
can be prevented, Further, if a predetermned force is
ep@s 1 etlon be¢ teeant wheppiratiet esvited heneeGUrreNGhOfpoint of
distortion in 20 the table part can be prevented by
exelr | et sobseAntfpakkycrhetsane magnistyde refveindricsy ithe
a direction ogposite to that of the driving force
n

PRTEM bt weeniPherpae BéPrasion.

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

Further, if a predetermined force is exerted
between two points, since the occurrence of distortion in
the table part can be prevented by exerting substantially
the same magnitude of force in a direction opposite to
that ¢f the driving force applied 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.

In a different aspect of the present invention, an

aligning method is to place an object (W) on a table part
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during novenent of the table part, the interna

vibration of the table part caused by rel easing the

di stortion can 25 be prevented. In a different aspect

of the present invention, an aligning nethod is to

pl ace an object (W on a table%art 9 (43) and nove

the table part by a drive unit (46), wherein the

relative position between a point of application of

f dHde @) riovet et abibe pPdrath Wi cdr srslrivi ©9( 40 Lewherein
(F% of the drive unit is applied and an aligning

t Shgetrepaitdves pESAt lion teewsgec polommiof apEication of
substantially constant at |east during the novenent

of OtRE {481 eipaitire [Fedds] Dattarhtexfiosils & apphvinastorce (F)
(EX) ,of the present ., invention including a mask stage

(56) R6r SRR HG1 s PRI DG VUL G HESSt point

f Ldi bstrate (W..10 ‘
par e B0 BRF PBIRE B e ha oh o HE L fpnstant at
e Ea%F o U pORRR BblfRnBhg O P S SG) and

tmeoosybshrahee§begaré4@Fﬁa%%%&ﬁ!@ﬁnt%ﬂ'Hﬁé present
i nvention, not only can e 15 alignment of the mask

oinvhetdubstinaledhegpar hawsnedtaidah (2)gF gy eiidiay a mask
but al so the generation of internal vibration can be
pfRventddaupahshcatkerieigen (80) decelherlatirgn wofsubmtrate (W)
st age enablingEefficient alignnment of the mask and

the SEBSPPafePabBeRRol kB ERFBSGr EPafpd MARK (TR dihe
tp%@?%?ggggf atfugvg E.}_:;lgl.[i]nlgs atlogafr%%@sao et %t %rrrgsneen 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
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.

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 exposure method of the present invention is to
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,
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substrate (W, wherein the aligning apparatus of the
present invention is used for aligning the substrate.

[ 0010] An exposure method of the present invention is

to 25 align a mask (R) placed gn a nmask stage (20) and

a substrate (W placed on a~sdt¥strate stage (40) and
expose a pattern (PA) forned on the nmask onto the
substrate, 10 wherein the aligning nethod of the
prayeiRin nvieht3 bhonng usethad af kbhaspreksther iaveRskon is
ag%%ging met hod or a,  substrate aligning nethod.

ACEBTHI TRy o tFASE i MbEReY oA, MABK BALgnéng mpBhsd or a

alj.gnment. of_the mask or the substrate be perforned
\M%ﬁ#gg%§ﬁ$;ﬂ%ﬁﬁ%ﬁ%ﬁnm?ﬁﬁoﬁrso the generation of

i nt ernal i.bration can .be .prevent ed upon accel eration
c%op:d%ng L oC 3 1R ald‘e‘ferbtﬁa%ﬁ B9 A the

or deceleration®of the- st

alzd1gnRiRin ofs £ thes ﬂ%? %ﬁ% §&Q§E£$£S'b%o?%gg%% ed with

Anot her exposure nethod présent 1 nven

t Gifo®r Mixe dirsade] erprmed Qatdes ”%@ﬁ‘e@a’@i’@ﬁt S8t en{WNna
wherein the aligning nethod of the present Invention

| &ibused drorcaal itgnimgevdres sdibsp 6@t SccdLspsdiag &p this
invention, a fine pattern can be 15 produced with
hﬁ@l@eéﬁé@itg—ioéh ofhd e ghi-ade oughpul ind neff deléce alignment of
ng ufactﬂgin nmet hod of the present invention, the
e gSSWP§ LG4 he exposure nmethod is

n [0012] According to

?Egg%%ig@E%Eﬁ%%:ﬁg&6%£S¥%g¥§ t% e gJthe present invention is
to form a predetermined pattern on a substrate (W),
wnerein the aligning method of the present invention is
used Lor aligning the substrate.

According to this invention, a fine pattern can be
produced with high precision and high throughput.

In a device manufacturing methed of the present

invention, the exposure apparatus (EX) or the exposure

method is used.

nffects of the Invention
[0012] According 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 force 1is
applied to the table part, the relative positions between
tha point of application of force and the aligning taxrget

peint, between the two points of the measured point and
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effects can be obtained. In the aligning apparatus and

the aligning nmethod of the present invention, when

the driving force is 25 applied to the table part, the
relati ve positions between the_point of application

of force and the aligning taFgéﬂ “poi nt, between the

two points of the neasured point and - 11 the

aligning target point, and between the point of

apgle cationing target apdinbe amdsbeedepni Dheapdint of

mai nt ai ned. constant, respectively. This nmakes it
PR i @ gt ¢Hi yEaxre | apd ovies aneégsweed pototasyei maintained
the tagble part but also to 5 prevent interna

ViSRRI 4 F 4 RETabiel parThi§ Mmakes ekporeseihppanatusnly to
a expasure thod of the present_invention,

sirlngé‘j})t%ﬁe %%%Wﬁé% BICHIAE otk The THRLUBREF abbtcakso to

b r it I £Cj Si.0 wit hout the need to
sggﬁﬁkﬁﬁhgggggﬂ%}zgﬁqkéﬁféﬂrﬁﬁ A 1P xR B process

for finerpatheraspsanrie Lhanned it hi
t hroughput. 1In thg degicgeggﬁufggt&ﬁphghﬁbf%% %ﬁr%l%fthOd

prdseite piresentl dhvenitieh a Jidie RAld &1 FAePE of the mask
produced wi th high precision and high throughput,

hP@h-tbér ﬁ@bﬁﬁﬁ@@,ﬂ e Fhlra ¢e r fHhndey e Q'a_fgl'beprecisioll
obt ai ned. Brief Description of the Draw ngs

[ BESPREl Ehelpepd to spsoisemuriccassawy Waistied i tigné hean
structure of a preferred enbodi nent of an exposure 20

appRratts BXOCSPRI 0T ipe PETARIOH Ageds diranfrined with
Vhf&hoghgguéﬁéut.

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

devices can be obtained.

Brief Description of the Drawings
[0013][FIG. 1] It is a schematic view illustrating the
structure of a preferred embodiment of an exposure
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
43

[FIG. 3B] It is a conceptual diagram illustrating

the operation upon applying the driving force F to the XY
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table 43. [FIG 3A] It is a conceptual diagram

illustrating operation upon applying a driving force
Ftothe XY table 25 43. [FIG 3B] It is a conceptual
diagramillustrating the opgrﬁkion upon applying the
driving force Fto the XY 12 -“table 43. [FIG 3(C It

is a conceptual diagramillustrating the operation
upon apq&&ing the driving force F to the XY table 43.
594E 45 it is a schematic viewillustrating

operatiog qun applxing the driving force F to a

convent i oBa&l - XVt aBle 1833 qomagP4s]l Ididgram sidHersttiating
Vi illustrating the perati on upon applying the

AT S5 THESTE RS PP ARt | SRaYinG feRfe Bato the X
[ 61 e4Gl3 It is a schematic viewillustrating the

operati on upon applying the driving force F to the

conventi@p@b_xxggabkeié3é-skﬁbga€%§1ﬂ£§wiﬁiﬁ St iR

conceptual diagramillustratin opera
appkyang obhepdhi ¥iRd yiekCa e thr £ g CaIMaNtH anal o XY

table 43'. [FIG 5B] It is a conceptual diagram

I FPugenatongl Kietaparatdizon upon applying the driving
force Fto the conventional XY table 43'. 20 [FIG

SC It i §FEScofRkpitalsdaagrammikliosviati dglustrating the
operation upon applying the driving force F to the
conventional XY table 437.

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

[FIG. BA} It is a ¢onceptual diagram illustrating
the operatiocn upon applying the driving force F to the
conventional XY table 437,

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

(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.

[FIG. 71 Tt is a flowchart illustrating an example

of a microdevice manufacturing process.

[FIG. B] It is a chart illustrating an example of a
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t he operation upon applying the driving force F to the
conventional XY table 43'". [FIG 6] it is a schematic
view illustrating an alternative to the XY table 43.

25 [FIG 71 it is a flowhart Iustratlng an exanpl e

of a m crodevice nanufacturlnd- rocess. [FIG B] it is

a chart illustrating an exanple of a 13 detailed
process of step S13 for sem conductor devices,

Ddstef petioprofteRef ef entepNSisr dlos archi Spmidales. JrOQ4]ices.
20 reticle stage (mask stage); 40 wafer stage 5
(aIigning apparatus substrate stage); 43 XY table

éable art) ngVIn art; 48 | aser
Farfer h%?e?f %% FERBR 5§6Fﬁﬁgaﬁ§rﬁymbgéslomer

TRODEE L 6 GAELSEIL e Fa R TRk 8ﬁaaﬁ§'f§b§§3 6% Siage
éﬂﬂ%@?né %%géré’ﬁ’ué‘t ! s@ﬁs'ﬂgg\%% g%' nt '439?Y e (table

actua forcé: "R Peficlé

éﬁ?ﬁgpl Y yefeind aEBLngBtQ%%QE 9Hh$§%er§%@%%63t5531t10n

Xposure apparatus. Best de for Carrying

| evesnd £ g 15 {00158 2 EnbrdrnReibeef (BReakt8RhAded member);
apparatus, an aligning nethod, an exposure apparatus,

zﬁﬁewwaM&ﬁwmﬁémmwlandcauadevucelnﬁnmﬁacbwrhp@lmadmﬂbn of
of the present invention will now be described with
rETEFenc®e 1ol kgl ny a\?@n@@t FpErt1 P8 messhemdt poivitew96, 97

|IIustratJQ%(§ oétructure of a preferred
éttb A P oSOF 6% afPaPat e K Bf refdcheed@msk) s W

'JB%gglfH&igning target object, substrate); EX exposure

apparatus.

Best Mode for Carrying Out the Invention

[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
noew be described with reference to the drawings.

FIG. 1 is a schematic view illustrating the
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
R to each ghot 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)
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The exposure apparatus EX is a step-and-scan type
scanni ng exposure apparatus, that is, a so-called
scanni ng stepper, which transfers a pattern PA forned
on a reticle 25 Rto each shot .area on a wafer W
through a projection optical &%sfén130 whi |l e
synchronously noving the reticle (mask) R and the
mqéer (aligning target object, substrate) 14 - Win
ont- 1t MRS TOHRE N 92t | dhYeTFhéosxposur e appar at us EX
i1lum nation optical system 10

IS equipﬁ%% wi.th an ,

for illumiMatiFGSHE FFRITFER BF 115 expoiRiped | vihe an

EL;, etj.cle s e or, 5 holdiing t reticle R

Cr Bl el h SAOED d0Kedn, 26 EPE, D Fupctefager hee
eXRaAs; Id ght j | at omth reticle ont

t he ag?giP%%ng%iﬁigéiﬁggefg%ﬁﬁoglhosdf%glcgﬁesgéﬂgr80 for
Whedieid ndy e @t idend Ge, i zegdy ; cont f

Uhe expasure appar e Ex T 10 Thoes: Bohroankral pseth 20
s oporpired siot imgreile foaresdfd 1 0gheER basgqisa8B 2000 the
t hrough vi bration danping units 60, 70 and the |ike.

| £&itd Cades dmed tion thite Wadld Wi g destei ptiome t hat fobeholding
directigon that coincides with the optical axis AX of

t f&® ¥8E5FofacB6h fofardaiol it win@ b ¢ sfar Zextsalized

dir i.on, .t he synchronous noving direction (scanning
dFng%FgLn)Ofoft%Fhé}‘png"irﬁ SRt héXwaf er Win a

pl ane pefﬁgggig&éﬁén%ﬁgég§F8§F$§h%r%%§ﬁ3§L%2#4%53Egame 100

axis direction,

and The v axrs FRERECPPa AR SOl QG i s 60,
70 and the like.

It is assumed in the following description that the
direction that coincides with the optical axis AX of the
projection optical system 30 is a 2 axis direction, the
gynchronous moving direction {scanning direction) of the
reticle R and the wafer W in a plane perpendicular to the
Z axls direction i1s a Y axis direction, and the direction
(non-scannjing direction) perpendicular to the Z axis
direction and the Y axis direction is an X axis directioen.
In addition, rotation directions aboug the X axis, the Y
axis, and the Z axis are 60X, Y, and 87 directions,
respectively.

[0016] The illumination optical system 10 is to illuminate
with the exposure light EL the reticle R supported by the

reticle stage 20, and includes (though not shown) an

exposure light source, an optical integrator for
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In addition, rotation directions about the X axis, the

Y axis, and the Z axis are 8X, 6Y, and 6Z directions,
respectively. [0016] The illum nation optical system

10 is toillumnate 25 with_t exposure light EL the
reticle R supported by the reticle stage 20, and

i ncl udes (though not shown) an exposure |ight source,

a |.cal integrator. for 15 wuniformzing the
iﬂfﬁ%‘*ﬁg@i%ﬁ?n %sjr{J;/“IBfn%tiP@h%nFﬁﬂﬁltYriﬁ’ﬁdaaﬂédht flux
fram QsuL i ght source, . a condenser |ens for
cghdgﬁgﬁﬁgﬁghe éﬁd%é%r%x??ﬁﬂfeEilg?Bn??HécﬁptﬁcﬁPHdenser

| LB HY e d ] & S variable field_stop

for 5 setticng ;ﬁl%iﬁ%t%%ég%]ﬁ%% ]o%gl?ﬁeﬁfeﬁ“&‘i“etﬁe optical
WIEINT dgfte £ 8% PRS Well dy il £l e skt

etc. As the exposurg}liéht étﬁ?%ﬁhd%g{%%gé?g%j%h%ld stop for
i Sledrrimgt iaon 1Quntiala tSiyst R dD, ordNc 14 S8 001 L I e, { SHCH e

as g-line, h-line, or i-line) in a ultraviolet region
163Peradieatlédhftr &th dmertourfodrant £ as1id | réwd ol et

l'ight (DUV light) such as KrF exciner |aser |ight

(248 nmigver@ngthysurer LigbtuRlulivravialted Ifrght dHUV

Ingté.su h as ArF excinmer laser light (193 nm

waver8ng %}OFsoﬁ§é&.alA%Yaﬂsf@m peamary rexdi st ieth friome a(such as
| Lght  soufce.5.is 15 i,ncident intq the illum nation
o%tP%g?’s§s?éafioofnﬂﬂ%%ﬂ? t'tie % @ hn WIS

| asekqbeapy| %réﬂaeeﬁg&ﬁh‘%y@ﬁ%ﬁ LA [;Iﬁcctoq""agv%‘rjc}lﬁe[ﬁiwnt (DUY

(pol ygonal ) shape and its”i natio

'éi%ﬁ?ﬁ@”??éﬁ?; Kgﬁ‘* ﬁ;&ﬁ%&{ hrmeasme 1R UM 2281 80 LLO8Y engen,),

or vacuum ultraviolet light (VUV light) such as Arpe
eXcimer laser light (193 nm wavelength) is used.

A laser beam irradiated from a light source 5 is
incident into the illumination optical system 10 in which
the cross section of the laser beam is shaped into a slit
ox rectangular (polygonal) shape and its illumination
distribution is made substantially uniform. The
illumination light (exposure light) EL having the
substantially uniform illumination distribution is then
irradiated onto the reticle R,

This illumination optical system 10 is supported by
an illumination system supporting member 12 fixed on the
upper surface of a second support board 120 that forms
part of the main frame 100.

(0017] The reticle stage (mask stage) 20 iz to make two-—

dimensional movements in a plane, that is, in an XY plane,
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20 substantially uniformillum nation distribution is
then irradiated onto the reticle R This illum nation
optical system 10 is supported by an illumnation
system supporting nmenber 12 fixed_on the upper
surface of a second support board 120 that fornms 25
part of the nain frame 100. (00171 The reticle stage

sta is to npke. two- di mensi onal novenents
s ‘—’:ﬂ{% t'fr%t“?% OH’W%%l)@#‘bFa?«% ofigtherpregensliono

of .t I t | t
30 ang}a!flcaé P8 A0, 209 D S5 e ER LA PR i Eeec Lo
T t ta
e Sl L L B 18 RS TR Vanane 20
Sh@@ﬂu@é@oﬂdMﬁdBHKhéﬂ“%HéﬁﬂC|§ fétlékéeﬁiﬁé mggéﬁégt stage

nmovement stage noving |ntegra y Wt e ret

f ifioer moeiient tHeagetitld e, Y axdis: @i d ectd Lo azﬁotr@ﬁent stage
scanning direction with a predetern1ned st r oke,

| m&#nmﬂmegaﬁmlmgﬂ‘t hese retioges, fate. md*fement stage in

rectangul ar opening is formed in the 10 reticle fine

nﬁ@@nﬁn?xéﬁaéérﬁﬂﬁiqmr&ﬂlhﬁQaanﬁnnxngtﬁmxh¢mpon with a
rovj ded around the periphery of the opening

h8i‘8§ %ﬁ@mgé‘?%lsér yaduumiSic M orf ahandvieg phese
1. ded t.h ticl t 20.
NoFLRge T RESL 2 rlrré:ttpm\é‘lzlaies %r%&%&% arngd o geie

interfero
pest 08 ngesmb% fe@nkh ry
position in the fwo- 3 %t q%lrggégé%fzf%Ftlon ~holding
rmeahanﬂsmngkerﬂeﬁharohﬁﬁl%h% J &l A S
20 are neasured by the | aser |r§ter erorreter fe c?ﬁ&?mg

realdsibee aedithe bpasacem®ntuction or the like.

A moving mirror 21 is provided on the reticle stage
20. A laser interferometer 22 is also provided at a
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 intexferometer 22 in real time, and the measurement
results are output to the control device 50. Then, based
on the measurement results, the control device 50 drives
the liner 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
static pressure bearings) in a floating manner over the
upper surface of the second support board 120 that forms

part of the main frame 100.
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results are output to the control device 50. Then,
based 20 on the neasurenent results, the contro

device 50 drives the liner notor or the like to align
the reticle Ror the |like syggpr;ed by the reticle
stage 20. This reticle stage IS supported through
uni I lustrated non-contact bearings (for exanple, gas

 ROT0RhenE L Prage cot ornersatard s@.mﬂ B 3t o120 At don-
f t f 0018] Th

p?% ed Pgh oo F%gfnn% gﬁ{%@el§' d‘ﬂf%ﬁ%é%} g : poEer W at
tQ‘%PQHE@éngﬁ‘eE}f tr'&ﬁec%tl'o?ll Eing_? attq_ﬁ Lgraipg a

predet er m ned "profection magni

COBROE 860 0b faaphuhghityy OBfoﬁgkgéﬁle%%gﬁgkié'¥H%#HJ¥hg an

an 5 optical elenent 327prov ront en

(bprecaknd) ementt be p@%@ﬁd@ﬂsb@eth@h%%%nQp@H@aHﬁower end)
el enents are supported in a body tube 31. In e
ephodheemefethe pldpecThese optical Usiemt30ar®e &upported
reduction systemin which the projection

meyn? fPedy i babp 85, EOrténaﬁmbedlmﬁatorthkSprquﬂnxan
that,th rojection optic stem 30 may be of a

FUr st |gY? eny 2 § lénﬁaF@@H@%POFyEé’StRmf Ilé’ng’@l%l itdhe

Q%dxinser$%d%n%?% %yﬁlndﬁa&ﬁr §8ﬁ38Fam§36po Fn%% 1/5.
e 35 havid %Eé‘é%n bELBEE. SLBechody ha.tuhe 3,

and the sensor ortin nserted nto
ang SARpOTd epllby) a0 AokR1 RRGEmdfB egxgw ded in afirst

support board 110 that forms part the main frame

100. A flange 33 is provided around the outer wall of
the body tube 31, and inserted intoc a cylindrical sensor
supporting frame 35 having a flange. Further, the body
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 boaxd 110 is supported almost
horizontally through the vibration damping unit 60 over
the base frame 200.

TFe sensor supporting frame 35 is a member for
supporting sensors and the like such as an autofocus
gensQr. Further, an unillustrated kinematic mount is
provided between the first support board 110 and the
sensor supporting frame 35 to enable tilt angle adjustment

of the projection optical system 30.

(GO019] The wafer stage ({aligning apparatus, substrate
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The first support board 110 is supported al nost

hori zontally through the vibration danping unit 60

over 20 the base frane 200. The sensor supporting

frame 35 is a menber for supporting sensors and the

i ke such as an autofocus sensor. Further, an

uni I lustrated kinematic nount is provided between the

first support board 110 and the 25 sensor supporting

f rfIss $% Bhabt erd k¢ ttapmilemadf benagnnovefenhe in the XY
tical system 30. 019] The wafer sta

i ecti 0
f’;ﬂ%ﬁ% h%%ﬁﬁb?%tmﬁ SURPas r i eéhalg dixgeyiap w@igg
- di ' ts ip the XY pl d
PRI A MO SR rr Bat vprde Bhphorirdgs =
t 40 j ncl ud t
harier S Hert 8 eI RdE ey Ak up 8 Dotrprest2 for

f ifeley yrdMerd Rendaf e ol Shese 414 Wi &D&hgﬁfegegéﬁﬁgg%gof

freedomin the Z axis direction, the irectio

t Hereel¥ndiireatheort iaxior dird @ P& f of e | @ ekl PE-80¢L, and the
focusing on the wafer W an XY table (table part) 43

f 8¥ ddmeiciious|in ansldmg o e 7 doabl B2l 1My t bed YE8¥IE1ing on
direction while step 10 noving in the X axis

di-PECHREET & wireXThéabde fGramioyatdst) stippbot i ogntheuously
A% R B NN N SN A
PRNSRSLIE R 502 SIS NS S b rovanny
PEEHLIEE 00 108 K1 HANE 12 TR WP Tiane, 4 arsving pure
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.

Further, a moving mirror 47 is provided on the 2
table 42, and a laser interferometer (position measuring
part) 48 is provided at a 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
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

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
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part) 48 is provided at a position opposite to the
moving mrror 47. The position in the two-di nensiona
directions and rotation angle of the wafer Won the
wafer stage 40 20 are neasured by the laser
interferoneter 48 in real tine,”” and the nmeasurenent
results are output to the control device 50. Then,

bafgd on. the neasurenment results fromthe | aser
i nter fEOnele? 481 Tt RadBoAfr Bllaevicbe BY dmbles 4hdo be

li t the. | t li th f W th

| R oo REbpHE RO E8: agazaBhenpltekalicdy ¢4 with
ore e PatRd Bl 108 BRrREl SSbanP e bye T i mwons.

t hese 1ad pags | t le 43 to.b , ,
suppo;?g% in a‘%%%g%iggangﬁngg %@g?S{Egdmgﬂgssgeaog&zontally

witthrowgte teas anaer Hf 3 of 082 8X AP 6n 3 2DOYL r g
mcrons. Further, the mafe% %@d 44 S sa%gggtgdSupport

albesstd HOrd zdhtidld yodbsd hf oagd 2de. vi brati on danpi ng

unit 70 above a support board 210 of the base frane
2d@02000 e Tentoont radvideyi 5@ Sénteallql byneeslEOkEe

the exposure apparatus EX, and includes a storage
pEFPOFGES AEESY TP VaFi curd | Hiokhwde$ om, shorage part for
i@@%%/ utput part, etc 10 as well as an operation

part - for aﬂ%ﬁi?%ﬁnﬁﬂﬁ?ﬁ?%ﬁ%%ﬂnﬂanﬁﬁP%ﬁ/@EEPﬂtiBﬂst; etc.

Thegn r sexanpl ed on the. detectjon results |
B8Ny, ehQr 2§ %%pﬁﬁﬁ§g¥i°n an'ts Lo JTRF WU S { FRRBheEbpn and

fromthe laser i ero ers
devheeo20operiahalos .he positions of the reticle R and

the 15 wafer Wand repeats an exposure operation to
transferTigen, 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
wafer W and repeats an exposure operation to transfer an
image of theé pattern 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.

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.

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

through a plurality of coupling members 85.
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i mage of the pattern PA formed on the reticle Rto
shot areas on the wafer W [0021) FIG 2 is an
enl arged schematic view of the XY table 43. 20 The XY
table 43 is conposed of an upper nenber 81 for
pl acing the Z stage thereon,™ &% éwer nenber
(predeterm ned nenber) 82 on the underside of which
the air pads 45 are arranged, a nover securing nenber
83 for Mecuidwngr paetuoingovnense4683i hst herdngetingetween
part 46, etc. 25 The upper nenber 81 and the | ower
nehdenpger anembprabé- khketirenberer mespect B! yndammbupled
coupl ed together through a plurality of coupling ,
nefbere wEpeporeTherndlethsenghi Ag PhamEde ta3 dfs coupling
arranged tween the upper nenber 81 and the | ower, |
m&?r%zé’f ant€ollpreds 465 e GpfetIREMEP L tiioitghg
luraljty of coupli e 8 The novers 46a in
ey Rl Yef orSThPe, P ZE0EEPTschs Sr° sl R Mid
LAPLEA8oh Nt NEnX 8xh isdBEE%Ei?BnOErEhﬁfiéﬂ&éﬁ on the
direction are arranged on the ower surface “of the

uppes r Bibesc8loanghthgppbpehepdEiage 0k ke MWRIr surface
securing nmenber 83 in such a manner to oppose t0 each

aifethe Anstet osedhbing memnpagedibehwearht ke mpainerl@ cofoppose
nmovers 46a and coupled to the wafer stage bed 44 or

tie eatippotiteboak dsRa00r Théb chaphivngngenb et vebnandeBPair
are quadraqgular col um-1i ke nmenbers elongated in the
;PQHW%%ﬁﬁ%n,GEr%%ﬁeE?PQEPQ.t?hEP@fHﬁ@?rtﬁéﬁgﬁaF@q dfercr the

"B bdaide .

The coupling members 84 and 85 are quadrangular
column-like members elongated in the Z direction,
regspectively. Therefore, they have lower rigidity in the X
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
actuators 86 and 87 attached to the four sides, pairs of
pilezoelectric 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
piezoelectric actuators 86 attached to the sides of the
coupling members 84 in the +X direction expand, the

piezoelectric actuators B6 attached to the sides in the ~-X



10

15

20

25

15 and Y directions than the upper nenber 81, the

| ower nenber 82, and the nover securing nenber 83.

Then, piezoelectric actuators 86 and 87 are attached

to the sides of the coupling gﬁnbers 84 and 85 in the
X and Y directions, respectivély. Anong the

pi ezoel ectric 20 actuators 86 and 87 attached to the
four sides, pairs of piezoelectric actuators 86 and
8PIGHFGSNe GO tedcH: dnhdrhe es@amdaramehicorntnagt since the
ditfer%ﬁ%i%]Ly in accordance with _instructions from

t Bé SESREFOE T dey iFcE B 95F &£ GreHirer® st t vi¢hedeon the opposite
d iLb |_at | e,. t hy 5 )
Rl S AL T Hoi Y L M R fhe srrecaling

t i 84 jn.t +X_ di [ ,

| RemoEoUD BN B Rt bd ey AdEE D A %ent in

| Rheh® oXr2k+idir eqlihQn sGontr agle iéggéfgggﬁﬁﬁrggguators 86

Thus, since the piezoelectric actuators

athdcBgdaanathedoppoghlet opPpdes £ and Nty afirection
differentially, the coupling nenbers 84 and 85 can be

nihgét ebgrdefdr did feoche ibdilly it ®adie iy eqd ithat the
Simlarly, the piezoelectric actuators 86 and 87
atPurhéBIoRcrRerpfdseng Siddearn pet e nviditectd fmrmet eto be
oper ted differentially to each other so that the

coupri g g@ﬁbgr§l§3F5ﬁ8n85 can be ninutely deforned to
DEROPED 1A e Y AMLECL LA o1 00T, T T B AL
Sommnd susport PagbgeTA00, SRR BEbIRETIIR R gty oten 30,
stiages 2ot dstipgokt kBoakaanged rakovesble tAhe) 8¢Hd Pticle
stage 20 and the like arranged above the projection
optical system 30, and a plurality of columns 130 standing
between the first support board 110 and the secend support
board 120. As menticned above, the hole part 113 having a
diameter slightly larger than the outer diameter of the
¢ylindrical projection optical system 30 is Fformed in the
first support beard 110. Note that the first suppert board
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
damping unit 60.

(0023] The base frame 200 is composad of thelsupport board

210 for supporting the wafer stage 40 through the
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optical system 30, and a plurality of columms 130

standi ng 15 between the first support board 110 and

t he second support board 120. As nentioned above, the
hol e part 113 having a diangtfé slightly larger than

the outer diameter of the cylThdrical projection

optical system30 is fornmed in the first support

boagd %10. Note that the first support board 20 110 or

t N&Psatand SEppdng poditd 2o wan the yinsalsuyfate thereof,

Cc ms 130 may .be cqupl ed by fastening neans or the
| ?‘k‘é tﬁgr B H&?Biﬁgy G %&i’]’éfﬂlyﬁ r?thOgr%ﬂqrgﬁ%i%em Hxe support

i h in f 00 i ted
ABo0Eat a CDage SHPRAE 2004 ARdaLITATE i diarmaipskhe
o P e n e AT O o PR s ATt ] hE the
stapand® bhoomgh bhec32p1vikbLat iran %ZHIEJ 4 '
over the upper gu_rfage Phereg%,t ar? t gg‘]eu%?{a iotIS tol?e like,
cgruhhfy?ﬁeysbgnd?nggaﬁi%gefﬁ@@@@%tthboarqb21?_to
suppor e main frame roug e vibration
danpi ng Uik thaoe Thma upPpor is bbastaPl8daatdnbhe Rorizontally

col umms %20 may be coupled by fastening nmeans or the
| PRetPeof LPRBY 1 Ray BéeRRt GPAN i rPogiedooTheaydse 215.

f Of. is.installed al most horizontal | th
({857 Toit Crabiofind efeBasheroon pRPRS ReSothos AR

T i ng, ' thod for 10
e T NP RERS o PRn P BB RAoP H Eer Srdiid R onto

appar a0 ARGNE BRR BB B A R ratus
IBAUSET@E | NBA to 3C are schematic views illustrating
operation upon applying the driving force F to the XY
table 43. FIGS. 4A to 4C and FIGS. S5A to 5C are schematic
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 wafexr W is loaded on the wafer stage 40. Then,
after setting various exposure conditions, predetermined
preliminary work is done under the control of the control
device 50, such as reticle alignment using a reticle
microggope 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
Alignment (EGA) etc.) of the wafer W is completed using

the alignment sensor to determine the alignment

coordinates of a pluxality of shot areas on the wafer W.
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operation upon applying the driving force F to the XY
table 43. FIGS. 4Ato 4C and FIGS, 5A to 5C are

schematic 15 views and conceptual diagrans in case of

a conventional XY table 43'. First, the reticle Ris

| oaded on the reticle stage -~ 27 dnd the wafer Wis

| oaded on the wafer stage 40. Then, after setting

vari ous exposure conditions, predeterm ned 20

prelim natyenockmpdetooe avfidehet peeddntimalyotvotre for
control device 50, such as reticle alignnent using a

r EEPEPETrenPér 6Scope famd Wan tofkef caxiteradl idpnisre Hemsorgs the
or the |ike %both not shown), baseline neasurenent
u¥PRETaftarrgAReht 28eAssr ] sdrd Lon s nthasifiise (scanning

al i t (Enh d dobal 25 Al nt ( EGA tc. f
SRLIREEDL (ERDaIced Conal 20 o) g (66 elE ) of

t i t i At .di t f | | jt
of=2Rb o8 Bhe' BB MR o ORI s iy vatues
t BeoRr €hbM ALY %ﬂ%%r&@&om@%@?sﬂ%eo%ft%@?zﬁﬁ%%rg&%fégabased

control device 50 noves the wafer stage

acsetreabl ognmbakt rpaailtkon (scanning start position)

for exposure of a first shot (first shot 5 area) of

the waf efhaii whihe ommitolidgride feasusaedsvabdasinkr ol the
the laser interferoneter 48 on the wafer w side based
ofcthelal shaeentOr esdl the Thdmr shegeodlr din déne de B0 s
starts scanning of the reticle stage 20 and the wafer

sthbecUooRn BRE WhaRi sheorariedei 6629and dnhan the wafer
A 4T RSB e R SRR Bl sy,
an pattern area of the reticle R is irradiated with the
exposure light EL to start scanning exposure.

Then, different pattern areas of the reticle R are
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
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
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
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an pattern area of the reticle Ris irradiated wth
the exposure light EL to start scanni ng exposure.
Than, different pattern areas of the reticle Rare 15
sequentially illumnated with tzge _exposure |ight EL,
and after conpletion of illum™ation of all the
pattern areas, the scanning exposure of the first

shot area on the wafer Wis conpleted, resulting in

r ik ored rathstler spceond shattermaPinothehmaneerche R

taQ aigesis l.ayer in the first 20 shot area on the
water- Wi dﬂﬁ%v?he proj ection optical system 30

After co &%ti%% of(ﬁye scanni n ‘géfg%yre of this

first shot ared, tHe donttol® foveCt rRrRafer the
Stage AQ; i Y; axi ' fops_in.a

st ep- bygqstdehp& g%le;(asﬂlio%lr?% (z%gfa%:]gfe‘%}érg?lroﬁxe?gwe of the
POt GhdtOra AP erdfcaed %r?@%heéfﬁé-stl«gngkgﬁf the

wor ds, a stepping operation et'ween ots |

pe@rftarred PATheN, tI5C aret 19l € XPOSdli e 61 241 y PES T 1 TP BBsure
t he second shot area in the nmanner as nentioned

afevrgetTisbot tameastamitie expbstrie, of a shot area on
the wafer Wand the stepping operation for exposure
of the BhABxt SYRBt PAPEESILEYr épeategaiay que rtfo et dion
transfer the pattern PA of the reticle R sequentially

t 6B UERpSSufe PLUEAJ s 1Rt e I the wafer W

of 82T A% BESREARED e 20 i MY it PR e
abayeatal hBewdh Lhs Welefd A8 A+ ion 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
becoming larger.

If 2 large driving forc¢e (acceleration) is applied
to the XY table 43, distortion occurs in a portion low
(weak) in rigidity in case of the conventional XY table
43’ . Specifically, as shown in FIGS. 4A and 4B, when a
large driving foxce F is applied to the right on the paper
surface, distortion (minute deformation) occurs in the
portion weak in pigidity in the XY directions, that is, in
the coupling members 84 in the XY table 43’ . When
schematically representing this, a spring element 94
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
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repeats accel eration and deceleration during the
exposure process, since the acceleration absolute
value is becom ng |arger year by year to inprove
t hroughput, the driving force (acceleration) applied
to the XY table 43 is also IB:%%Cbning larger. If a
| arge driving force (acceleration) is applied to the
XY table 43, distortion occurs in a portion |ow
(QEQR)WhMChlghelwyfem Pase oflarke,camdentticonadheXtarge
mﬁble 43' SpeC|f|caII{_ as shown in FIGS. 4A and 4B,
BV AN90fPEFGeF diFvRARELEGACAtFthe Rophitedft @rHdcation of

ht op.the e surface, distortion (mnute
dtﬁgis?ﬁa?%ohﬁl Eﬁ‘% ?‘s’ Fﬁbllﬁe43p6|st ﬁaﬁw\ﬂegventﬁlern ditdif4E. SB,
[ ir t|o that is uplin
b eret 198 KT kIt abPechibrennen - SoRGHmITER (e
r@@é@f@ﬂétf&ntg%f%e@eﬁgghegoﬁlEgeggmgﬁe%%d 2 Hp%ﬁmgs

shown I n etween two

(iﬁpIﬁcéﬁlﬁﬂpéfC@ﬁéoarQGlﬁgr?S}cglFaEsWQ%BE %@? dlstortlon

driving force Fis applie a nenber |gﬁ

tacoet r peg Nty O2e 25prupgnebinghtt be m@f@él@éb%dﬂf¥éﬁﬁltlng

and when the large driving force Fis applied at the

;ﬁﬂrﬁthg%¢$W$tammonfoflbr@tcengl1nnethalxvlbabhaom3 in the

as. shown further in FIG 5B, the spring elenent 94 is
?ﬁ%nSh%M%nlﬁhEI@ at€el eration or

deceler%%!on S Co Ieted and the application of the

driving qf%% %ﬁ%ﬁ?l%ﬁﬁ“%&%ﬁr?Pﬁﬁdlhs

gg%g#atlonig#%ﬁfg%% ?%%§ £e%§a%5?mv%g§g%%éﬁ FﬁaFﬁe%o start
XX i3 as fﬁt‘%é@sfﬁ@té%alt until the internal
vibration that has occurred in the XY table 43’7 is
suppressed (see FIG. 4C) before the start of irradiation
of exposure light in oxder to prevent poor exposure. This
causes unnecessary waiting time, though a short time,
during the exposure process, resulting in a reduction in
throughput.

[0026] sSimilarly, suppose that a member between a member
(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 92
and the measured point 93, if a large driving force F is
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
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10 Therefore, even if a target scanning speed is

achi eved during acceleration froma 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."4éf before the start of
irradiation 15 of exposure light in order to prevent

poor exposure. This causes unnecessary waiting tine,

t RERYH G tsivar ©oft ithe  ddurimy £dwecexpossir et ppedssdistortion
resulting in a reduction in throughput. [0026)
SIHRAEHNY Sdpfdise SHED S AaRRRT b mekika henbee sEoing
(gg@ﬁ&&ﬁddgoint 93 to ich the noving mrror 47 for
nEasuri ng t fe ‘PodiTiHT St 147 Walf B19 Wi sthe xeenawrt o of

all:gni ar i.At .92 has, | rigidity. Since a
iR oI B, R r ki loetit LHe® 21T Gre t i et

int 92 d .ot .93, ,.if |_ar, .
oot g Tara EREBESAES AR 0 sns] RIS posseion o

appki aatibannaf thewee 9bint toe X4 Er?eb'{%aﬁs'%reﬁ]gﬁojtrh% 93

spring elenment 95 will be conpressed. en,
agceherat tbr elideceher alfi ahd s acyPhetad @nd Jheyrdb g

aEpIication of the driving force Fis stoppedh N .
dFsteeti ehlestcheecpngsi dnalteugprting Felmdtent, 96,sdlidmment in
| BplSoRRLLIG SLETEIL O o released, oo lng 1N 1 rree
e TR T R b e UL
PTG EROLe LRl eSEl oy M L LAITERLGR LS, e e
| DecEss 0t €. c&EWA DT unBi $akheNMBRL b vibration that has
occurred in the XY table 43’ is suppressed before the
start of the exposure process in order to prevent poor
exposure.
[C027] 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.
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
when the driving force F is applied. Spacifically, the
piezoelectric actuators 86 attached to the sides of the

coupling members 84 orthogonal to the moving direction isg
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the relative position of the point of application of
force 10 91 and the neasured point 93 nekes the

al i gnnent control systemunstable. Therefore, like in
t he above case, it is necesgaég to wait until the
internal vibration that has otcurred in the XY table
43' i s suppressed before the start of the exposure

process in order to prevent poor 15 exposure. [0027)
| PR&FRTeS diffpnent Sad babte dschfotiner enbodinmehdly deform

the Epg%ﬂg el ement 94, 95 and the actuators 96, 97 are
ar?afgéf i tpFHHR Ve ftesirhinpoietb ot s appl dtatoohed by

of.. farce .91 .and t | igning target point 92 as shown

S %\p%go‘ AL < h‘ﬁ}e %‘ngl,n‘h Menst thatthpeoriginal

pi egh ;i ct are,attached to, the,

cgﬁé iﬁgqﬁgﬁgéfgl§ﬁ&ﬁﬁ%%§§%qﬁu§$ CH9G e [RGB cRE the
Fcloaipapply @@ i@ 0@l f I Catd ‘ c :
in tﬁg XI\?| table 43, ttgnagtfu}?% slv%thegnrhdlo%‘?Irg# ej{%’?(::[e Fis
deppeéneal. tThe osar® WStRN ax2BHeD et ] Vifg §08 Ce& tyuator

F is applied. Specifically, the piezoelectric

aéfuasofs igenatrbaghked rac e he feirdes OGfF)he haooupy i ng

menbers 84 orthogonal to the noving direction is - 27
ofePst-entdpifyr ERE soMg Megeddhidst ey floorad MR elpplied
dgfg&n1 ig order to restore the coupling nenbers 84
drStEPEBd =By PPhEtafpl PERLIGR TN KE danAmP ] Gk the

tQ g?g-g i ginal h . okhi s_can suppress the |

dat s nﬁt?ogggggﬁdﬁﬁgﬁgonghén5a08&5%QEJQHﬂﬁﬂHQ§%§F to that
eyenrpf thailargg, dehyi eclaree G Wegd o 1

ot her words, as g own in EI%. %B? t%g_?@?ﬁ%?bﬁo FEneFate a
dfovea {eFrgeperatrend bapeeafitkdliyha¥eNGame magnitude as
force F3 applied between the aligning target point 92 and
the measured point 93, in a direction opposite to that of
£3,

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,
the driving force F applied to the point of application of
fO#pe 91 is F=(ml+m2+m3)=xa. Then, driving force
F2=(m2+m3) xx is transmitted between the point of
application of force 91 and the aligning target point 92,
and driving force F3=m3xx is transmitted between the
aligning target point 92 and the measured point 923. Thus,

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

force between the point of application of force 91 and the
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substantially the same nmagnitude as force F2 applied

bet ween the point of application of force 91 and the

10 aligning target point 92, in a direction opposite

to that of F2. Simlarly, the %Ftuator 97 is driven

to generate a force (-F3), ha&%nd’substantially t he

sane magnitude as force F3 applied between the

aligning target point 92 and the neasured point 93,

i n* l%@f%%t?%ﬁg% pBeine £8 ehdt -88 foFcE3belfreihe the
nagffs of tge mepbers in_which the point of

appl T eat THn-dF 97 bre81n4, ¢handl thni hgasarget ppaintt 932, (note
a he red.point .93 exi st afe represented as
mn%‘ange, e%%ed%wrs,g?e%ﬁ%c?‘?{%‘é‘?yl%na EhelEBEERBRaPPERSIEE Lo
I e LS e Sa A4 t iving force F applied to ,
t he pointag?géﬁﬁY%Q i%ﬁr% ¥fo§%§°51afg Thlicated’py solia

F Jﬂjo‘bfﬁ'lirfs . T J i Vi - = N )
ransmitted botueen | ho boi nEooT S aRoT VEALFin GO BREdes

obaindarhetad igning ¢ Brgesl POINLoRZ e ABU-GEI ¥ NGRHOLfiE

F3=n8xa is transmtted between the 25 aligning targe

pAIlAETS R id ndwe mEaEsUr IR poiditbdBredNUS1 i g@8ng target point
nti oned above, the actuators 96 and 97 generate -EZ

f Orc @ ple thde Maafaliss] molaft Gipldcatn@mn ofeforsei84 epdthe XY

t@% 128h3alk ning target point 92 and -F3 force

b&EResn ‘e TN | Mo RPSFEt pbi Mt gnahdv ithea bag ur 8d other

[oJaY 93 0 hat -F2.and -F3 are forces in the

d??g?{“’i'oﬁ(%p%%s%att%%teo POart 0 ¢ daii il aes ceorstant

whiieRoakethadi-cated By 5 id 5 arrows in FIG 38).

This increases apparent rigidities between the point
of appliTieéhpniwé &016€ndlo@Nghthectuators 96 and 97 is
stopped when the application of the dariving forece F to the
XY table 43 is completed, that is, upon completion of
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
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
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
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aligning target point 92 and between aligning target

point 92 and the neasured point 93 during

accel eration of the XY table 43, thereby suppressing

internal vibration. In other 10 words, the relative

positions are nmmintai ned const@ant. wi thout their

deformation. Then, the driving of the actuators 96 and

97 is stopped when the application of the driving

f BEE¥eRted. t REe X¥pergbike 43 dhs cewploet ddradiagt¢d, to start

ﬁgon conpl etion of 15 gccel eration. This continuously
FRPSFRE fhetPEI SFFFe 10FGSI GRS e HFQISHRE 3 tHsO s Hotn

in_ El ' tween the .pqint f application of force .

oToBREEERT- AR FGR: g™ Arg Bt heo B nep SRR L f T Time

al L. gnj at [ the neasured point 93.

akhdnhagcLatglkohel Bh,3agRRt. L P

eret the relat position 20 between the

p@b@?e?fTQQpEFﬁ@tBBErQEiE%r%%ng%ea%%r&QﬁmmﬂPﬁﬁﬁ%§d

point 93 is al so nmaintained constant in an rect

nagoelerhbisnpasveslingst ipoacaueeree tafon ditggi tion

and hence the generation of internal vibration. Since

t hecotenatbnveaghidi sroetionely tifeeXY dealslerads A3 tics
sug ressed, the alignment control of the aligning

i gé?ﬂﬁorh? yoxtt ARPORYreoP Tt hEendfike  \WedarFehe nternal
perfornmed. with high precision. Further, since

m%%%ﬁ?om b?aPF%ﬁgPEQ% “BPeFERPEYY &t RETeRFodfTf ormed

. ; i [ d tar xposur e he s
e P EE LA PhET an 2l P LR VT v S .

el i m natyg,d ho- dHUIBC ESTRE Yt YWY tihé‘gaiwea éﬂ%ﬁﬁ%eto the
i mprove throughput. 5 [0028] The sane operation can be
pesf o DRdstPOa 20 as well as the XY table 43.

According to the present invention, since the
distance between the aligning target point 92 and the
measured point 23 is maintained c¢onstant 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
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 acceleiation 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
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
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decel eration as well as upon accel eration. Upon

accel eration again imedi ately after deceleration to

performthe next exposure or the |ike, since interna

vibration is prevented, the gx&@sgre can be perforned

10 while maintaining the alignffént accuracy of the

waf er W The present invention is also applicable to

the reticle stage 20 as well as the XY table 43.

Aot Fate t e ragemlihvenevong sintket henstant speed as
ween the aligning target point 92 and the

di,st ance bet

e p L PO | PR MRd nedt EbnskantYevehle 43 or the
duyrj t d I tion of the XY tabl

13 R S Al R Ve {SEbEY b6 CWnban Bering

d r;akel r In.case of the :
QR o 1RGGY Y, (?\Ete-gh%.teg Usddh %%?é,m?ﬁ%ln%&ﬁosﬁlFés makes

above- nentioned ~ scanni'ng type exp

ofer pbisan bRy the 20w aryed, Wnot. only
when the XY table 43 holding t eﬁ%é%%ﬁﬁégEheﬁgo%h?% case,

m¥i rgnabecorst anatsperd,i ridi A5t Wi Itk exposure light
accel eration or deceleration. In this case, in case

ot OsEhAnagetx Poder pe rifioradidatitar coft lex pasit o] | ¥ id® 50 is
tHe,mafer Wis started before the XY table 43 or 25

t fELVePPcFBespa§E RO ¥e bhand 15 .t ditgeti rocahid tnigors pe dthe
ag%ersacgeherﬁ%ion. Then, the irradi ati on of the

exposure® FEERE YOt Shehsvhsteaty s Mid Mt aatmed only

L8 oL B0 0 0y gl B S S AT
oG ROIALoLNE, S, HORLC R, sl Bl e e
af¢eslétstLonst BRboSNeedmBRYEARN o TRieS AR ES g scanning
exposure during acceleration and deceleration of the wafer
(substrate) are disclosed, for example, in US Patent
9,995,203 and Japanese Patent Application Laid~-Open WNo.
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)
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
piezoelectric actuators B7 are attached to the coupling

member 85 (see FIG. 2) and the piezoelectric actuators 87

are operated in the manner as mentioned above so that the
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5 it possible to further inprove throughput. In this

case, it can be set that the irradiation of the

exposure light to the wafer Wis perforned while the
control device 50 is drivingu$£e actuators 96 and 97.

The irradiation of the expos Tight to the

substrate Wmay be perfornmed only 10 during

accel eration and constant speed novenent of the
sOBSEEFALBCR Odr ddmibp Xduidimg e st arsturddesr meoverertS can be
and decel erati on. Exposure nethods for performng
sEHﬁHFﬁﬁsegxposure during accel eration and

decel er iog of.the gﬁfer substrate) are discl osed,
f or exaﬂ%?%,'i%lﬁﬁﬁp) BnBC1Ba50885 (Pp3zaRdeFhparegetuators

P i i i.d- No.. ,07-57985.. The

A BB B T PP ok Biciitiosn o Force

eachaher eR¥ bRREEPREALEY Q£05$E§5§”ﬁgpk%r %%g QU ISR, a
ati1 ona aws an

to the extent permtted the n

r égutat bppss ot edesi gnaked (shates ther r38LeCked a8y
20 designated by the present international patent

dppticet i ohese(0029poEurshaponaappat eas iBRY offe the driving
provi ded between the point of application of force 91
aFfer @mot hep Weab¥¥ tablhe43XYapmblens3rtigidipyoven be so

ri%&dit% therebetween_in order to prevent internal ‘
VITRER YT, At ot Rer rebpBs Vet Res2bippebesiestr the two points

rs_8 [ ttached to e couplin nmenber 85
?‘?e‘ﬁ%ocﬁ%f)?t%h e?hg%?éﬁ{séref‘:F?Fsbg{gﬁbagaﬁgsw &
j : ' b . t th
b e e n S TPPEEL0, BRRLLOfNEnd J0UB, B8 1RE% o hg hence
qarewn L SUPPFIeS S§ehe TAHSonSbACEN L BER 3¢t ¥3LOLS ion .

(pi ezoel ectric actuators

[0030] In the foregoing embodiment, the spring elements 94,
25 and the actuators 96, 97 are arranged in parallel
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
such as the coupling members 84 may be all constructed of
plezoelectric actuators. For example, in the XY table 43
as shown in FIG. 2, the coupling members 84, B85 themzelves
that form parts of the XY table 43 may be constructed of
Plezoelectric actuators (piezoelectric elements). Furtherx,
Sstructural elements other than the coupling members 84, 85

may also be replaced with the piezoelectric actuators.

[0031] The piezcelectric actuators may be of either a
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87) are provide between the point of application of
force 5 91 and the other nenber (coupling nenber 85)
to apply a force opposite in direction to the force
transmtted Dbetween 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 between the two points 10 can be nmai ntai ned
cohdfhpited heyeeyosuppbémsicng thee.occurrence of

distortiﬁp bet ween the two points, and hence
prevent i gt HE gerdtatd oriatorsit 86 naf 7 vildraet onecessarily
e foregoin odi ment, the sprin

éﬁgén%%téggﬁgveg%l ﬁdr%&égggifuag‘g% BeIMg7 &Pé%értlié’ﬁ&ed This
el : . e :

(P Ee IO TR R PALAL LY o RRPbs5ThaRg20d as Long
betsvagte | d p i 2 : .

por neeiost Mt S P S e gD D20 oB0E L PE TRGRY B vion

metys raasd deoried teelvd hesen t ¥ PPOALS . . %ﬁﬂeggbia’é%)én kRo

ot her words, the menbers weak in rigidity such as

t Meerdougs | Agyorenbiontss B4 TimyrdEoed| €oagthu9tBE Abn-contact

pi ezoel ectric actuators. For exanple, in the XY table

4¥ YRS Sttt ap et i, agtieatoupl dngtienbeks. 84, 85

tg%qﬁﬁbv that formparts of the XX table 43 may be

cornist c%@’&@o&%% 20| RIFH e e t R D duY Pi eblel BBELPYS

el @MeRtS)and %ﬁ%r 25 structural el ements other than

s

t he goupﬁnng%r?e %‘eﬁrast]é)zﬁs S%ic TSP St hMFRBEBR edehFt h

{ B 1PIsR2RRlEE U AP Al Sing [AART 1 I0E. PLEZORLSEL T ©

actuators may be cl)’?ecelt egi a BT alrﬁm%%\ e%lr?y%)‘és ra

biinnuph raypee Eydiiales ! RO AGHAAS Handds 4920%e made

necessarily

based on the process conditions and design requirements
without departing from the spirit and scope of the present
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 91 and
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 91 and the measured point 93
constant in an indirect manner, the present invention is
not limited thereto. Of course, actuators can be arranged

directly between the point of application of Force 91 and

the measured point 93.
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need to have high rigidity under normal conditions.

This is because the apparent rigidity can be

increased as long 5 as they can generate a | arge force

opposite in direction to and conpetitive with the

force applied between two rembers (two points).

Therefore, they nmay be non-contact type

el ectromagneti c actuators or the Iike. (0032] Note

t hat t hehopgrat,i opnpy ockedurelatheevposbtisonlbDeshapeas the

and conbi nati ons of respective nenbers, etc.

|PPH%Fr@feQPP%lFH§lpér@éoﬁ@gcén@édﬁmgnﬁh@r@%Mﬂﬂlng target

illustrative exangles and various_ changes can be nade
c

b%%b‘ato theYpP8 §§’t06ﬁ&|5ltr36‘ﬁsWéﬁa‘%Féng?@Vldlng the
requi nts fﬂégou% degartln he irit and
s%%%%u%? thRPFeddnt Fo5 Roniipghe ﬁM¥§g BaFt 46
p%ﬁ%%Ff %QH%PL#QE LoaLides t Brcbo hk%Ft %ﬁ gwtor hased

oregorng & I Ent
descihpbifi:isnedeaehbdt be Eﬁéetﬁgabtt?%51%H§£ﬂ%% tQ§

positi ons between the point of application of force
anti @OLtder abggni pgihar get pAentl93niagd chelgerendiht 92 can
aligning target point 92 and the neasured point 93
dre kepiticoedtanturetkégpathéongl ati taepasilitdive position

between the point of application of force 91 and the
RASIEEY Por oDt efnspphichhlan phAdifrece ﬁénraécr whilgdh the

ent ipvention is 25 pot limted thereto.
%{ﬁ Lt ors thR BBLaPrBAGEd 18 FBEthdbéf’\ﬁeéﬁle

ik n@% SRR bR 0o R eRar RO D gt
beiy®en #lether, 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
piezoelectric actuators 86 have only to be fixed to each
of the coupling members 84. Then, the piezoelectric
actuators 86 arxe 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
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. 10-163099, 10-
214783 and US Patent No. 6,400,441 corresponding thereto,
Published Japanese translation of PCT International
Publication for Patent Application No., 2000-505958 and US

Patent No. 5,963,441 corresponding thereto, and US Patent
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poi nt of application of force 91 and the aligning
target point 92 nay be kept constant w thout
providing the neasured point 93. For exanple, if the
driving part 46 5 itself generates a driving force

li ke a pul se notor based on-i@ormation related to
the target position of the aligning target point 92,
the aligning target point 92 can be positioned

aat o8 £ ¢2 2394 ONth@Sd 1§81 68Laki ¥ | L -
the point of application of forcegggﬁgtE&ﬁ?ghggﬁgq%%tlons

drand rilf featoeniod dbhe pubeepoPaOEdi Be2Bphi 80 BAUIRE this
aligning target point 92 is substantially constant.

[ GO Featiern vastistrown Tamdfé Gof 6peeMeBsibnNBYEESedG@mest ic
of a plurality of driving parts 46 are coupled to the

Xy auSafined 4 dinpwgs the thaptdngt mbabedss 8dnated (or
plurality of 15 piezoelectric actuators 86 have only

L BTG o T, infreqnat toubl | Ao hbadREa@n84. Then,

the piezgelectric  actuatqrs 86 are selectively driven
depend g Sn PERETH FEYAPS 2B hd ARERATGFHGARS Lo an
appbi 0 bl 3 t.the generatjiop o

oy U AR S e W PR SR
dRpeakican1 d0a3T-TRRPIRSCN1 LIWEN O e8! 8001 udes an
applicable to a twin- stage type exposure apparatus

degppished, sftery eeanplle WhlleapsNese; PAt8Mstrate to be
Application Laid-Open Nos. 10-163099, 10- 214783 and

UBT PaessedNsuch, 460 244b fear rgsposmsh naridies eidasurdment stage
Publ i, shed Japanese translation of PCT International
PEBEFEREFoNfEHr VPALONE MEFSUsitih meae 20Ch G 059580 aad The

US. Patent No. ? 969, 441 correspondi ng thereto, and US
B %8ﬁ?o§&re of the above publicdation and a corresponding US

Patent is incorporated herein as part of this
specification within a range of permission of the domestic
laws and ordinances of the countriss 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
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 systerm) may be
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
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No. 6,262, 796. The disclosure of the above

publications and US Patents are incorporated herein

as part of this specification within a range of

perm ssion of the donmestic |aws and ordi nances of the
countries designated (or 5 sel®tted) in this

i nternational application. The present invention is

further applicable to an exposure apparatus, as

dilsstDseddj nfdaparesg 1Bat ént UsApplieeat Non la3iT-eOREV . The

No. 11-135400, which includes an exposure stag

ndvabl eswhe| efhbhdi apoaes tisPrakatt dsbe ntd mrosasskderein
such as a wafer thereon, and a measurenent stage

e?iBi PPEl 9f t Rhiar Epesifdastiong Withier & avdosensonernission
The disclosure of the above publication and a )

cof rERpofragt LS LpdfeARd §XPREGPFEBatEd ther S ies

part. of this, specificatjon wthin a range of , .

PaP a7 bR of OFnECAEECH C LTS T O HaebsapLication.,
Fﬁ?t@oyﬁéf'fﬁedgikgg§%ggc(ﬁ%sksgge t%%%de é'yﬁ%luding both
i nternational "applicati'on. Th thé foregoifig
Qﬂb@gﬁﬂ?@&inéuk!gggétﬁﬁﬁﬁg!Hﬁbgga MagkrWinth s34 2 sere-
predeterm ned |ight-shielding at#ern (or phase

pRihEiMuOrtybghinagduaiep1pat teeRknkor med on a 20
light-transmtting substrate, or a light-reflecting
mask WiRdrthqpmenst errheaereeéhecinoanpadhetln bppiedable to

on a light- reflecting substrate is used, but the
RSO VR MPPAratusSnger| ePredngherate. aFsubstrate,
exanpl e, instead, of such a nmask, an electronic _mask
(HRE P R CAnt bHETREI CRYSRENPY Ay PBETES 1idedl WK beans
LB A RISVLER, B ALERRs  2aPE bEBLTR, R LS
PUSLL 1O POy SXOPEEIM1 RYCDL 2R Bh EGL LOALETBSK HtS rFarence
exposure. Such an exposure method and exposure apparatus
is disclosed, for example, in International Publication No.
WO 01/35168. 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)
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
also applicable to an immersion type exposure apparatus.

Such an immersion exposure apparatus is disclosed,

for example, in Internatioconal Publication No. WO
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35 disclosed, for exanple, in US Patent No.

6, 778,257. The disclosure of the above US Patent is

i ncorporated herein as part of this specification

within a range of permission of the donmestic |aws and

ordi nances of the countries 5 signated (or sel ected)
inthis international application. Note that the

el ectronic mask is a concept including both a

néACHURPABAS : t ¥pevwhiabe 1diavplay selloweitl yarfd 1d ssklfetween the

| um nous . type inage di spl ay el enment. Furthernore, the
OPESORETLADOAPEARALS SHABRMCABI &oFh theo Saip Sxisdsue The

f i b , |
o o M RN LR
b ' . ' . A 10t her . f e, .
SEACE oKTLRLLeEbR PLDL00G, IRLAE o LODGRIAT ) Begihnion oo
i pher fskensec @épgsaéaio§giﬁaﬁeegxe%8%5% @@Jﬁg%ﬁ%%

exposure apparatus 15 'is disclosed, for exanp
| aé ef bt aal oPUBkl catican No. ¢IMQ 035408 1 A application.

di scl osure of the above US patent and publication are
each herRiytheancorygios ghessdye r ehesenieni Ns abs1e0hblet Yo an
to the extent permtted the national |aws and

r EHhE B L onse RO fesE gRRPadatuat &8 pbicbekestagestatiebng a
20 designated by the géesent i nternational patent
aAPPPTEERTBNCC PDOSBPORBAL hEr MOVAd: BB PolégBitAgPath, or an
e di nent, although_the escriptjon is de .of .the
RSO o b ar TS pbhiRr ahts Loheh n, Soltardroey: Lo

i n t LeGLl pt. i yste d
e erc Tre arstfmhabCabbER oBhs58rad” BE0FNERore
L0150k + AT B O B PR EXPO] UL R 2PPELAHUSat hoUFR @Rt ructure

I mrer si on exposure apparatus is disclosed,

of the immersion exposure apparatus in which the stage
holding the substrate to be exposed is moved in the liquid
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

disclesed, for example, in Japanese Patent Application

,Laid-Open No. 10-303114 and US Patent Ne. 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
designated states (or selected states) designated by the
present international patent application.

Further, the present invention is not limited to
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for exanple, in International Publication No. WO 36
2004/ 053958, in which liquid is locally filled between
the projection optical system 30 and the substrate W
The disclosure of the above panphlet is incorporated
herein as part of this specifi3dation within a range
of perm ssion of 5 the donestic |laws and ordi nances of
the countries designated (or selected) in this

i ithe ity wetl reappf | ol lomg =2 Elugtber (phbe present in an
invention is applicable to an i nmersion exposure
apPriftals BatwiiRdre @t ages hbrdangatiosubsticabé ha beg

expgsed is mgved in a liquid bath, or an 10 inmersion
ex%%s’lﬁﬁel é‘rfg@%%? L%g] i SR ERT @C i gpui e bhcali systenedot bo

a termned depth on a.stage so that a substrate
\M%%ﬂ%§§lﬁﬂﬁyq%%ﬁéﬁé:W(ﬂh%ﬁ?ﬁﬁfLAﬁTQ%%?¥%§?ﬂrén of the

i [S ; S at us,in i h e o
| TRSHAL KA SIS 1 WS P SEARS (e 1iguia
| [(@uird 33 tlahhrad dilsh &P oS e PPAY a%légtg%?{@al path space

di scl osed, for exanple, in Japanese

Appl tbat ioe ideindeOpaidN® f Qbrel 2487 Sp i th 1 NEehSOET S+ 0P
exposure apparatus in which the liquid bath 1s forned

t 8ralprédenerpiticd ldeptdtaan Athe THagh stlodihed ¢hethe above
substrate will be held in the liquid bath is 20

dPscPaseat £af exkApication Pasaresmh Patmsity Apptécpbioted by
,Lg%g-ggen hb..%0-303114 and US Patent No. 5,825, 043.

The™ “HF8EFoslir 855t oPid *&5d\ & UShratediheran el § toed i wre
apgreagh, b by_i.ncarpor.ated by E%Fnence inits

entrT ety tog%EeXngxfg‘%ﬁ?‘gsgl’lﬁnﬁ é’&l élrgé’tqtcﬁg shafes (or
apgdleegulat £ 9nssof 4231 daskgRated 1§ eSS 5

stat es) designated by ?he §d &&%sg%t'%ﬂterna tonal
patent application.

[0037] Furthsr, in the foregoing embodiment, the step-
and-scan type exposure apparatus is taken as an example,
but the present invention is also be applicable to a step-
and-repeat type exposure apparatus. Further, in addition
to the exposure apparatus used in manufacturing
semiconductor devices, the present invention is applicable
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 onte a ceramic wafer, an
Gxposure apparatus used in manufacturing image pickup

devices such as CCDs, etc. Furthermore, the present

invention is applicable to an eXposure apparatus for
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present international patent application. Further, the
present invention is not limted to 37 the structure

of filling a liquid (pure water) in an optical path
space on the irradiation side of an end optica

menber of the projection optrcéﬁ System 30 to expose

a substrate W (wafer). As disclosed in 5 Internationa
Publ i cati on No. WO 2004/019128, the liquid (pure
watrars feayialgs @ le fddiltedbd e ops i £ad 1 ed hespaceatON a
the incidence side of the end optical nenber of the
prdjlecriromaderi,calr Bt ém 130, t o meaili Sodtoste es aofet hele or
above US patent and publication are each hereby

i AGSKpYE&Ced by PROtSemfaErd mInay &antd r ety BV tdreposure
ext ent Eernitte the national |aws and regul ati ons of

d8SFGAALET PRt 85 TRFr SXRI Rt%e FRRFHAED® (et el Ler Py—beam
t ' ti onal t ent, | icatjon. [0037
FapREaR e b RE SR 2R, RS an iR A8 b i Se dre

. is tak
oEnaratuLy bR ARty S S M 4 AR FE Vv (vacuum

apptraabbeet9 aighep- saRd-reRAak IP] PO & 1e is
apparatus. Further, in addition to thé exposure

apppiat Lsyuseddi nananghactur iglgssSeHeetIGidss doped with
devi ces, the present invention is applicable 20 to "an
ekposuire appavards cusmd gne simnufficiouridey diusyitayscrystal, or
including liquid crystal display devices (LCDs), which

t FRRstEFE &S degrdeapather Aesardea sybaseatleat @uriher, in

exposure _appar at us used in manufacturing thin-film
nagnet ¢ Heafisrey S¥posire apparatus or an electron-beam

ads, 4 TOEITIOR ]
exposure apparatus based on a proximity system, a
transmission mask (stencil mask or membrane mask) is used,
and a silicon wafer or the like is used as the mask
substrate.
[(0038] The following describes an embodiment of a
microdevice manufacturing method using the exposure
apparatus and exposure methcod according to the embodiment
of the present invention in a lithography process. FIG. 7
is a flowchart illustrating an example of manufacturing a
microdevice {(a, semiconductor chip such azs an IC or LSI, a
ligquid crystal panel, a CCD, a thin magnetic head, a
micromachine, or the like). As ghown in FIG. 7, first in
step 510 (design step), function/performance is designed
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
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whi ch transfers a device pattern onto a ceram c wafer,
an 25 exposure apparatus used in manufacturing inmage
pi ckup devices such as CCDs, etc. Furthernore, the
present invention is applicable to an exposure
apparatus for 36 transferring3& circuit pattern to a
gl ass substrate, a silicon wafer, or the like to
manufacture a reticle or mnask used in a photoexposure

apferrat usy rers EUV epobely eon appacht tbe @8sXgha¥ circuit
exposure apparatus, an el ectron-beam5 exposure

apiFr s, i etforned o s imadaseOnf the expesunend, in step S12
apparat us usi ng DUV (far ultraviolet) light or VUV

(v RATHAR BTN 195R) - o2 tYaheki ssimaneypetured using
reticle i.s . typi.cally used, and quartz glass, quartz

g%agét &B%&\M WS it uorite, nagnesi um

f lja@riigde; r; yst al 0 the like is used as

O R R, Pt iffocttid SR Togn actuar

expesuie aWPahat us Ky @an &l 8eld Wk bﬁ%n%aef(%z?;ﬁjné?nlisgklu%%raphy

appar at us based on a proximty system

MasK n@s terc iz skash O e RNe PRsidrd$ Usethep NGl @ to 312
silicon wafer or the like is used as the mask 15

séibser mranefr0038peThie sfolilewl NgtdascMNdas, ah step 914
egaodlnent of a m crodevice nqnuchturing met hod
usPRY1LFRe 2EXFBRLYe Stgppar & deVdme epestrambietchotsing the

i t th nmbodi t f th t i ti
"RESEE] PRskRabAy SRocied. Mic THizg atem Thdovidaiides

| pLysteebingen exambleof WRact VLI Bng dapir
hfgg?QZuhhﬁybﬂ)9r¥§E@|aQaQ%HuiQeggDTi%aﬁqﬂn qﬁQQ§gé§:Sl5
{inspection step), tests on operation, durability, and so
on are performed on the device made in step S14. After
these steps, the microdevice is completed and shipped.
[0040] FIG. 8 illiustrates an example of a detalled proecess
of step S13 in cage of manufacturing a semiconductor
device,

In step 521 (oxidation step), the surface of the
wafer is oxidized. In step $22 (CVD step), an lsolating
film i§ formed on the wafer surface. In step 823
(electrode formation step), an electrode is formed on the
wafer by vapor deposition. In gstep S24 (ion implantation
step), ions are implanted into the wafer. Steps 521 to 524
described above constitute a pre-process for the
ragpective steps in wafer processing, and are selectively

performed in accordance with processing regquired in each
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m cromachine, or the like). As showmn in FIG 7, first
in step S10 (design step), function/performance is
designed 25 for a microdevice (e.g., circuit design
for a sem conductor device, etc.), and a pattern to

i npl enent  the function is désfgned. Then, in step Sl
(mask making 39 step), a mask (reticle) on which the
designed circuit pattern is forned is made. on the

otHewP - hand, in step S12 (water manufacturing step), a

mq{%{ S nanufactured using a material such as
Q. A ed"os@?jmpr\le%&lon 5t 18o¢vaf preppocessingn the

éa%b % circuit or the like is forned on the
§F§bﬁf ﬁﬂﬁrﬁFQQﬁaRﬁ@ﬂE%ﬁd 2 heobfprocess is

pr t S In nanner to be

dé’???.r‘}%g‘ﬁ 23 ey PP A s sEhbry in step

S@Q@)(résq%%'$%r%%§%§§ﬁ$ﬁ!gﬂ usi n tgb%&#%hﬁﬁye agent is

processed in step dtep

peppsees opgeh tas diadicnd, hendi w@i@g#@é&%ﬁ step),

encapsul ation), etc. as reqU|red
(Ehepedriontspepkarhests tor &@%ﬂﬁwsmhréHHEﬂEAéd)@néﬁ“khe
so on are perforned on the device made in step 5
AWFS?rlﬁsﬁﬁéséhgt éb@verhemlm@die\mmagﬁ:a;ﬂfmlggtagbnand

2 gg [ 0040] FIG. e illustrates an exanple of a
d £ P%’drﬁr peeagatys) s?@ﬁ{ 18 erposse cofmatimut.adtant ngin

sghi gonpdygtor . device. In p $21 (oxidation step),

N e SO Atr e P g S R WHESY eps Sdgveloped,
(5%@)§ﬁe§%e a@zhs é Li filmis fornmed on the wafer
JoneF In® Inps g g Qgg siep), eXposed portions other
than those on whlch the resist remains are removed by
etching. Then, in step S29 (resist removing step), the
regist unnecessary after the etching is completed is
removed, By repeating these pre-process and pest-process
steps, clreuit patterns are formed one upon another on the
wafer in a superimposed manner.

[0042] In additien to the microdevice such as the
semiconductor device, in order to manufacture a reticle or
mask 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
clrcuit pattern from a mother reticle to a glass substrate,
a silicon wafer, or the like. In case of an exposure

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

ultraviolet) 1light, a transmission type reticle is
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(el ectrode formation step), an electrode is forned on

the wafer by vapor deposition. In step S24 (ion

i mpl antation step), ions are inplanted into the

wafer. Steps S21 to S24 25 described above constitute

a pre-process for the respectidé steps in wafer

processing, and are selectively perforned in

accordance Wi th processing required in each - 40 -
sttefp1dqa0ial Jusafd eramcdnphet t ong bés & heqahove HLEsPr €688 with
in the respective steps in the wafer process, a
pdStloprigEes £ jup T iger f orapie sibui of lewsidé n Ghastz crystal, or
p% t-qp cess, first in step 5 S25 (resist formation

S ii?) oHGt SSEHSidT Vi agesiticke wpptteateont Buthber, in
w%f%r. Ehen, in ste 8261%§§$osure step), the circuit
patter f oA fe Tias K iRO$Y RPGFTRF DRt O t He ehdafbron-beam

[ - fi d, lith h; t
(SBashre ABRNAE O 1) A R SR e etz i
1Qr§h§ﬁti§%10§1dgl‘é_@}@pdéfgar%ielp%meatg)ﬁeoreW@ég%H@flﬁésf(g is used,

devel oped, and in step S28 ching s expose

panti ansidtiken Waakd hase N WHLh 4 Nesdesi stk EMRL DS
are renoved by etching. Then, in step S29 (resi st

r epbeltngtst eplicht ba agRisirainngeessaly & t@isd¢h®sed in
etching is conpleted is 15 renoved. By repeating these

pfBLprBebignand Ppddtiaatdoss Hoast &jis 9 TIFA2AE, Pt BOTE2, and

ag fgrngd one upon another on the wafer in a
S géﬁ ApBsed fadABANepe0AZ st AgldicarT ian thrid-Open Nos.

oV PRy R B At e PO Y am b Thpare of
PERL 0£XPPSUHS BRPBMR! Uy ANLEYY RIS cach hereby
incorporated by 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.
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apparatus, an X-ray exposure apparatus, an

el ectron-beam exposure apparatus, etc., the present
invention is applicable to an exposure apparatus for
transferring a circuit pattern froma nother reticle

to a glass substrate, 25 a st f€on wafer, or the Iike.

In case of an exposure apparatus using DUV (far
ultraviolet) light or VW (vacuum ultraviolet) |ight,

a transm ssion type reticle ¢ceaAZMS typically used, and
quartz glass, quartz glass doped with fluorine,

f Ilddr Ane 2 liggresi wprfandni e nouatim o yistlale mart tdhith an
like is used as the reticle substrate. Further, in
c34dI5L NG LRILYF OGS @ IR dtherem sand movable at least
el.ectron-beam.5 exposure apparat us, based on a )

prBx Pty 88y Stle AL EE SRt g s SO B IP ST dt FRRkies a

0 a S s _u a silicon wafer or_ the
I:aﬁgg ?ggugggggsﬁohét%ﬁagﬁa%lseu %lq:rtatlen. tgbechuryha}é&?)lgs?ﬁ%ecnon’
a r gt ks diS q r [ [ ' ; ;
om® B35 s S T P T odf Bt fpesttion in
JapaneseaRakentii ARRIti Gat ida didl d-PPen Nos:, WHeAdA4 79,

2000- 12453, and 2000-29202. The di scl osure of the

above USipateaiblandaptbtompttiessaneteathrder ehyvpvided in one
i ncorporated by reference in its entirety to the
eRfefiPrepangnot eonenderst beraledrawsy cafb imegul atrieonse iy a
desLﬁnat d 15 states (or_ sel ected states) designated

b5otHb BreSBRLLCPALErNAE GRAC At e iappl IHEad o Lo force
g!g%é‘{ g/%a%.%%énéﬂdalth%nior‘a}%earp%aeri%tgusarj %ﬁ'i‘%;‘%'{i”r% %e}ragbéte point
upon which the aligning target object is placed, somewhere
between two points, one being a point to be measured by
the position measuring part and the other being the
aligning target 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 respective two points substantially constant.

[2] The aligning apparatus according to claim 1, wherein
the table part comprises an actuator that maintains a
relative position between two points, one being a
predetermihed member in the table part and the other being

the point of application of force, substantially constant,

[3] The aligning apparatus according to claim 1 or 2,

wherein the actuators are driven upon acceleration and/ox
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aligning target object placed thereon and novabl e at
least in a uniaxial direction , a driving part that
applies a 5 driving force to the table part in the
uni axi al direction, and a posiéion measuri ng part
that neasures a position in “tHe ni axi al direction of
the table part, wherein the table part conprises
actuators, provided in one or nore anong sonmewhere
bedamare 1atol poi i sthenealbbengaat. 10 poi nt of
application of force at which the driving force is
applied and the other being an aligning target point
up, ich the alignin target obj ect is placed,

SO

9 .
% 2 Hedidlh TRRADHE AT s2CBREdbRY ngoadPyi APt §ipelaims
a ! [tion nmeasurin rt_and the other . ..

g?iﬁgJSﬂéq¥§”%%?bﬁﬁﬁ% ?éﬁ%&&°5%i%¥?vgﬁ% RofBAREFeth rigidity
bet g i ' i i.nt of
appl i catr% \gglegg%f%oe“g{%’ t %%%gfvgggi ng the neasured
point, to maintain relative positions between the
respective two points substantially constant. 20 (2]
THe JalTihgnialg. cappay atprs wecood Rdgh fdigd at e dnyWBgEebE claims
the table part conprises an actuator that maintains a
rél &9 e posinsion te vernatver poixest anerédengrmined force
pgﬁ eterm ned nenber, in the table part and the other
b&EHY e Sth&ENFoitHe O i RRIRAFBIVEbY ce,
substantially constant. 25 [3] The aligning apparatus
according to claim1 or 2, wherein the actuators are

drrigy €A LPAA 368l L T2 Qs ; decgler il oneof, .

tﬁeqtable pé%?l Fﬁf&#ﬁgﬂﬁﬁ%gﬁ?%ﬁ”ﬁéﬁa égﬁs %fc%é%iﬁg clalnms

to any40n@neheGmite actuators themselves construct at
least one of the respective distances between the two

peints,

{7] The aligning apparatus according to any one of claims

1l to &, wherein the actuators are piezoelectric actuators.

(8] An aligning method that places an aligning target
object on a table part movable at least in a uniaxial
direction and measuring a position in the uniaxial
direction of the table part while applying a driving force
to the table part in the uniaxial direction to move the
aligning target object to a predetermined position,

wherein upon acceleration and/or deceleration of
the table part,

one or more relative positions between two points,
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1 to 3, wherein the actuators provide a change in
rigidity 5 between the two points, respectively. [5)
The al i gni ng apparatus according to any one of clains
1to 4, wherein the actuators exert a predetermn ned
force between the two point§,4ﬂe§pectively. 10 [ 63

The al i gni ng apparatus according to any one of clains

1 to 4, wherein the actuators thensel ves construct at

| 2Rt mbngfatpeinespbcappbidasiances Betrweenft et wable
points. 15 [7] The aligning apparatus according to any
orAhf &t afthkCh 1the érivikesefareneiacennides and the other
pi.ezpoel ectric, actuators. [8) An aligning nethod that

pI BEHE P & HHH Y t B3 ERE T 2BOSBF e8POBNWAL FBbEBepaligning

t, | t, 1 iaxjial direction,and .
Teitest Bl 8141 s e R Ehrash aEwo dPPLREF onoBF PRANT 2
t ; : i | l.yi i Vi f to the., .
| SRS | aoe AR Bl DAL PRy O cson

alregi g H@oatt Al @cind 0 @nPF edet 84 mcﬂédaﬁ?gﬁhg.i.f'\@n;cﬁééet

wher ei n upon accel erati on and/ or decel eration o

t golimtpardnd drecwrenmivo ety e POSIbe 0N BREVWBERANEWS S
points, 44 one being a point of application of force
ofaffHd.aagblan gfarformte indthdeodreri bgifigr tkei measured
appl.ied and the other being an aligning target point
uptHAthi &F e e ntaddiady subkirnt obl Betcorsprnated,

bet ween two points, one being a

[9] The aligning method according to claim 8, wherein the
relative position between two points, one being a

predetermined member in the table part and the other being
the point of application of force, is maintained

substantially constant concurrently.

[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

two points.

[12] An exposure apparatug, 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

substrate,
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5 point inthe table part to be neasured by a position
nmeasuring part and the other being the aligning target
poi nt, and between two points, one being the point of
application of force and the other being the neasured
poi nt, are maintained substaﬁtﬂélry constant. 10 [91
The al i gning nmethod according to claima8, wherein the
relative position between two points, one being a
pr edet er mireetk irerttter 4 i ¢riend adbbea parhis aadcbhainthes any one
being _the point of application of force, is
me? ht @k qies 15 sebdt at haktly foonstadeastnedithent loff. the mask
[ 101 The aligning nethod according to claim8 or 9,
wierd9 S 379 bihe ySpesheakhet Aagqe points is changed. 20
[11] The aligning nethod according to any one of
clains 8 to 10, wherein a predetermne force is
ex e e ints..[12] An_exposure .

B S e e R BRb s PRk 26 FRBTE Sminea

apparat’us, Thcld

MBSt @eh asubsinigterstage that holds a substrate,
that exposes a pattern forned on the mask onto the

subst r at @hedleinhdieidl iditim) | GPNhaPPEAEMBding to any one
according to any one of clains 1 to 7 is used for at

| efsteleiirerl dfo thel smasked stagezangnihe shBstuBk@rate.
stage. 5 [13] An exposure apparatus that forns a
predeterm ned pattern on a substrate, wherein the

al i i ng apparatus accordi ng to any one
[fy} f%e‘gaposure apparaté@ acco%ding to ¢laim 12 or 13,

wherein the exposure apparatus 1s a scanning type
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] 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
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

on a substrate,



of clains i to 7 is used for aligning the substrate.
10 [14] The exposure apparatus according to claim 12
or 13, wherein the exposure apparatus is a scanning
type exposure apparatus for irradiating exposure
light to the substrate while fiBvirng the substrate,
and the exposure light is irradiated to the substrate
during at least 15 either acceleration or deceleration
of the suhesteanethe[ &3] ghinexpesiie eidod ittt @l dgPsone of
a mask placed on a mask stage and a substrate placed
or:laigshst rtat dlstiagerdax achabideingotkspsskstrate.
pattern forned on the nask onto the 20 substrate,
wherein the aligning nmethod according to any one of

cl ai to 11 is used as. at |least either,of a
Sl The SRR T O HRIC SRS 59| GhAHS Not A5d16/

o G gkl A
"SR NH A1 18 "SI0 fEcor ageLos S0y e B o

[ 50ostha teXResUes BRI Aae Nl NOrd Oe ¢l 2 dRe ObxpBsure
5 wherein the exposure nethod is a scanning type

expasur d sneEkxhed fafed rdadimad | Ngoexposarentightatolehet

substrate while noving the substrate, and the exposure

| edisheirs sicoeddinatddrt @1 earibstatien dof i bige asubehsete.

ei ther accel eration or deceleration of the substrate.
[18) A device manufacturing method including a lithography
process, wherein the exposure apparatus according to any
one of c¢laims 12 to 14 or the exposure method according to

any one of claims 15 to 17 is used in the lithography

process,

[19] An aligning apparatus including a table part that
places an object thereon and a drive unit that moves the
table part,

wherein the relative position between a point of
application of force ¢f the table part at which a driving
force of the drive unit is applied and an aligning target

point in the object is maintained substantially constant.

[20] The aligning apparatus according ko claim 18 further
comprising an actuator that exerts a predetermined force

between the point of application of force and the aligning



10 [18] A device manufacturing method including a

l'ithography process, wherein the exposure apparatus

according to any one of clains 12 to 14 or the

exposure net hod according to %gy one of clains 15 to

17 is used in the l|ithography process. [19] An

al i gning apparatus including a table part that places

an object thereon and a drive unit that noves the

t dbdegparpoirl dbperdinghenr ehat drevipasi FoedebglWReRtdd by

poi nt of application of force of the table part at

wHileh driiye vimygt. force of the drive unit is applied

and an aligning target point in the object is

mai nt ai ned substantially constant. 25 [20] The

al i 'ggha g&ratus according to claim 18 further ‘

cok%ﬁg SR AL UARR 2T RENS ekBrEsTarHFedePERARREgMINEd

f et ween the point of application of force and

tﬁ{ea a ?%ﬁi%@ A7v sat?@a&e‘poi nt dependi ng on the driving

force gengy. Y 1t ] osuyr e .

appar at ugﬁlt%?%f g%ﬁs%gqﬁld]eqeeaﬁ#an%%ég% %@(n?gcgjgn%n{% claim

sulstirsatesedvheseidn 1481 &) 1 g ngugppasakus according to

claim 19 is used for aligning the substrate. [22] An

aligning method for placing an object on a table 10

part and noving the table part by neans of a drive

urli<2] Athevleign it medifaid vEoposl 4 ¢ bng bet weisheat pohnkt table

of application of force of the table part at which a

dﬁaﬁqu?nd moving the table part by means of a drive unit,

wherein the relative position between a point of

application of force of the table part at which a driving
force of the drive unit is applied and an aligning target

point in the object is maintained substantially constant.

[23] The aligning method according te claim 22, wherein a
predetermined force is exerted between the point of
application of force and the aligning target point in
addition to the driving force depending on the driving

force generated by the drive unit.

(24] An exposure method that forms a predetermined pattern
on a substrate,
wherein the aligning method according to claim 22

is used for aligning the substrate.

[25] A device manufacturing method including a lithography



force of the drive unit is applied and an aligning

target point in the object is naintained

substantially constant. 15 [23] The aligni ng nethod
according to claim 22, wherein a predeterm ned force

is exerted between the point -ofd8 application of force

and the aligning target point in addition to the

driving force depending on the driving 20 force

ggnesed £, byndheidrine ypbbsukd4hpParaxnasbemBihiedto claim
that forns a predeterm ned pattern on a substrate,

WEr e tihe ekponhrg nethod aeeording te elaif 22 i25used in
is used for aligning the substrate. ?ZSJ A devi ce

methe act thiaguga ey hocdoeesb udi ng a | it hography 48

process, wherein the exposure apparatus according to

claim 21 or the exposure nethod according to claim?24

is used in the lithography process.



