1 DESCRI PTI ON PATTERN FORM NG APPARATUS, MARK DETECTI NG APPARATUS,
EXPOSURE APPARATUS PATTERN FORM NG METHOD, EXPOSURE 5 METHOD AND

DEVI CE MANUFACTURI NG METHOD TECHNI CAL FI ELD The present
invention relates to pattern formng

appar at uses, mar kdet ect i ngappar at uses, expo%ure 10 apparatuses, pattern
form ng net hods, exposure nethods and devi ce manufacturing nethods,

and nore particularly to a pattern b 'ﬂgmat us and an exposure
apparatus that are used when nmanuf acgjér.&l ng el"ectron devi ces such as

sem conductor devices and liquid crystal display devices, or 15 the
li ke, a mark detecting apparatus that can suitably be used in the

pattern for MPRTTERN FORMING APFARATUS, MARKDETECT PHGIAPPARATUS,
form ng net hod and an exposure nethod that can suitably be used when

manuf act ur i nEXROSRE ARPRARATUES s, PATTERN SORHMING METHOD nEXBOSURE

in which the pattern form ng 20 nethod or the exposure nethod is
used. BACK @R ARy OEVERH |WHF£¢TWW£MTMGSS for

manuf acturing el ectron devices (mcrodevices) such as 25
sem conduct or devices (such as integrated circuits) and liquid

crystal di splﬁcﬁﬁ\fé‘ﬁﬁ,mure appar atuses such as

The present invention relates to pattern forming
apparatuses, mark detecting apparatuses, exposure

10 apparatuses, pattern forming methods, exposure methods and
device manufacturing methods, and more particularly to a
pattern forming apparatus and an exposure apparatus that are
used when manufacturing electron devices such as
semiconductor devices and liquid crystal display devices, or

15 the like, a mark detecting apparatus that can suitably be used
in the pattern forming apparatus or the exposure apparatus,

a pattern forming method and an exposure method that can
suitebly be used when manufacturing the electron devices, and

a device manufacturing method in which the pattern forming

20 method or the exposure method is used.

BACKGROUND ART
Conventionally, in a 1lithography ©process for
manufacturing electron devices {microdevices) such as
25 semiconductor devices (such as integrated circuits) and
liquid crystal display devices, exposure apparatuses such as
a projection exposure apparatus by a step-and-repeat method
(a so-called stepper) and a projection exposure apparatus by

a step-and-scan method (a so-called scanning stepper (which



a projection exposure apparatus by a step-and-repeat nmethod (a
so-call ed stepper) and a projection exposure apparatus by a

st ep-and-scan nethod (a so-called scanning stepper (which 2 is also
call ed a scanner) are mainly used. Meanwhi l e, in a |ithography
process for manufacturing sem conductor dévices or the |ike,
multilayer circuit patterns are overlaid and fornmed on a wafer, and

when the 5 oyﬁgl (gccuifc bet ween the Iayersvtf]EQ%i, t he
sem conduct or- eV T2 ThE | TR T AT R BV prEtfét er mi ned

cIroul U ohar acter! sid o W 011 SSYLLBokD- BET SEHLYES. | 4, S0 68365, g

Therefore, normally, a nar nnmen arranged i n advance

in each of a fly@dductdr ShRly RIRAS @n gnuef erand o) ¢ he, Posi tign st
(coordi nate value) of the mark on a stage coordinate system of an

exposure appayyaitesris Led estedl aAfit £fidt hatmeBasada0ma@esi t 20/ when the
information of the mark and known position information of a pattern
(e.g. a réticlempay ecaprthatbdtsramwtjieflaryed; 1 naferr athgrraniicdrsluctor
performed in which 15 the position of one shot area on the wafer is
al i gned wit h d4iE qni te¥ nthe likeadly met hadhdeveheradeseralinganertrcuit
gl obal alignggg in which the position of each shot area is aligned

by det ecti ng 3P TRIYS SRIGH FeseésalnsHBf eqE €¥8s (iwhi @ ses .

al so 20 call sanpl e shot areas or_alignment shot areas), on a wafer .
to obtain regul%ritF of "HES ﬁﬁyaoﬁafke(gﬁbgng?ﬁ smﬂﬁg)b%iw??ﬁﬁqﬂ%g in

SRl SRk St e B e e R
waf er is1preairiel ¥os0aPohed b 1142t abd Sld Fab Aeiod Bag REeN 8 stage
mai nstream (e.g. refer to Patent Citation 1).
coordinate system of an exposure apparatus is detected. After
that, based on position information of the mark and known
position information of a pattern (e.g. a reticle pattern)
that is newly formed, wafer alignment is performed in which
15 the position of one shot area on the wafer is aligned with
the pattern.

As a method of the wafer alignment, global alignment in
which the position of each shot area is aligned by detecting
alignment marks of only several shot areas (which are also

20 called sample shot areas or alignment shot areas} on a wafer
to obtain regularity of the array of the shot areas has been
mainly used, in consideration of throughput. In particular,
recently, the Enhanced Global Alignment (EGA) in which the
array of shot areas on a wafer is precisely computed by a

25 statistical method has been a mainstream (e.g. refer to Patent
Citation 1).

However, the requirement for overlay accuracy is

gradually getting stricter to cope with finer integrated

circuits, and also in the EGA, in order to increase the



However, the requirenent for overlay accuracy is gradually getting
stricter to cope with finer integrated circuits, and also in the EGA
in order to increase the 3 conputation accuracy, it is becom ng
essential to increase the nunber of sanple shot areas, that is, to

i ncrease the nunber of marks to be detectéd. Further, the wafer
surface is not always flat due to, 5 for exanple ununi formty of

resist filmthicknes undul ati on of a or the |like.. Therefore,
in a scanni ng" &b Esﬁﬁjeo%pap%‘?%al&y'sdc% 5 %‘E%ﬂrﬂféreqsf?rkﬁrac]l (ﬁﬂ dricredse

shen transf ering, oL el CLEnRALISIY. 0D 2. SUOL &y £a-an A VU ET RY Burvoe

scanni ng exposure ne 0-Ca eve |ng

performed, in,akiLohPasd tkgé)raéﬂg&ré@tl on (focus information) in an
optical axis direction of a projection optical system of the wafer

surface at a pl uralmirthefr dehectihgerpeuRtsceet sWhbhi 1@y £XPOSUI e to,
area, on which an inage of the reticle pattern is projected via a

proj ecti of oftdralesysier 1bnusifletected dufi ngeaistl t iffdimnt thdeadness,
position detecting systemor the |ike, and based on the detection

resul ts, theYyssBiltstgren pftaevafnt calr Bkésl g ectliheredfiod e, hént & |scapiniag
table or a stage that holds the wafer is controlled so that the wafer
surface i s cERRATEE tFPRACF HafeSPranésofd t 2 phef ekl 8ATEO CHpEcalwhen

systemw thin the expasure area (or that the wafer surface is
o T o e ERA & FeEd g BP%?ﬁéinB, 8cENoh SPER Sy bY

f . t
| The number of CEARSTE Aot RVEL: Merhat Eia HeLeTIHER dpbvis dalEedno
the decregse dohtd%1t RO Rig,t K, W%?Wp%s%%%rﬁtlﬁoﬂr&aﬂl%n (focus

practically difficult to enploy the neasures of nerely increasingt
nunber of sanpifRrsfati®n) in an FSthes: é£1§OHMQ@Et98ﬁ|OQXQOEHE%ectlon
a

appar atuses, a wafer alignnent (mark detection) operation an
detection optical system of the wafer surface at a plurality of detection
points set within an exposure area, on which an image of the
reticle pattern is projected via a projection optical system,
15 is detectedusing amultipoint foczl position detecting system
or the like, and based on the detection results, the position
in the optical axis direction and the tilt of a table or a
stage that holds the wafer is controlled so that the wafer
surface 1is conformed to an image plane of the projection
20 optical system within the exposure area (or, so that the wafer
surface is within a range of a depth of focus of the projection
optical system) {e.g. refer to Patent Citation 2).
However, since the increase in the number of sample shot
areas in the EGA described above causes the decrease in
25 throughput of the exposure apparatus, it is practically
difficult to employ the measures of merely increasing the
number of sample shots.
Further, in conventional exposure apparatuses, a wafer

alignment (mark detection) operation and a detection



4 operation of focus informati on are independently performed w thout
taking the relation between both operations into consideration,
because the purposes of both operations are different. 5S5However, it
is certain that integration of sem conductor devices becones much

hi gher and accordingly circuit patterns té be forned on a wafer
becone finer in the future, and therefore further inprovenent of
apparatus performance to_realize formation of the finer patterns and

further 10 i M ovEMEHt 9 1S hir l%l}ea-’?%qm%aﬁ%jnﬁ% performed
h i - ducti t , .

Sent conduct or Ba este ki e MBS, POHEPRBRER Brsgadcns into
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Citation 2: Kokal (Japanese Unexam ned I cation
Publ i cati on) INEfder283403 DI SCLOSURE OF | NVENTI ON MEANS FOR SOLVI NG
THE PROBLEMS 20The present invention has been made in consideration
of the sibuation dessraviead abdwseceatel achardimged:ataidn bEtsaspeaidirftor
the present invention, there is provided a first pattern
devices becomes much higher and accordingly circuit patterns
to be formed on a wafer become finer in the future, and
therefore further improvement of apparatus performance to
realize formation of the finer patterns and further
10 improvement in the throughput are required for the exposure
apparatus that is a mass-production apparatus of
semiconductor devices.
Patent Citation 1: Kokal (Japanese Unexamined Patent
Application Publication) No. 61-044429

15 Patent Citation 2: Kokai (Japanese Unexamined Patent

Application Publication) No. 06-283403

DISCLOSURE OF INVENTION
MEANS FOR SOLVING THE PROBLEMS
20 The present invention has been made in consideration of
the situation described above, and according to a first aspect
of the present invention, there is provided a first pattern
forming apparatus that forms a pattern on an object, the
apparatus comprising: & movable body that moves within a
25 predetermined plane that includes a first axis and a second
axis intersecting the first axis, holding the object on which
marks are each formed at a plurality of positions different
from one another; a plurality of mark detecting systems whose

detection areas are placed apart in a direction parallel to



form ng apparatus that forns a pattern on an object, the apparatus
conprising: a novable body that noves within a 25 predeterm ned pl ane
that includes a first axis and a second axis intersecting the first
axi s, holding the object on which narks are each forned at a
plurality of positions different fromoneb5another; a plurality of
mar k detecting systens whose detection areas are placed apart in a

di ti [ lel t 5 th d IS, d t hat h_detect the
ot on Pl Sk Bt DT B L B ILER, Ll o
t hat det ect ; | 1] ' tion. | t__at
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direction 5 parald&l J@itthenseaeRdnaxisn Y did adl@lding+a, 481 8L Oy of
?I %I ght et 0

beamto the object and receiving a reflected of the ecti
beam Wth thiekappambus ntSUWhasse Hoesitliiont &bk iwdd ath©ofi nt e1iakiasion

at a plurality of detection points whose positions are

5 parallel to the second axis, by irradiating a detection beam

to the object and receiving a reflected light of the detection
beam.

With this apparatus, surface position information of the

object at a plurality of detection points whose positions are

10 different in a direction parallel to the second axis is

detected by the surface position detecting unit, and also the

marks at positions different from one another on the object

are each detected by a plurality of mark detecting systems

whose detection areas are placed apart in a direction parallel

15 to the second axis. Thus, a detection operation of the marks

and a detection operation of surface position information

(focus information) can be performed in a short period of time.

According to a second aspect of the present invention,

there is provided a second pattern forming apparatus that forms

20 a pattern on an object, the apparatus comprising: a movable

body that moves within a predetermined plane that includes

a first axis and a second axis intersecting the first axis,

holding the object, and also has a surface on which a first

grating having a grating whose periodic direction is a

25 direction parallel to the first axis is arranged in pairs;

aplurality of mark detecting systems that have detection areas

whose positions are different in a direction parallel to the

second axis; and a first axis encoder that has a plurality

of first heads including a pair of first heads each one of



10 different in a direction parallel to the second axis is detected
by the surface position detecting unit, and al so the marks at
positions different from one another on the object are each detected
by a plurality of nmark detecting systens whose detection areas are

pl aced apart in a direction parallel 15 té6 the second axis. Thus, a
detection operation of the marks and a detection operation of surface
position infornmation (LECUS I nf or mat.i can performed in a short

period of tlr’F'E”'c cbf dPngcFs éﬂkéﬁﬁﬂa SQE@EtS&feﬁhéx%rEE%nPlurallﬁy of
| i d gLy 4 haty
oo s 15 90000 4 S pelern Lo g ety A

forms 20 a pa ternon an

body that nmowesy Wddin& @ﬂ’ﬂ%l%ﬁnlr}ﬂﬂvr%#aadleo hat H%Clr&b%ea%l% fHorcﬁ/I in a

axis and a second axis Intersecti ng t I rst axis,
direction parallel to the first axis by the first head that

5 faces at least one of the pair of first gratings.

With this apparatus, position information of the movable
body in a direction parallel to the first axis 1is measured
by the first head of the first axis encoder that faces at least
one of a pair of the first gratings. Further, in this case,

10 since a pair of the first heads are each placed on both outer
sides of the plurality of mark detecting systems, the marks
on the object can be simultaneously measured by the plurality
of mark detecting systems when movement of the movable body
in a direction parallel to the first axis is performed.

15 According to a third aspect of the present invention,
there is provided a third pattern forming apparatus that forms
a pattern on an object, the apparatus comprising: a movable
body that moves within a predetermined plane that includes
a first axis and a second axis intersecting the first axis,

20 holding the object, and also has a surface on which a first
grating having a grating whose periodic direction is a
direction parallel to the first axis and a second grating
having a grating whose periodic direction is a direction
parallel to the second axis are arranged; at least one mark

25 detecting system that detects marks on the object; a measuring
unit that has a first axis encoder that has a plurality of
first heads whose positions are different in a direction
parallel to the second axis and measures position information

of the movable body in a direction parallel to the first axis



hol di ng the object, and al so has a surface on which a first grating
having a grating whose periodic direction is a 25 direction parallel
to the first axis is arranged in pairs; a plurality of mark detecting
systens that have detection areas whose positions are different in a
direction parallel to the second axis; an@ a first axis encoder that
has a plurality of first heads including a pair of first heads each
one of 6 which is gLaced on both outer sides of the Eluralit of

det ection ar éﬁ!’_s tihr‘?_ lEFFeEfFBnt]fJ%ﬁ H3s he Iﬁér§§c_8ﬁ6 éREs, aBRF second
paral o Lo Y PRrSAERS Bl e ind e 7 P heaa harcts Tacead afopdasinose

par al | el to tHe FiFet axrs y t

one of the p%}d’sﬂﬂcidcri%%tregﬁ%fkeggpg Jbr(l)d%/ d\ﬁyf&tg.{yns QBBE&%IJ.U’E?'%IF tfoirst

position infdrmation the nova I'n a rection para

the first axizxiss sRAMELA RS e fdilsd headft tdie Jd e #Yvable body
encoder that faces at |east one of a pair of the first gratings.
Further, Bn tim & dhsectibnspacel Bepaiad thk sdeohdirsti hegdsharfceaed head
pl aced on both outer sides of the plurality of mark detecting

systens, the thatkdacrest hbeobfeend camtbiengi mucd aneoustyl heasthad datects
the plurality of mark detecting systems when novenent of the novable
body in a di ré&@ M8rkgapaltihd obgeciieusingtthaimariksdpberbinadsystem while

controlling a position of the movable body based on measurement
values by the measuring unit.

10 With this apparatus, while controlling the position of
the movable body by the controller based on the measurement
values of the measuring unit, the marks on the object mounted
on the movable body are detected using the mark detecting
system. That is, the marks on the object can be detected using

15 the mark detecting system, while controlling the position of
the movable body with high accuracy based on the measurement
values of the first head of the first axis encoder that faces
the first grating and the second head of the second axis encoder
that faces the second grating.

20 According to a fourth aspect of the present invention,
there is provided a fourth pattern forming apparatus that forms
a pattern on an object, the apparatus comprising: a movable
body that moves within a predetermined plane that includes
a first axis and a second axis intersecting the first axis,

25 holding the object on whichmarks are each formed at a plurality
of positions different from one another; and a plurality of
mark detecting systems whose detection areas are placed at
different positions ina directionparallel to the second axis,

and that simultaneously detect the marks at positions



15 According to a third aspect of the present invention, there is
provided a third pattern form ng apparatus that forns a pattern on an
obj ect, the apparatus conprising: a novable body that noves within a
predeterm ned plane that includes a first axis and a second axi s
intersecting the first axis, 20 holding the object, and al so has a
surface on which a first grating having a grating whose periodic

direction is g directigon parallel to the first axis and a second
grating havi ﬁidf%edfreé’tti %ﬁo_&%ﬁ%‘é HPTRRR CTithEcPPORCEs WG ¢ Bty number

ot ccting. oy SCOMIEIG: Cioth Sonarite Rt RE S0 LA SRuaadr CRG SGATE b7
that h f LhSt i L LSt :
whose posi ti e Bea AN F G ent e Ao ersa Fon Bar Al 31 STeL S ki RathRg on

axi s and neaguiRsiRAYN io¥n thef eigvli1en it ke tiYakie badwnd n a
direction parallel to the first axis 7 by the first héad that faces
the first5grating, wantl ahsecomshpxt$s eratadennideat cliafaakpl o alHd yoakct
second heads whose positions are different in a direction parallel to
the first axithaigndoeessures gositslon detforted ilon ofiet hdumelabieolfodprk
5in adirection parallel to the second axis by the second head that
faces the sef6h€Cyiad systene diddstsodependiag @&t &des posd thernkyishin

t he object using the nmark detecting systemwhile controlling a
posi L1 on of  LHE REGLEFE BAaEpBLBHCORT Nk EFRNIS AdI6S ) FRunts the

[ it. 10Wth this apparatus, while.controlling.the position
of the movabPBIBSY. 154 N EORETEH1 of "BASER b F ik Aot Cahl s
f th i ok N obj ted ep,t e
body ar 6 dot Sared aerng T he ey k- Aot cot nee Sontors ifiae 2Pz, BRI Co

on the objecigartherndei st Bsh ¥sinte bribe -y Kodat @ctdHgi SY SteRogonal
while controlling the position of the novable body with high accuracy

based on thetreaser eaeahdvakies ,oft hehaalrksstthead iafi chise dfiifEstredXi $rom
encoder that faces the first grating and the second head of the
second axi s eneo#e¢thémborf ttesitjetsesnnit gintilhgne20Atyaiaiegrded uaing
fourth aspect of the present invention, there is provided a fourth
pattern fornith§ ApEHLaEdsNERACTfOF a2k platedtnlrah i tehjsedn, acgerdance
apparathSCOgREESiggé %xﬁ%%%ghg of the movable body in a direction
intersecting the second axis, in other words, in accordance
with the placement of divided areas con the object.
According to a fifth aspect of the present invention,
there is provided a fifth pattern forming apparatus that forms
20 a pattern on an object using an optical system, the apparatus
comprising: a movable body that moves within a predetermined
plane that includes a first axis and a second axis intersecting
the first axis, holding the object; a mark detecting system
that detects a plurality of marks formed on the cbject; an
25 adjusting unit that adjusts optical properties of the optical
system; and a controller that controls the adjusting unit so
that the adjusting unit adjusts the optical properties based

on detection results of a plurality of marks on the object

that have been detected by the mark detecting system, at the



body that noves within a predeterm ned plane that includes a first
axi s and a second axis intersecting the first axis, 25 holding the

obj ect on which nmarks are each forned at a plurality of positions
different fromone another; and a plurality of mark detecting systens
whose detection areas are placed at diffegent positions in a

direction parallel to the second axis, and that sinultaneously detect
the marks at positions 8 different fromone another on the object,
wher ei n t he FEASE WHehamed k6n arhé&hebjobdieathae ®ee dsitegiteghdoudhg mark
detected by the pluyrality of mark detecting systens differs dependi ng
on a positioﬁQEEQQ%QQniﬁgﬂqg BSHR* Wit hin the plane. 5Wth this

tus, th f K th j.ect that il t I
detacted by the pl UFEP 1. SEEREHE Sivett! T SYSLEnan aF e fars ashandl Kbe

on the positig é@tthnbbgﬁgQ%%Q% gﬁg@%@ &5%@@d%&e%@%n@nﬁggk%npggﬁﬁin,

t hat mounts t obj ect, there when noving the novable b

in a 10 diregliconghNkeingChhtg {1H&3RGANd b thelrc&XE@Pl Bar &0 adjust
direction parallel "to the first axis (or a direction orthogonal to

t he second axipg)icallheropeksiats pasthéomst tidf eswhier e anemdetketion

on the object can be sinultaneously detected using the required

nunber of nmamesdéitecbifng shstahst ¥ o fAomorkdanroethe cbject that have been
detected with the mark detecting system. Accordingly, for
example, in the cases such as when detection of an image of

10 a mark (or pattern) by the optical system is performed after
the adjustment of optical properties of the optical system,
even if the image of the mark is shifted due to the adjustment,
the image of the mark after the shift is measured, and
consequently the shift of the image of the mark due to the

15 adjustment of optical properties of the optical system does
not become a measurement errcr factor. Further, since the
adjustment is started based on the detection results of the
marks that have been detected before detection of all the marks
to be detected is finished, a period of time required for the

20 adjustment can be overlapped with a period of time for
detecting the remaining marks, which makes it possible to
improve the throughput, compared with the conventicnal art
in which the adjustment is started after detection of all the
marks is finished.

25 According to a sixth aspect of the present invention,
there is provided a sixth pattern forming apparatus that
projects a pattern on an object using an optical system, the
apparatus comprising: a movable body that moves within a

predetermined plane that includes a first axis and a second



15 with the position of the novable body in a direction intersecting
t he second axis, in other words, in accordance with the placenent of
di vi ded areas on the object. According to a fifth aspect of the
present invention, there is provided a fifth pattern form ng
apparatus that forns 20 a pattern on an &Qject usi ng an optical
system the apparatus conprising: a novable body that noves within a

predeter”ine%xﬂ@a@ﬁtéggéc%@ﬁbﬁg é_f&fé%gﬁ&%ﬁi%oﬁﬁgnﬁaﬁﬁgqggjééﬁ§éimark

intersecting the first axis, "holding t obj’ect; detectin

system that detrecitsny Bhetahi thaofddmskss ried oanthbeowht €€ tiodit e2bon
adjusting unit that adjusts optical properties of the optical system

and a cont rolther mbhableobbdp} sartdie adntisbilngruthiat seetfisdms e detection
adjusting unit adjusts the optical properties based on detection

resul ts of aoplemedliiionyodfthmies kenon Hdreobpaetttdhar imawepbeénddet @t wben
by the mark detecting system at the 9 stage where marks on the

obj ect t o° be adettRATEF IS 1He WA RLGEISCcE i PRSEYsPRA r BRRRRLON between a
Wth this apg@ratuiﬂ at the_stage W§ﬁ¥e t he na%ks on the object to be
detected by PREIMETR HePBELFAG sGEEH RaTdiST BYt hB® £ ukt3h Yftiam Fad
controlled b ol | o] L ust i cal. _pr rti of .t he

opti cal systén@%ggegq%% ggﬁ%@?igﬁd#éguﬁgg&oﬁegegﬁﬁﬁ IP¥§%§P %grfgagﬁEd

the object that jhavecbeendeircted o il tha ik detecting system
Accordi ngly, foﬁ exaﬁple,ein%%he céges suchpg% when detection of an

i mage of 10 a nmarkwfen paifierapplyathe, opturGaly sysperibs IO #B&n an
after the adjustnent of optical properties of the optical system

even i f the opegetdbnt hef nardaduwxisty f edbokie: tondlheradpusbretigtwden a
image of the mark after the shift is neasured, and consequently the
shift of thepirpagetdont pesradlondwd eoPefiders bdj tdenept ickloplistam and
properties of the optical system does not beconme a measurenent error
factor. FurtRefetsrhden REN&GruStmshe Merkt deteqtBagegyshicrhds started
detection result f the marks that ,have been detected before

det ect i on of SRR L TR AATREOR D B Geiact B | S 79 miF SRS B Gt S o oG Orms
time require 2 20 I .ment .c erlapped w.th.a _perio

of time for ge §§F%E§° hggrgle:%%ﬁﬁ‘ﬁn%fn@(ﬁgﬁar 7 C nrraeesc’\%ljtecﬁcossquﬁlltée(%t g
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finished. 25Aecendi pgihe ansiitl aspectnel mtheureasant obe¥eRtb@Nof the
positienal relation is completed, at least a part of the
detection operation by themark detecting systemof a plurality
of marks to be detected formed on the object can be finished.
20 Thus, the throughput can be improved, compared with the case
where the detection operation of the plurality of marks by
the mark detecting system is performed before or after the
measurement operation of the positional relation.
According to a seventh aspect of the present invention,
25 there is provided a seventh pattern forming apparatus that
projects a pattern on an object using an optical system, the
apparatus comprising: a movable body that moves within a

predetermined plane that includes a first axis and a second

axis intersecting the first axis, holding the object; a mark



there is provided a sixth pattern form ng apparatus that projects a
pattern on an object using an optical system the apparatus
conprising: a novable body that noves within a predeterm ned pl ane
that includes a first axis and a second 10 axis intersecting the
first axis, holding the object; a mark deltlecting systemthat detects
mar ks on the object nounted on the novable body; and a controller

t hat perfor - i e Lo he rks _on,the object duri

a period frg&je\%e(e%ﬁct Cgtar??%bc%%a%lg%% @?%r%%%unrla}%s émpglsliet ?%%%{:gr%?%?%cﬂ%n

bet ween a_ pr @jiRehbBLPOSdd PNl 4 BERELNGEE o BE AREAL RYShAnent

and a detection center of the mark detecting systemis starte

when the opercdreitiich cofplLetgssitdial hirs1appanatitsiwdl | B0 B PRIQAGn
from when an 10 operation of measuring a positional relation between

a proj ecti on peedittiicon odf tlhae patttermm by the aptical sywsteamand aletection
detection center of the mark detecting systemis started until when

t he oper abi ofendegoapl ehediankheetentioll syspenfarmena adpeetbdofirom when

operation of the marks on the object nounted on 15 the novabl e body

by the mark defEEEFLhdOSySPERTFLtABRPHI dIhuradtl tthefpBarAks| Fo thenslakesited
t he neasure t operation of the positional relation s conpleted, at

| east a par {T%E]Fmteﬁje Od’ettg’cet 95 SSiferat iSRG M e %e(f&ré‘cttihr‘?g OPPIEhOn
of a pluralit %forrlfﬁ{]eiisetci]o be detected formed on the object can be
fini shed. 20 Thus, "the throughput can be inproved, conpared with the

case where the det ggthon.1pper abian-@f; <t hegpl @l ity ﬁfic’i@r kS fhén a

mar k detecting systemis perforned before or after e neasurenent

oper at i ono of defte A dPABALI6h & O mAGKUSH &1k £10y SySE¥RAM M= 3IRCG ity
of the present invention, 25 there is provided a seventh pattéern

form ng appacdt markisatopbej getscaegatdenad otn ath®bjetdctusidithtay on the
optical system the apparatus conprising: a novable body that noves
w thin a predieveldienead phigret ahaed unchddest ard Lhetorsmtias iamdi a cospdreded,
axis intersecting the first axis, holding the object; a mark 11
the “controller performs a measurement operation of a
positional relation between a projection position of an image
15 of the pattern by the optical system and a detection center
of the mark detecting system. Accordingly, during a period
when the detection operation by the mark detecting system of
a plurality of marks to be detected formed on the object is
performed, the measurement operation of the positional
20 relation can be finished. Thus, the throughput can be
improved, compared with the case where the measurement
operation of the positional relation is performed before or
after the detection operation by the mark detecting system
of a plurality of marks to be detected formed on the object.
25 According to an eighth aspect of the present invention,
there is provided an eighth pattern forming apparatus that
forms a pattern on an object, the apparatus comprising: a first

movable body that moves within a predetermined plane that

includes a first axis and a second axis intersecting the first



detecting systemthat detects marks on the object nmounted on the

novabl e body; and a controller that perforns a neasurenent operation
of a positional relation between a projection position of the pattern
by the optical systemand a detection 5 center of the mark detecting
system during a period fromwhen a detectlizon operation of a plurality
of marks to be detected fornmed on the object is started until before

the operation j.s c leted., Wth this apparatus, during a period from
when & 10 derBetion HSEriE I (P mdt 10 R b CI G RS Co Yot I © moves
plurality of . f Qr | &Gt on..the .
novabl e body ﬁ@e§§%ﬁ£%%§ grgﬁtg%g Iﬁg‘é‘%g ?8%)? “(’:Jbrrp{r}%?cgjcﬁ ptlﬁéle’

control l er perhargsqarBBasHECIPE PP AL it Rfc AaPpsiitLonal, %@'r@iﬂw to
bet ween a projection position of an image 15 of the patterh by the

optical system aadeatdat £6imen Gemrher obfetbandiitkedeneeht B SHSh@Pable
Accordingly, during a period when the detection operation by the mark
det ecti ngd systosin;ofna pl gpakrbyletr hhakscootbel detleetfeidftommedidre tHoely
object is perforned, the neasurenent operation of the positional 20
rel ati on canap€ finesBegonthusovanke t Pedughput thah HEateprewetching is

conpared with the case where the nmeasurenment operation of the
posi tional r&C&OGMSCSPRENEBR B BELBLEY Gt alq OFf el RePeE by movable

ti by.th k detecti t f I it f ks to b
cper Bt Lo DY e Ryl SCI00 Bt e of & P LS RS oo
the present ﬁ%%%n%hgpa %@ é%dﬁidﬂ“@ﬁéﬁ?’&?’éﬁﬁ?ﬁé&ﬁﬁ?&%&%.E %nh%%able
apparatus that torns a pattern on an object, € "appar atus

conprising: &oldiks!, ymwablie badycbhflo MY eSp¥tEbiRs da R RASLAHMNRY the
pl ane that includes a first axis and a second axis intersecting the

first 12 axiszatlkodwithghihe dobjieegta parseeontbmMallLddodyt i balpRUes on
i ndependently fromthe first novable body within the plane; a mark

det ecti ng systfebhehatudel ety o Amplrinsat otlye afetmartes] forheddeh edteedbject
formed on the object nmounted on the first novable 5 body; and a
control | er tR&tsedhtedlwtihlebrifose HoeAstedddy apdrehéosecorgdmpleted.
novabl e body so that state switching is perforned between a proximt
state of maki ng bof!RLERE nBVEBPEIBLHY eStebReC EIRENS ddst e sft mgvable

Dot t e fovRErY - T0obSHCe o Cmel BN NG Eot GPrBr IeFRsr RECaADer 3t a
the o, SR B S o |
det ot | on opBrLF SR LT RC b hrarT 1Y BPeBae o ulaEttbs dnsbyces

on the objeck &6,y 8AKYALIboOSkPeNLPEL HEURM TN BRETA QL) kS gether
conpleted. Herein, a proximty state of making the first novable
at a distance of zero, that is, a state of making both the
movable bodies come into contact with each other.

20 With this apparatus, during a period from when a
detection operation of a plurality of marks to be detected
formed on the object mounted on the first movable body is
started until before the detection operation is completed,
the controller performs a state switching operation between

25 a proximity state of making the first movable body and the
second movable body come cleoser together at a predetermined
distance or less and a separation state of separating both

the movable bodies. Accordingly, during a period when the

detection operation of a plurality of marks to be detected



15 body and the second novabl e body cone cl oser together at a
predeterm ned di stance or less is a concept that also includes a
state of making both the novabl e bodi es cone cl oser together at a

di stance of zero, that is, a state of nmking both the novabl e bodies
come into contact with each other. 20 Wth3this apparatus, during a
period fromwhen a detection operation of a plurality of marks to be

det ected f or el oi)y L g OB £CLABURL el OB LhE,Tiket (ibyable ROy iisp; g

started until ore the detection operation’is éo ete

controll er pesdordmw: g Stahe pan £ ohi Hige@PET HLQAN b&{é"em?ﬂrgé Rput can be
proxinmty state of making the first novable body and the s%con

novabl e body ixgpEsEddsefotpaedidesith theredad efmdNned Kl sdance HFid @sing
and a separation state of separating both the novabl e bodies.

Accordi ngly, aeraigien perpedt evmest bhé otet@c tiforrofer detentabnaperation
plurallty of marks to be detected 13 fornmed on the object is

per formed? t Hef &t alarsdiitehphgnapes did dre catesd ofd fioghed. ofhuss adieect.

t hroughput can be inproved, conpared with the case where the state

swi t chi ng operatlchQQPRﬁ%WQMFﬁbé BensheagPestt of Fhe kiR givention,

tion 5 qf, a pluralit rks, t detected forned
by et GBI RS oo o BRI SR REF s

there is pro%l%%if%fﬁ'yﬂqaﬂagﬁﬁégthEHEng QP§£§Eu§o%éE# I%%HB ?hvable

pattern on an ect, the apparatu$ co

moves Wi t hingdy eﬁﬁterrmxn@éﬂ WP (16 tehagrédtcdéﬁ%ew g ddd sghaﬂzx'lsncﬂqgies

a second axis intersecting the first axis, holding the object on

whi ch maLks ar & ieanh shareddak BepbyAahiiy Oht @psSeEt ONG €hhd fEledt axis,
fromone another; a plurality of mark detecting systens that each

detect the mhd&dzngpbmdbmmazdmMhmuﬂmafksmmmma@mdbhaedﬂtahﬂurality
obj ect; a focus position 15 changing unit that changes a relative

posi tional rélfaPed themsedhttrEeprur aptgnofantdte ttetepl ingl sy gt efrenark
and the object mounted on the novabl e body in optical axis directions

of the plur a|qett>ﬁcc¥fln€ar9rd%fe%%ﬁ%t s?%‘t:]érrﬁeilﬁﬁtt she Perfenditc mogl iens
t he pl ane, %?%gane :éﬁjanngg t l{)Iurallt of mark 20 detectin

t d R S megud e q oD
oL e 3 S Tl S aa) S e 8
obj ect u5|ng €hrﬁ§1éféf o# %ec i Ng Sy stens ébrFESpon 5 Hlon

each of the Wﬂﬁﬁaeﬂ‘@h%epmﬂglﬂgthﬁaf]@ld%tt'e\é%lP@SH!é@&ﬁ‘é an%iI @Bé%j'e%t

the focus 25 directions by the flocus position changing unit

Wth this appanaitssd chheheavadlebosiynuht asenss] wxdet aetsceashsobs the
the marks fornmed at positions different fromone another on the

obj ect usi ng ctihegaliunaldf ynaofk rberde ceitrer td yeg: esnestidnt eore espEedidiguiler
each of the marks, while changing
to the plane, simultaneously among the plurality of mark
20 detecting systems; and a controller that simultaneously
detects (measures) each of the marks formed at positions
different from one another on the cbject using the plurality
of mark detecting systems corresponding to each of the marks,
while changing the relative positional relation in the focus
25 directions by the focus position changing unit.
With this apparatus, the controller simultaneously
detects each of the marks formed at positicns different from

one another on the object using the plurality of mark detecting

systems corresponding to each of the marks, while changing



14 a relative positional relation between the plurality of mark
detecting systens and the object nounted on the novable body in a
focus direction being a direction perpendicular to the predeterm ned
pl ane by the focus position changing unit. Thus, 5 by preferentially
usi ng each detection result of the mark, ¥or exanple, in the nost
favorabl e focused state of each mark detecting systemor the |iKke,

t he mar ks forned at&i ositiogs differ nt,fr?:{n/éone anot her on_t he

obj ect can bé dETELIEE RPEATGBBEpret? 5T SATIRRR TH& RYUARLEEY R BRLK
unevenness oft ; . 2Gt _surfac r .the best focus djifferen

among the nar e%&%lgﬁo%l&%gtfs%eﬁga £nd Oéjﬁ:%torm&uﬁl&et&joog Jf%ﬁtrﬁo%élge%tbc’dy
of the present, ijn I<OA e vid { LSt

appar at Us That Gioses S Shy 6oF. rPRan SErgy Badve PRLLasiat o, the
conpri sing: g raRsdenitedbpdynt L the ﬁ&%b%@siﬂié)hrc%tan@l%gsl?ﬁ?@d Thus,
directions within a predeterm ned pl ane, hol ding the object; a mark
det ect i ng5 sy styemrdiatrdrasi & Ipt ursalrid \eauth dittecttiam areeasl tMudS&he mark,
positions are different in the second direction; and a detecting unit
that has a déicacerenpacealatthe peositt Fanodablerzotusedmtete 20 each mark
plurality of detection areas in the first direction, and detects
posi tion i nf SeRRGtERDEYSHETORE Ebe LakE, t Bhe draffkecieBredrathagsidiions

to the first secqnd directions at a plurality of detection points
Whose pos! &1 SIS ERrET £F OPeTie | AT HE S BEOHRC FASFT G BEVRTETIRd Hith

, i , o] | el he first
i Foction. adred BeTtde i, IR E, B A Racde bl Hbiilines poahe
or the objecto Py dihe Ayl idy 9fe MRIL %‘r?tcglfcst !{c{}%%@sgg’r@gg the mark

detection of surface position informati
plurality of deteetinn R@itdnEs. 15 by the detecting unit can be

per f or med.

According to a tenth aspect of the present invention,
there is provided a first exposure apparatus that exposes an
object with an energy beam, the apparatus comprising: amovable

15 Dbody that is movable in first and second directions within
a predetermined plane, holding the object; a mark detecting
system that has a plurality of detection areas whose positions
are different in the second direction; and a detecting unit
that has a detection area at a position different from the

20 plurality of detection areas in the first direction, and
detects position information of the object in a third direction
orthogonal to the first and second directions at a plurality
of detection points whose positions are different in the second
direction.

25 With this apparatus, when moving the movable body
parallel to the first direction, detection of the a plurality
of marks on the movable body or the object by the plurality

of mark detecting systems and detection of surface position

information of the object at a plurality of detection points



According to an el eventh aspect of the present invention, there is
provi ded a second exposure apparatus that exposes an object with an
energy beam the apparatus conprising: a 5 novable body that is
novable in first and second directions within a predeterm ned pl ane,
hol di ng the object, and has a surface sublstantially parallel to the
pl ane on which a pair of first grating sections that each have a

grating periqQdically, arrayed in the first direction are arranged; a
mark det ecti %d" %g"esfgetace q{lﬁl’ﬁ et £33 Lpr%lﬁeﬁ/fe%‘fm%cg‘t ection areas

whose positions ar i ffar i nd _ directi.qn; _and a._ . .
measuring unit t ha?‘cfyr?éjldaél s£%a?1| %ggv%gn?gg és’rpetcﬁa(?%ﬁg“sé ggﬁgﬁ?gllﬂvfno +-on

first heads imdAdiing A-Raidedls fddSInd1eads ffiat a%'p?aﬁ{:g&eckh‘ﬂtt hdRes

plurality of detection areas In between in the secon direction,

and measur es POYjet iwiftdf nat iafeRfy hanow ediedetds tdddilsSing: a
direction by the first head that faces at | east one of the pair of
first grabi ngesedtlicohedWhiatt hissmappbiat iis, £ post tamoh dedoardmtiirectdfons
t he novabl e body in the first direction is neasured by the first head
of 20 the firstthdicaderedraeriiioes alaheashobdéngfthepalbieot, tared has a
first grating sections. Further, in this case, since a pair of the
first heads &' ifcscSYORtARta 3l RRirey 166 86t Ehei BhaBe e’ Yinich a pair

between, th k the obj ect. i myl ly, detected wit
Che.plufal i 1908 FEF R G000 PG LOAT SRESMFRTT DAV ReY FEX Rt hG HROVEIRERE 1LY

of the movablghody by fe diI BLEEELLAN: - ALGALNNIG 1§ A bR e ing

aspect of the pr i nvention,
10 system that has a plurality of detection areas whose positions

are different in the second direction; and a measuring unit

that includes a first encoder that has a plurality of first

heads including a pair of first heads that are placed with

the plurality of detection areas in between in the second

15 direction, and measures position information of the movable

body in the first direction by the first head that faces at
least one of the pair of first grating sections.

With this apparatus, position information of the movable

body in the first direction is measured by the first head of

20 the first encoder that faces at least one of a pair of the

first grating sections. Further, in this case, since a pair

of the first heads are placed with a plurality of detection

areas in between, themarks on the object can be simultaneously

detected with the plurality of mark detecting systems when

25 performing movement of themovable body in the first direction.

According to a twelfth aspect of the present invention,

there is provided a third exposure apparatus that exposes an

object with an energy beam, the apparatus comprising: a movable

body that is movable in first and second directions within



there is provided a third exposure apparatus that exposes an object

wi th an energy beam the apparatus conprising: a novable body that is
novable in first and second directions within 16 a predeterm ned

pl ane, hol ding the object; and a mark detecting systemthat has
detection areas whose positions are difféerent in the second direction
and can sinultaneously detect a plurality of marks on the object,

wherein the @%Kédé“aé’?lﬁiée@?ﬁiatﬂeqnﬁo%fnﬁitfllfeecg};?f@iii.,nahtlea fikE8ldetecting

direction on the object are detected with the mark detecting system

by nmovi ng t heysnsabtBabaelys ide tiehe ifdnr stedbngdddposandoalsSPrd RE frerent
nunber of marks detected by the mark detecting systemdiffers
dependi ng on ia posét senoof]l tdiercdijient andt kanf igttudidresduony d0t¥etha
t hi s apparatus, when noving the novable body in the first direction,
the marks at pPosialiidns afi fiayrlent of r ohe onk] aadbt heheoainhéhebjregtkscamose
be simul taneously detected using the required nunber of mark _
det ect i ng® sy RS TP Sa8&6r dARERTRNE Wik H o dditsitoA1ERCEREN MDY dH e BO@FE
inthe first diregtio 5 in other word in_accordance with the

bl acement  of XiSitiid shar H* { HAS ob Bt SCAGELLRPngYE6SR PHi APdaREh the

:SpeCt of th onra%ﬁ%nﬁooidg(vﬁﬂt 5:8@’ fEP?[:]edREeBE%B?eQn& aflf%g ttnieex uerre of

pparatus that exposes dn object W an” ener gy’ beam € apparatus

20 conpri si ngra A JTB¥EBEE RSl thaha b JEvall 6 d ByEkERtq AP SECMnding
on a position of the object in the first direction.

10 With this apparatus, when moving the movable body in the
first direction, the marks at positions different from one
another on the object can be simultaneously detected using
the required number of mark detecting systems in accordance
with the position of the movable body in the first direction,

15 in other words, in accordance with the placement of divided
areas on the object.

According to a thirteenth aspect of the present
invention, there is provided a fourth exposure apparatus that
exposes an object with an energy beam, the apparatus

20 comprising: a movable body that is movable in first and second
directions within a predetermined plane, holding the object,
and also has a surface substantially parallel to the plane
on which a grating section that has a grating periodically
arrayed is arranged; amark detecting system that detects marks

25 on the object; and a measuring unit that has an encoder that
has a plurality of heads whose positions are different in a
direction intersecting an array direction of the grating, and
measures position information of the movable body in the array

direction by the head that faces the grating section at the



directions wthin a predeterm ned plane, holding the object, and al so
has a surface substantially parallel to the plane on which a grating
section that has a grating periodically arrayed is arranged; a mark
detecting systemthat detects marks 25 on the object; and a measuring
unit that has an encoder that has a plurdality of heads whose

positions are different in a direction intersecting an array

direction of the grating, and neasures position information of the
novabl e body 5% %)éF & SRS OB IAF tHe Hedd a AT Saces t he

rating section at _th 17 tinme of a detection operation of the .
marks. o Wth RS SbHAPRPGESTHE (e LOF e 6T Ok St bLTT b operation

operatioh of dihenIREES 00, [kAS OBIECL, AT 0N A PLORIPILRROLnL BB vanie
: y In an array direction of "the grating o e grating
section body in an array direction of the grating of the grating section
5 is measured by the encoder of the measuring unit. That is,
the marks on the object can be detected using the mark detecting
system, while controlling the position of the movable body
with high accuracy based on the measurement value of the head
of the encoder that faces the grating section.

10 According to a fourteenth aspect of the present
invention, there is provided a fifth exposure apparatus that
exposes an object with an energy beam via an optical system,
the apparatus comprising: a movable body that is movable in
first and second directions within a predetermined plane,

15 holding the object; a mark detecting system that detects marks
on the object; an adjusting unit that adjusts optical
properties of the optical system; and a controller that, in
the middle of a detection operation of a plurality of marks
on the object by the mark detecting system, controls the

20 adjusting unit based on detection results of a part of the
plurality of marks that have been detected by the mark
detecting system.

With this apparatus, in the middle of a detection
operation of a plurality of marks on the object by the mark

25 detecting system, the adjusting unit that adjusts optical
properties of the optical system is controlled by the
contreller based on the detection result of a part of the
plurality of marks on the object that have been detected by

the mark detecting system.



5 is neasured by the encoder of the neasuring unit. That is, the

mar ks on the object can be detected using the mark detecting system
while controlling the position of the novable body with high accuracy
based on the neasurenent value of the head of the encoder that faces
the grating section. 10According to a foumteenth aspect of the

present invention, there is provided a fifth exposure apparatus that
exposes an object with an energy beamvia an optical system the
appar at us conpri si A§CoEipgalP @ bbiyeenids ssperdvabltae presert layention,
second directions within a gredeternined pl ane, 15 hol ding the

obj ect; a markSFst &6t PRGVIFSEein iRt §SPOSILenBPRETBRUE HE Y| BROSem an
dj ti it .that i t ti ot . of t .opti | t
2nd'a cont rol e S aE ek 8 AR a of T GeTUCtH A GAEPath G o, Deam
plurality Ofvg%r%%.% tHQ%lQ%b%%%npyé%Qea%%%&a%%%e%Bh i%ﬁ%.%”% movable
uni't baded on a part

controls the adj usting téction results

of the plwsraljdiay %arfarils\sN ot 1Rave Faenr detected v Hg%e@%ri][&ns within

detecting system th this apparatus, in the mddle of a

det ection oper gredetetrmanpdupakhty BHlaBhrkstion dhpeeb] ecmadik Wheeomrikg
25 detecting system the adjusting unit that adjusts optical

properties ofsysitemophatalet=ystemirgscontthel betlebly; tadrel eomintatd rer that
based on the detection result of a part of the plurality of marks on

t he object t RELrIRAVE aeh aét EcteRpPyremenrapregataen mf sysromitiegal
According to a fitteegth aspect of  the gresent invention, there is

provi ded a sitEtHi teoPoSGFECaFpar B 03 FhaPT eRPOSEECAP il PafitaFm and a
attern at js illum nated with,an _ener beam vi.a an _opti,cal

et om 105" gl abritll BERECE Me Bt e D g bt SO L AR PR D e estipn

first and se Lrectlion i thin.a e erm.ne ..hol di t he
object; a na%%% ggégﬁiﬁg?sigggh@fﬁgtkﬁ%tgg%sﬁﬁggkgk%% tﬁéugb%g%€?mén§n

a control | er pbhati 1Rar {9t ARaPNRQf 8 PRASWENRRL cPRELAF AhObrRrations.
positional relation between a projection position of the pattern and

a 10 detection centwethothtBeappekadaesecthagtiystighivandcandgkegibebved,
operation of the marks by the mark detecting system in parallel wth
at | east a pacmpefretheithhtheofasbhevrlopes atheonrketection Witdrathicsn of the
apparatus, the throughput can be inproved, conpared with the case

wher e thb5deﬂ@é$ﬁoﬁyoﬁgﬁaﬂﬁéﬁ geteréing systems is performed before or

after the measurement operation of the positional relation.
According to a sixteenth aspect of the present invention,

there is provided a seventh exposure apparatus that exposes

an object with an energy beam, the apparatus comprising: a

20 movable body that is mowvable in first and second directions
within a predetermined plane, holding the object; a mark
detecting system that detects marks on the object; and a
controller that can set a first state of making the movable
body and another movable body different from the movable body

25 come closer together at a predetermined distance or less and
a second state of separating both the movable bodies, and
performs switching between the first and second states during

a detection operation of the marks by the mark detecting

system.



15 marks by the mark detecting systens is perforned before or after

t he neasurenent operation of the positional relation. Accordi ng
to a sixteenth aspect of the present invention, there is provided a
sevent h exposure apparatus that exposes an object with an energy

beam the apparatus conprising: a 20 novabkl e body that is novable in
first and second directions within a predeterm ned plane, holding the
object; a mark detecting systemthat detects marks on the object; and
a controller that @&ﬁhs‘g@l%laPPlaéTtatéltSat@U?é%n@‘rﬁk@%be@hboﬁrﬁ\maél@@d?f the

and anot her novabl e body different fromthe novabl e body 25 cone
cl oser toget F&" ‘énpr%l?etQ APAEd R staRcdrk | §1§§e§ﬁ&¥‘§ SR, the

state of separati th.t mpvabl e. bodi es, and perfarns sw t.chi
bet ween thepﬁopgtr%g‘nl%%sgggnér&sa egwﬁg?ﬁﬁﬁgao%E%tg%?%%%ﬁ)“é?eeﬁ itg'H5 %ﬁrSt
the marks by gtihe SBEk el SCUHHOLSYELE R bo nd the X%&ﬁh%ﬁ;ﬁoo\g?belc bg;/:ly

apparatus, during a detection operation of” the nmarks o

the mark sglet eeieng16¥st-efbgéhRe £ MMt IOLkeHeRfQNE® &1i8¥WEheRi MY less and
operation between the first state of making the novabl e body and the

anot her novahhe bostyortd cetretel asfersépgeihetigaboghpriddet otaped bodies.
di stance or |ess and the second state of separating both the novable
bodi es. Accoldicegidinatllye ttiveo tdimowighpart lveni iner dwed oveshpaoegawiethwith
the case where the switching operation of the state is performnmed .
before or af t&f tfRSYetbertortlshePHit6R1BE tdReGRlTIGN 10Lorkechestate is

obj ect . ccording_to a seyenteenth aspect of the present
inlventi on, tR&F Oir?eg]r%%f"ajéﬁ InatFght eeQﬁB@EFéoap%%ﬁ'%ﬁWsm% R&tthe marks

exposes ohj e h n a novabl e body that is novable in first and
second d?@ect%%lo%gew%%ﬂie%té predeterm ned plane, with 15 an energy

beam the appar at ugceem&hgisntgﬁ'mgen%%gegsé&%ﬁn% nbﬁfhaéh@a%é:%sent

plurality of detection are rtrons are different 1nt

second di rectih@Bntabf, a K&f €[ aNEE FEIRE hnodh Y 1€ B xB oRhdeal pt¥r Hfus that
reference marks that can be sinultaneously detected by the mark

det ecti ng sysemsaseaf0obgenedheaddot hatmedib @ JY AR Sidencividatlel $n
opposite to the plurality of detection areas with an irradiation

posi tion of thessrmdypelboam dihrdetimenvwithtihe presketdrménedanldroe awith
position of the plurality of detection areas. Wth this apparatus,

t he ref exencéNneRBEEYnBe¢as | khenhépparatus comprising: a mark detecting

system that has a plurality of detection areas whose positions
are different in the second direction; and a reference member
on which & plurality of reference marks that can be
simultanecusly detected by the mark detecting system are
20 formed, and that can move from a side that is opposite to the
plurality of detection areas with an irradiation position of
the energy beam in between in the first direction to a position

of the plurality of detection areas.
With this apparatus, the reference member moves in the
25 first direction from a first position on a side opposite to
the plurality of detection areas of the mark detecting system
with an irradiation position of the energy beam in between
to the position of the plurality of detection areas (a second

position), and a plurality of reference marks on the reference



25 first direction froma first position on a side opposite to the
plurality of detection areas of the mark detecting systemw th an

I rradi ation position of the energy beamin between to the position of
the plurality of detection areas (a second position), and a plurality
of reference marks on the reference 20 ngnber are detected using the
mar k detecting system After that, the novable body is noved
integrally with the reference nenber toward the first position. On

t he novenent mesuites, axeplkletalitey obimgr kbeonathedobgetingasydleem. After
detected using the 5 mark detecting system. According to an

ei ght eent h aéc%@a, shetpevah Br &dady ATarRTom 1ntesra lily Bishi dee re fanesce

devi ce manufacturing netho C ri sing:. exposin n obj ect using any
one of the fFF?#EFb% W@ﬁ?h%gfpgggﬁé BﬁgéFéP seéhgﬁﬁﬁhngQﬂﬁﬂﬁ route, a
i nvention; 1 nd vel apin he _exposed .obj.ect. According to a.

ni neteenth a &éﬁcﬁaloecyt ﬁgp&ag:sktésntoﬁ )rglc\%eenﬂ &r?,é fére bIeS d%%c?\#(?g@ S écthe

mar k detegtiqgr@pQ@&%k%gng system.

According to an eighteenth aspect of the present
invention, there is provided a first device manufacturing
method, comprising: exposing an object using any one of the
first to eighth exposure apparatuses of the present invention;

10 and developing the exposed object.

According to a nineteenth aspect of the present
invention, there is provided a first mark detecting apparatus
that detects marks on an object, the apparatus comprising:
a mark detecting system that detects marks on the object

15 mounted on a movable body, the movable body moving within a
predetermined plane that includes a first axis and a second
axis intersecting the first axis, and also having a surface
on which a first grating having a grating whose periodic
direction is a direction parallel tothe first axis and a second

20 grating having & grating whose periodic direction is a
direction parallel to the second axis are arranged; a measuring
unit that has a first axis encoder that has a plurality of
first heads whose positions are different in a direction
parallel to the second axis and measures position information

25 of the movable body in a direction parallel to the first axis
by the first head that faces the first grating, and a second
axis encoder that has & plurality of second heads whose
positions are different in a direction parallel to the first

axis and measures position information of the movable body



that detects marks on an object, the apparatus conprising: a mark
detecting systemthat detects marks on the object 15 nounted on a
novabl e body, the novabl e body noving within a predeterm ned pl ane
that includes a first axis and a second axis intersecting the first
axi s, and al so having a surface on which2d first grating having a
grating whose periodic direction is a direction parallel to the first
i3 N 2 SSS0I 20, SLELLg havisig 2 aLating Whoss per OCLC, conn hgac
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controlling a position of the movable body based on measurement
5 wvalues by the measuring unit.

With this apparatus, while contrclling the position of
the movable body based on the measurement values by the
measuring unit, the controller detects the marks on the object
mounted on the movable body using the mark detecting system.

10 That is, the marks on the object can be detected using the
mark detecting system, while contrclling the position of the
movable body with high precision based on the measurement
values of the first head of the first axis encoder that faces
the first grating and of the second head of the second axis

15 encoder that faces the second grating.

According to a twentieth aspect of the present invention,
there 1is provided a second mark detecting apparatus that
detects marks on an object, the apparatus comprising: a movable
body that moves within a predetermined plane that includes

20 a first axis and a second axis intersecting the first axis,
holding the object on whichmarks are each formed at a plurality
of positions different from one another; and a plurality of
mark detecting systems that have detection areas whose
positions are different in a direction parallel to the second

25 axis and can simultaneously detect the marks at positions
different from one another on the object, wherein the number
of marks on the object that are simultaneocusly detected by

the plurality of mark detecting systems differs depending on

a position within the plane of the movable body that mounts



by the first head that faces the first grating, and a second axis
encoder that has a plurality of second heads whose positions are
different in a direction parallel to the first axis and neasures
position informati on of the novable body 21 in a direction parallel
to the second axis by the second head that? faces the second grating;
and a controller that detects the marks on the object using the mark
detecting syshem \ jéé%controlling a position of the novabl e body
based on neasurenent val ues by the nmeasuring unit. Wth this

opparatus, Wi | e cquioLl 0.t he-gosk! | e sy TRYARLE DOMY RS cct

on the nmeasurenent val ues e nmeasuring unit, the contro
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mar k detecting system 10 That is, the marks on the object can be

det ect ed usi riptidre iTRy ks yoetteaed | dNigF S elgperddrey contdted Iggyd dike within
position of the novable body with high precision based on the

measur eneht \Eleugy eofe ttehmifniads plhesd off thhembirasil e duddy erltaderourita the
faces the first grating and of the second head of the second axis 15
encoder that st Nd ekbprc§paei nyhen movige drleh MgoYalhe t Redyi énh a
aspect of the present invention, there is provided a second mark
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mark detegti wéaﬁae%rtMEhaﬁ@@ﬁ e6hi 198 sAnRAT aM2eR 1R08E L LOPNS4 A B ng
e

different in a direction para to the second

the reguired number of mark detecting systems in accordance
with the position of the movable body in a direction

intersecting the second axis.
According to a twenty-first aspect of the present
15 invention, there is provided a third mark detecting apparatus
that detects marks on an object, the apparatus comprising:
a movable body that moves within a predetermined plane that
includes a first axis and a second axis intersecting the first
axis, holding the object on which marks are each formed at
20 a plurality of positions different from one another; a
plurality of mark detecting systems that each detect the marks
at positions different from one another on the object; a focus
position changing unit that changes a relative positional
relation between the plurality of mark detecting systems and
25 the object mounted on the movable body in optical axis
directions of the plurality of mark detecting systems that
are perpendicular to the plane, simultaneously among the
plurality of mark detecting systems; and a controller that

simultaneously detects each of the marks formed at positions



25 axis and can sinultaneously detect the nmarks at positions
different fromone another on the object, wherein the nunber of marks
on the object that are sinultaneously detected by the plurality of
mar k detecting systens differs depending on a position within the

pl ane of the novable body that nounts 2Z3 he object. W th
this apparatus, the nunber of marks on the object that are

i mul | y. d- b I it f k t ecti t .
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a relative positicnal relation between a plurality of mark

10 detecting systems and the object mounted on the movable body

in a focus direction being a direction perpendicular to the

predetermined plane by the focus position changing unit. Thus,

by preferentially using each detection result of the mark,

for example, in the most favorable focused state regarding

15 each of themark detecting systems or the like, the marks formed

at positions different from one another on the object can be

detected with good precision without being affected by

unevenness of the object surface or the best focus difference
among the mark detecting systems.

20 According to a twenty-second aspect of the present

invention, there is provided a first pattern forming method

of forming a pattern on an object, the method comprising: a

detection process of detecting marks on the object mounted

on a movable body using a mark detecting system, the movable

25 bodymoving within a predetermined plane that includes a first

axis and a second axis intersecting the first axis, and also

having a surface on which a first grating having a grating

whose periodic direction is a direction parallel to the first

axis and a second grating having a grating whose periodic



20 a plurality of positions different fromone another; a plurality
of mark detecting systens that each detect the marks at positions
different fromone another on the object; a focus position changi ng
unit that changes a relative positional relation between the
plurality of mark detecting systens and 23 the object nmounted on the
novabl e body in optical axis directions of the plurality of mark
detecting systens that are perpendicular tqQ_the plane, sinmultaneously

anong the pl ST O8 Irark derecting Bpseedsl &Ry W oneFenfepXiRagre
sinultaneousg% dete%fsw a

_ dete ch.of.thg nar k eformad at_position ‘ 23 . n
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position chapgi R@adhirement values by a measuring unit that has a first
5 axis encoder that has a plurality of first heads whose
positions are different in a direction parallel to the second
axis and measures position information of the movable body
4in a direction parallel to the first axis by the first head
that faces the first grating, and a second axis encoder that

10 has a plurality of second heads whose positions are different
in a direction parallel to the first axis and measures position
information of the movable body in a direction parallel to
the second axis by the second head that faces the second
grating.

15 With this method, the marks on the object can be detected
using the mark detecting system, while contreclling the
position of the movable body with high precisicn based on the
measurement values of the first head of the first axis encoder
that faces the first grating and of the second head of the

20 second axis encoder that faces the second grating.

According to a twenty-third aspect of the present
invention, there is provided a second pattern forming method
of forming a pattern on an object, theAmethod comprising: a
process of mounting the object, on which marks are each formed

25 at a plurality of positions different from one another, on
a movable body that moves within a predetermined plane that
includes a first axis and a second axis intersecting the first

axis; and a process of simultaneously detecting the marks at

positions different from one another on the object using a



5Wth this apparatus, the controller sinmultaneously detects each of
the marks fornmed at positions different fromone another on the
object using a plurality of mark detecting systens corresponding to
each of the nmarks, while changing a relative positional relation
between a plurality of mark 10 detecti ng 2ystens and t he obj ect
nmount ed on the novabl e body in a focus direction being a direction
perpendi cul ar to the predeterm ned plane by the focus position

changi ng uni tPluFlﬁ}sl,tyb9fﬁ?%?}étd€ﬁteic§ﬁW B¥P @m%éﬁwstféfjééﬁpﬁoﬁe%{%%s gre
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wi t h good precision w thou ei ng affected by unevenness of the
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systens. 20According to a twenty-second aspect of the” present

inventions thestens ARGfiededdapkbhashgpaht &rpos of bAG Meihoddfable body
formng a pattern on an object, the nethod conprising: a detection
process of detigdtimnghmanksnen t he object nounted on a novabl e body
using a mark detecting system the novable 25 body noving within a

pr edet er m ned pl an@iﬂigia’ﬁhiﬁ(ﬂlard@rathﬁr@{mmi o fangrks sucohd dxject that
intersecting the first axis, _and al so having a surface on which a
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direction pa%%g%%%st8i%ggrglé§%ending on the position of the movable body

10 that mounts the object within the predetermined plane, and
therefore, when moving the movable body in a direction
intersecting the second axis, for example, a direction
parallel to the first axis (or a direction orthogonal to the
second axis}, themarks at positions different fromone another

15 ontheobject canbe simultaneously detected using the required
number of mark detecting systems in accordance with the
position of the movable body in a direction intersecting the
second axis.

According to a twenty-fourth aspect of the present

20 invention, there is provided a third pattern forming method
cf forming a pattern on an object using an optical system,
the method comprising: a process of mounting the object on
a movable body that moves within a predetermined plane that
includes a first axis and a second axis intersecting the first

25 axis; a process of detecting a plurality of marks formed on
the object using a mark detecting system; and a process of
adjusting optical properties of the optical system based on
detection results of a plurality of marks on the object that

have been detected by the mark detecting system, at the stage



axis and a second grating having a grating whose periodic 24
direction is a direction parallel to the second axis are arranged,
wherein in the detection process, on detection of the marks, a
position of the novable body is controll ed based on nmeasurenent

val ues by a nmeasuring unit that has a firxst 5 axis encoder that has a
plurality of first heads whose positions are different in a direction
parallel to the second axis and nmeasures position information of the

novabl e body "“$rE BRFE8tFRASaPEl PEF tvbehdeteeked by shpyna e detesting

head t hat facestﬁhe first grating, and a second axis encoder that 10
has a pl ural iy 6" $&C6Hd ‘heads whose positions are different in a

direction parall el 9, RsLl fabnds] o280, 120U £%,008] LD narke on he
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met hod, the marks on the object can~"be detected usin
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wi th high precision based on the neasurenent val ues of the first head
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grating. thatAchevdi fpdro detweneg- thy r dhespmerkofddttecpiesestystem.
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object using a 2
due to the adjustment, the image of the mark after the shift
is measured, and consequently the shift of the image of the
mark due to the adjustment of optical properties of the optical
15 system does not become a measurement error factor. Further,
since the adjustment is started based on the detection results
of the marks that have been detected, before detection of all
the marks to be detected is finished, a period of time required
for the adjustment can be overlapped with a period of time
20 for detecting the remaining marks, which makes it possible
to improve the throughput, compared with the conventional art
in which the adjustment is started after detection of all the
marks is finished.
According to a twenty-fifth aspect of the present
25 invention, there is provided a fourth pattern forming method
of projecting a pattern on an object using an optical system,
the method comprising: a process of mounting the object on

a movable body that moves within a predetermined plane that

includes a first axis and a second axis intersecting the first



plurality of mark detecting systens whose detection areas are placed
at different positions in a direction parallel to the second axis,
wherein the nunber of marks on the object that are simultaneously
detected by the plurality of mark detecting 5 systens differs
dependi ng on a position of the novable baty within the plane.

Wth this nethod, the nunber of marks on the object that are

i mul t |y .detected by a pluralit f _mark detecting systens,
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10 center of the mark detecting system is started until when the

operation is completed, a detection operation by the mark

detecting system of the marks on the object mounted on the

movable body is performed. Accordingly, at the point in time

when the measurement operation of the positional relation is

15 completed, at least a part of the detection operation by the

mark detecting system of a plurality of marks to be detected

formed on the object can be finished. Thus, the throughput

can be improved, compared with the case where the detection

operation by the mark detecting system of the plurality of

20 marks is performed before or after the measurement operation
of the positicnal relation.

According to a twenty-sixth aspect of the present
invention, there is provided a fifth pattern forming method
of projecting a pattern on an object using an cptical system,

25 the method comprising: a process of mounting the object on
a movable body that moves within a predetermined plane that
includes a first axis and a second axis intersecting the first

axis; and a process of performing a measurement operation of

a positional relation between a projection position of the



adjusting optical properties of the optical system based on detection
results of a plurality of marks on the object that have been detected
by the mark detecting system at the stage 26 where marks on the
object to be detected by the mark detecting systemremnain.

Wth this nethod, at the stage where the gmrks on the object to be
detected by the mark detecting systemremain, 5 optical properties of
the optical system are adjusted based on the detection results of a
plurality of begrtierrohyt ke shijtdcalt hasthavandeecdetectbittrddntdahefnmmark
detecting system Accordingly, for exanple, in the cases such as when

det ection of tFSGHGY FYSFSRAULIdY & Raziah)fasn therogti eRerafdasmot
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measurenent error factor. Further, since the adjustnent I1s starte

based on the detectiieh tRsylisdd ! BRiririgks ddwtodaverbarandeiratied.ion
before detection of all the marks to be detected is finished, a

period of ti mpareduioredyftdre mhekadg isttimg sgatdmeoovweplappaédtw dhmarks
period of time 20 for detecting the remaining marks, which nmakes it
possi bl e to itepleydetigstiedy dogmest orcdmgarcdd awtt maung ecomverthicomatvable
art in which the adjustnent is started after detection of all the
marks is finPONYd ISASESHdSRy Wd1d ORdeie fiher wrsgpddenof st kemplesesty 2
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projection position of a pattern by the optical system and

a detection center of the mark detecting system is pexrformed.

Accordingly, during a period when the detection operation by

the mark detecting system of a plurality of marks to be detected

150 formed on the object is performed, the measurement operation

of the positional relation can be finished. Thus, the

throughput can be improved, compared with the case where the

measurement operation of the positional relation is performed

vefore or after the detection operation by the mark detecting

20 system of a plurality of marks to be detected formed on the
object.

According to a twenty-seventh aspect of the present

invention, there is provided a sixth pattern forming method

of forming a pattern on an object, the method comprising: a

25 process of mounting the object on a first movable body that

moves within a predetermined plane that includes a first axis

and a second axis intersecting the first axis; and a process

of controlling both the first movable body and a second movable

body that moves independently from the first movable body



of projecting a pattern on an object using an optical system the

met hod conprising: a process of nounting the object on a novabl e body
that noves within a predeterm ned plane that includes a first axis

and a second axis intersecting the first 27 axis; and a process of
perform ng a detection operation of marks%n the object during a
period from when an operation of nmeasuring a positional relation

bet ween a projection position of the pattern by the optical system

and a det ect "drtPS e driterP HAn¢ heo kPR tdét statianf st @prFat semrpgda mark
until when the operation |s comlefed.. . Wih this t hod,
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10 Herein, a proximity state of making the first movable
body and the second movable body come closer together at a
predetermined distance or less is a concept that also includes
a state of making both the movable bodies come closer together
at a distance of zero, that is, a state of making both the
15 movable bodies come into contact with each other.

With this method, a detection operation by the mark
detecting system of a plurality of marks to be detected formed
on the object mounted on the first movable body is started
when the first movable body and the second movable body in

20 a proximity state where both the movable bodies come closer
together at a predetermined distance or less, and state
switching is performed from the proximity state to a separation
state where both the movable bodies separate from each other,
before all the detection operation of a plurality of marks

25 is completed. Accordingly, during a period when the detection
operation of a plurality of marks to be detected formed on
the object is performed, the switching operation of the state

can be finished. Thus, the throughput can be improved,

compared with the case where the switching operation of the



invention, there is provided a fifth pattern form ng nethod of
projecting a pattern on an object using an optical system 25 the

met hod conprising: a process of nounting the object on a novabl e body
that noves within a predeterm ned plane that includes a first axis

and a second axis intersecting the first #xis; and a process of
perform ng a nmeasurenent operation of a positional relation between a
projection position of the 28 pattern by the optical systemand a
det ecti on centettoflH MTICTRERG IR SR éhh il 1 Y L9965 0PT GRvatePn
an operation of detecting.a pluralit f marks.to bhe detected forned
on he obj ectmiuptaaesn wneP i aEr Yo TLERy PhoSraER Becet iy St
systemis started i re.the rati hit cC e
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formed on the object nounted on the novable body is started until

before the opef adrenirics aC paplet-edonaahOoptast) etpatmoOpes@tdanpfsing: a
positional relation between a projection position of a pattern by the
optical systamarrbaodereettbng dcéet ebjeftt hen whikhded elct iang syshemumsed
perfornmed. Accordingly, during a period when the detection operation
by the mark ddt ectiirashisienfofes igtdnrat idiE fsfrafdr Keram Be detediaad on

a movable body that moves within a predetermined plane that

includes a first axis and a second axis intersecting the first

10 axis; and a process of simultaneously measuring each of the

marks formed at positions different from one another on the

object individually using a plurality of mark detecting

systems corresponding to each of the marks, while changing

a relative positional relation between the plurality of mark

15 detecting systems and the object mounted on the movable body

in optical axis directions of the plurality of mark detecting

systems that are perpendicular to the plane, simultaneously
among the plurality of mark detecting systems.

With this method, while changing a relative positional

20 relation between a plurality of mark detecting systems and

the object mounted on the movable body in optical axis

directions of the plurality of mark detecting systems that

are perpendicular to the predetermined plan, simultaneously

among the plurality of mark detecting systems, each of the

25 marks formed at positions different from one another on the

object is simultaneocusly detected, individually using each

mark detecting system corresponding to each mark. Thus, by

preferentially using each detection result of the mark, for

example, in the most favorable focused state regarding each



15 formed on the object is perforned, the neasurenent operation of

the positional relation can be finished. Thus, the throughput can be

| nproved, conpared with the case where the neasurenent operation of
the positional relation is performed before crafter the detection
operation by the mark detecting 20 systemqpf a plurality of marks to
be detected fornmed on the object. According to a twenty-seventh

aspect of the present invention, there is provided a sixth pattern
form ng nethhothf¥ fletething pattterm on ameob] k¢, the metld formed at
conprising: a 25 process of nounting the object on a first novable
body that novVESiidih &L bkekriter freedoptapsothar pnclthgesby efdtr stan be
axi s and a second axis intersecting the first_ axis; and a process of

control I'i ng BEIEIHRA f LS rARR®I #166dy18Rd wikkewhd besvsbl éiﬁ@@?id by
h i nd dently f the first ble b 2 i thjn the

Rt e b v T I
I it f t f he object nounted on the

Pifi? Hn¥33|e 6§§tﬁga?%gﬂfé%%ﬁ%k%iﬁi%ygééb%bSabIe bodies are in a

proximty state whehifther, in a lithography process, a pattern can be

formed on an object with good accuracy by forming the pattern
on the object using any one of the first to seventh pattern
forming methods of the present invention and performing

10 processing to the object on which the pattern has been formed.
Thus, microdevices with Thigher integration <can be
manufactured with good yield.

Accordingly, it can also be said from a twenty-ninth
aspect that the present invention is a device manufacturing

15 method in which the pattern forming method of the present
invention is used.

According to a thirtieth aspect of the present invention,
there is provided a first exposure method of exposing an object
with an energy beam, the method comprising: a first process

20 of mounting the object on a movable bedy that is movable in
first and second directions within a predetermined plane; a
second process of detecting marks on the object using a mark
detecting system that has a plurality of detection areas whose
positions are different in the second direction; and a third

25 process of detecting position information of the object in
athirddirection orthogonal to the first and second directions,
using a detecting unit that has a detection area at a position
different from the plurality of detection areas in the first

direction and has a plurality of detection points whose



5 both the novabl e bodi es are cl oser together at a predeterm ned

di stance or |less, and state switching is perfornmed fromthe proximty
state to a separation state where both the novabl e bodi es separate
fromeach other before all the detection operation of the plurality

of marks is conpleted. 10 Herein, a proxigqpty state of nmaking the
first novabl e body and the second novabl e body come cl oser together

at a predeterm ned distance or less is a concept that also includes a
state of nukiRfpfotdng e arslidier 4udiies Wons adaskrditmatingr. at a

di stance of zero, that is, a state of naking both the 15 novabl e

bodi es come into cHrtdctPhptetdirdy yhgermoving thayprabhpsbory medaldel

detecti ti b he . k.detecti t f | lit f

Tar ks 10 be 06 GCPed L IaA B G- obf LR UM Bt RS tHe {17 GScoRd and
bl e body .i t ' I .and _th

Tovabl & body T30 F Bty STAT e Wher e RobhIEAL: hOvabl D06 &g the

cone closgr tRAAINY Bbap Redeher Bbiedcdi SiANge AL | BSSa1and, Shat Gark

switching is performed fromthe proximty state to a separati‘on state

where bot h t hetwtable hogiesnsepaiat eqéronteash sFhegurbatere @dition
the detection operation of a plurality of marks 25 is conpl et ed.

Accor di ngl y, icwioinmg ta gpepifotdhehean ¢die adettepliioal bperaf idatadtidon points
plurality of marks to be detected fornmed on the object is perforned,

t he swit chi ngseper athicofledfeatiastuatids can e Havifsireded.Thus, the

t hroughput can be inproved, conpared with the case where the

swi t chi ng oper at i oRCEPTERET 3P stattd it pehrksithedsperbr ©®orthgt resgat

det ecti op, operation of Iuralitg of ,marks to be detected forneg n
t he objég o IVentigle o' diHG t 0° aPEREALS TPy it FF YeheTEPRF U E ReMFF QanPf

R e R S S EFRCE

formng a patt ect, e ne conprii sing. a process of

mounting the ;0bj 8et, p AR-40E I FRIKS 13t BB & alm&vRbYE alddy taht
positions different fromone another, "on a novabl e body that noves

within a predet emaivaed epl ame thatst nanddes ez dnidr Stideics ianG awsesand 2
axis intersecting the first 10 axis; and a process of sinultaneously
nmeasuri ng eaplredfeteheimerk plboaenredndt apsscdnonsraidfereht WHeaammerks on
anot her on the object individually using a plurality of mark

det ect i nP sy $henebdecite sgendieng dtedeashingf at e rikades e ohiinige s¢isdegi ngat
a relative positional relation between the plurality of mark 15

det ecting sy$eéns? aRd R 130) e’t MSHSCEd O8n TFRAFDVABISE yitions are

cpticel mx s asions of, e phursl) Ly ol Lk detecting Systerm, .

plurality Oft%%EkiQ%H%%%Eng §¥§E%n§ncoder that has a plurality of first

heads including a pair of first heads that are placed with

20 the plurality of detection areas in between in the second

direction, measuring position information of the movable body

in the first direction by the first head that faces at least

one of a pair of first grating sections that are arranged on

a surface of the movable body substantially parallel to the

25 plane and each have a grating periodically arrayed in the first
direction.

With this method, for example, when moving the movable

body in the first direction, the marks on the object can be

simultanecusly detected by the plurality of mark detecting



Wth this nethod, while changing a relative positional 20 relation
between a plurality of mark detecting systens and the object nounted
on the novable body in optical axis directions of the plurality of
mar k detecting systens that are perpendicular to the predeterm ned
pl an, simultaneously anong the plurality ¥ nmark detecting systens,
each of the 25 marks formed at positions different fromone another

h bj | | d d di dual
mark detent | 179 SyStem COPRBSTenBERY EoneseRomEr kL onrrd, i W vETE poay
preferential | h %'ebl 192 Cthdq %%%&lognlgeagggu%dte gghﬁfﬁg;f for oxamml e

in the nost favora ocused state regar
first encoder that faces at least one of the pair of first

grating sections.

5 According to a thirty-second aspect of the present
invention, there is provided a third exposure method of
exposing on an object with an energy beam, the method
comprising: a first process of mounting the ocbject on a movable
body that i1s movable in first and second directions within

10 a predetermined plane; and a second process of, when marks
whose positions are different in the first direction on the
object are detected by moving the movable body in the first
direction, detecting the different number of marks depending
on a position of the object in the first direction, using a

15 mark detecting system that has detection areas whose positions
are different in the second direction.

With this method, when moving the movable body in the
first direction, the marks at positions different from one
another on the object can be simultaneously detected using

20  the required number of mark detecting systems in accordance
with the position of the movable body in the first direction.

According to a thirty-third aspect of the present
invention, there is provided a fourth exposure method of
exposing an object with an energy beam, the method comprising:

25 a process of mounting the object on a movable body that is
movable in first and second directions within a predetermined
plane, and also has a surface substantially parallel to the
plane on which a grating section that has a grating

periodically arrayed is arranged; and a process of, by using



mar k detecting systemor the |like, the marks formed at positions
different fromone another on the object can be detected with good
preci sion wthout being affected by unevenness of the object surface
or the best focus difference 5 anong the mark detecting systens.
Further, in a lithography process, a pattfgrn can be forned on an
object with good accuracy by form ng the pattern on the object using
any one of the first to seventh pattern form ng nethods of the

present i nvestneasahdngesior fhag 10cprndesssi agcoderhthatbhesta ed wikildiry
the pattern has been fornmed. Thus, mcrodevices wth higher _ .

i ntegration &dn BeaganufRi®r 8esditRgoodrgi ¢lifferent Agcor diddgiegtion
it can also he said froma tmentg%ninth aspect _that the Eresent

i nvention is%&qﬁﬁﬁ%ﬁ¥ﬁﬂﬂuﬁQuﬁiﬁ gdﬁﬁeﬂgf Bdof ntRAi GRaE égpafFﬁﬁﬁring
form ng nEthggggﬁg%ﬂf%RESEﬁg£i%H¥ﬁg%ﬂ th%bgéggghf%n&#gﬁ%%%%??ﬂ%p%%&%n

thirtieth as € present inventio

exposure get hd +of; “P?é%‘?ﬁit@l%ta'fa%@se‘%thev“:gtr]}t?ﬁlge%%r&ﬁcﬁqa@t Lhe mgifod s

conprising: afirst process 20 of nounti’ng obj ect on a novable

body that isanayabteibh dpdisdt aid o$ee9PEs By 8Gld N8 eWebhi Agdsystem that
predeterm ned pl ane; a second process of detecting marks on t%e

obj ect usi ngdetemrtlks déteeatdnky systtéra tdisitedias a plurality of

detection areas whose positions are different in the second

direction; and a tHiltd 2Biprineesedofatddthecting pbsi tdedredrifasr wekiren ion
of the object in a third direction orthogonal to the first and second
directions, @i Boddscelithg o eCt hPosidd oa Heferns bhomodat g mgvable

positio ifferent fromthe plurality of detection areas in the first
T et Lo et B ar R (3 mBE i Bh i FBA s Ahade 959t Mg rersten
are different _i nd .direction. Wth this net.hod, when
novi ng t he n%&a eéggéggfgﬁ?éﬁfhl9¥§“¥ﬁé9ﬁ ﬁ&? |%%§ﬁﬁ%ﬂ% W&}trhe

processing in the geeend;and ddifdeREOEGSEBRrtHELRYIAN & Phe present
plurality of marks on the
invention, there 1is provided a fifth exposure method of
exposing an object with an energy beam via an optical system,
15 the method comprising: a process of mounting the object on
a movable body that is movable in first and second directions
within a predetermined plane; and a process of, in the middle
of a detection operation of a plurality of marks on the object,
controlling an adjusting unit that adjusts optical properties
20 of the optical system based on detection results of a part
of the plurality of marks that have been detected by then.
With this method, in the middle of a detection operation
of a plurality of marks on the object, the adjusting unit that
adjusts optical properties of the optical system is controlled
25 Dbased on detection results of a part of the plurality of marks
on the object that have been detected by then.
According to a thirty-fifth aspect of the present

invention, there is provided a sixth exposure method of

exposing an object with a pattern that is illuminated with



5 novabl e body or the object using the plurality of mark detecting
systens and detection of surface position information of the object

at a plurality of detection points using the detecting unit can be
performed. According to a thirty-first aspect of the present 10
invention, there is provided a second exmssure nethod of exposing an
object with an energy beam the nethod conprising: a first process of
mounting the object on a novable body that is novable in first and
second di r ecBoR§SRPYhPA2E Praddt ebfisad praren, ahle asdrh@opradesag:

of , when marks _on 15 the object are detected using a mark detectin
oystem that FRaliASHI RFAFPES Of TEEREiSoR s Sats 7ho¥e pBeT £p hdotte that

different in.the_second di,recti.on, by using a asyring.unit that .
i ncl udes a fﬁﬁstngﬁ@bgé? that &S Ta éﬁﬁfaﬁiq?ngf Fﬁf§?%H€Q§s within a
including a paidyefe fdisly heads .t r i al J
of detecti onrﬁ)areeaesei n lbet wg]engﬁ n tgﬁg ge%%%g&gi ee(!:\et;él%sh,?cpf a?ﬁ%%%d the

posi tion §nferrmat neRsakehBatmeyabheibAdyrid dhe didsdl didiegticdn v ween
the first head that faces at |east one of a'pair of first grating
sections that ate’jactdogedoentacaudfatiee opathermoaredle deady-tion center
substantially parallel to the 25 plane and each have a grating

peri odi cal | yodr rayedki dethetfingssydtemcthan.detects nths tdri cheehdect
for exanple, when nnving‘the movabl e body in the first direction, the
mar ks on t he 288 8cfekant ben seprira akeo il Fheehaskedopythhangskucaltiecging

of mark detectin 33 systens. _Further, position information of the
movabl e body ST e LRt BELAT FELYHHIAL HEssl GAPBy Ct RE i RtMRA®Iothe

the firs 0 €N% %%%tth%% faces at |east one of the pair of first
grating sections. éﬁbcdrding to a thirty-second aspect of the present

i nvention, there iﬁi@hoﬂﬁgmﬁeﬁﬂbag eﬁﬁgsﬂﬁﬁoﬂﬁ?ﬁg %fgmfe.xlf?é)Sii g;r%'é}ed,

an object with an energy e nethod conpr i TSt process

of mounting thapabieeCl;ieh ahAD¥ABLEeyROLY thatdd e doVabldratdidsbante
second directions within 10 a predeterm ned plane; and a second

process of, wheiksnsy khewhoske deasictiionss g €eliifsf o £hd ried thE ofrier 6t after
direction on the object are detected by noving the novabl e body in
the first di téet mersuderectt opetriad idinf fodr e memidn cofa Imanrekdsition.
depend, nPB on a poskgicggdgl;gt hteo OlaDj et%;[iritr;f}shiexghi rasépgg:{:e%tfi Ogﬁe ugrgge?lt
invention, there is provided a seventh exposure method of
exposing an object with an energy beam, the method comprising:
a process of mounting the object on a movable body that is
movable in first and second directions within a predetermined
20 plane, wherein a first state of making the movable body and
another movable body separate from the movable body come closer
together at a predetermined distance or less and a second state
of separating both the movable bodies can be set, and the
exposure method further comprises a process of performing
25 switching between the first and second states during a
detection operation of marks by a mark detecting system that
detects the marks on the object.

With this method, during a detection operation of the

marks on the object by the mark detecting system, a switching



15 mark detecting systemthat has detection areas whose positions are

di fferent

in the second direction. Wth this nethod, when noving the

novabl e body in the first direction, the marks at positions different
fromone another on the object can be simultaneously detected using
20 the required nunber of mark detectingggystens I n accordance with

[

the position of the novable body in the

rst direction. According to

athirty-third aspect of the present invention, there is provided a
fourth exposyperaetBadpetwerposi igran shpeet ofi mhkangehkegpobehie bhdy
nmet hod conprising: 25 a process of nounting the object on a novable

body t hat

| sandvatiiee anofhest nandhislec ondddi ceotE $#X hitpggther at a

predeterm ned plane, and also has a surface substantially parallel to
the pl ane onpwhdeheamgnad chigs Gxres 6K tefdht ARdS BLERRd Shgte of separating

10

15

20

25

both the movable bodies is performed. Accordingly, the
throughput can be improved, compared with the case where the
switching operation of the state is performed before or after
the detection operation of the marks on the object.
According to a thirty-seventh aspect of the present
invention, there is provided a second device manufacturing
method, comprising: exposing an object using any one of the
first to seventh exposure methods of the present invention;

and developing the exposed object.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view schematically showing a configuration
of an exposure apparatus related to an embodiment.

FIG. 2 is a plan view showing a stage unit in FIG. 1.

FIG. 3 is a plan view showing the placement of various
measuring apparatuses (such as encoders, alignment systems,
a multipoint AF system, and Z sensors) that are equipped in
the exposure apparatus in FIG. 1.

FIG. 4A is a plan view showing a wafer stage, and FIG.
4B is a schematic side view showing a partial cross section
of wafer stage WST.

FIG. 5A is a plan view showing a measurement stage, and
FIG. 5B is a schematic side view showing a partial cross section
of the measurement stage.

FIG. 6 is a perspective view showing the vicinity of the

+X side end portion of X-axis stators 80 and 81 in FIG. 2.



periodically arrayed is arranged; and a process of, by using 34 a
measuring unit that includes an encoder that has a plurality of heads
whose positions are different in a direction intersecting an array
direction of the grating, measuring position information of the

novabl e body in the array direction 5 by3zthe head that faces the
grating section, at the tinme of a detection operation of marks by a
mar k detecting systemthat detects the marks on the object. ,
Wth this nethod, BIGSheA tme7Bfaze ddteaiet heAdope et lgi o hehePfh ksons
on the object, position information of the novable 10 body in an
array directPdn2oftPREeHr BEFRGNSF Mt he grating section is neasured by

t he encoder of the asur,in it . Accordin . : ;
thirty-fourth aspefbt oﬁyﬁﬁbgpggggﬁtd+%%%$ﬁi%ﬁﬁw¥%%%%&§§%p?83Faggrgtlon
fifth exposure pethad. of ' obj g, t ANes ba

an optical s?gtaenéor%quhg’?ﬁ%%%{o%%cgﬁ%r?%ﬁﬁ%% Eg)rpgég:ess og)ér%%g%ﬁ ES the
t he objeqf OQm%oHQMéH£? body that is novable in first and second
directions wthin a predeterm ned plane; and a process of, in the

m ddl e of a detectrogsoperatdren 38 argl wialkkt yseld ner ksxpheihmeposition
object, controlling an adjusting unit that adjusts optical properties
20 of the ophkeslhirsyshen biased saonXdgtleois of aeaflastebls part pohrahéty
plurality of marks that have been detected by then. Wth this
method, in thé endedersfeachidnedudondoparaiidhitor of prafalrtaced in the
mar ks on the object, the adjusting unit that adjusits optical
properties oRTER¥ GEFP@QPm§F§VeﬁWQ;§ﬂﬁu§¥ﬂ9%£%%5° a@%gsﬁﬁeﬂ%PEcYF$Hes

results of a part of the plurality of marks on the object that have
been det¥tt eBeEVe?Heﬁ}‘e hga%!ls‘Accor ding to a thirty-fifth aspect of

the present inventiopn, fthere %%i@&%é?@gn@.ﬁ)é%mgii%oéf'raeﬁ%w@qf%ion

exposing an object"Wwfh a patternt isillTumnated wt

of the encoder, and FIG. 10B is a view showing the case where

a laser beam LB having a sectional shape that is elongated

in a periodic direction of a grating RG 1s used as a detection
15 1light.

FIG. 11 is a view used to explain grating pitch
correction and grating deformation correction of scales
performedletheexposureapparatusrelatedtx)theembodiment.

FIGS. 12A to 12C are views used to explain wafer

20 alignment performed in the exposure apparatus related to the
embodiment.

FIGS. 13A to 13C are views used to explain simultaneous
detection of marks on a wafer by a plurality of alignment
systems performed while changing the Z-position of a wafer

25 table WTB (wafer W)

FIGS. 14A and 14B are views used to explain a baseline
measurement operation of a primary alignment system.

FIGS. 15A and 15B are views to explain a baseline

measurement operation of secondary alignment systems



35 an energy beamvia an optical system the nethod conprising: a
first process of nounting the object on a novable body that is

novable in first and second directions within a predeterm ned pl ane;
and a second process of perform ng one 5 of a measurenent operation

of a positional relation between a projeggion position of the pattern
and a detection center of a mark detecting systemthat detects marks
on the object and a detection operation of the marks by the mark

det ecti ng syséefpriad paoad| ehfert at atheéecassdachpart1lef-the ot her of

the 10 operations. Wth this nmethod, the throughput can be K
i mproved, conpar ed® Wt h16héscase witeres ehetaefEBLRR g?aaﬁ‘?cjolrpeofcki‘%%
mar ks by the mark detecting systemjs perf.ornmed before o

nmeasur ement ©peratien 6f F%@ 565G e AT %ﬁ?%ﬁ%%ﬂéﬁéfgﬁégg.at
thirty-sixth aspect gf t he resen
sevent h expo@ﬁ?gynﬁ? G4 5?pg§ <

_ osrng an object with an energy beam

the neth conpris : § 7@f 2PRUPL EREY L ded oY e&bi1ennaanpyabt eon
body tha’%’di S novabllfﬂigg?h ﬁ%&%;n(] sgcond directions within a

predet er m ned ngPJnéH% opBekei Bnacki Eak skabadebymakiggmehe myeabie.

body and anotﬁ r novabl e body separate fromthe novabl e body cone

cl oser together atragpredast ebnidedrd siansarsrd tessxphelin fsgwengarping

state of separating both the novabl e bodi es can be set, and the |,

exposur e net pedfbumbHeim cbeprimesi e pPoesssusfroatast fPigiesniodiment.

swi tching between the first and second states during a detec#ion
et€ct S5R

operation of nmarksFBGSa fdfk ard edPBngrsysTEwMT hafe i fREYS
on the object. . Wth this tho during a detectli o] Lan
of the ksCéﬁipﬁétéﬁﬁeEFrgﬁrPﬁgpﬁ§rghﬁeFéEPgHﬁes?gpékﬁggss%gpgﬁkggtO
36 operation etmg&ndg first state of maki ng the novabl e body and the

anot her rmovabf'é 688y BTE ¢l oser together at a predetermined distance

or less and a secopd-stateof sepasat bpg Rath st hesdwved! expodigs oiffset
per f or med. Accordinngf the

correction among AF sensors performed in the exposure

en%tinvention, there is provided a

apparatus related to the embodiment.

15 rIGS. 21A and 21B are views used to explain
traverse-%-moving correction performed in the exposure
apparatus related to the embodiment.

FIG. 22 is a view showing a state of the wafer stage and
then@asurementstagewhileexposurebyeastep—and—scannethod

20 is being performed to a wafer on the wafer stage.

FIG. 23 is a view showing a state of the wafer stage and
the measurement stage when exposure to wafer W has ended on
the wafer stage WST side.

FIG. 24 is a view showing a state of the wafer stage and

25  the measurement stage right after a state where both stages
are separate has been shifted to a state where both stages
are in contact with each other, after exposure ends.

FIG. 25 is a view showing a state of both stages when

the measurement stage is moving in a -Y direction and the wafer



5 throughput can be inproved, conpared with the case where the

swi tching operation of the state is perfornmed before or after the
detection operation of the marks on the object. According to a
thirty-seventh aspect of the present invention, there is provided a
second devi ce manufacturing 10 nethod, c@&%rising: exposing an object
using any one of the first to seventh exposure nethods of the present

i nvention; an, d%y%go%kgq th% eég%ﬁed o%hect“nBRl%§i9§§%Rhﬁgthk%§ in
THE DRAW NGS “H8EFGH 21 MO -9 i-&W S Sﬁaﬁicgﬁﬁﬁ ghghjng a configuratPong
Of an exposure, 3Ppal JLue eGhal el Jo AL SERAUARI bl Garf & ficd shlr@fient

vi ew show ng stage unit in I's a plan view show ng

t he pl acement .0f1 evahl QUY FRASUIHIRFG &RRAr.at uses (such as encoders,
al i gnnent systens, 20 a nultipoint AF system and Z sensors) that are

equi pped in the expasuresapparaiss sholg alstate of theGvafBéristage and
pl an view showi ng a wafer stage, and FIG 4B is a schematic side view
showi ng a5 partficanegpugssmsatt $ bagefvheal eheshageunsmensHt &ye 3 s geached
pl an vi ew showi ng a neasurenent stage, and FIG 5B is a schematic

si de vi ew shewiPeg i 1i9dy tihglr & oS s EEHKo rl 16f ey Ine d$u P mscage.
FIG 6 is a perspective_yiew show ng the vicinitg %; %he +X side end
portion of X-axis StStof$ H02ahtcB NGy AGa otate of the warfer stage and

the measurement stage when the wafer stage has moved from the
unloading position to a loading position in parallel with the

10 Sec-BCHK (interval) being performed.

FIG. 28 is a view showing a state of the wafer stage and
the measurement stage when the measurement stage has moved
toan optimal scrumwaiting position and a wafer has been loaded
on the wafer table.

15 FIG. 29 is a view showing a state of both stages when
the wafer stage has moved to a position where the Pxi-BCHK
former processing is performed while the measurement stage
is waiting at the optimal scrum waiting position.

FIG. 30 is a view showing a state of the wafer stage and

20 the measurement stage when alignment marks arranged in the
three first alignment shot areas are being simultaneously
detected using alignment systems ALl, ALZ; and ALZj.

FIG. 31 is a view showing a state of the wafer stage and
the measurement stage when the focus calibration former

25 processing is being performed.

FIG. 32 is a view showing a state of the wafer stage and
the measurement stage when alignment marks arranged in the
five second alignment shot areas are being simultaneously

detected using alignment systems ALl and ALZ; to ALZ.



37 FIGS. 7TA to 7D are views used to explain the operations of

a stopper nmechani sm FIG 8 is a block diagramshow ng a
mai n configuration of a control system of the exposure apparatus
related to the 5 enbodi nent. FIGS. 9A and 9B are vi ews used

to explain position neasurenent within amgXY plane of a wafer table

by a plurality of encoders each including a plurality of heads placed
in the array arrangenent, and the transfer of neasurenent val ues 10
bet ween the heads. F1G- 33 iyparignshevingicewt 3hevwd hd henvwakanps 2ot @d
configurati on. of the encod and FIG 10B is a view show ng_the ca

where a | aser rﬁeﬁﬁ?ﬁgrﬁwpﬁgs%a%%@ﬂeﬁn% 1§75 OPRARE tgee]FBhg%‘t:Pe‘}é ]1ar¥t§r
per'Od'C.d'r?§g5céE§¥ Qrating Rels used a?Eﬁoeoﬁﬁg%%ggﬁ%gﬁgsglng is

FIG 11 is a'View uset to explaln gratrng pi

grating deforgmty OgmbeCLQE’cfﬁEéd on of scales performed in the exposure
apparatus related to the embodinent. FIGS. 12A to 120 are views used

to explaip wafer 2Gia.i ganesty ﬁ@é%%ﬂf@&hﬁ@ d BeaeXpos Wi fEpaLaAd USge and
related to the enbodi ment. FIGS. 13A to 130 are views used to

expl ai n si nultthen eeiss WWedneatt Grtaefe mardes a0n ghmeaite maiksa gl iyrajdd irofthe
al i gnment systens perfornmed while changing the Z-position of a wafer
25 tabl e WIB fiwaf egh\yd . alignment shot areas are being simultaneously
detected using alignment systems AL1 and AL2; to AL2,.
FIG. 35 is a view showing a state of the wafer stage and
10 the measurement stage when alignment marks arranged in the
three fourth alignment shot areas are being simultaneously
detected using alignment systems ALl, ALZ2, and AL2,.
FIG. 36 is a view showing a state of the wafer stage and
the measurement stage when the focus mapping has ended;
15 FIG. 37 is a flowchart used to explain an embodiment of
a device manufacturing method.

FIG. 38 is a flowchart used to explain a specific example

of step 204 in FIG. 37.

20 BEST MODE FOR CARRYING OUT THE INVENTION
An embodiment of the present invention will be described
below, with reference to FIGS. 1 to 36.
FIG. 1 schematically shows a configuration of an
exposure apparatus 100 related to the embodiment. Exposure
25 apparatus 100 1is a scanning exposure apparatus by a
step-and-scan method, that is, a so-called scanner. As will
be described later, in the embodiment, a projection optical
system PL is arranged, and the following description will be

made assuming that a direction parallel to an optical axis



FI GS. 14A and 14B are views used to explain a baseline neasurenent
operation of a primary alignnment system FI GS. 15A and 15B

are views to explain a baseline neasurenent operation of secondary

al i gnnment systenms 38 perforned to a wafer at the head of a lot.

FIG 16 is a view used to explain a basel4ine check operation of the
secondary alignnment systens perforned at every wafer replacenent.
SFIGS. 17A and 178 are views used to explain a position adjustnent
operation of #h&Lse&sAg4lyCRl PERkERL 8Y8teRsFL 1s a Z-gyicsdirgatieon, a

18C are views,,used ,to explain focus ppi ng perfornmed in the exposure
appar at us r el EF TE hB EH5SHR ﬁ@rﬁl.cqaﬁ g%‘?%l‘@%f%ﬁ@rfgﬁe%‘?%l‘&?%cﬁé@&d

{9, SR SRR 404 oRLAL ARSI OL LY LIS SIS DD S5
oo o T oShSR SO S T ARO0LOF SRS PERLARIED 18 4 o
views used t@ EXPtBkAs an X-axis direction, and rotation (tilt) directions
around the X-axis, the Y-axis and the Z-axis are 8x, Oy and
6z directions respectively.

Exposure apparatus 100 is equipped with an illumination
system 10, a reticle stage RST that holds a reticle R that
10 is illuminated by an illumination 1light for exposure
{hereinafter, referred to as an “illumination light” or an
“exposure light”) IL from illumination system 10, a projection
unit PU that includes projection optical system PL that
projects illumination light IL emitted from reticle R on a
15 wafer W, a stage unit 50 that has a wafer stage WST and a
measurement stage MST, thelr control system, and the like.

On wafer stage WST, wafer W is mounted.
Illumination system 10 includes a light source and an
illumination optical system that has an illuminance
20 uniformity optical system containing an optical integrator
and the like, and a reticle blind and the like (none of which
are shown), as 1s disclosed in, for example, Kokai (Japanese
Unexamined Patent Application Publication) No. 2001-313250
{the corresponding U.S. Patent Application Publication No.
25 2003/0025880) and the like. In illumination system 10, a
slit-shaped illumination area IAR on reticle R that is defined
by the reticle blind (masking system) 1s illuminated by
illumination light (exposure light) IL with substantially

uniform illuminance. In this case, as illumination light IL,



traverse-Z-noving correction perforned in the exposure apparatus
related to the enbodi nent. FIG 22 is a view show ng a state
of the wafer stage and the neasurenent stage while exposure by a

st ep-and-scan nethod 20 is being perfornmed to a wafer on the wafer

st age. FIG 23 is a view show ng 4 state of the wafer stage
and the neasurenent stage when exposure to wafer Whas ended on the
waf er stage WST side. FIG 24 is a view showing a state of the wafer
stage and 253hArkegsgiBfEntasehdel Fhighivaaalenathst a08nwhete bardh as an
stages are separate has been shifted to a state where both stages are
in contact WEHT®AEh of HEFDSZr 18P ExpORi&adndBtegrator, fpredampleqa
Vi ew show ng state of both stages when.the asur enent age.is
nmoving in a -faydieryeectf%l}lshna RE &9 4P st Jgrét?in%ﬁvfﬁga?ggé% &ype
unl oadi ng posgi whj, e e%ﬂiﬁgi% sl Y rel,atj n .t

waf er table arrl%e?}r?easdr’e%ent £ abl écril n Ea?p ﬁ?ﬁls%&l%?dgc% ?))‘r?\rt \Q%I%Gﬁ%% i’§"
a view show pg aystpate of the wafer stage and 5 the neasurenent stage
when the neasurenent stage has reached a position where a Sec-BCHK

(interval) is perfonnegticle stage BT 2% d1Si A & Reve Blroyanga ot StiatserdFace
the wafer stage and the neasurenent stage when the wafer stage has
noved from t Heéhenllomdirngupbsctei bm Fis a l)oadi Ahipbsatéioncuit partadd:el and
wth the the like are formed is fixed by, for example, vacuum suction.
Reticle stage RST is finely drivable within an XY plane and

10 also drivable at designated scanning velocity in a scanning
direction (which is the Y-axis direction being a horizontal
direction of the page surface of FIG. 1), by a reticle stage
drive system 11 (not shown FIG. 1, refer to FIG. 8) including,
for example, a linear motor or the like.

15 Position information of reticle stage RST within the
moving plane (including rotation information in the 6z
direction) is constantly detected at a resolution of, for
example, around 0.5 to 1l nmwith a reticle laser interferometer
(hereinafter, referred to as a “reticle interferometer”) 116

20 via a movable mirror 15 (in actuality, a Y movable mirror (or
a retroreflector) having a reflection surface orthogonal to
the Y-axis direction and an X movable mirror having a
reflection surface orthogonal to the X-axis direction are
arranged). The measurement values of reticle interferometer

25 116 are sent to a main controller 20 (not shown in FIG. 1,
refer to FIG. 8). Main controller 20 controls the position
(and the velocity) of reticle stage RST by computing the

position of reticle stage RST in the X-axis direction, the

Y-axis direction and the 8z direction based on the measurement



10 Sec-BCHK (interval) being perforned. FIG 28 is a view
showing a state of the wafer stage and the neasurenent stage when the
nmeasur enent stage has noved to an optimal scrumwaiting position and

a wafer has been | oaded on the wafer table. 15FIG 29 is a view
showi ng a state of both stages when the wafer stage has noved to a
position where the Pri-BCHK fornmer processing is perfornmed while the
measurenment stage is waiting at the optinmal scrum waiting position.
FIG 30 is aVAlalwssabwigiy Al staterdtronetasf E6 sragecantdrobling reticle
measur enent stage when alignnment marks arranged in the three first

al i gnment shtt@%eadrhye BEEHETsi il Paredusly e eepBaubaragn results.
al i gnnent systemns, AL1,. AL22 and 23. FIG 31 1is Vi ew

showi ng a st at& ot :HﬁféP5§F€§tOanOYﬁBlﬁeﬁéﬁFaﬁe%$f§%5§é”%héﬁ%ﬁ%§e
focus calibragd r r i i hE rf.or

FIG 32 is a%% gfvl\?%ﬁ%%naggggt g{?’?g@?hﬂéémg?%?gggggé%a%%re to form a

nmeasur ement  slFge whien alirgarRnt cARrKSpahkangetoi thd he fide Ser P race
al i gnnent shot areas are being sinmnmultaneously detected using

ali gnnent sysifen®vableandrAb21160 . Al2drtheld, reticle MterFdnfeter 116
view showi ng a state of the wafer stage and the neasurenent stage

when at | easmagneéofcabhaebPei oBChikasattiery pplocessoaptam théokmetson of
calibration latter processing is being perforned. 5FIG 34 is a view
showi ng a st aed 16l et 15d agss &STstlgg@tadgast one of the Z-axis, 6x and 8y

directions.

10 Projection unit PU is placed below reticle stage RST in
FIG. 1. Projectionunit PU includes a barrel 40 and projection
optical system PL having a plurality of optical elements that
are held in a predetermined positional relation within barrel
40. As projection optical system PL, for example, a dioptric

15 system that is composed of a plurality of lenses (lens
elements) that are arrayed along an optical axis AX direction
parallel to the Z-axis direction is used. Projection optical
system PL is, for example, both-side telecentric and has a
predetermined projection magnification (such as one-quarter,

20 one-fifth or one-eighth times). Therefore, when illumination
area IAR 1is illuminated by illumination light IL from
illumination system 10, illumination light IL having passed
through reticle R whose pattern surface 1is placed
substantially coincidently with a £first surface (object

25 plane) of projection optical system PL forms a reduced image
of a circuit pattern (a reduced image of part of a circuit
pattern) of reticle Rwithin illumination area IAR on an area
(hereinafter, also referred to as an “exposure area”) IA that

is conjugate with illumination area IAR on wafer W, which is



t he neasurenent stage when alignnent marks arranged in the five third
al i gnnment shot areas are being sinultaneously detected using

al i gnnent systens AL1 and AL21 to AL24. FIG 35 is a view showi ng a
state of the wafer stage and 10 the neasurenent stage when alignment
mar ks arranged in the three fourth alignment shot areas are being

si mul t aneously detected using alignnment systens AL1, AL22 and AL22.
FIG 36 is a view showng a state of the wafer stage and the _ _
neasur enent $t@AFEWSEN 2t RECPBEUSLUABPPE nfihage anbene) IS0 priogegtion
fl omchart used t.o explain an _enbodi nent of a_devic¢ce manufacturing
method. CPLIRE MY | SHEHERPoassh FRCEx pPaFRASCapEatt desist
exanpl e of ste 04 in.El.G_37. 20 BEST_norm.FOR.CARRYI NG TH
INVENTTON B O TR et d OB ke pRo®B) Svent | S 4671 BEoTem BL
descri b.ed bel(?)‘.%o "@cttrlornef J_equﬁJ)_t.o FAJT otil%ﬁ Ong’@'sg&gl"l Jl.n the 6awing,
schematical | y"shows a configuration of an exposureée apparatus 1

related t9 theogrRedidreiini tPRPSY &olR RRPJIMALEUS Q1T $13 tFeaM t@%t is

exposure apparatus by a step-and-scan nethod, that is, a so-calie

scanner. As wipported by three support columns via a vibration isolation

mechanism. As is disclosed in, for example, the pamphlet of

International Publication No. 2006/038952, however,

projection unit PU may also be supported in a suspended state

10 with respect to a member such a main frame member (not shown)

that is placed above projection unit PU, or a base member on
which reticle stage RST is placed.

Note that in exposure apparatus 100 of the embodiment,

since exposure applying the liquid immersion method is

15 performed, the aperture on a reticle side becomes larger when

the numerical aperture NA of projection optical system PL

substantially increases. Therefore, in a dioptric system

made up of only lenses, it becomes difficult to satisfy the

Petzval condition, which tends to lead to an increase in size

20 of the projection optical system. In order to aveid such an

increase in size of the projection optical system, a

catadioptric system including mirrors and lenses may also be

used. Further, onwafer W, not only photosensitive layers but

also, for example; a protective film (topcoat film) or the

25 1like that protects the wafer or the photosensitive layers may

be formed.
Further, in exposure apparatus 100 of the embodiment,
in order to perform exposure applying the liquid immersion

method, anozzle unit 32 that constitutes part of a local liquid



be described later, in the enbodi ment, a projection optical systemPL
is arranged, and the follow ng description will be nade assum ng that
a direction parallel to an optical axis 41 AX of projection optical
systemPL is a Z-axis direction, a direction in which a reticle and a
wafer are relatively scanned within a plase orthogonal to the Z-axis
direction is a Y-axis direction and a direction that is orthogonal to
a Z-axis and 5 a Y-axis is anX-axis direction, and rotation (tilt)
directions arndUeFsif® Rndki §, ipharyenged aRES He 2npdiapartdeeperdphery

d di t t t 100
S o 4 SR g s TR R v
hol d ticl h 0. | ted b II \
oo AL D 8 1 B i G i

‘exposure |ight Dc&ﬁéf??ﬁ*:éé”ﬁﬂ%téﬂwbé : lasﬂﬂn'?ﬁh' Qﬂﬁ 4 UH & <P ens

that includes projection optical” system at projects m nat i on

light 1L gm tedefinamticat,i gl eoRemdbrwad e iW 1anst pasunhttpds that .
has a wafer stage WST and a neasur enent st age T, their control

system and tihethekemb&iimahe| s$ ageowSEn Wwater 1W tlse awdednd surface
I'l'lum nation system 10 includes a |light source and an illum nation
opti cal systeh neatzlkaynati BE| usi sahcko 20 unilfranttialdpt ifdaishs yettémthe
contai ning a?oﬂgﬁ'%%h gﬂg%gggtg% tip lens 191. Further, nozzle unit 32
is equipped with a supply opening and a recovery opening of
10 1liquid Lg, & lower surface to which wafer W is placed facing
and at which the recovery opening is arranged, and a supply
flow channel and a recovery flow channel that are connected
to a liquid supply pipe 31A and a liquid recovery pipe 31B
respectively. As shown in FIG. 3, liquid supply pipe 314 and
15 liquid recovery pipe 31B are inclined at an angle of 45 degrees
with respect to the X-axis direction and the Y-axis direction
in a planar view (when viewed from above) and are symmetrically
placed with respect to a straight line LV in the Y-axis
direction that passes through optical axis AX of projection
20 optical system PL. |
One end of a supply pipe (not shown) is connected to
liquid supply pipe 31A while the other end of the supply pipe
is connected to a liquid supply unit 5 (not shown in FIG. 1,
refer to FIG. 8), and one end of a recovery pipe (not shown)
25 is connected to liquid recovery pipe 31B while the other end
of the recovery pipe is connected to a liquid recovery unit
¢ (not shown in FIG. 1, refer to FIG. 8).
Liquid supply unit 5 includes a liquid tank, a

compression pump, a temperature controller, a valve for



and the like, and a reticle blind and the like (none of which are
shown), as is disclosed in, for exanple, Kokai (Japanese Unexam ned
Pat ent Application Publication) No. 2001-313250 (the correspondi ng
U.S. Patent Application Publication No. 25 2003/0025890) and the

like. Inillumnation system 10, a slit-stgped illum nation area | AR
on reticle Rthat is defined by the reticle blind (masking system is
illumnated by illum nation |ight (exposure |light) IL with

subst anti al | f%rfq%lrﬁnq |S@Wriafn(@écop| @ft hh@ thgeidaso i iamhaurmly pipe
light IL, ArF e Iaser wavel engt h: 193nm is used
as an exanpl J%Pu §1 gﬁt |5§ Vﬁt@&ra@@F eﬁ&ﬁpéﬁanﬁléloﬁ rate

R R ST (AT I " A P9 L
supply/stop of the liquid but also the adjustment of flow rate

5 can be performed. The temperature contrecller adjusts the
temperature of the liguid within the ligquid tank to nearly

the same temperature, for example, as the temperature within

the chamber (not shown) where the exposure apparatus is housed.
Incidentally, the tank for supplying the 1liquid, the

10 compression pump, the temperature controller, the valve, and
the like do not all have to be equipped in exposure apparatus
100, and at least part of them can also be substituted by the
equipment or the like available in the plant where exposure
apparatus 100 is installed,

15 Ligquid recovery unit 6 includes a liquid tank, a suction
pump, a valve for controlling recovery/stop of the liquid via
liquid recovery pipe 31B, and the like. As the valve, a flow
rate control valve is preferably used similar to the valve
of liquid supply unit 5. Incidentally, the tank for

20 recovering the liquid, the suction pump, the valve, and the
like do not all have to be equipped in exposure apparatus 100,
and at least part of them can also be substituted by the
equipment available in the plant where exposure apparatus 100
is installed.

25 In the embodiment, as the liquid described above, pure
water (hereinafter, it will simply be referred to as “water”
besides the case when specifying is necessary) that transmits
the Arr excimer laser light (light with a wavelength of 193

nm} is to be used. Pure water can be obtained in large



On reticle stage RST, reticle R having a pattern surface (the | ower
surface in FIG 1) on which a circuit pattern and the |ike are forned
Is fixed by, for exanple, vacuum suction. Reticle stage RST is finely
drivable within an XY plane and 10 al so drivabl e at desi gnated
scanning velocity in a scanning directiomnwhich is the Y-axis
direction being a horizontal direction of the page surface of FIG

1), by a reticle stage drive system 11 (not shown FIG 1, refer to
FIG 8) incl @HFg &S akarpiediicenduedsr nanvfaekurhegiglant or the like

15Position information of, reticle stage RST within the nmoving pl ane

(i ncl udi ng r ST i%’lﬁé{ itoh i8R ng A SR e iBdh RAVENESest &t Ihpving
detected at a respl ution far aml.e,. around 0.5 to 1 W th a
reticle |aser A dg'rr(:"fresreonee &Y ﬁ)enrgcl eafpthedrﬁorreesfles(rjﬁr &d' ttg"eaé" El&n‘s’]'rr'ettiocItehe
interferomet ¢} L6 l%%s\ésac% mya qui]er[i rror 15 (in actuality, a'Y
movabl e mirrof (or a retroreflector aving a reflection surface

orthogonat to the ¥e#thastdivkechlioR @R 8RXABYARl G T EEPERAVHNGLA AL
reflection surface orthogonal to the X-axis direction arée arranged).

The neasur enexic ivalruds safr retgia] d d pirendrer anetseer 25 the aneegenheto a
main controller 20 (not shown in FIG 1,
wavelength of illumination light IL is 193 nm x 1/n, shorted
to around 134 nm.
Liguid supply unit 5 and liquid recovery unit 6 each have

10 a controller, and the respective controllers are controlled
by main controller 20 (refer to FIG. 8). According to
instructions frommain controller 20, the controller of liguid
supply unit 5 opens the valve connected to liquid supply pipe
31A to a predetermined degree to supply water to the space

15 between tip lens 191 and wafer W via ligquid supply pipe 31A,
the supply flow channel and the supply opening. Further, when
the water i1s supplied, according to instructions from main
controller 20, the controller of liquid recovery unit 6 opens
the valve connected to liquid recovery pipe 31B to a

20 predetermined degree to recover the water from the space
between tip lens 191 and wafer W into liquid recovery unit
6 (the liquid tank) via the recovery opening, the recovery
flow channel and liquid recovery pipe 31B. During the supply
and recovery operations, main controller 20 gives commands

25 tothe controllers of liquid supply unit 5 and ligquid recovery
unit 6 so that the quantity of water supplied to the space
between tip lens 191 and wafer W constantly equals the quantity

of water recovered from the space. Accordingly, a constant

quantity of liquid (water) Lg (refer to FIG. 1) is held in



refer to FIG 8). Main controller 20 controls the position (and the
velocity) of reticle stage RST by conmputing the position of reticle
stage RST in the X-axis direction, the Y-axis direction and the ez
direction based on the neasurenment 43 values of reticle
interferoneter 116, and controlling retialge stage drive system 11
based on the conputation results. Incidentally, instead of novable
mrror 15, the end surface of reticle stage RST may be polished in
order to formhe SnasH éf@ttl“@?rslirlﬁ%ld@f(scd&lemdiarf@ﬂ & -t hénr éhliiecchen,
surface of ng vabl.e mrror Further, reticle interferoneter 116

may be capabl éqélfl%’é@ﬁ?lrﬁgLﬁl %%l‘ﬁao’sri {ih6h SPACEr REEFBANOFLP ekgRes & 91 and

stage RST in east. one and Oy directions.

| th
10Pr oj ecti on SEF 5% ﬁﬂ%ﬁﬁ? §l¥<ﬁﬁﬁ%ﬁﬁe§re stage RST in FIG 1.
Proj ection unit PUxkngLudgs ;g Rartel, 4Q.an ?Joprr OJd%%tc' C_’LE&?BH cgl, gygtem

PL having a pIurallty of optical "el'ements
pr edet er ng nedRESI; t-eRal 1ro@aqt QR Rl a1 lﬁlq_t RS iR il Rt ed

optical system PL, for exanple a dioptric
including nozzle unit 32, liquid supply unit 5, liguid recovery
unit 6, liquid supply pipe 31A and liguid recovery pipe 31B,
and the like. Incidentally, part of local liquid immersion
unit 8, for example, at least nozzle unit 32 may also be
10 supported in a suspended state by a main frame {(including the
barrel platform) that holds projection unit PU, or may also
be arranged at another frame member that is separate from the
main frame. Or, in the case projection unit PU is supported
in a suspended state as is described earlier, nozzle unit 32
15 may also be supported in a suspended state integrally with
projection unit PU, but in the embodiment, nozzle unit 32 is
arranged on a measurement frame that is supported in a
suspended state independently from projection unit PU. In
this case, projection unit PU does not have to be supported
20 in a suspended state.
Incidentally, also in the case measurement stage MST is
located below projection unit PU, the space between a
measurement table (to be described later) and tip lens 191
can be filled with water in the similar manner to the manner
25 described above.
Incidentally, in the above description, one ligquid
supply pipe (nozzle) and one liquid recovery pipe (nozzle)
are to be arranged as an exmpale. However, the present

invention is not limited to this, and a configuration having



15 systemthat is conposed of a plurality of |lenses (lens el enents)

that are arrayed along an optical axis AX direction parallel to the

Z-axis direction is used. Projection optical systemPL is, for

exanpl e, both-side telecentric and has a predeterm ned projection

magni fi cation (such as one-quarter, 20 ongrfifth or one-eighth tines)
Therefore, when illumnnation area AR is illum nated by

ilTumnation light IL fromillum nation system 10, illum nation |ight

I L having pad¥eldirongirzles eisedRsahosedpant efar strdmekei i awaphlet

substantial l'y c0| nC|de t| W|th first surface (object 25 pI ane) of
proj ection ofth &t fP&%%‘tﬂéﬁh 3196{( -Jtﬂ a Ra¥ @fge be

\[:/)Ma: F}?rnnl ffiu%eﬁg}(\leogyn'd;?gg HQ’ERQ%%% %ﬁ%ﬁggr%%%letme%%tls po)sstlreeEa]({::ngg into
consideration a relation with adjacent members. The point is
5 that any configuraticn may be employed as far as the liquid
can be supplied in the space between an optical member in the
lowest end (tip lens) 191 constituting projection optical
system PL and wafer W. For exmpale, the liquid immersion
mechanism disclosed in the pamphlet of Internatiocnal
10 Publication No. 2004/053855, or the liquid immersion
mechanism disclosed in the EP Patent Application Publication
No. 1 420 298 can also be applied to the exposure apparatus
cf the embodiment.
Referring back to FIG. 1, stage unit 50 is equipped with
15 wafer stage WST and measurement stage MST that are placed above
a base board 12, an interferometer system 118 (refer to FIG.
8) including Y-axis interferometers 16 and 18 that measure
pesition information of stages WST and MST, an encoder system
(to be described later) that is used for measuring position
20 information of wafer stage WST on exposure or the like, a stage
drive system 124 {(refer to FIG. 8) that drives stages WST and
MST, and the like.
On the bottom surface of each of wafer stage WST and
measurement stage MST, a noncontact bearing (not shown), for
25 example, a vacuum preload type hydrostatic air bearing
(hereinafter, referred to as an “air pad”) is arranged at a
plurality of points, and wafer stage WST and measurement stage
MST are supported in a noncontact manner via a clearance of

around several pm above base board 12, by static pressure of



(hereinafter, also referred to as an "exposure area”) IAthat is
conjugate with illumnation area | AR on wafer W which is 44 placed
on a second surface (inmage plane) side of projection optical system

PL and whose surface is coated with resist (photosensitive agent),

via projection optical system PL (projectgcon unit PU). Al though not
shown in the drawing, 5 projection unit PUis nounted on a barrel
platformthat is supported by three support columms via a vibration

i sol ati on medH&ETSH1zed iaérdghél:o]s%@hwn PEt Exampile atiffeppanipi ard gfhe
I nternational Publicatjon .. 2006/ 038952, however, projection unit

PU may al so BPRSSHTEEFS RTaPEDE profed 151 -at EUEGhGity hSEegpeciST qngd MST
nmb h iy not. sho t hat, i | d ab )

b oj cct i on uRE PUCBETEARGY HEna S M wie ri i S PR ens,

p! aced. whiNaf Qrbh@ﬂe I %@ﬁg&%&%ﬁf % lfﬁ)r]lh% Q:falt ?grggggghr@fnt’he

si nce exposure applying theﬁ I qui d i nmersion net od s perforned,

the apertere yashietheb@side. hoconBT Heax g8k Whan-de BRI hogonal
aperture NA of projection optical system PL substantially increases.

Theref ore, i nliaxeditdpir to thespegemmaderage off PNty 1) enseStaige HLLRIBRS stem
difficult to satisfy the Petzval condition, which tends to lead to an
increase in di2zde 20 of the projection optical system 1In order to
avoi d such an increase in size of the projection optical system a

cat adi optric systerdCi REl DAFAEPRPBES, ARl Iended nbeapsanbeleisdd FIG.

Furt her, on fer W not onl hot osensitive |l ayers but also, for
exampl e, a prot && iy qqﬂ%%/ t F iR GF thexs 1Stadagm8e and 87

protects, the wafer..or the_ phafosensit.ive. l.ayers may be forned.
10 e Tialen sar BF 06 60 51 e e RenErabor b by P iaped on

Further, in exposure “appafr
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base board 12 in between. Y-axis stators 86 and 87 are each
composed of, for example, a magnetic pole unit that
incorporates a permanent magnet group that is made up of plural

15 pairs of a north pole magnet and a south pole magnet that are
placed at a predetermined distance and alternately along the
Y-axis direction. At Y-axis stators 86 and 87, two Y-axis
movers 82 and 84, and two Y-axis movers 83 and 85 are
respectively arranged in a noncontact engaged state. Inother

20 words, four Y-axis movers 82, 84, 83 and 85 in total are in
a sate of being inserted in the inner space of Y-axis stator
86 or 87 whose XZ sectional surface has a U-like shape, and
are severally supported in a noncontact manner via a clearance
of, for example, around several pm via the air pad {not shown)

25 with respect to corresponding Y-axis stator 86 or 87. Each
of Y-axis movers 82, 84, 83 and 85 is composed of, for example,
an armature unit that incorporates armature coils placed at
a predetermined distance along the Y-axis direction. That is,

in the embodiment, Y-axis movers 82 and 84 made up of the



45 imrersion unit 8 is arranged so as to enclose the periphery of the

| ower end portion of barrel 40 that holds an optical elenent that is

cl osest to an image plane side (wafer Wside) that constitutes
projection optical systemPL, which is a lens 5 (hereinafter, also
referred to a "tip lens”) 191 in this casa. In the enbodi nent, as
shown in FIG 1, the | ower end surface of nozzle unit 32 is set to be
substantially flush with the | ower end surface of tip lens 191.
Further, nozAr@amine 3nits eqdi padiai shahosuppl yadpett mf afe magnetic
recovery opening of 10 t%%yLd Lg, a l.ower surface to which wafer Wis

pl aced faci ngCdrd "t twscar titet e EQVdMY Goddi Ay Pies Yarfdfgdd Neasd tgtors
2 PP d Ui Esd VBHA and L EPEAY e Fetb0BrP 1 s B4 1B Aebpautd Varys
As sh in El [ quu | i . lJi Qui.

i pe 918 are Siaiiind SRR RRSTO AL RS W ARE AIFRE hgpors

X-axi s digecCtiperitd vl Y- axi shdifbealv@Rgl Be 8cPLBPRSN ViAW H WRShe four
vi ewed from above) and are symetrically placed with respect to a

strai ght |ine-daiisnl ihea Y mtior sdil€ €6t 1108d ihatvepas 3T drieaugh a@Ps ivcalkis
axis AX of projection 20 optical system PL. One end of a

supply pi pe (notashowtprn $2corn&cted st 4 iniegui choswppley , piap&-3kAswiiihear
the other end of the supply pipe is connected to a liquid supply unit
5 (not shown™Mokom @3 Bndr &f &raxd sFldnegy, met@rofe asd netdgdretsviagy the

pi pe (not shogg@ 25 is connected to liquid recove%y pi pe 31B whjl e
the other end 5 SEESGFe AP I5iSpé Si Sh&dmmacved st §a 15%uiSd récofery

it 6 t sh N _FlG .1, f to, Fl 8).. . Li qui d |
unit 5 (M0 udes a IPREFG AT d L AlfpfBEStoR hinbinaeT KGR U o 83
Il er, C 144 t f i qui .
i 0 suppl 355 B SR, “a0 TRaeT T ik T AR U Reer iy e

flow rate comlyghevah¥eahs PRETSFROLYet$eth SO IR Rk Nl Wit tion of
supply/stop of the liquid but also the adjustnent” of flowrate 5 can

be perfor med anThe alz@@petatwre soorhae! et eadjsusths thize x-enper aliWee tafon.

the liquid within the liquid tank to nearly the sane tenperature, for

exanpl e, as fFhethenpemavare 9 tdnad 8he fchhabeemd i ng hovm )Y ~shxdre ltihear

exposure apparatus is housed. Incidentally, the tank for supplying

the |iquid, megors 84 and 85 are fixed to one end and the other end of
an X-axls stator 8l that extends in the X-axis direction.
Accordingly, X-axis stators 80 and 81 are driven along the
Y-axis by a pair of Y-axis linear motors 82 and 83 and a pair
of Y-axis linear motors 84 and B85 respectively.

20 Each of X-axis stators 80 and 81 is composed of, for
example, an armature unit that incorporates armature coils
placed at a predetermined distance along the X-axis direction.

One X-axis stator, X-axis stator 81 is arranged in a
state of being inserted in an opening (not shown) formed at

25 2 stage main section 91 (not shown in FIG. 2, refer to FIG.
1) that constitutes part of wafer stage WST. Inside the
opening of stage main section 91, for example, a magnetic pole

unit, which has a permanent magnet group that is made up of

plural pairs of a north pole magnet and a south pole magnet



10 conpression punp, the tenperature controller, the valve, and the

| i ke do not all have to be equi pped in exposure apparatus 100, and at

| east part of them can al so be substituted by the equi pnment or the

| i ke avail able in the plant where exposure apparatus 100 is

installed. 15Liquid recovery unit 6 incluges a liquid tank, a suction
punp, a valve for controlling recovery/stop of the liquid via liquid
recovery pipe 316, and the like. As the valve, a flowrate control
valve i s prefrdedisid aisadore et ermined jd staings ehd agbednstpbyyaleng the
5. Incidentally, the tank for 20 recovering the liquid, the suction
punp, the valVéXighditeehioe a@ ﬁéf—a&g?dhav@‘l%% RORRIHE Rl § mnit and
exposure apparatus 100 of, them can al so_be

POt ot onPRCHAS d0arshdth Chok FEBFE 3 ROPHBTFI SRS DirGFE %starlénear
apparat us 10Q ;3. i @ﬁgeldrﬁ%gg %’@89& Htg ﬁtthrélexl i rect

descrlbed above, pure wa |na e re erre
to as "waser sl@a@ﬁ%t%émaﬁﬁ%ﬁ%'éﬁeﬂ& . %fg%&%ssbaaavco%% is

transmts the ArF excimer 1aser light (light with a wavel ength of 193

nm is to be aisethgdurie watsfatean heeabiaiited dtrd argert boddMy ticgmed
at a sem conductor manufacturing plant or the like w thout

difficulty, ardaistaglesnahaseart iadvahttage ofnsavtnge spaadver sesefifrealent
on the photoresist on the wafer, to the optical |lenses or the |ike.
SRefractive istd@e MSJF. t Aashdeekhei phenéspeof sbathemALR exckien 92, a

laser light is around 1.44. In the water the wavel ength of
i || umi nation rﬂ%@@fﬁtlﬂppéel@slfrvmwalfbnls SHGYtled £8 Hronagnesicpele unit

E'oﬂt“rﬁl fﬁ@’p'é bﬁew P ERhet B HURER GPEoRPeEOR: TOTFLER by mide) s 1o
2
cControll or 207 FRB hnt 7ol FertarFEGuPALEBRES DAL XEniping SPRACu R ve

connect ed t 0 dorn@4iid uEUPR I RIBEn AR © @ee{%@atsemesg nfé;ecgﬁe@hse drives
supply water to the space 15 between t|p ens 191 and wafer Wvia

liquid suppl yepispeeabAt tSte@UPETY ifl @neclxanrnals andddra csuppl y

openi ng. Further, when the water is supplied, according to

i nstructions from fai hheomtbvadimen20,eadie ofonheol 1msaofmdtiapns described

recovery unit 6 opens the valve connected to |liquid recovery pipe 31B

to a 15 above that constitute stage drive system 124 is controlled
by main controller 20 shown in FIG. 8. Incidentally, each
linear motor is not limited to either one of the moving magnet
type or the moving coil type, and the types can appropriately
be selected as needed.

20 Incidentally, by making thrust forces severally
generated by a pair of Y-axis linear motors 84 and 85 be
slightly different, yawing (rotation in the 6z direction)} of
wafer stage WST can be controlled. Further, by making thrust
forces severally generated by a pair of Y-axis linear motors

25 82 and 83 be slightly different, yawing of measurement stage
MST can be controlled.

Wafer stage WST includes stage main section 91 and a

wafer table WTB that is mounted on stage main section 91 via

a Z-leveling mechanism (not shown) {(such as a voice coil motor)



20 predeterm ned degree to recover the water fromthe space between
tip lens 191 and wafer Winto liquid recovery unit 6 (the liquid

tank) via the recovery opening, the recovery flow channel and liquid
recovery pipe 31B. During the supply and recovery operations, min
controller 20 gives commands 25 to the cggrollers of liquid supply
unit 5 and liquid recovery unit 6 so that the quantity of water
supplied to the space between tip |l ens 191 and wafer Wconstantly
equal s the ot ieyfonehrtdriverswdndd vier 6m shegepeclal sAactdrdi AYlin the

t ant tity of liquid (wat Lq (refer to FIG 1) is held
78t ho. Space e et oty SO it AHSGTE AR R (R 14 G TR

t Lq hel.d.ipn th . tip | 191 fer, Wi
Constant [y 1 eeasr S e G iiie W iadfe oo LT g brt® [ShHe
Cabad! mant - AS TS : . . . ) !
posale um t AR, Hich SRR Rt R U S I

supply pipe Zbdrand dr Gé<hi@eQy oW pe 31B, and the Iike.
Incidentally, part of local liquid imersion unit 8, for exanple, at

| east nozzle unit 82 wafealtadlleedld), auppdst &d lide ra(Sus perded shat aohys
amain frame (including the barrel platform) that hol ds projection

unit PU, or mafeal ¥obperaruumged tdtonanotties firkene smenbengéfiat Trse wafer
separate fromthe main frane. O, in the case projection unit PUis
support ed i nh@l§gsp@Rdedlsate formedddsdeigrad laamiitér WwafezrzIca@bdsi WTB,
32 15 may al so_be supported in a suspended state integrally with

proj ection umM¥t PO, tBSt emogﬁ@eaﬁboﬁﬁﬁe‘ﬁ??eﬁo}i%‘ée{lrﬁrtd3‘? &F dabdifg¥dB
on a ne rement_franme that is.supparted.in a suspended state N
ndependuit | A S B ST eoT PoR MR RRy S B et ER P stk Fnd daviae
PU does not %ﬁ¥ céQSQSIﬁyPPfgﬁQHfagfbg'@aﬁféﬁﬁﬂpe%§%t§£§ le, by wacuum

TS TRcat ed

Incidentally, also in the case measurement st ag€ bél"ow
proj ection urictRdn bRetspacerdet %&&h’éﬂ?@%%ﬁ@%‘%%é@@@rfe}@e Eﬁ: wafer
e

described later) and tip lens 191 can be filled w water in
simlar manneabile e, manpeate (liguid repellent plate) 28 is arranged,
which has the surface (liguid repellent surface)

15 substantially flush with the surface of a wafer mounted on
the wafer holder to which liguid repellent processing with
respect to liquid Lg is performed, has a rectangular outer
shape (contour), and has a circular opening that is formed
in the center portion and is slightly larger than the wafer

20 holder (a mounting area of the wafer). Plate 28 is made of
materials with a low coefficient of thermal expansion, such
as glasses or ceramics (such as Zerodur {the brand name) of
Schott AG, Al;03, or TiC), and on the surface of plate 28, a
liquid repellent film is formed by, for example, fluorine resin

25 materials, fluorine series resin materials such as
polytetrafluorcethylene (Teflon (registered trademark)),
acrylic resin materials, or silicon series resin materials.

Further, as shown in a plan view of wafer table WIB (wafer

stage WST) in FIG. 4A, plate 28 has a first liguid repellent



25 descri bed above. Incidentally, in the above description,

one liquid supply pipe (nozzle) and one liquid recovery pipe (nozzle)
are to be arranged as an exnpal e. However, the present invention is
not limted to this, and a configuration having 49 multiple nozzles
as disclosed in, for exanple, the panphl ef4a of International

Publ i cati on No. 99/49504, may al so be enpl oyed, in the case such
arrangenent is possible taking into consideration a relation with

adj acent nmentigieR ZPRavipsarUteoshaRe ersntennf)i goraetornaalabenclosing
enpl oyed as far as the liquid can be supplied_in the space between an

optical menbér GIFIH&] inghd 9 @ 19679 I Qs thaRalilfgt area 28b
rojection opticgal systemPL and wafer W For_exnpale, the liqujd
Pm’r{arsion nec%%haa(r;lcl &rﬁ%i%cﬁeocstead"q % eferﬁé?ﬁ)hd:aé’tmg@%nts a?tipolr‘?ﬁ%dl@round
Publ i cati on 2004/ I e_liquid._i 0 hani

di scl osed | n%h?%%@f%ﬁ?‘%ﬁﬁgllieﬁt Aikdioor TR 4 I%om%hﬁg‘dls FHeIAent
al so be agpl iatd @ghhergxpPossns1 aPRa alls +Qhet B £MRAdId®Me operation,

Referring back to FI'G 1, stage unit 50 is equi pped with 15 wafer
stage WST andtntasstepent of ageilybIdt hahe8s foplaced 1aboyet a Has@truded
board 12, an interferoneter system 118 (refer to FIG 8) including
Y-axi s i nt er flaoontther sutfzaad A& hichat freassi rfoyesi,t cad onfssamtd ddcafid
stages WST and MST, an encoder system (to be described later) that is
used for nead@Pedd gpdsianeen 24P i Morkag ifor ¢ wafcadest sy Wa8T Grp be

exposure or the |ike, stage drive system 124 (refer to FIG 8) that
drives stageSoRSEiRRE @S’Fergnar?w‘éow%z Incidengillye BbtteRssRFHcOT

g;a??ﬁg f@orﬁg%%ﬁﬁ%%%%ﬁygg'%ﬂ%ﬁ%?%%ukﬁgﬁpgxﬁr%%%e -B ﬂ% % %%%n%%%% the
surface of the wafer, that is, may have a different height
from that of the surface of the wafer. Further, plate 28 may
be a single plate, but in the embodiment, plate 28 is configured
by combining a plurality of plates, for example, first and
15 second liquid repellent plates that correspond to first liguid
repellent area 28a and second liquid repellent area 28b
respectively. In the embodiment, pure water is used as liquid
Lg as is described above, and therefore, hereinafter first
liquid repellent area 28a and second liquid repellent area
20 28b are also referred to as first water repellent plate 28a
and second water repellent plate 28b.

In this case, exposure light IL is irradiated to first
water repellent plate 28a on the inner side, while exposure
light IL is hardly irradiated to second water repellent plate

25 28b on the outer side. Taking this fact into consideration,
in the embodiment, a first water repellent area to which water
repellent coat having sufficient resistance to exposure light
IL (light in a wvacuum ultraviolet region, in this case) is

applied is formed on the surface of first water repellent plate



25 exanpl e, a vacuum prel oad type hydrostatic air bearing

(hereinafter, referred to as an "air pad") is arranged at a plurality
of points, and wafer stage WST and neasurenent stage MST are

supported in a noncontact manner via a clearance of around several um
above base board 12, by static pressure afs 50 pressurized air that

is blowm out fromthe air pad toward the upper surface of base board
12. Further, stages WST and MST are i ndependently drivable in

t wo- di mensi o#da danéc feasndwatey aepel hen-amdastdiwhdeth wat¢n repellent
hori zontal direction of the 5 page surface of FIG_ 1) and the X-axis
direction (aﬁO@rtt RégaRal r&ﬁﬂéé@@@ﬁ te ?ﬁ@oﬁ’éﬁ@ Sighbckl omfmxgon)to pje
st age drlve ific,_as shown in th

] e ew Tn TEET BACEE 1eRe ke A RACLe SPHId A b SR e OBy e gee
and 87 10 ext gggnan%ye& Y g sstianane rsaactvslv. phage

on one side and t er si axi s directi’on havi'n ase

board 12 g§n l@ﬁtf‘@%%rﬂlltYt@('a%psﬂﬂwt%@@%l%zﬁtarc%ae@% ?{%%%%jfﬂ:frent

for exanple, a magnetic pole unit that incorporates a perrfanent

magnet group rieldls tasomee dipcfursd Uight 1 paigstofn @ NeEilm RAk&aviolet
magnet and a south pole nmagnet that are placed at a predeterm ned

di st ance and ralgtiemnatiel yldlsong stehe tY axiod adisr @dtaiten. 1At 1¥- aXfifective to
stators 86 and 87, two Y-axis novers 82 and 84, and two Y-axi s novers
83 and 85 ar &epegpdet thel yaher argrsil lent Maicodniot teagegedistatin this
ot her 20 words, four Y-axis novers 82, 84, 83 and 85 in total are in

a sate of be?“ﬁ‘&rﬁeﬁseilt@d ﬁhrﬁtl‘]élaltﬁeFGQEéééanPlﬁ%@(|2§asﬁaﬂo?e%1%wa$?#r

wh t U h d a |

et o e 2a s Bt e aionndl e Sheaogret iy e happEesent
d t

22??25pzﬁ\éﬂ%h»‘rr%g?ﬁ%%s%eél?"g é&%qt%%‘)ttgzg:h of’ é%gxtté“%mt }%%Cé)ft Q’@Fer

83 and 85 iseona%ed Qoatl MhLXHIRIEL q1FHF AR W 4 l::"%'atnctelﬂ'acto exposure
i ncorporates armature coils placed at a predeterm ned di stance

al ongt heY- axils g@iitr ectheP.a ldmbd sppilhetihén eIHXOIIRA suX¥faxkSo MM Same
82 and 84 namde up of the
plate in order to form the first water repellent area and the
15 second water repellent area. Further, the same kind of water
repellent coat may be applied to the first and second water
repellent areas. For example, only one water repellent area
may also be formed on the same plate.
Further, as is obvious from FIG. 44, at the end portion
20 on the +Y side of first water repellent plate 28a, a rectangular
cutout is formed in the center portion in the X-axis direction,
and a measurement plate 30 is embedded inside the rectangular
space (inside the cutout) that is enclosed by the cutout and
second water repellent plate 28b. A fiducial mark FM is formed
25 in the center in the longitudinal direction of measurement
plate 30 (on a centerline LL of wafer table WTB), and a pair
of aerial image measurement slit patterns (slit-shaped

measurement patterns) SL are formed in the symmetrical

placement with respect to the center of the fiducial mark on



51 armature units and Y-axis stator 86 nade up of the magnetic pole
unit constitute noving coil type Y-axis |inear notors respectively.
Simlarly, Y-axis novers 83 and 85 and Y-axis stator 87 constitute
noving coil type Y-axis linear notors 5 respectively. In the

foll owi ng description, each of the four ¥Yexis linear notors

descri bed above is referred to as a Y-axis linear notor 82, a Y-axis

| inear nmotor 84, a Y-axis |linear notor 83 and a Y-axis |inear notor

85 as neededPngsisiga Fadkdine dharemdelec daed has Xaeiis Wovectiga of4 the
83 and 85. 10 Mpvers 82 and 83 of two Y-axis_linear notors 82 and_83
out of the fddAue %r‘ai’i%eaﬁsnﬁFSFsogréeFé§ﬂaeéF‘?9§l peppREgTEBtoRdit

d and the oth d | ongi t udi nal, direct X- t at
0.t hat ext R A S x. 431§ THIECE ForkC PEEERED, M) BPs® 196 il a1 G

th
end and the & Rer- e o AR & BAor T e e bene e Slie
X-axis dig eraQ%erﬁ%C@x@'éﬁgiﬁquLrﬁ)ﬂh% KALA'S 80 andh 8L a6 gﬁ%

along the Y-axis by a pair of axis linear notors 82 and 83 an

pai r of Y-axirgshiergdr et s 34 and @5 despetdangllye.. 20Each of X-axis
stators 80 and 81 is conposed of, for exanple, an armature unit that

i ncor por at es ar nat Gnetoeird, s apl atednatina FiGeddBer ineeédedwatfamcetakbenysT
the X-axis direction. One X-axis stator, X-axis stator 81 is
arranged in &edeat eash péi agriasecinede imeaunpesihe (iHotrathemms SL, an
fornmed at 25_a mai n,section 91 (not shown in FIG 2, refer to

FIG 1) that céﬁép%begsbggt3%flrwaﬁﬂérchsﬁag@pv\sqﬁl|%1b%ntq%1t@aémwgan

has a petanGROSREGHS, LB FIoiE T FudBLng 15 FIrar tpar ke o Goused
north pol e gggnﬂtgglqeé‘ ﬁioﬂggﬁngigl %%tedd%%t %chﬁggae%e atlr{q SHrough

predetermn di stance and er nat alon XS dited

arranged. Thigs FRgReEhE DO RIA AL Xe8K1E RTBLANY &l LANSHHUEBR1ion
novi ng magnet type X-axis linear notor that drives stage main section

91 in the X-8%i.s Ho€ChgPB6 15 Htradgdd Yn pher OtdirXfE i 8bQhe pair
X-axis stator 80 is arranged in a state of being inserted in an

openi ng formed atriaktiaggems asseatenn sA2 tipat t ons SL, W eshqegh oalltted
measur ement stage MST. Inside the opening of stage main section 92, a
magnet i ¢ ol énuhe, dxhwéngi-s sinilar to the magnetic pole unit

The optical system inside housing 36 guides illumination
light IL thet has been transmitted through aerial image
measurement slit pattern SL along an L-shaped route and emits
the light toward a -Y direction. Incidentally, in the

20 following description, the optical system inside housing 36
is described as a light-transmitting system 36 by using the
same reference code as housing 36 for the sake of convenience.

Moreover, on the upper surface of second water repellent
plate 28b, multiple grating lines are directly formed in a

25 predetermine pitch along each of four sides. More
specifically, in areas on one side and the other side in the
X-axis direction of second water repellent plate 28b (both
sides in the horizontal direction in FIG. 4A), Y scales 39Y;

and 39Y; are formed respectively, and Y scales 39Y; and 39Y;



10 on the wafer stage WST side (stage main section 91 side), is
arranged. This magnetic pole unit and X-axis stator 80 constitute a
novi ng magnet type X-axislinear notor that drives neasurenent stage
MST in the X-axis direction. In the enbodi nent, each of the linear
notors described 15 above that constitutestage drive system 124 is
controlled by main controller 20 shown in FIG 8. Incidentally, each
linear notor is not limted to either one of the noving nmagnet type
or the novi ngXiglactygempargdt Ré eypesleani appropring ele: e dddfasicdd on
as needed. 20l ncidentally, by makjng thrust forces severally

Vy EP?We%‘?l

generated by % Paind ol aVL4 htigesteAraAR 8BS b atigikippetion

di ff , | . tati in.th di ti f fer, st VBT .

can be- contt ] B CELPERET Sy iRi R AT TR T eg@%%lifﬁrec}m
ted by ., [ ~axl LG t i :

T orent, yam hoool REsturereht olaaboMRrnan 5 Loyl okon

Vafer stage WBbrgel 4desc6! 886 M SEG @RI -2R0s a waf.ers table UHR) .
that is nounted on stage main section 91 via a Z-1eveling nmechani sm

(not shown) (such a@dmdlweilge ¢ai hraabobh ohd @ideisnd itied wiHdweide in
relative to stage main section 91 in the Z-axis direction, the ex

di recti on andheh¥é-eyididiestdtomn bicammdlvbyeri regd B erd; pdeage2éls i(beth
system 124 is shown including each of the linear notors and the

Z-1 evel i ng 5Sis@rahnsthelasatitsed dbsgetion in FIGh 4Af erX saple sWiBX: and
waf er hol der (not shown) that holds wafer Wby vacuum suction _or the

like is arrargdd. 2Ffe Wafes FRIRRTEHES W o bel SGAHEF Pittegrad | 39%a ere
}[/\I:Lf'\re b\%&) € Vemé%h t?:létmpiosetdr.' % %b%deifqeergt’ix}eh%rvﬁfi%rg h(oeI .dge:r d%r}%rvavacft%.ron
grating) having a periodic direction in the X-axis direction
in which grating lines 37 having the longitudinal direction
in the Y-axis direction are formed in a predetermined pitch
along a direction parallel to the X-axis (X-axis direction).
15 As each of the scales, the scale made up of a reflective
diffraction grating RG (FIG. 10A) that is created by, for
example, hologram or the like on the surface of second water
repellent plate 28b is used. In this case, each scale has
gratings made up of narrow slits, grooves or the like that
20 aremarked at a predetermined distance (pitch) as graduations.
The type of diffraction grating used for each scale is not
limited, and not only the diffraction grating made up of
grooves or the like that are mechanically formed, but also,
for example, the diffraction grating that is created by
25 exposing interference fringe on a photosensitive resin may
be used. However, each scale is created by marking the
graduations of the diffractiongrating, for example, inapitch
between 138nm to 4um, for example, a pitch of lum on a thin

plate shaped glass. These scales are covered with the liquid



10 are separately configured, and the wafer holder is fixed inside a
recessed portion of wafer table WIB, for exanple, by vacuum suction

or the Iike. Further, on the upper surface of wafer table WB, a

plate (liquid repellent plate) 28 is arranged, which has the surface
(liquid repellent surface) 15 substantialdgy flush with the surface of
a wafer nmounted on the wafer holder to which liquid repellent
processing with respect to liquid Lqg is perforned, has a rectangular
outer shape (kamglolfnt findn hasate i reng brerwpeahi g tdregctidoddrateaive n
the center portion and is slightly larger than the wafer 20 hol der (a
mount i ng ar ed B 497 &ialer ) thep Rty 0§ Shin e i natiey i SRoymwitueta wisle s

fficient of i such ,as gl asses or cerapics (such
s Zerodur (£ TBEand fie) TP SEHOAT PABCTA 205, 5 SR oL S G ke
surface of pl'l‘:ﬂee %@ne alg i ed Jlespoelilner]:tf }Iég FHéa%ifnoq'éTEd by_, for .
exanple, fluorine resin 25 naterial’s, 'ﬁuorlne series resin materials

such as pgl ytetraf lgoreethybane ( Teh! eRe (£R9681RE8M, tEAdeBId))ng water
acrylic resin materials, or silicon series resin nmaterials. Further,

as shown in adydnatitew loft anvafsry ittadd e \Wda (viafifle sstrage MMBMNed N FlgGass
4A, plate 28 has a first liquid repellent 54 area 28a whose outer
shape (cont ourdatieswiéebt gt lag reank leaplamg i@nci & dud be wpehiaBgseamid aater
second liquid repellent area 28b that has a rectangul ar frane

(annul ar) shaEeedlaedd PAdrdend 8bi.r stioveyard tepattesgniarigwsalorOls not
first liquid repellent 5 area 28a, for_ exanple, at the tine of an

exposur e operldftidifd &0 FBaSr PAFL2 GICAH T MFHAEE MsesHBnChra s asy pdate
i t df t f f th f is f. d, nd nd
bt o roel e R L2 Sgh £l T Senetua e g i Chop B S ihe i
d i bed | ) j tally, | 10-th
soder vod o) ars oured - Laesal L ot Losat b of Mg

waf er, that g, Mabhaved1d f i) entohaighls fiem thaty e tﬁ‘céa%qeor

f
of the wafer. Further, plate'28 may be a single plate, but in

enmbodi ment, plhat @128 $& aG0abi gtewsh HY RRMDEArNgkagRVEkBhhEYoRT In this
pl ates, for exanple, first and 15 second liquid repellent plates that
correspond t @afser,sé watgu depepiéhemntl sarecto 284 canths ecordvd t ghirédpel lent
repell ent area 28b respectively. In the enbodi ment, pure water is

used as 1P quicdatygigsappldedcenbde aidvig,e snd felver mhyrlee Ureediimafttesrd of
first liquid repellent area 28a and_second liquid repellent area 20

28b are al soBléftér FBd 1O adafiaistalaedtTh Bpe #bne sl dpemedPungterials

second ater gRel) o, P 2h | 0d s case, oxposure LMt ILs,

whi | e exposurcease’ a pair of Y scales and a pair of X scales may be directly
formed on the upper surface of wafer table WTB.

20 Mirror finish is severally applied to the -Y end surface
and the -X end surface of wafer table WTB, and a reflection
surface 17a and a reflection surface 17b shown in FIG. 2 are
formed. By severally projecting an interferometer beam
{(measurement beam) to reflecticon surface 17a and reflection

25 surface 17b and receiving a reflected light of each beam,
Y-axis interferometer 16 and an X-axis interferometer 126
(¥-axis interferometer 126 is not shown in FIG. 1, refer to

FIG. 2) of interferometer system 118 (refer to FIG. 8) measure

a displacement of each reflection surface froma datumposition



light IL is hardly irradiated to second water repellent plate 25 28b
on the outer side. Taking this fact into consideration, in the
enbodi nent, a first water repellent area to which water repellent
coat having sufficient resistance to exposure light IL (light in a
vacuum ul traviol et region, in this case) égs applied is formed on the
surface of first water repellent plate 28a, and a second water
repellent area to which water repellent coat having resistance to
exposur e | i ghtgdrenaifier,i er figethaitrirost ivapeaceepehl € Ar@R 9 face of
applied is fornmed on the surface of second water repellent plate 28b.
I n general, $inwdedtidrsusidiPt,izud thieosapidge watuwsmed epel dehumeoatface),
havi ng sufficient resistance to exposure light IL (light in a vacuum
ul travi ol et régitods i ROBALS cBadBformalignags préee, stage JIER faidtliive the
to separate S&elp ter repellent plate into two sections in this

i

manner, i.e. Nfat &0 &8 |n},§rﬂsuﬁeé°(eé1t28f§]é+:c? SSomPRRIGA fp main
|1 | it i dent al. | t t ti

ot 11 m 120 CoNRa o by 5B SRCRA B per! RAE CBAt L RRt Shave

different resiRanes iR 1R8I kLA | in (B AR 08 30R 120,90 160841

upper surface of the sane plate 1n or t orm irst water
repel | ent ar aa tand dridgmet rsecanhghat §1urdnalthertr 3p8a.cahuithRer it hged,

same kind of water repellent coat nay be applied to the first and

second wat er anepehkedt oartgas mekei rexamm ealaabyodne-aatenintepdicreflter
area may al so be fornmed on the sane plate. Further, as is obvious
from Fl G 4A;Ga@nﬁhgﬂ@miqxﬁnﬁagferometer 126, main contreoller 20 can

10 measure rotation information in the 6x direction (i.e.
pitching), rotation information in the 6y direction (i.e.
rolling), and rotation information in the 6z direction (i.e.
vawing) of wafer table WTB in addition to the X-position and
Y-position of wafer table WIB. In the embodiment, however,

15 position information within the XY plane (including the
rotation information in the 6z direction} of wafer stage WST
(wafer table WTB) is mainly measured by an encoder system (to
be described later) that includes the Y scales and the X scales
described above and the like, and the measurement values of

20 interferometers 16 and 126 are secondarily used in the cases
such as when long-term fluctuation of the measurement values
of the encoder system (e.g. due to deformation over time of
the scales, or the like) is corrected (calibrated). Further,
Y-axis interferometer 16 is used for measuring the Y-position

25 of wafer table WTB or the like near the unloading position
cr the loading position (to be described later), for wafer
replacement. Further, also in movement of wafer stage WST,
for example, between a loading operation and an alignment

operation, and/or between an exposure operation and an



20 on the +Y side of first water repellent plate 28a, a rectangul ar
cutout is fornmed in the center portion in the X-axis direction, and a
measurenment plate 30 i s enbedded inside the rectangul ar space (inside
the cutout) that is enclosed by the cutout and second water repellent
plate 28b. A fiducial mark FMis forned 2% in the center in the

| ongi tudi nal direction of neasurenent plate 30 (on a centerline LL of
waf er table WIB), and a pair of aerial inmage neasurenent slit

patterns (slidlsiaiod moenatdmnt MeRsusrardntSlinderfadrimed dfh t he
symetrical placenment with respect to the center of the fiducial mark
on 56 one si'dé¢SHIETMESIhEY SSrlelih, t Hea k-l stdilpasti ofe ot Hpsition

[1oucl al merle SsgRdh ol actial e pasu eR ol L palios, Sy
Jcaxis directd O OF MO QA Syl Lty RAY LALNS. XL ANINT b d e
X-axi s and Y-axi s directions Yéspectively can be used, "das an €xanpl e.

Further, as showdidn®AhG, 4B1da1% g8-Wafref n st pger Widt 1WAt 8f(such
aerial imge nmeasurenment slit patterns SL, an L-shaped housing 36 in

whi ch an opt iagabnsyst eantosy &t &hNgnap b0 aebieglelvet! €A m@i M e that
relay lens and the like is housed is attached in a partially enbedded
state penetrapildg phpgeghipartndt Rhe dmsiageadbovied exrtzalijeel WhBegmd 11y
stage main section 91. Housing 36 is arranged in pairs correspondi ng
to the pair ofithepralecihhge Undds EPehbat isl furpartedns: Slsuspendrdistate
omtted 15 in the draw ng. The optical systeminside housing

36 gui des il RS P&SSFIGSthePrrer natt hddt bB8FReMidM Rk ed ntRrdggpmeter

corval | Boe SRS AR, ol PRLLSLD: S 8008 AN Leshaped QUL 200

foll owing deggription, the optical systeminside housing 36 is
described as a light-transnitting system 36 by using the sane

reference code as hgushBREt3® 140" ik hehS A Rf1 RV ERL2RCCstage WST is to
include stage main section 91 that is freely movable within
the XY plane and wafer table WTB that is mounted on stage main

15 section 91 and is finely drivable relative to stage main
section 91 in the Z-axis direction, the 6x direction and the
@y direction. However, the present invention is not limited
to this, and a single stage that is movable in directions of
six degrees of freedom may also be employed as wafer stage
20 WST as a matter of course. Further, instead of reflection
surface 17a and reflection surface 17b, a movable mirror made
up of a planar mirror may also be arranged at wafer table WTB.
Moreover, position information of wafer stage WST is to be
measured using the reflection surface of the fixed mirror
25 arranged at projection unit PU as a datum surface, but the
position where the datum surface is placed is not limited to
projection unit PU, and position information of wafer stage
WST does not always have to be measured using the fixed mirror,

Further, in the embodiment, position information of



Mor eover, on the upper surface of second water repellent plate 28b,
multiple grating lines are directly formed in a 25 predeterm ne pitch
al ong each of four sides. Mre specifically, in areas on one side and
the other side in the X-axis direction of second water repellent

plate 28b (both sides in the horizontal direction in FIG 4A), Y

scal es 39Y1 and 39Y2 are forned respectively, and Y scales 39Y1 and
39Y2 57 are each conposed of a reflective grating (e.g. diffraction
grating) havivgex pérdedieTdneaseren hh inhe riexonetdinr syston 1h8 wid clot
grating lines 38 having the longitudinal direction in the X-axis
direction ar &% B3 rimaaﬁ‘r BURP BYRF rfé%ﬁrmw DTapBRL e e ORsFat ion

on one.si de ta%&t o st B A T n e A & U O s =
pater ropel | e Rhale FBBoLROLoR e Rnb L i) dé’:?rg&%%\%nefirgc 3t ion

FIG 4A), X sca are orrre resp
scal es 39x1 @fdn%%%r%rn%n]to RAGR G0M0set of;1a rehb%%\ée ﬁh[eé%'uﬁ}gment

(e.g. diffraction grating) having a periodic direction in the X axis

direction iniwfcathagriain oF Lhnesrd?ohavergsi/bechonost ud dalatdiresit Qe
in the Y-axis direction are fornmed in a predeterm ned pitch along a

di rection pard elsittd drhe nécaxiag il axi slidiacacitdnen)af 15 vAs deacteasf of
the scales, the scale made up of a reflective diffraction grating AG
(FIG 10A) tH&esdeongr davedl 8y, b¢ oisaskdmpPeserhtiogsamioh ahd g kaposure
the surface of secqnd wat repellent plate 28b js used. In this

case, each s@é’leéaljf&éfmg?%‘fi?ﬂﬁsthﬁaaélﬂ’@m%?trfé?erliﬁﬁjsql}-t s Inglfd PES O MERE ,

like th 20 ked at det d dist

gr aduat | bhs. T Y58 %J%%Fﬁsf%e%&ﬁﬁrrgsgteﬁ b el P taaibo % wager
t | t ed, .t f t

or the I ke tsﬁg‘?’ QﬁéTﬁ%ﬁ:?al#?aq{ 5t BF P e B HE GO TR o,

di ffraction graticAgnt bﬁ’fokﬁaewﬁtlerﬁtmé >25a£i<§08ﬂiagu'§ﬂéﬁaf@£ %&%%ctlons
fringe on a photosensitive resin may be used. However, each scale is

created by nmEhknndit héegsastialt©dpeatatiike 6 ffeart i k&N ogLPcaéf heasti@ement
exanple, in a pitch between 138nmto 4pm for exanple, a pitch of | pm

on a thin pldndogmapednglcds sntErese ogedleas syrse exo\dBed oniliyh pidsd tion
'Tquid f? information related to different directions from measurement
directions (the X-axis, Y-axis and 8z directions) of position
information of wafer stage WST by the encoder system, for
example, related to the 6x direction and/or the 8y direction
may also be used. Or, in addition to the position information
20 related todifferent directions, position information related
to the same directions as the measurement directions of the
encoder system (i.e. at least one of the X-axis, Y-axis and
6z directions) may alsc be used. Further, interferometer
system 118 may also be capable of measuring position
25 information of wafer stage WST in the Z-axis direction. 1In
this case, positicn information in the Z-axis direction may
be used in the exposure operation or the like.

Measurement stage MST includes stage main section 92 and

a measurement table MTB mounted on stage main section 92.



repellent film(water repellent filnm described above. Incidentally,
the pitch of the grating is shown nmuch wider in FIG 4A than the

actual pitch, for the sake of convenience. The sane is true also in

ot her drawings. 5In this manner, in the enbodi nent, since second

water repellent plate 28b itself constituies the scales, a glass

plate with | owthermal expansion is to be used as second water

repell ent plate 28b. However, the present invention is not limted to
this, and a S&EAITRMIEY telde MPB dfs moghhsd Pl ategeOnain tseetlickeSRialso
| owt hermal expansi on on_which a grating is formed nay al so be fixed
on the upper it fatel 87 hite Macising Sirsnof othabnpl dovsyeg pihgoresent
spring (or vacuumsuction l.i ke sp as to prevent hocal

or.the
shri nkage/ expahsi b1 A5t tsiizrﬁyé,edé:ov\}él?ﬁ’ POHel Y EnEXPIRLE  (EIFH RN
t he sanme wat | o [ i entit rface A
be. used i net caE ot Thilale V2 RO VGHARY SBrE S ey o s e F B et e
by materigls yMidh achawrenehti cignd 1l &Q%mi@ﬁp@@%ii%agﬁﬂgvapléw{h
a case, a pair of Y scales and a pair of X scales may be directly

fornmed on thedippert sor 886eofawalseicttiall 2 WiB.c ROM-bk0E diPbshids, the
severally applied to the -Y end surface and the -X end surface of

waf er tabl e WFBxiandliaedgfileec tinonther baceéi tZathod may eflsetbormployed,
surface 17b shown in FIG 2 are forned. By severally projecting an

i nterferonet & Beafnfisusacenemapeaige e eebleyedonn st el ek rement
reflection 25 surface 17b and receiving a reflected |ight of each .
beam Y- axi s G¥é& fEbret s &8 ShirdR Sl ispdicay drerdd prage main
(X-axis ipterferanet 126 i s,.not shown in FI , refer, to FIG 2) .
of inter ror?ee‘tcécrloéygg[zerﬁnﬂéld(% &eﬁs&rﬁn@n%%%ﬁ@ 2 HiEpi™ it

of each ref | eqlion Sy age J1L0MA AALMPGAILI Ol 59 (generally, a
pl ace

fixed mrror Is on the side surface of projection unit PU, and

the surface is use§a33 o&sdalWosS Wl 368 Shrerdh®! HetbRRSiadieOR rranged at
information of wafer stage W5T within the XY plane, and the

measur enent  vidla4es cdded tS U lice TR (R fr LNl &fecdB.or MA)he For
enbodi nent, as both of Y-axis interferoneter 16 and X-axi s

i nterferonet exahl,e,aasushoexiial FiIigSer 2 erratréRer mbayingmanplngmbéty safch
optical axes is used, and based on the neasurenent val ues of Y-axis

i nt erf er bhret &5 aB lawe gdlad sl lunsrdrcosensori®b thatihecamingldlershaped
can 10 neasure rotation information in the ex direction (i.e. .

pi tching), rot-&titorSasrioiigt S6ctinny heabyraretEes ol Yynilakpn jHght IL
and rotation inforpmation j[” the ez direction (i,. awj ng) _of wafer

tabl e WIB i n°Addft FBAIE PR R pEHYicG e O ﬁ&gilt g%ﬁ% Taf & esdiel
WB. In the qq&%@ E%g%urq%ﬂeXﬁ%trument 96 that measures an aerial image

(projected image) of a pattern that is projected by projection
20 optical system PL, and a wavefront aberration measuring
instrument 98 by the Shack-Hartman method that is disclosed
in, for example, the pamphlet of International Publication
No. 03/065428 and the like are employed. As wavefront
aberration measuring instrument 98, the one disclosed in, for
25 example, the pamphlet of International Publication No.
99/60361 (the corresponding EP Patent Application Publication
No. 1 079 223) can also be used.
As irregular illuminance sensor 94, a configuration

similar to the one that is disclosed in, for example, Kokai



15 position information within the XY plane (including the rotation
information in the ez direction) of wafer stage WST (wafer table WB)
is mainly neasured by an encoder system (to be described later) that
includes the Y scales and the X scal es described above and the |ike,
and the neasurenent values of 20 interferggmeters 16 and 126 are
secondarily used in the cases such as when |ong-term fluctuation of

t he measurenent val ues of the encoder system (e.g. due to deformation
over tine of thwasedednaanined jBederits Applrissttddr{ b lgreatad)n) No.
Further, Y-axis interferoneter 16 is used for neasuring the

Y- posi tion 25 0tL Wetr ({t&is eowrBsePnERagl Vke- ntakerhdianlodfihg68) and

position or be described | ater), for wafer

t he l.qadin sition, (t
replacenent.qﬂﬁw%ékg‘%fg%%IP@%WEWEHFtBFrWaFEragféG TIcf grasuring
exanpl e, bet %%Qr%rde%atd'dw %Decroq{fi%uraancd & s%.lérlt}q.%ne@o .Qc%eer aotnleO 'hat is
and/ or betweén an exposur€ operati and “an uﬁioadlng oper ation,
measur emegt I LANOT beté%fJn?échfe_tK%'kaﬁ)/?ﬁgﬁéﬁé%e tlamfhedlbatent
| east one of position |nfprnat|on indirections of five degrees o
freedom (t he pypaXicat irarusl 1€%i6h)and. ook +@TL0OHS)tHS d5e&spending
Incidentally, at |east part of interferoneter system 118 (such as an
optical syst@&n)s.nBytbet &pranged: iain Phelteenibnane. Lbat /bolkds77) and the
projection unit PU, or nmay also be arranged integrally wth
proj ecti on udiltkeptan gt used supporitded ial 1oy stk pen dect ssiramerdsnesbers (94,
descri bed above, but, in the enbodinment, interferoneter 10 system 118
is to be arr@%geRdafs} HF iR REeHERRNIPARL dESSMIE®dbEFage MST in the

Incidentally, in the enbodi nent, fer stage T is.to include stage
R N T I et R M ey Tl
table WIB t hat_.i e ta in t..0on, 91 and is fin

drivabl e re|§ﬁ4§§4%&%ﬁéggﬂﬁﬁﬁﬁ %@E?ﬁ%hné% ﬁﬁﬁPﬁgxbgékﬁgmeLreéligh¥

the Ox directj.Qn ghthde n@mbtyrrse,ctf:oqn-em er bR becgﬁmleigm,\s%t S@Rn

is not limted to this, and a single stage that is nova

directions ofasSiaX tde@=ea% teindd eRAGNITRY AIns® RenPItoved i3S My a
stage 20 WST as a matter of course. Further, instead of reflection

surface 17a amdnsefiltearicen cfufraciectilnn apmvalll eydteamorPliyadedfprofa a
planar mirror may al so be arranged at wafer table WIB. Moreover,

posi ti onl$ nf oemstirgmdofi ngdframesttaddrarS Phisse rtve sh € aveds Urderh s iimgpetrise. on
reflection surface of the fixed mrror 25 arranged at projection unit
PU as a dat ufditr Pac&orpeXampee pds?23 bh WiHdr 82 Herdhinnd aive f bl iox the
pl aced is noéélinited go pEgjection nit PU and position information

of wafer stagdef6F2d08<3RoP alias F RO Sre LSy aeet from
fixed mrror 'thléuﬁégg[lre}ngnE%er%@?gisrﬁ%w aspé)%ilteia%rlnign;rlgﬁlggtrit natOfcleans
nozzle unit 32, tip lens 191 or the like may also be mounted

20 on measurement stage MST.

In the embodiment, as can be seen from FIG. 5A, the
sensors that are frequently used such as irregular illuminance
sensor 94 and aerial image measuring instrument 96 are placed
on a centerline CL (Y-axis passing through the center) of

25 measurement stage MST. Therefore, in the embodiment,
measurement using theses sensors can be performed by moving
measurement stage MST only in the Y-axis direction without
moving the measurement stage in the ¥X-axis direction.

In addition to each of the sensors described above, an



61 wafer stage WST neasured by interferoneter system 118 is not to be
used in an exposure operation or an alignnment operation (to be
described later) but is to be mainly used in a calibration operation
of the encoder system (i.e. calibration 5 of neasurenent val ues) or
the |ike. However, neasurenent informatiga of interferoneter system
118 (i.e. at |least one of position information in directions of five
degrees of freedon) may al so be used in operations such as the
exposur e operidtlivor ramg/eononheoaltitgrinbas apéghti-orceiningesentbibel manting
10 the encoder system neasures position information of wafer stage .
WET in di recti BASSLEAmiPedSgicde$igre thaddanceings iid lupddiatiion light
information in the X-axis, Y-axis and Oz directions.  Then, in_the
exposur e operIg‘t ?Bﬁt}ber ipage phane Qf PoPIrehiGPerRit C3 hiysher BR ®pY also

i nterferomet %re %X’lg)tl;%ryfejdl8’lﬂhq_%|ﬂ i%o%fitslc %8195 Il?]:r Or%ig?{%_m%;i!egt %%ktaq_

different direction rdm nmeasurenment directiors -axi s

and Oz dig ect(ia%f%)ne%fe RS dain ol o FEQ R %%gqfei)? fiem $ha48 c\néglio% e

encoder system for exanple, related to t Irection and/or 'the

ey directionimey1a@ss@ hehdsedrr@spondliadditt.ison Ha® drite apRsiitda@n on
information 20 related to different directions, position information
rel ated to tRrabddnmetdioneNbl ahG0250 064 densucenint 1 ke ectTrond 10untihance
encoder system (i.e. at |least one of the X-axis, Y-axis and Oz

directions) meniglogo lise alsed prefetrsdrly pdEeeide condther copdtearhin®8 may
al so be capabl e of neasurin% position 25 information of wafer stage
WST in the Z-axis dPFeEePsAllym &R $heasabogdsenton liArdfmdmmgssign
the Z-axjs direction may be used in the exposure operation or the
ke 10 DR B rin Pedt agBRET M htAr St Ngk® REPA S580rt Oh egposHae
a measurenent, . l e. . . . g in sectiaqn 92. .62

Veasur eent LABS ML L BT Rd B 5] age e B SH 2P E Y Py en

e o B, Sy Meush el g -
so-cal | ed coansehfinaecebe@Bost bUCIARE tHe illuminance monitor), aerial
image measuring instrument 96 and wavefront aberration
15 measuring instrument 98 that are used in measurement using
illumination light IL receive illumination light IL via
projection optical system PL and water. Further, only part
of each sensor such as the optical system may be mounted on
measurement table MTB (and stage main section 92), or the
20 entire sensor may be placed on measurement table MTB (and stage
main section 92).
As shown in FIG. 5B, a frame-shaped attachment member
42 is fixed to the end surface on the -Y side of stage main
section 92 of measurement stage MST. Further, to the end
25 surface on the -Y side of stage main section 92, a pair of
photodetection systems 44 are fixed in the vicinity of the
center position in the X-axis direction inside an opening of

attachment member 42, in the placement capable of facing a

pair of light-transmitting systems 36. Each of



5 which neasurenent table MIB is configured finely novable with
respect to stage nmain section 92 in the X-axis direction, the Y-axis
direction and the ez direction may al so be enpl oyed, or a
configuration nmay al so be enpl oyed in which neasurenent table MIB is
fixed on stage main section 92 and stage ggin 10 section 92 including
measurenent table MIB is drivable in directions of six degrees of
freedom Various types of neasurenent nenbers are arranged at
measur enent trdivte Bt styegemmidt sectdoopoddd ofornexatploal aystem
shown in FIGS. 2 and 5A, neasurenent nmenbers such 15 as an irregul ar

i 1l um nance $e180E04 tHedta Yhaene pinHolBristimsed vinghte emssitviswgh as a
section that receives illumnation light IL on an inmage plane of

proj ection opfiotam PPl PR agPlat Do dtdstr PRYSEAsEReentRDd s

e
aberrati og m%%urek@gdiwﬁqm% a %é&%eh{ag&e% Gloddar s{ga{a;oegg{é&odand‘a

a
i s disclosed in, exanpl'e, the panp of I'ntern

Publication NeasQRReA28 @ e ldde Akl erfASWaMef rpnt
aberration nmeasuring instrunent 98, the one disclosed in, for 25

exanpl e, the ppasehleeiniofed atieraakiconal tRebl+£atd an Nt 2H 6Q3H udihey a
correspondi ng EP Patent Application Publication No. 1 079 223) can

al so be usedcontact sAstie}redulllaminadtumrmdrightsdisdahadd has been
configuration simlar to the one that is disclosed in, for exanple,
Kokai 63 (Japgasedé tesexarovad PRcénreadpll daeigen MRasivineaendn s ING.
57-11723@ (the corres%gndi ng U.S. Patent No. 4,465, 368) and the |ike
can be us®d. PEIFEREr SladTadlRRuTemedd readtr il IisnSidfehyosach
configuration,simlar to.the one that is. 5 disclosed jn, for exanple,
Kokai (Japangslg nexamchad PACe it SASH i3?atain(5in rlglfﬁljivc,eé;t E’gn)t%ﬁo.

2002- 014005 (Lhe .c i + Patent Appl i cation. Rubl i cati
o, 20021 004 147 SRGTRATT e e b AT PS O aiy ot RVay e 4.

measurenent reakers, (¥ s Phemdich $3)at@ 801 01 DenALE ADYSH: &t 1 MBS QIR 6
stage MST in the 10 enbodi nent, however, the types and/or the nunber
of and photodetection systems 44 constitute an aerial image

15 measuring unit 45 (refer to FIG. 8), which is similar to the
one disclosed in Kokai (Japanese Unexamined Patent
Application Publication) No. 2002-014005 (the corresponding
U.S. Patent Application Publication No. 2002/0041377)
referred to previously, and the like.

20 On attachment member 42, a confidential bar (hereinafter,
shortly referred to as a “CD bar”) 46 that is made up of a
bar-shaped member having a rectangular sectional shape and
serves as a reference member is arranged extending in the
X-axis direction. CD bar 46 is kinematically supported on

25 measurement stage MST by full-kinematic mount structure.

Since CD bar 46 serves as a prototype standard
(measurement standard), optical glass ceramics with a low

coefficient of thermal expansion, such as Zerodur (the brand

name) of Schott AG are employed as thematerials. The flatness



measur enent nenbers are/is not limted to them As the neasurenent
menbers, for exanple, neasurenent nenbers such as a transmttance
measuring instrunment that nmeasures a transmttance of projection
optical system PL, and/or a 15 measuring instrunent that observes

|l ocal liquid inmrersion unit 8, for exanplgs, nozzle unit 32 (or tip

| ens 191) or the like may al so be used. Furthernore, nenbers

different fromthe neasurenent nenbers such as a cl eani ng nenber that
cl eans nozzl dagtiee 32, the pirais st¥fage thbel $kefaay) afsElbbanvdhtisd set

20 on neasurenent stage MST. In the enbodi nent, as can be seen
from FIG 5ARHe t9eRS0REOVREt tHEeSPRRgIRYR] 2R d X17eH 1! idategupdane

il lhum 9 ial i [ i nst t 96,
ol acod on a COMEr! | ABTCReFy. 4aPRORASR RECt HPUUGH SHas SRR 87950 26 -3
Ueing thoses Baneare paroERELR0F oP it 88 Rt R T RLes PERRR A T i

only in the ¥%igdctidn' gt LeBpuLERAQUE yTRYIAEAL E FRASH SRt %@Q%(?' /nd

the X-axis direction. In addition to“each of the sensors descri be
above, an 64ddtliwtisnancenaoBiter ahfathdastidet i gide recehd NGng@ELHARA 1
having a predeterm ned area size that receives illumnation light IL
on the i mge dilraeiah pfdjkbtirost optitcabadyst 2melle mmy-cagatbrgs 52 are
enpl oyed, which is disclosed in, for exanple, Kokai 5(Japanese

Unexami ned PdcamedAppiitatt énpPaBereaminay dostance168ueh theto be “L”)
corresponding U.S. Patent Application Publication No. 2002/ 0061469)
and the |ikelTHES BVEFCHERCE Inblacsmend ¥idd gespecibty Fhecsgnsgsr in

Lhe centey Ll Bge, Lnhdeniallon, (i the gbod pent., Liauid Lmerston 10,
gyt on ) Sk skhokt ety 2h OBLkeek SYSEPMEL 81, Loy
ilTum nance g@nNi-b@E}endB h& ks M are formed in the placement as shown in
FIG. 5A. The plurality of reference marks M are formed in

three-row arrays in the Y-axis direction in the same pitch,

15 and the array of each row is formed being shifted from each

other by a predetermined distance in the X-axis direction.

As each of reference marks M, a two-dimensional mark having

a size that can be detected by a primary alignment system and

secondary alignment systems (tc be described later) is used.

20 Referencemark Mmay also be different in shape (constitution)

from fiducial mark FM, but in the embodiment, reference mark

M and fiducial mark FM have the same constitution and also

they have the same constitution with that of an alignment mark

of wafer W. Incidentally, in the embodiment, the surface of

25 CD bar 46 and the surface of measurement table MTB (which may
include the measurement members described above) are also

covered with a liquid repellent film (water repellent film)

severally.

Also on the +Y end surface and the -X end surface of



i mage neasuring instrument 96 and wavefront aberration 15 neasuring
instrunment 98 that are used in neasurenent using illum nation |ight

IL receive illumnation light IL via projection optical system PL and
water. Further, only part of each sensor such as the optical system
may be nounted on neasurenent table MIB (@nd stage nmin section 92),

or the 20 entire sensor nmay be placed on neasurenent table MIB (and
stage nmain section 92). As shown in FIG 5B, a frane-shaped
attachnent nedEFssTLZENGS: fliakdee MY B, he edfice uirdracaimfiaddre 1-9¢ sirde 180 are
stage main section 92 of nmeasurenent stage MST. Further, to the end

25 surface offamed vigildérotosvagernirhlscdTBoms Beserigmd ajfove (refer
phot odet ection systens 44 are fixed in the vicinity of the center
position in t¥e DGR € et on PHsPdeI&RtdpenPRg1BECaLEaCNRERE Peam
menber 42, in_the place t _capabl e, of faci pair_o .
Iight-transnﬂfﬁ%ﬁ;%ﬁ%?g? e@%?'éﬁ%ﬁh8Pniﬁ%%gﬁo?%uszE?f%%CEvgeéMSﬂifeS
is conposed qgfqg-a tiggal ‘ Y.

light-r ecgi vﬁr?éa re%ngpnén%basauc Srtf?%% gasnu t]:'lrlg_zlldlgceer(J ?Llr}ggeh,taé)nfd Y housi ng

that houses tihgmrARS-dret@lViveus,f FoRLFLCEnt 4Brandmade aNPe th&y an x-axis
description so far, in 5 the enbodinent, in a state where wafer stage

WET and neasumgrerie refmage: VBB ar & -clxdser rtegedeimawidrhilieoa is not shown
predeterm ned distance in the Y-axis direction (including a contact
state), illummBiGon, rgheritdo Fhat hasfhberetfansmetdredysheoughs daelfer
aerial inmage neasurenent slit 10 pattern SL of neasurenent plate 30

i s gui ded by t®a&RGli §hinezameeia diing legeremt3etaprich aradi et inn sheface
Iight-rﬁiﬁivi gpglenent of each photodetection system 44. That is,
nmeasur ement ;ﬁ} B §a YTy ROt (HaTg sy s e Henadgformation of

hot odet ecti gn _systens .44 const)jtute an aeri.al,.ima 5 asuri,
Onit 45 (ref é“reat%rﬁffﬁnts)s,ta\ﬂ% i s Sqidhi |lé%01t”§lﬂ$e%§née&ig?c|%’§e1&qm
Kokai (Japan 1N 1t i Qs Publ ] i .
5005 014008 '?ﬁgg@%;ﬁ?eiygpgﬁd%%ﬁ A ity %gﬁgi%%%‘lg%%i(%?u%l%}gdatriogﬁtlon

No. 2002/ 00413 £6km=efien e £Re LW ordNdahher hd k@a20Q@kent values
attachnment nenber 42, a confidential bar (hereinafter,

are supplied to main controller 20.
15 Meanwhile, as shown in FIG. 2, stopper mechanisms 48A
and 48B are arranged at X-axis stator 81 and X-axis stator
80. As shown in FIG. 6 that shows the vicinity of the +X side
end portion of X-axis stators 80 and 81 in a perspective view,
stopper mechanism 48A includes a shock absorber 47A serving
20 as a buffer unit that is arranged at X-axis stator 81 and made
up of, for example, an oil damper, and a shutter 49A arranged
at a position (the end surface on the -Y side of the +X end
portion) on X-axis stator 80 that faces shock absorber 47A.
At the position on X-axis stator 80 that faces shock absorber
25 474, an opening S51A is formed.
As shown in FIG. 6, shutter 492 is drivable in directions
of arrows A and A" (Z-axis direction}) by a drive mechanism
34A that is arranged on the -Y side of opening 51A formed in

X-axis stator 80 and includes, for example, an air cylinder



shortly referred to as a "CD bar") 46 that is made up of a bar-shaped
menber having a rectangul ar sectional shape and serves as a reference
menber is arranged extending in the X-axis direction. CD bar 46 is

ki nematically supported on 25 nmeasurenent stage MST by full-kinematic
nmount structure. Since CD bar 46 serves 3ag a prototype standard
(measurenent standard), optical glass ceramcs with a | ow coefficient
of thermal expansion, such as Zerodur (the brand nane) of Schott AG

are enpl oyed sl the kel i ahsScoddiendlyf ness t 46 4degees wiké hepdppey 514
surface (the surface) of CD bar 46 is set high to be around the sane
| evel as a sé<dn ed dacomdpbaneepbat 2. cFas¢destats. sithan dpenEldZclshed
a reference grating (e.g. diffraction grating) 52 whose periodic
direction is atideyodkiPBidia edtfi Gy ishutdspe iy alsy dadamed bt ke
vicinity of the e,nd/p rti,ons on one sjde and the other side in the

i

| ongi t udi nal “AFERG S B EDSEAFCEEL 0 THBOFaF ROWR IMef éFerfoe TEESE HYEIC-

52 f t det.er m ped di st ichis tg be "L"
o ihe okt BT BRI L ALl 0 T e
-axis direc : , [ . u :

on the uppertds?ﬁtr%fcg@é)ggf&%%% aéfjf;é? Saé”;ﬁ l;cfoaﬁat%;{ cg‘{‘b%rtgfnérléarfcézorfar ks M

are formed in the BE@@?@%”%e@%a%ﬂ%Wn4@@ Rb@ aSAonFiguRlyriah LY mifar to
reference marks Mare formed in three-row arrays in‘the Y-axis

direction i nstthepgamaephizei,smld8and theotlisaywofdeacds raiwvrs ifrormed 2,
being shifted fromeach other by a predeterm ned distance in the

X-axi s directitoppehs meatlangfsmr B8r encéudasks dMoak tatmsailmensi dhahat is
mark having a size that can be detected by a primary alignment system
and secoh¥ar praEngisfeht Wssvérsnity Petbesct ebdd o) ofsXuaels stator

81, and a shutter 49B arranged at a position on X-axis stator
80 that faces shock absorber 47B. Further, at the +Y side
portion of shutter 49B of X-axis stator 80, an opening 51B
is formed.

15 Herein, the operations of stopper mechanisms 482 and 48B
will be explained based on FIGS. 7A to 7D, focusing on stopper
mechanism 48A as a representative.

In the case shutter 49A is in a state of closing opening
51A as shown in FIG. 72, even when X-axis stator 81 and X-axis

20 stator 80 come close together as shown in FIG. 7B, X-axis
stators 81 and 380 cannot come any closer by shock absorber
4°7A and shutter 49A coming into contact with (contacting) each
other. In this case, a configuration is employed in which
wafer table WTB and measurement table MTB do not come into

25 contact with each other even in the case where a head section
104d fixed to a tip of a piston rod 104a of shock absorber
47A moves to the most ~-Y side (i.e. in the case where a spring
(not shown) cf shock absorber 47A contracts most, and the

overall length becomes shortest) as shown in FIG. 7B.



20 Reference mark M nmay al so be different in shape (constitution)
fromfiducial mark FM but in the enbodi nent, reference mark M and
fiducial mark FM have the sanme constitution and al so they have the
same constitution with that of an alignnent mark of wafer W
Incidentally, in the enbodi nent, the surf@ace of 25 CD bar 46 and the
surface of measurenment table MIB (which may include the neasurenent
menbers descri bed above) are al so covered with a liquid repellent

film (water repell &3t thel afhseviend | ywhel shudietrnd 9AYierdir segn aboematadd
the -X end surface of 67 neasurenent table MIB, reflection surfaces
19a and 19b & ErineEd "SiGHANds™ & ARafsr SPaBRelWBlEs Hes QEYENAboife 15
(refer to FIGS _2 and 5GA). praj ecting an interferoneter beam
(measur ement “BeaM ?pﬁgegh%%ag?h Ic'—iln(i%lt'liS To° T et FoR*ddr PLEESrs Spgnd
and 19b and r, Idn retle ' of.e ' e ter ;
Y-axis int erfggf?r?\édtee%l%g eafr% %%EQ_ g)‘%ggl’ri’n Erf%?%#’rgé%{ 1@8”%*_%.&%2%@1011
interferoget r $3Qtbs POY BHWMY £ BhEL® adsoF8E L1440 BhGre Dndrted into
interferoneter system 118 (refer to FIG 8) neasure a displacenent of
each refl ectiogrerSurd aqe. 2@ thownaidaruo ppsj twohch tdked Sit RAHiAR to
informati on of measurenment stage MST (e.g. including at | east

position inf ekt Koaxiis thetXrax8ts amdl N axine dilbeeti bosearid atdieat itban
information in the 0z direction), and the neasurenent val ues are
supplied to rrdien sé@ier Giheem 2@ FlSvealBahi L8, sashshowitats Phere2X-axis
stopper nechani sns 48A and 48B are arranged at X-axis stator 81 and
X-axi s stat o BG-OT&s 8dhetA $R FBClOIGR: tonERENt RBRGT ci ¥R EST draltlfe WIB

+ id d i f X-axi d i i .
o 5 SRR ol 05 P00 B PHIEE i s
oe 2 buifer eabhal s uanondaal pearis, SLAoC oL A RIS D 01 o

(the end surigce-9rd be a¥o§h@eBQBpEWGAf%(f@Pdt@OFié9“]_)4]9@3& PHS 11ke) .
stator 80 that faces shock absorber 47A. At the position on X-axis

stator 80 that faces sheek abs¥aCherD25H Aepth OPedhdrdirbdAlirSmbpredet
As shown in FIG 6, shutter 49A is drivable in directions of arrows A
and A (Z-axise dihegctal gap by & odmede regodesm shdddA didwatrbes arizanged a
on the -Y side of opening 51A forned in X-axis stator 80 and
inC|udes}SfOﬁegﬁéﬁgmépnaﬁogtﬁoayxany@wtion corresponding to a bottom) of

opening 51A even in a state where X-axis stators 81 and 80
are closest to each other, or may be set so that head section
104d cof piston rod 104a of shock absorber 472 touches the
termination portion. Further, in order to prevent shock

20 absorber 47A and a wall portion of opening 51A from coming
into contact with each other even in the case X-axis stators
81 and 80 relatively move in the X-axis direction, a width
of the opening portion may also be set in advance in accordance
with a quantity of the relative movement.

25 Incidentally, in the embodiment, a pair of stopper
mechanism 48A and 48B are to be arranged at X-axis stator 81
and X-axis stator 80. However, only one of stopper mechanisms
48A and 48Bmay also be arranged, or a stopper mechanismsimilar

to the one described above may also be arranged at wafer stage



68 and the |ike. Accordingly, shutter 49A can make opening 51A be in
an opened state or a closed state. The opened/cl osed state of opening
51A by shutter 49A is detected by an opening/cl osing sensor 101 (not
shown in FIG 6, refer to FIG 5 8) that is arranged in the vicinity
of shutter 49A, and the detection results;mre sent to main controller
20. St opper mechani sm 48B has a configuration simlar to

st opper nechani sm 48A. In other words, as shown in FIG 2, stopper
mechani sm 48 STh@ndareas whRitk abstorderM3AT6 that is 10 arranged in

the vicinity of the -X end portion of X-axis stator 81, and a shutter
49B arranged at a PEHILGIOMNDRERKaKPSIEE at‘or 23801 EAERNEGCR]L]PBERN sensor

b ber 47B. t her, th Y,sid ti f tt 49B of
% axi 3 st at ord 80 2 oBEhhD: S1677 6 of kSTt S “ora" DRRRaL Bhahe

of stopper ”Qgpgﬂdsg§5§%éhqu -@y;f@ Ehg%Srq¥@1%hﬂfgsgg$§?T§£§£%§%%eﬁQ%r

to 70, focusing on er mechani’sm as a repre

In the cage shuf ttefatd9% islddyA Stal e €l0si Ny oRen 1K S1A ase
in FIG 7A, even when X-axis stator 81 and X-axis 20 stator 80 co

cl ose toget hgyraasoshiowntbretd G siBle XtaHS+IteiPp6r8loansk 80agaBnHator
cone any cl oser by shock absorber 47A and shutter 49A coming into
contact wi th 8lconfactheg) achotrhén.Fl16. Rhis daeseanaecdateégui ahise@hsor
is enployed in which wafer table WIB and neasurenent table MIB do not
cone into 25 436heact ankehléathanoivieeceiem danadie 48dserahereanghdant the
section 104d fixed to a, tip of a piston rod 104a of shock absorber

47A moves to ThENADRPT LR e X2xds PRAERE Ths@nfharkl ateprhidRed msmber
Egg\(l)mrrzssoi?lgr ,?lglé %%;agcr gﬁs:) 7cipr‘},gc neg ir%%%en%sj a’xiasn ddit rheectoivoenr ailsI alrerna%ghed
protruding to the +Y side at the -X end portion of X-axis stator
81.
Clearance detection sensor 43A is composed of, for
example, a transmissive photosensor (e.g. LED-PTr
15 transmissive photosensor), and includes a fixed member 142
having a U-shape, and a light-emitting section 144A and a
light-receiving section 144B that are respectively arranged
on a pair of surfaces facing each other of fixed member 142,
as shown in FIG. 6. With clearance detection sensor 434, in
20 the case X-axis stator 80 and X-axis stator 81 come close
further from the state of FIG. 6, plate-shaped member 41A comes
between light-receiving section 144B and light-emitting
section 144A and the light from light-emitting section 144A
is intercepted by a lower half portion of plate-shaped member
25 41A, and a light quantity received by light-receiving section
144B gradually decreases and the output current gradually
becomes smaller. Accordingly, main controller 20 can detect

that the clearance between X-axis stators 80 and 81 becomes

equal to or less than a predetermined distance by detecting



69 On the other hand, when shutter 49A is driven dowward via
drive nmechani sm 34A as shown in FIG 7C, opening 51A is in an opened
state. In this case, when X-axis stators 81 and 80 cone close to each
other, at least part of a tip portion 5 of piston rod 104a of shock
absorber 47A can be inserted into opening;i51A as shown in FIG 7D,
whi ch makes it possible to make X-axis stators 81 and 80 cone cl oser
to each other than the state shown in FIG 7B. In such a state where
X-axi s st at ortdigPudiriBEuwrendl.osest to each other, wafer table WB
10 and neasurenent _table MIB (CD bar_ 46) .can be nade to cone into

contact with each &Shéhopdr 10 &1foné cIchddr sticgetdsdrciion gicssarcd 38
around 300pm), (refer to FIG . 14B and the |ike). As sho in
FIG 7D, the ld%d‘t“ﬁi%@f % geniGty Weﬁa)}%e hsae‘{lr?ﬁ)atﬁ%fts@pgfap qwaorned
bet ween shock . Qr.her 5 .term i.on .partion (;a .portion. .
correspondi ng %gisca el?@lttt?#@ gs%%c;%é%ﬁ nlgi4 Eq%%/eann“lll :I‘ state V:\I7fl:'rl)1 esecncmn

X-axis stgtongs3l and 80 AN lRa8Sle 1P HAUNRUYN LY e SRR
that head section 104d of pi ssftﬂon rod I04a of shocl? absporber 47A °

touches the trelgiinipbhen @idi oF. £ Fued hdmbd M 1@Bder TH @ HirewaBtk , SAwekown
20 absorber 47A and a wall portion of opening 51A fromcomng into

contact withieaEhGotheld igheéreiitthiagcaset Xe@XidS2st atpirascedl aanal s8Q ghtly
relatively nove in the X-axis direction, a width of the opening
portion nmay alsbheyepseitianddeanéeghh-anésocdanceeaiidn adddanf itlpaghnce
the relative novenent. 25Incidentally, in the enbodi nent, a pair of

st opper Mech&FTSAtAER S50 r38 ‘e 8 hd ItarFsd gt ng SEE IatlhoBB LS
r ni sms 48A and

a0 23 SLALOL 9. HOURER G A0S oL SLOBRET EC AT 405, a0
descri bed ab%%%tq%% %M%% %% %ﬁ%%qg%%éa%é@gé%iéﬁE§3%301043A so as to
correspond to light-emitting section 145A.
With collision detection sensor 43B, at the stage where
X-axis stators 80 and 81 further come close to each other and
15 wafer table WTB and CD bar 46 {measurement table MTB) come
into contact with each other (or at the stage where wafer table
WTB and CD bar 46 (measurement table MTB) come closer together
at a distance of around 300 upm), the position of the upper
half portion of plate-shaped member 41A is set between
20 light-emitting section 145A and light-receiving section 145R,
and therefore the light from light-emitting section 145A is
not incident on light-receiving section 145B. Accordingly,
main controller 20 can detect that both tables come into
contact with each other (or come closer together at a distance
25 of around 300 pm) by detecting the output current from
light-receiving section 145B becoming zero.
Note that clearance detection sensor 43C and collision
detection sensor 43D that are arranged in the vicinity of the

—X end portion of X~axis stator 80 are also configured similar



WST and neasurenent stage MST. Referring back to FIG 2, a

cl earance detection sensor 43A and a collision detection sensor 43B
are arranged at the +X end portion of X-axis stator 80, and a

pl at e- shaped nmenber 5 41A that is elongate in the Y-axis direction is
arranged protruding to the +Y side at thes+X end portion of X-axis
stator 81. Further, as shown in FIG 2, a clearance detection sensor
43C and a collision detection sensor 43D are arranged at the -X end
portion of XIt&xislefr@nge sEtemtdan pleatsers Haide dnte rdydrl 10 o Bletteatt dion
el ongate in the Y-axis direction is arranged protruding to the +Y ,
side at the SRS ot i96F GHPRAAARO Ve atedyd gllate-shaped agithede 41B is
detection sensor 43A.i.s conposed of, for exanple, a transmssive |
bhot osensor (8.5, CEBA! PR S35 1R bheh S PYa LoNGreSERBrIoc antiA Resgaded
a fixed nmenbej, 142 having a U-shape, and a light-emtting section

144A and a light-receiving section 144B that are respectively

arranged on a pair 19f -sWbkaces Haairag.ea6h coer naf ofivved HagRber 142,
as shown in FIG 6. Wth clearance detection sensor 43A, in 20 tﬁe

case X-axis slcater %Y ,anerXmaxyss Bi@ienBiyeesh Kl 0ss Fiuddesn iskemight
the state of FIG 6, plate-shaped nenber 41A conmes between

| i ght -recei viliges&dt ipars sti4d6 tanedughghthee mdritieng ofe ¢tricore ct44A amd t ey
light fromlight-emtting section 144A is intercepted by a | ower half
portion of pll@péisidpedimeart 23 UEAT iamd opthicght syehemi kY, ndcieibved so
by light-receiving section 144B gradual | y decreases and the out put
current gradGSrRFLESoed s FRIe &CntAS SdiSRFIOP U LRaiad SGoffr ¢ dhe20

det that the cl het X-axi s stat 8Q and 8
becomes Ehual PSR dds ha o i BRGCaAIEE (P8 Sna ity Getolfitg

71 the Outpphe%grkq%h. entgrngﬁﬁ%Bﬁ%%éh%nfkﬁht6i Cé%écé&qgﬁ%%%%ﬁ%kpghe

sensor 43B includes a fiIxe aving a ape,

light-emttiggrsechi akik42A and adkightrneseiMistarsectinonr 1453 1Hhat ¢
are respectively arranged on a pair of surfaces facing each other of

fixed nenber shéan 1M RIG .S 3¢a8B:hasgls ket tidd FhGr1d, 1 Egbh-tam8 btieRdoint
section 145A is placed at a slightly higher position than
light-emtti od sectiddnglddhritcackeafante detedinigon Behsary43Aigamdnt
i ght-receiving section 1456 is
15 system ALl is fixed to the lower surface of a main frame (not
shown) via a support member 54. On one side and the other side
in the X-axis direction with primary alignment system ALl in
between, secondary alignment systems AL2; and ALZ2;, and AL2;
and ALZ2, whose detection centers are substantially
20 symmetrically placed with respect to straight line LV are
severally arranged. That is, five alignment systems ALl and
AL2; to AL24 are placed so that their detection centers are
placed at different positions in the X-axis direction, that
is, placed along the X-axis direction.
25 As is representatively shown by secondary alignment
system ALZ,, each secondary alignment system ALZ2, (n=1 to 4)
is fixed to a tip (turning end) of an arm 56, (n=1 to 4) that

can turn around a rotation center 0 as the center in a

predetermined angle range in clockwise and anticlockwise



10 placed at a slightly higher position than |Iight-receiving section
1446 of cl earance detection sensor 43A so as to correspond to
light-emtting section 145A. Wth collision detection sensor

436, at the stage where X-axis stators 80 and 81 further cone cl ose

to each other and 15 wafer table WIB and .GD bar 46 (neasurenent table
MIB) cone into contact with each other (or at the stage where wafer
table WIB and CD bar 46 (neasurenent table MIB) conme cl oser together
at a di st ancé&igredricuid 1300 I6m) 3 -t hen polse terdrodimetie, wpmerthialf section
portion of plate-shaped nepber 41A is set between 20 |ight-em_ tting
section 145A HnFAFYMEGUCANN fg LBEIGIn SVASE™ dHebt HEr 8F ofBcdRging at

light f light-emtti ti 145A i.s ,not j.nci dent . .

1 gt - r ecel vilhe Tott] GIF 1453 SCUSTHI Gty | HHAH ST 1 For oAy it
det ect t hat ; ' it ,

Closer toget hat ot o 0y STance 28 o D aRa S0 B BiF BEPSCET S ERated

out put cusr ertrdnl @Mt @AW IAG HSISL tHHN JAS3 eGP NG 28 &
Not e that cl earance det'ecti on sensor 43C and collision detection

sensor 430 t hatgtar-a steiarigedel Bmbhe) Vil £ iFAkley €6 aries 6 Xagadt P ridnen rahg
X-axis stator 80 are also configured simlar 72 to clearance

det ecti on serms@rti4®Aisndrcehkiesi eh tet ad iwnfsans drhA3Badekc pidogdction
above, and pl at e-shaped nmenber 41B is al so configured simlar to

pl at e- shaped WdrhBY - 4 TThei&sppebédoabovie sespndakgoskirguappasastsmsgel2:,
of the enbodinment, in actuality, a primary alignnent system ALl is

pl aced on st FAdicght AFFnéTEVvAbassiFRy %%Y%EE}?/H r?é%db?rﬁ%? Lo thrsiiest pepund

it PU tical [ f jecti tical t PL, ich al
ol nci deto i T PG EaRe ar S50 ERbOer e e ba 1T 7 HEhe G SunbgaFRaRO Lo
and being pargldel (9 ;;*Pl% TPt AN Nas A 8d%tfeqstéc Q}q%w &1 % nnfnt
position that is spaced apart fromthe optical axis at a

predet er m ned QitS@NEE20N g, - M. 5] Qﬁd%L?Pﬁ‘a‘!’!é g5 @ﬁdéﬂt?&tﬂmﬁgﬁe in

omtted in FI 1 fromthe viewpoint of avoiding intricacy of the
drawi ng. PrimdeyxabkgerEMection. Accordingly, the relative positions of

the detection areas of primary alignment system ALl and

15 secondary alignment systems AL2,, ALZ2;, AL23; and AL2,; are
adjustable in the X-axis direction. Incidentally, in the
embodiment, the X-positions of secondary alignment systems
ALZ2:, ALZ;, ALZ2; and AL2; are to ke adjusted by the turning of
the arms. However, the present invention is not limited to

20 this, and a drive mechanism that drives secondary alignment
systems AL2;, ALZ;, ALZ23; and ALZ24 back and forth in the X-axis
direction may also be arranged. Further, at least one of
secondary alignment systems AL2;, AL2;, AL2; and ALZ2, may be
movable not only in the X-axis direction but also in the Y-axis

25 direction. Incidentally, since part of each secondary
alignment system AL2, is moved by arm 56,, position information
of the part that is fixed to arm 56, is measurable by a sensor
(not shown) such as an interferometer, or an encoder. The

sensor may only measure position information in the X-axis



15 system ALl is fixed to the |ower surface of a main frame (not

shown) via a support menber 54. On one side and the other side in the
X-axis direction with primary alignnent system AL1 in between,
secondary alignnment systens AL21 and AL22, and AL23 and AL24 whose
detection centers are substantially 20 symretrically placed with
respect to straight line LV are severally arranged. That is, five
alignment systems ALl and AL21 to AL24 are placed so that their

det ecti on cerftigrectdran plaaapndanii #1 egemenpeyisticondLen thend¢ aricmpable
direction, that is, placed along the X-axis direction. 25As is .
represent at i VI LSS ) POSESARRr Y NEPFHARRADR st gpHiregihion, for
secondary ali

nnment system AL2n (n=1 to 4) is, fixed to a tip (turning
end) of an ar ag%ﬁe(’n%’%et ?—ﬁ’)}(llshéllrgﬁ lf’ﬁrﬁnafﬁﬁn %F%ttaaqjicgvh Ccrion
0 as the centgr i ) t j.ne ra i ckw se. .and
anticl ockw Se&#&%ﬁr&ﬁdﬁnlgﬁn@ﬁq&a’}% etlhne the aeng%gé@?r%lnﬁef&a% pnasr)t'i al
section of each Se@%n@ﬁ'éyu@?b&n%%aéﬁéﬁr‘éf&@%ﬁr@-596 ,ackudhng glg ss,
| east an optical systemthat irradiates an alignnent Tight to a

detection arem=Andoad saHends EBepbightos Batii Fsc@enel at e Sl ©MR type
subject mark within the detection area to a light-receiving el ement)

is fixed to a&im 5@mrdmds tifee arermigeicdng Beethen, i srar béngeth afe tthernmi by
frame that holds projection unit PU The X-positions of secondary
al i gnnent syst e anizn dmiye machaniss AL24(mTe tevher aldty sidjwstied FIE .
turning around 10 rotation center 0 as the center. In other words,
the detectiorfrarédS &P tHE -détedtiadn 1osiises) dorssesmpdey @ MermPener
syst ens 22, AL22, AL23 and AL24 are independently noyable in the
X axi 5 dt Veotithn L LKEeof Bi HOTSOTShd & QPALIVE Tho0R PEHERGR G fol1er 20.

al | gnent oy Srors CRUST A2 2O A B AR AP e Al SR BERTRO (fi e2ch

X-axi s directi@nsel NG depbabl ¥rah iy Mgt pOSiti ;
secondary alignment systens ALE%,@A{I%% %gg%%)gﬁg %\Lﬁééﬁf%%(eé]{)%é%é%Q%tqon

adj ust ed by o8 ustiRin®g o@f athes @r.msThievweries, st e Hesarh LAMERt| @Fter
is not limted to 20 this, and a drive mechanismthat drives

secondary al irgr@entons ysicdes aAlj23,tmdlri2?, thla23 iand =Aldk ihaek parnd fieral
in the X-axis direction may al so be arranged. Further, at |east one
of secondary rgliagieantedypsicenp ARy AldZnnan3 sared el 24 imancdgour
movabl e not only in the X-axis direction but also in the Y-axis 25
direction. | FE@ERREY P 11GNHEs th 1S teMmse Ad? 1 sl6e el \i salMagmpasimed..

system AL2n i.S nmove arm56n, .position information of the part
t%at is fi xe&qc&dgp%agéﬁ’i §PREAEbFab? e hio% aH e(r}ifof’fsﬁ%%l)oa%cﬁhat

Sis?PiLﬂt?;;g%gg%?gﬁjP%Egﬁgr§9§%%§Bf£g¥aéﬁﬂ§855§g¥oggk%f ogfgg%ondary
alignment systems ALZ; to AL2, with respect to primary
20 alignment system ALl will be described later.
Incidentally, in the case a portion of the main frame
facing arm 56, is a magnetic body, an electromagnet may also
be employed instead of vacuum pad 58.
In the embodiment, as each of primary alignment system
25 ALl and four secondary alignment systems AL2; to ALZ,, for
example, an FIA (Field Image Alignment) system by an image
processing method is used that irradiates a broadband

detection beam that does not expose resist on a wafer to a

subject mark, and picks up an image cof the subject mark formed



74 direction of secondary alignnment system AL2", or may be capabl e of
measuring position information in another direction, for exanple, the
Y-axis direction and/or the rotation direction (including at |east
one of the ex and ey directions). 5 On the upper surface of each arm
56,, a vacuum pad 58n (n=1 to 4) that is gonposed of a differenti al
evacuation type air bearing is arranged. Further, arm 56, can be
turned by a rotation drive nmechanism60, (n=1 to 4, not shown in FIG
3, refer to PNGa d)datrdasdivides plirere dvarpblee red liestted drigh® tihrem the
l'i ke, in response to instructions of nmain controller 20. Main
control | er 26GURdESFaled g Ric dimgsad5an fadexx (@achnsen Hek tegnaon
mai n frame (not.shown% %& suction after totati§$ gdjustnent of ar

f 2

56". Thus, tHE dPSFE S &L REIANISE Waftdr F6Ct Pdrt IRAGRE 5&5&&{%@@@
that is, @ desihed posids aidlndoihalalol belagen grhBiy AL IRyt s

system ALl and | secondary ar1gnnent systens
mai nt ai negl. lkpeiidentaldivg HAeGIH1IsC rehat 589g§95u§55{ﬁ¥9& ef-opachcar B

that is, an adjusting nmethod of relative poSitions of four secondary
al i gnment sy ira i rAl 21 ilgumdind4 syisitler esnecind Eoir BRIGHndA 18] :an@Rient
system AL1 w Il be described later. Incidentally, in the case
a portion of stylséemsi ALEtr armelAl.dciirgsappl56d te maimhgpatirelhedy?0am FIG.
el ectromagnet nay al so be enpl oyed i nstead of vacuum pad 58. In the
embodi ment, &s each of primary alignnent system 25 ALl and four

secondary alignment systems AL21 to AL24, for exanple, an FIA (Field
| mage Alignnent) syBFeRFBY2adYr ngelp?bcewidld Faadd sivs teted depgeibed

1120 ey 2. grgadoangeteqtlon beamLial, dBen fol Sipose Leskal

formed alignment sensor, which irradiates a coherent detection light
to a subject mark and detects a scattered light or a diffracted
light generated from the subject mark or makes two diffracted
lights (e.g. diffracted lights of the same order or diffracted

15 lights being diffracted in the same direction) generated from
the subject mark interfere and detects an interference light,
can naturally be used by itself or in combination as needed.
Further, five alignment systems ALl and AL2; to ALZ, are to
be arranged in the embodiment. However, the number of

20 alignment systems is not limited to five, but may be the number
equal to or more than two and equal to or less than four, or
may be the number equal to or more than six, or may be the
even number, not the odd number. Moreover, in the embodiment,
five alignment systems ALl and AL2; to AL2, are to be fixed

25 to the lower surface of the main frame that holds projection
unit PU, via support member 54. However, the present
invention is not limited to this, and for example, the five
alignment systems may also be arranged on the measurement frame

described earlier.



75 on a light-receiving plane by the reflected Iight fromthe subject
mark and an inmage of an index (an index pattern on an index plate
arranged within each alignnent system (not shown), using an inmaging
device (such as CCD), and then outputs 5 their imaging signals. The

i mgi ng signal fromeach of primary aligmggent system AL1 and four
secondary alignnment systens AL21 to AL24 is supplied to main
controller 20 in FIG B. Incidentally, each of the alignnent systens
descri bed 10 above Iins exposiirg pegatretulsel B0 A0S yshe mmzotinant exarphewn
an alignnment sensor, which irradi ates a coherent detection light to a
subj ect mark ‘dhd Get et oRrsbgifleBALE AR P @2%i9$rﬁﬁﬁeﬁPQQé%ﬁ system

generated fromthe subject mark or kes two diffracted lights (e.qg.

di ffracted | it 6 e”lse?rrét&t&eror%rsudﬁrﬁ%nﬁzi G Hhelnen all
diffracted i di rect | erated from subj.ect _mar k
interfere angoye}teggtasg%én ?ﬁtéeérf"}angrlelﬁtgg' |hl%§hcf}lné§.ﬁ %%t?utroa:%{zg) %Eeufsle}ée%}o

itself or inﬁﬁyﬂgdygd e F e LV, i t t ;
ALL and AL21 To ACa Corod hatd g?rgénﬁggf&g? thoydb xSl e SAIEH WAy in a

the nunber ofsukpetldegnBeateSYSd &MBubpoROtmdibe £ £ 1t JugteomB Ut e BB Bee
t he nunber equal to or nore than two and equal to or |less than four,

or may be thelrawibers equdl d=0 FIG.NGF e€ddnarctsd yiewpdiait ket tde ieliery
nunber, not the odd number. Mreover, in the enbodinment, five

al i gnnment systéns cACY afdcin 2rawandis24 areldenbaliyxetb28xbmpilke in the
| ower surface of the main frame that holds projection unit PU, via
support menb&3S54 PIGO\REON (e Hhfds dit SUnRedttiesh iins ansfusipemdes sttgte,

this, f l.e, t fiv li gnnent systens.nay al so be

ar:anggf%nogﬁ%éﬁg§§ﬁﬁeﬁgﬁttPrgaﬁ ﬂggc??b% %%ﬁ??%ﬁ?¥57§u399ndeqr?tate
t . i ) h inFlG 3 f

hond untt o bRt eIl AL RS et eGSR e o Ry (O ha L 56l Frafnpaddl ohe

t

r
surroundi ng ARZZl & MY F-AR AdsIOWePifdgs, I N actuality, head
units 62A to 62D are fixed to 5 the foregoing main franme that hol ds

projection unit PUHeAdausdseepdadafliabec Vi fe ar S fvdBfielaced on the
al though omtted in the
+X side and -X side of projection unit PU having the
15 longitudinal direction in the X-axis direction, and are also
placed apart at substantially the same distance from optical
axis AX of projection optical system PL symmetrically with
respect to optical axis AX. Further, head units 62B and 62D
are respectively placed on the +Y side and -Y side of projection
20 unit PU having the longitudinal direction in the Y-axis
direction and are also placed apart at substantially the same
distance from optical axis AX of projection optical system
PL.
As shown in FIG. 3, head units 622 and 62C are each
25 equipped with a plurality of (six in this case} Y heads 64
that are placed at a predetermined distance on a straight line
LH that passes through optical axis AX of projection optical

system PL and is parallel to the X-axis, along the X-axis

direction. Head unit 62A constitutes a multiple-lens



drawi ngs such as FIG 3 fromthe viewpoint of avoiding intricacy of
the draw ngs. Incidentally, for exanple, in the case projection unit

PU is supported in a suspended state, 10 head units 62A to 62D nay be
supported in a suspended state integrally with projection unit PU, or
may be arranged at the neasurenent franme escribed above. Head
units 62A and 620 are respectively placed on the +X side and -X side
of projection unit PU having the 15 | ongitudinal direction in the

X- axi s di rect(dk—lge apdhilsseaptacedinpartersodaybshaneinsfyer hehomid y
di stance from optical axis AX of projection optical system PL

symet ri cal | FSATHG%GP@6 fo SpBREQreaxi X A0 MATISL” readiaadad 70A

62B d 62D ti-vel I d th id d -Y.si f ,
o1 of et i on 20 TATE PO AT ng F HE A oRTAaTaIc 1 FRAHGRT it ey Yo
direction anQiiaLreEétail (FH}‘%C%%E%]%B:H(% %"p%:ta%tr! aslt:abé;et rﬂfasisa@%fe&s table

di stance fromoptical axis roj éction optical 'system

shown in &l Gyl Hsﬁﬂgtmishﬁlé@m%ﬂd @E{?{i%ﬁg?%g&u%%i PPeL oM tAites
plurality of (six in this case) heads 64 that are placed at a

predet er m ned fludtapte-0Bna 641apPhis) iitethbstd@de passesebbrougbder 70C
optical axis AX of projection optical systemPL and is parallel to

the X-axis, diraignhe KIGxi& dhrécheasurékathaNipo82Aicanstitafes stage
multiple-lens 77 (six-lens in this case) Y |linear encoder

(her ei naf t er "SShomabenr dedrlced B0 asiang Y avcdderd®Yor ahn "entoderseasa
needed) 70A &ilr'Ef er to FIG 8) that neasures the position in the

Y-axis® di r ecti'Git AP YL HBERIA BIACHIT walf &R IS tolgd 1 VBT SR erenaibt degms)

WB) usipg Y scal e 39Y1.. Similarl d,unjt,62C titut .
MUl p el end LAFRTBAE DTN S LERB) AV oReh? S aRer CROC [P o ielsh
FIG 8) that ne Y: POSi1ion of, vaf T Gwaf er_ tabl
WB) Ui ng. v 'Sea s Sevar i iRre ehes % hrdeane e b A Bt ol o

heads 64 (i.ecomasd enenlenied®)r Y3 Rq¥iPnatd Bsheadryptha 624 ands o
62C is set shorter than a width inthe X-axis direction of Y scales

39Y1 and 39Y3lurelde yofer Aeadsad £ thatl gnrgtddfopydai hnghdH BE B8AQ units
Further, out of a plurality of Y heads 64 that are equi pped in each

of head unit $262Andnek G2C, h¥afiead 18t atechti pdermost niosif ixedf txethd Gower
the lower 15 end portion of barrel 40 of projection optical system PL
(to be nbre gocuparéionoofheasiele 4 oforzbacahiipn3grehes bsiygfem PL (to
| ens 191) so _as to be placed as close as possible to the optical axis
of projectioﬁeoBPFEa?C%?g%%ﬁnFﬁ? the side ¢f nozzle unit 32 enclosing tip

lens 191) so as tobe placed as close as possible to the optical
axis of projection optical system PL.
As shown in FIG. 3, head unit 62B is equipped with a
20 plurality of (seven in this case) X heads 66 that are placed
on straight line LV at a predetermined distance along the
Y-axis direction. Further, head unit 62D is equipped with a
plurality of (eleven in this case, out of eleven X heads,
however, three X heads that overlap primary alignment system
25 ALl are not shown in FIG. 3) X heads 66 that are placed on
straight line LV at a predetermined distance. Head unit 62B
constitutes a multiple-lens {seven-lens, in this case) X
linear encoder (hereinafter, shortly referred to as an “X

encoder” or an “encoder” as needed) 70B (refer to FIG. 8) that



As shown in FIG 3, head unit 62B is equipped with a 20 plurality of
(seven in this case) X heads 66 that are placed on straight line LV

at a predeterm ned di stance along the Y-axis direction. Further, head
unit 62D is equipped with a plurality of (eleven in this case, out of
el even X heads, however, three X heads that overlap primary alignnment
system 25 AL1 are not shown in FIG 3) X heads 66 that are placed on
straight line LV at a predeterm ned di stance. Head unit 62B
constitutes dA9ARYIHI € Pé??s‘ﬂ(’fs]éver‘tnl@’rﬁsx pHifH isredsion Xthefemosition)

encoder (here af t short ref erred tqQ as an "X encoder" or an
"encoder" Cﬁfgébae% ﬁfBa‘ier t"@%%t%ﬁlet HtB) mdping X scale 39X;.

th t th X di t t X- . f f
Stage VBT (nantrt T & KA RS it SO e e R He L e ¢
62D titut t | | | t
constitu Fesl@véﬂu drid érﬁg')ﬁql(f cf‘avseert ﬁrtsmétarte%}(t og:_f}fl o; O('ffe’}%f%r to

encoder 700 (refer to 5 at neasures

stage WBTs(wafret. B&Mﬁ%@hs&h&'e‘%@t?ﬁeﬁ@?&l%gl& oEWiéf@f stha@el ReT (wafer

enbodi ment, for exanple, at the tine alignnent (to be déscri bed

| ater) or thedbﬂee,wmmuxm@acks s@@1euB ot . elmyeihetr headsHeb dnbaid iadeit,
equi pped in head unit 62D sinmultaneously face X scale 39X1 and 10 X
scal e 39X2 r dspeekivply,i at some tdasesf 4 hidrnesset dasebe descallee@Iéter)
and X head 66 facing X scale 39X1 constitute X |inear encoder 70B,

and X scal e 39XEhgn 1Xehe*é‘d0%hfeé’<§isné6xo%a¢% dgverc $nbepdat 86 Xhat are
| i near encoder_ 70D. sone of el even X heads 66, _in

this case, tEEPRSNIRRD éﬁnétaﬁggc?ﬁéﬂﬂgﬁrtﬁﬁ%ﬂp\gcgrapen%r?&é’rl%ﬁ%f and
t t t X

Pends 56 (1 & SReddrint SbRants vonk: 1A EOBh T RRea | oAl GraRss X

units 62B and £aQ B§Xé%‘hd A &f & a4 dééaléﬂ%gta ctén%t'ﬁu@;erf%'n%%r

of X scal es 39X1 and 39X2 e nore a urate

grating line e%@ode&u'?bl%?rand(}d"'gégl@@é)@zcéhack IHARRS BBSta Oy (?{fs@ale 39X,
plurality of X heads 66 that are quipped in each of head units 62

and 62D is ficcedttiadthe ¥ Queresan@®rpaddomoaf. t he barrel of proj ectr on
optical systemPL (to be nore accurate, to the side of nozzle unit 32
enclosing tip 25 | ellegeim) senecast tal dreeplXabed das 66| ose @Sl passidyl ehiree

the optical axis of pr oj ection optical system PL. Mor eover, on
the -X sldle & hsaconddey aé?ltlag?rh?égtbeslm SHDROTL MRNLST tSHe OEX D idw mof

secondary ali nrrent tystemALZ )
ignment system ALl. Further, a distance between adjacent

X heads 66 (i.e. measurement beams) that are equipped in each
of head units 62B and 62D is set shorter than a width in the
Y-axis direction of X scales 39%; and 39X, (to be more accurate,
20 a length of grating line 37). Further, ¥X head 66 located
innermost out of a plurality of X heads 66 that are quipped
in each of head units 62B and 62D is fixed to the lower end
portion of the barrel of projection optical system PL (to be
more accurate, to the side of nozzle unit 32 enclosing tip
25 lens 191) so as to be placed as close as possible to the optical
axis of projection optical system PL.
Moreover, on the —-X side of secondary alignment system
ALZ; and on the +X side of secondary alignment system ALZ2,,

Y heads 64y; and 64y; are respectively arranged, whose



Y heads 64yl and 64y2 are respectively arranged, whose 79 detection
points are placed on a straight line parallel to the X-axis that
passes through the detection center of primary alignnent system ALl
and are substantially symetrically placed with respect to the
detection center. The distance 5 between 7% heads 64yl and 64y2 is set
substantially equal to distance L described previously. Y heads 64yl
and 64y2 face Y scales 39Y2 and 39Y1 respectively in a state where

the center ofdajEayiay dioiaiferars Jye osRT drs orsttaighghtlinengarndldsl to
shown in FIG_ 3. On an alignnment operation (to be described later) 10

or the like, W%éaﬁé%sﬁﬁi &ﬁé%@ﬁh%@é@b@@e@e*ﬁ%ﬁh@nﬂzeﬁlé&asoéwﬂmary
d 64y2 Al t t t t at f

St er 2t age. VRS AV DPL O eyt Rk e Y 7 teﬁma :

7OC and 70A q&IlQ'.fh ég%gé& 654cylt}‘?enqje6c4é/c2t) OTE'S(.J.:L{’Léer]Ter’ Th %tance

enbodi nent , t I'me sel i ne neasur erre € secon

al i gnnentSSysﬁeﬂﬂ%e(ﬁ & %a‘&%«swﬁegnha&@&%{ o dde dirkdaf sRaiTn (gqual to
reference gratings 52 of CD bar 46 face heads 64yl and 64 2/

respectivel ydiantridee LYdpesiribed pteDobaly46 ¥ shamaswag ahdt Bey, face
position of 20 each of reference gratings 52 by Y heads 64yl and 64y2
and facing réfecehee It ands3B2. réspediei fol ¥ dw agstdese whptreothe center
encoders that are conposed of Y heads 64yl and 64y2 facing reference
gratings 52 rfspaéeirvil gn arafqrnidrgedWEd bs on stirailghtedinentbdes shown

70E and 70F (ref er to FIG 8)._ 25The nmeasurenent val ues_of sjix |inear
encoders 70A%o ¥6F 3r e QUBPI FLHORBERRI FPTGHF! (&0 Do, desrr keh later)

e S Rl B

70D, and al 5%4@”“&1&8' gabhe Lot o1 they P dive5i on; of (R hafy . 8
rotation) of wafer stage WST is measured by Y heads 64y; and
64y, (1.e. Y encoders 70C and 70A composed of Y heads 64y; and
6dy2) .

15 Further, in the embodiment, at the time of baseline
measurement of the secondary alignment systems (to be
described later) or the like, a pair of reference gratings
52 of CD bar 46 face Y heads 64y; and 64y, respectively, and
the Y-position of CD bar 46 is measured at the position of

20 each of reference gratings 52 by Y heads 64y; and 64y, and facing
reference gratings 52. 1In the following description,
encoders that are composed of Y heads 64y; and 64y, facing
reference gratings 52 respectively are referred to as Y-axis
linear encoders 70E and 70F (refer to FIG. 8).

25 The measurement values of six linear encoders 70A to 70F
are supplied to main controller 20, and main controller 20
controls the position within the XY plane of wafer table WTB
based on the measurement values of linear encoders 70A to 70D,

and also controls the rotation in the 8z direction of CD bar



46 based on the neasurenent val ues of |inear encoders 70E and 70F.
As shown in FIG 3, in exposure apparatus 100 of the enbodinent, a
mul tipoint focal position detecting systemb5 (hereinafter, shortly
referred to as a "nultipoint AF systent) by an oblique incident
met hod i s arranged, which is conposed of ggn irradi ati on system 90a
and a photodetection system 90b, and has a configuration simlar to
the one disclosed in, for exanple, Kokai (Japanese Unexam ned Patent
Appl i cation ¥ Pabefcaritdr) MResugeme83403l (eheo T drinespoadindes SIOE and
Patent No. 5,448,332) and the like. In the enbodi nent, as an exanple,
irradiation gﬁ?ﬁen190a is placed on the -Y side of the -X end portion
of head unit 62C and %E?todete ion_system 90b i s placed on

o]

t -Y
side of the +X end OSE 3f* fidSd oni tReSAPPS LS APPRIALUST 15§p8§i hge
irradiation . yr.ald ty -of tectia oi.nts of the
mul tipoint A s;og{rg%%%gpf, %b@%rlg{tplfé)c% ftocég'tg'roélde ﬁrﬁ%@@ System
di stance gl ong e i@dS ghbeeil Qe AL SW 266, 11¢ | %i‘flﬁgﬁﬁ;;sg%téa%nm}

t he enmbodi nent, the plurality of detection points are place

exanmpl e, in theaarspbnggiBNinOfdént MU iDs BavhAge@Newk ¥k ang Mmposed
colums (Mis a total nunber of detection points) or having two rows
and N col umef Ahiksreadbdfiofl systtetrabOawrien phodetiectcohopa yeisdm 90D,
FIG 3, the plurality of detection points to which a detection beam

i s several | yandr Bdpad ek b9 @62 ben | Hididdatudld $hehona, dbetleged siowfor
as an elongate detection area AF that extends in the X-axis direction

bet ween i rr a@F&fPaF s S éh JOZPHE S5 SrederEag o f abypdtte ARTRY.Cadilmee

t he | f t. I, it -axi s di ti, i t t

Lhe TSNS O, dstecton shea A I AP (58S Seslion 1o cel Lo o,
(surface_pOS%EMQ@q@@E r B!%He)igk%he €6agﬁé éMﬂé%%ﬂéﬁ%.a%EP%%I%Q%mple,
substantially'enti're surtace of Wwafer can be neasured By only

scanni ng waf er- Wik ke ¥yaxks dbLed AR RQRCEn FRE e 381 BEChe —X end
detection area AF is placed 5 between'liquid Inrersion area 14

(exposure argartApbnand thedenast 60T aneRpheft ddie ItiBMMBRs tSYS tRb 1 s
(AL1, AL21, AL22, AL22 and AL24) in the Y-axis direction, the
det ecti on opelatiednsnofheheY mide pai ntheAFXsyatieppantoh hef aldghneritt 622
systenms can be perfornmed in parallel. The nultipoint AF system may be
10 arranged én ehétmden ofr appostialy Haelrdsigtdjcectsiverteomi®t0aRU or t he
i ke, but is to be_arranged on the neasurenent frame described
earlier in the enbBdPhipglity of detection points of the multipoint AF
system (90a, 90b) are placed at a predetermined distance along
the X-axis direction on the surface to be detected. In the
embodiment, the plurality of detection points are placed, for
20 example, in the arrangement of a row matrix having one row
and M columns (M is a total number of detection points) or
having two rows and N columns (N is a half of a total number
of detection points). In FIG. 3, the plurality of detection
points to which a detection beam is severally irradiated are
25 not individually shown, but are shown as an elongate detection
area AF that extends in the X-axis direction between
irradiation system 90a and photodetection system 90b. Since

the length of detection area AF in the X-axis direction is

set to around the same as the diameter of wafer W, position



Incidentally, the plurality of detection points are to be placed in
one row and M columms, or two rows and N colums, 15 but the

nunber (s) of rows and/or colums is/are not limted to these nunbers.
However, in the case the nunber of rows is two or nore, the positions

i ntheX-axis direction of detection pointsgiare preferably nmade to be
different even between the different rows. Mreover, the plurality of
detection points 20 are to be placed along the X-axis direction.
However, the iprfesamtigiverunifds praition tiedfemnathion & wie Dfaxis
sone of the plurality of detection points may be placed at different
positions in 4%@6&%&1 SF T SRRt aE Rl e, aHe 58w fage sif wafer
detecti on points may be pl aced .along a direction that 5.iq%$r cts
both of the X &A% Bhd"FHENEDG % O At S HE "Hosit iHrd? dfhg He axis
plurality of i jnts ave. b i n S

the X-axis méﬁgﬁﬁéﬁﬁmﬁﬁgi'erFagkég?éc %%geb§3ﬁ$%éf§§ %g%f$§g$%§§%ced

to the plyralgdtedin dalRGld ammR@isNbs hRebhesemDRdLaRAL. 2P Bn) and the
detection beammay 82 also be irradiated to, for exanple, the entire

area of det ecldtartalanaAbaskiff therai gnméhe shemres pALTehect | oAl ear2,
AF in the X-axis direction does not have to be nearly the sanme as the
di amet er of wafdeADAL)5in expodtael apharattsorl,0Clof dete cantrodicpentat lioms
the vicinity of detection points |ocated at both ends out of a
plurality of odetégt mehtpBrans BF syrtemlanichehet aAEgspentnsys bams igan be

inthe vicinity of both end partions of detection area AF, one each
pair of surf&@éﬁﬁﬁﬂ%%dﬂl§Eﬁ%&%§#an2elﬁu66§P9F8ﬁ AEasSyséRBnmay be

her ei . short| f d.t "Z "), that | ai r_ of

Y sensor b0 72 SO natE Baih 6f e cbighr Lo 1ot mity ot ep it oor
di et kj gal: pl t W t i ght, 1]

TV 2 sensor S5, R SR A IR B o BRP Sl rib LM e

frame (not shwd-ipkd Ard i¥8NSYf $hel@nitddhdfbntd sensor that

irradiates a light to wafer table WIB from above, receives the
reflected |ight andneeadsutes 1§9stheofl brd Df tRidfOAcbcthenvabent sabte to

WIB surface in the Z-axis direction orthogonal to the XY plane at an
irradi ati on pe placédtime drigghbyw asd ah celanplse, carnwiptrioea and N columns,
15 but the number (s) of rows and/or columns is/are not limited
to these numbers. However, in the case the number of rows is
two or more, the positions in the ¥X-axls direction of detection
points are preferably made to be different even between the
different rows. Moreover, the plurality of detection points
20 are to be placed along the X-axis direction. However, the
present invention is not limited to this, and all of or some
of the plurality of detection points may be placed at different
positions in the Y-axis direction. For example, the plurality

of detection points may be placed along a direction that
25 intersects both of the X-axis and the Y-axis. That is, the
positions of the plurality of detection points only have to
be different at least in the X-axis direction. Further, a

detection beam is to be irradiated to the plurality of

detection points in the embodiment, but a detection beam may



20 di spl acenment sensor (sensor by a CD pickup nmethod), which has a
configuration |like an optical pickup used in a CD drive unit, is
used. Incidentally, Z sensors 72a to 72d may be arranged on the
measurenent frame described earlier or the |like. Mreover, head unit
620 is equipped with a plurality of 25(sige each, twelve in total, in
this case) Z sensors 74in (i=1, 2, j=1, 2, , 6) that are placed at a
predeterm ned di stance, along each of two straight lines that are
| ocat ed on ord =g dre airiyradiextotchero,sifter emdAnyl st ridigghantire didd mf
between in the X-axis direction that connects a plurality of 83 Y
heads 64 and ¥EGFdrqt rERatAE st Fairgheanare LEhe | kendils ch)a/@%te(ztlon area
sensors 741,i and 742, 3 meki a pair are placed sy trical W th
Ceopect 1o SEYATGHI et CRaEEhaPRoTess Bl BFVRA £ BERTpY: Tas Hame
this case) of nsprs 74 742 nd a 5 plurality of Y heads 64
%éZE% gﬁﬁﬁﬁﬁF§%i§gy%af%deﬁ

are placed alterna -axis dirtection. As each Z sensor 74,

for exanpbe, a senser Rt @ﬁﬂ@ﬂ%ﬂﬂgifﬁb53ﬂﬁ€H@'éﬁ%oé' O?r§n7%%e

to 72d i s used. rein, a distance between each pair

sensors 741, Fiajichi42. b1t kit cfte droGaiiet Sritdc ald barH Rif@sRRAt d0 a
10 straight line LHis set to be the sane distance as a distance

bet ween Z semdonrs A4ty arfd dedccthunt herints pd rthef mhlsenpsdrs 242,94 sangh,
742,4 are located on the sane straight line parallel to the Y-axis

di rection as bliatth iB,sdmsdhe 72 iand 7 2E bediht iserd, peedd cmsl tofb 2k tiestion

equi pped with a plurality of ‘ o
area AF, on€ each pair of surface position sensors for Z

10 position measurement (hereinafter, shortly referred to as “2
sensors’), that is, a pair of Z sensors 72a and 72b and a pair
of 2 sensors 72c and 72d are arranged in the symmetrical
placement with respect to straight line LV. Z sensors 72a to
72d are fixed to the lower surface of a main frame (not shown).

15 As Z sensors 72a to 72d, a sensor that irradiates a light to
wafer table WIB from above, receives the reflected light and
measures position information of the wafer table WTB surface
in the Z-axis direction orthogonal to the XY plane at an
irradiation point of the light, as an example, an optical

20 displacement sensor (sensor by a CD pickup method), which has
a configuration like an optical pickup used in a CD drive unit,
is used. Incidentally, Z sensors 72a to 72d may be arranged
on the measurement frame described earlier or the like.

Moreover, head unit 62C is equipped with a plurality of

25 (six each, twelve in total, in this case) Z sensors 74;,; (i=1,
2, J=1, 2, +«---- , 6) that are placed at a predetermined
distance, along each of two straight lines that are located
on one side and the other side having straight line LH in

between in the X-axis direction that connects a plurality of



15(twelve in this case) Z sensors 76p,,/ (p=1, 2 and g=1, 2, 6) that
are placed symmetrically to a plurality of Z sensors 74,, with

respect to straight line LV. As each Z sensor 76 a sensor by a
CD pickup nmethod simlar to Z sensors 72a to 72d is used, for

exanple. Further, a pair of Z sensors 76%33 20 and 762, 3 are | ocated
on the same straight line in the Y-axis direction as with Z sensors
72c and 72d. Incidentally, in FIG 3, neasurenent stage MST is
omtted and & hegdbdd andratopagrddetlheae steafighretihy Mat ednlichhelcdse,
in the space between neasur errent staq(e MST and tip 25 lens 191 is
shown by a ré&f 8fBACEScUue: 224 Hu.t Fer<inghamagr srekated sygmecsdeardy

indicates a lg air-conditioning systemthat_blows dry air whose
t enper at ur e isl%g’djrﬁﬂbgﬁ Boagﬁae]u%t%r]rﬁnﬁeaﬂten%‘é?‘a}?%?%o o tFHlélral Palrs

vicinity of g g%a?a ath Qf, the My tiRoint &Asen trl%m?e gglap%\%?)‘ilz erg a

for exanpl e, 21 oW as s T ndi'cate by ou

3. Furthes, %mgaqu@crﬂgc%fcﬁ?%é&’s'é]ﬂ tsiagedugi é‘PhQBePgsiJﬁtcL%‘kh%%%s

a wafer on wafer tablle WIB I s unIoa are erence

i ndicates a laadidtd opasi Asoaaahezesang@fem :Jg | e etk b 1% Waf enlsd &y
WIB. In the enbodi nent, unl oadi ng position and | oadr ng position LP

are set synmat CrDcptLb}cuyM tmbhthedpsethilarstoal ghinddrne 124 dondixdentsahlsed.
unl oadi ng position UP and | oading position LP nmay be the sane
position. FIG 8 sHewsia,naidigbrit¢glrettvenn efacthpadconof ol systoem 104, ;
of exposure apparatus 100. The control systemis mainly configured of
mai n cont rol P&A fémoﬁ?ﬁ]%e@r@f lé’crﬁtédo@dﬁﬁlﬁtérlc(adrlwm%k FESHEL

per f or ms, over aratus. I ncidentall

. h
BG o Vv g aahtor dnguh e s%méﬁ? 9 afitndhEE8ERsHT %&llstame
ial im d_wayef b
aer i al i mage IpASUL, Qggégﬁ%ggtwge o 98,20 pUBYELEONL Sl 0 ensors

measuri ng |nstrurrent 9 are arranged at "heasir e
are COlleCt'WQH% §H8W@4£§ A SARY Y BWP8E: same straight line parallel

to the Y-axis direction as with Z sensors 72a and 72b.
Further, head unit 62A is equipped with a plurality of
15 (twelve in this case) Z sensors 76p,q (p=1, 2and g=1, 2, = +-- - ;
6) that are placed symmetrically to a plurality of Z sensors
74;,5 with respect to straight line LV. As each Z sensor 76
p,qr & Sensor by a CD pickup method similar to Z sensors 72a
to 72d is used, for example. Further, a pair of Z sensors 76,3
20 and 76;,;3 are located on the same straight line in the Y-axis
direction as with Z sensors 72c and 72d.
Incidentally, in FIG. 3, measurement stage MST is
cmitted and a liquid immersion area that is formed by water
Lg held in the space between measurement stage MST and tip
25 lens 181 is shown by a reference code 14. Further, in FIG.
3, a reference code 78 indicates a local air-conditioning
system that blows dry air whose temperature is adjusted to
a predetermined temperature to the vicinity of a beam path

of the multipoint AF system (90a, 90b) by, for example,



I n exposure apparatus 100 of the enbodi ment having the configuration
descri bed above, since the placenent of the X 20 scales and Y scal es
on wafer table WIB as descri bed above and the placenent of the X
heads and Y heads as descri bed above are enployed, X scales 39X1 and
39X2 and head units 62B and 620 (X heads ga6) respectively face each
other, and Y scales 39Y1 and 39Y2 and head units 62A and 62C (Y heads
64) or Y heads 25 64yl and 64y2 respectively face each other w thout
fail in an efdedtfilay asriskendangebedbwetelisedge ro®E {1 FEG.a3 r alye tiher,
whi ch wafer stage WST noves for the alignnment and the exposure
operation, it theEMH6E FORE) UPasnfscakafpt f1RE0s &l ket v Ay yhareh a
as FIGS. 9A an Incidentally, jn FIGS. 9A 85 and 9B, the heads
)?bslcealdé@

9B. )
that face t h& 6T &pdifdisty & dt ¥degded aflq quitédedgney code
being circled., ;. .4: .~ .+Lherefare,. in t ffective str range of
waf er stage %T léléisl_ccral ere]spl aa&ofglnﬁgipr?%ggﬁ'tornpﬁalthéarrez%l_ c"%%go%sr gioaded on
position 5 infgrmtLgne (el ughng,d @hﬁbﬁ@ﬁeh@f,%ﬁr%é@{h%@otsﬁ%i%. UP and

direction) within the XY plane of wafer stage WST with gh precision
by control |l ingaeachy Mi«Ar GONIiE BHd RE SRt ve 1S5 t@Mhl 24 shaged o
on the measurenent values of at |east three of encoders 70A to 70D.

Si nce the infdtrenghtofliaie I3 f Cuctidahtehdyt hahlbhdingapusenenh UP and
val ues of encoders 70A to 70D receive is small enough to be ignored
when conpari Agagiitty wes litdtcey L& ot dre, thise ssimer oasdrohogt.abil ity of

t he measurement values that is affected by air fluctuations is
remarkably better €R&n ?Htowt atRRin A i ieromdtiam ofstha Gl By stem

in th di t, th i .Q. .t head d/ th

n the eppod - he Sizss (o8 e b ol Moeds andor Lhe
t o i t { f t 1B

sel, 1n accor danaa i.h Losuel{sthlwe, SLor b aDgeooLavelof a8 MET o

the scales art@rZQomgt!aicken[) ACEOE BV Fomd BviR 167 EERELYE SEMOkE entire
range of wafer stage WST, all of four scales 39X1, 39X2, 39Y1 ang

39Y2 face heagpatiatrsis62BIn62Benb2A1andi H2G J egpechirVehy, sdudosd sidf as
four scales do not have to face the correspondi ng head units. For
exanpl e, oneigfreudeal €9 138X haaned ISKZcand/iQr serd a0f IMaseahessuring
15 instrument 96 and wavefront aberration measuring instrument
98 that are arranged at measurement stage MST are collectively
shown as a sensor group 99.
In exposure apparatus 100 of the embodiment having the
configuration described above, since the placement of the X
20 scales and Y scales on wafer table WIB as described above and
the placement of the X heads and Y heads as described above
are employed, X scales 39¥; and 39X, and head units 628 and
62D (X heads 66) respectively face each other, and Y scales
39Y; and 39Y; and head units 62A and 62C {Y heads 64) or Y heads
25 64y; and 64y; respectively face each other without fail in an
effective stroke range of wafer stage WST (i.e. a range in
which wafer stage WST moves for the alignment and the exposure

operation, in the embodiment), as is exemplified in the

drawings such as FIGS. 9A and 9B. Incidentally, in FIGS. 9A



25 39Y1 and 39Y2 do/does not have to face the head unit. In the case
one of X scales 39X1 and 39X2 or one of Y scales 39Y1 and 39Y2 does

not face the head unit, three scales face the head units in the
effective stroke range of wafer stage WST, and therefore, position
information of wafer stage WBT in the 8&gX-axis, Y-axis and Oz
directions can constantly be nmeasured. Further, in the case one of X
scal es 39X1 and 39X2 and one of Y scales 39Y1 and 39Y2 do not face

the head unit&d tS% ddd deafdscshahefheadthni cerraspordehfebtsaeles or Y
stroke range of wafer 5 stage WST, and therefore, position

i nformati on GICawterdid dgil et eh Rhe O di¢iecti®sh cannot constant |y

b d, but it i nf ti i n the X-axj d Y-

i rections can condlSMALP e MBastt &4 o0 TR SCEAES, P Proke EBRITIATS
of wafer sta S o] i itLon 10 o

i nformati zn igﬁsft/\ﬁ-ésg)igi%rdeg?lgg%P%ﬁ%@%#ﬁ%&%%? %r%gs%?%%r%ly position

i nterferoget e S#AMAL S L GRIIHPAd U 1on infodtNG] 1 gL igf er

stage WST is driven in the X-axis direction as iIndicated by an

outlined arradartilda) Athirhead 64 phahenBasHEs £Sr tdea POIT WL U high
the Y-axis direction of wafer 15 stage WST is sequentially sw tched
to adj acent Yrwedadi®h ay codiral bind\ezrir owscel candte2uthnyhetage drive
drawi ng. For exanple, Y head 64 circled by a solid Iine is swtched
to Y head 64 sistEned 28y basied tasd theneea Theeweor ¢/aurs wdastir kemsit three

values are transferred before and after the switching. In other 20
words, in th®eMERdfs 0 t& &P 1 oSpeFeoihFt RBIIWFRERI R BRTY

heads 64,and the transfer of th t, val t hi
di ot ancel bt v SN A Hofeads BASCHALTARE Bauropett 1T ARARS it O

o R 22C o L BILEYE srl N Rl B0 Hle ¥oB0aE0 LR oAtk AR i

the X-axis directiron, S escrrbed previously.

in the enbodigmntni¥iies ettt ange belyeen Adi agemd; 1§ dieags 4@ t hat

are equipped in head units 626 ‘and 62D i s set narrower than a wdth
of X scal es 3R%bkuanrthe3IXZdlmdshe hbtaxXiss adifleR@ld0m A% iirS fAestiBedns is

previ ously, when wafer 87
remarkably better than that of the interferometer.

15 Incidentally, in the embodiment, the sizes (e.g. the number
of heads and/or the distance between the heads) of head units
62B, 62D, 62A and 62C are set in accordance with the effective
stork range of wafer stage WST, and the sizes (i.e. the
formation range of diffraction gratings) of the scales and

20 the like. Accordingly, in the effective stroke range of wafer
stage WST, all of four scales 39X;, 39%X;, 39Y; and 39Y; face
head units 62B, 62D, 62A and 62C respectively, but all the
four scales do not have to face the corresponding head units.
For example, one of X scales 39¥; and 39%; and/or one of Y scales

25 39Y; and 39Y; do/does not have to face the head unit. In the
case one of X scales 39X; and 39%; or one of Y scales 39Y; and
39Y; does not face the head unit, three scales face the head

units in the effective stroke range of wafer stage WST, and

therefore, position information of wafer stage WST in the



stage WST is driven in the Y-axis direction as indicated by an
outlined arrowin FIG 9B, X head 66 that nmeasures the position in

the X-axis direction of wafer stage WST is sequentially switched to
adj acent X head 66 (e.g. X head 66 5 circled by a solid line is
switched to X head 66 circled by a dottedkdine), and the nmeasurenent
values are transferred before and after the switching, simlarly to

t he above-descri bed case of Y heads 64. Next, a configuration and the
| i ke of encoderaxiFAYrexie FO8 9 |didwctdescy chadconstasthy lom measured.
encoder 70A that is enlargedly shown in FIG _10A, as a

represent at | VTS, 1GALEROGRSBNeNY Hedd Sc2leF REEU afl 3%z erAane of

i di at tecti i ght t. b to Y. scale 39Y1.
e 3 e Bl PR AR R TRt 816y oot
i di ati 4 j cal t , ot Qdet ectj.on
aystompao T te R AR L A WE TR AR DR A e

emts a | gsersamibB i thd@ Pl RFJ QN HAgh e Blr AhANGS o@fnﬁ%%%r stage

degrees with respect fo the Y-axis and Z-axis, for exanple,

seni conduct odmaser dieDoArd redtans ldarddtad donsHatad o ke eptdLabut
path of |aser beam LB emtted from sem conductor |aser LID.

Opti cal syst gmsG4hidrs iedorppédon L h ehed-axiizathdny beans spil t1ddtetorRBSan
whose separation plane is parallel to an XZ plane, 25 a pair of
refl ecti on maargrtallly &vd "RigsuteshsednL2hiandageb, pqeattien control of

wavel ength plates (hereinafter, referred to as a A/4 plate) WPla and
WP1b, ref | ectiedPimTesies ia Mty RAS, Reh® e nmace Usiist aestiddqron

Systen16f8 i'y%fg¥%iéié%ph%rkﬁ%r928§irection of wafer stage WST measured
by interferometer system 118 in combination.
Further, when wafer stage WST is driven in the X-axis
direction as indicated by an ocutlined arrow in FIG. 9A, Y head
64 that measures the position in the Y-axis direction of wafer
15 stage WST is sequentially switched to adjacent Y head 64 as
indicated by arrows e; and e; in the drawing. For example,
Y head €4 circled by a solid line is switched to Y head 64
circled by a dotted line. Therefore, the measurement values
are transferred before and after the switching. In other
20 words, in the embodiment, in order to perform the switching
of Y heads 64 and the transfer of the measurement values
smoothly, a distance between adjacent Y heads 64 that are
equipped in head units 62A and 62C is set narrower than a width
of Y scales 39Y; and 39Y; in the X-axis direction, as is
25 described previously.
Further, in the embodiment, since a distance between
adjacent X heads 66 that are equipped in head units 62B and

62D is set narrower than a width of X scales 39%; and 39X, in

the Y-axis direction as is described previously, when wafer



(anal yzer), a photodetector, and the I|ike. In Y encoder 70A,

| aser beam LB emtted from sem conductor |aser LD is incident on

pol ari zati on beamsplitter PBS via lens Li, and is split by

pol arization into 5 two beans L131 and LB2 . Beam LB' havi ng been
transmtted through polarization beam splgtter PBS reaches reflective
diffraction grating RGthat is forned on Y scale 39Y1, via reflection
mrror Rl a, and beam LB2 reflected off polarization beamsplitter PBS
reaches ref| eftddre WHT fisadriigengiat thg REevia defe¢eeiommdOindirgared by
Rib. Incidentally, "split by polarization" in this case neans the

splitting of &h GYciidsft e i1t & -P-Fol af iteRd P ddidorarswrre die
S-pol ari zati QM. t. P term ned-order diff ti b t hat

a6 goner at e Tl T S ot A 191G 6 e o THS AT T 15

b LB] . I@g[-f XAR 8 fist-ord Lff '

aregrrgeve]r al ?y%%c nvetrjtacei(rjh?nt 0 é:%éei&r 5}3)' g%%%feglgti g:a}ag‘!lalégﬁﬁctéyo% ?&%Eatdes66

Wlb and ¥WPl & ivia denses kabiandikda:sanditehlectsd edfd@ti QN ey by
mrrors R2b and R2a and then the beans pass through A/4 plates WPlb

and WPl a agaian cuit dceached0 poldrdhza ey eaBnsplidiiels BB Mrdnsr@ined
the sane optical path in the reversed direction. Each of the
pol ari zat i on bdifloest iagns adft drh e Henves vhiganisi richats iavies rleaditedt he

pol ari zati on beamsplitter PBS is rotated at an angle of 90 degrees

wi th respect ahe egdrginedl wiscecti oh.hezBlsTidref ore, the first-order
diffraction beam of . beam LBl that was previously transmtted thr ou%h
pol ari zati on beam §F&trt & CPBE1PYrAELPBECRRE BRE bbfkareZ AnenfdeamOA to

oL ey BB Bt B S G R Y B A
enlargedly shown in FIG. 10A, as a representative. FIG. 102
shows one Y head 64 of head unit 62A that irradiates a detection
light (measurement beam) to Y scale 39Y;.

Y head 64 is mainly composed of three sections, which
15 are an irradiation system 64a, an optical system 64b and a
photodetection system 64c.
Irradiation system 64a includes a light source that
emits a laser beam LB in a direction inclined at an angel of
45 degrees with respect to the Y-axis and Z-axis, for example,
20 a semiconductor laser LD, and a lens L1 that is placed on the
optical path of laser beam LB emitted from semiconductor laser
LD.
Optical system 64b is equipped with a polarization beam
splitter PBS whose separation plane is parallel to an XZ plane,
25 a pair of reflection mirrors Rla and R1lb, lenses L2a and L2b,
guarter wavelength plates (hereinafter, referred to as a A/4
plate) WPla and WP1lb, reflection mirrors R2a and R2b, and the
like.

Photodetection system 64c includes a polarizer



89 reflected off polarization beamsplitter PBSis transmtted

t hrough pol ari zation beamsplitter PBS and is synthesized
concentrically with the first-order diffraction beam of beam LBl and
is incident on photodetection system64c. 5 Then, the polarization
directions of the two first-order diffraagfg on beans descri bed above
are uniformy arranged by the anal yzer inside photodetection system
64c and the beans interfere wth each other to be an interference
light, and tHenadt@efarerc @ldtgideticstdst,eciret the tlhéephot odet ect or
and 10 is converted into an electric_signal in accordance with the
intensity of the | terf EPEREEN ('GRr . TASSITs PeRT &bs eﬂlrlél’ﬁetihira’ﬁbve

ggz(r:nrsl Ft)l 82 I%CP ngoq%% T0A, SI cestsﬁg]rc?l%é{gt at en%t hs of t wo
to 15 each otfqr. Lhe Jiaf wggg%gyﬁ' "afhugt ug) ianswé%oﬁ%tz' % Hgto

i gnored. Then, scal e B. “Warf e

measur enmegt ttwoe@é éxﬁé‘ L e 18X S B@'atneﬁﬁ | H&'v:tha? delinSt £33 1%&;& tRRA%%h

of each of the two beans changes and thus t he ntensity o

i nterferencepoilghti zehargeSean Ripd 1GhageB2Q datHelter & Nt &Pl v Aff iR tion
interference light is detected by photodetecti on system 64c, and

posi tion i nf graetingnRE nhatcos damrmedwbrt N 4dwel ¢ BOERSivtiy ehbhgetisn mirror
out put as the neasurenent value of Y encoder 70A. O her encoders 7083,
70C, 70D andRike #np®éenmelib geidentiegueéd 16 e icgra ttiore he eUlesp T e R HBS
As each encoder, an encqder having a resolution of, for exanple,

around 0. 1nmiEEchesd relfﬁﬁcﬁéﬂtealdil frasties siFeddeds ReF Wike reflection

Teso Tl MG 000 T BB

2’50 be used: as g detect 0L d BFLE 190 408, b %

enl argedl y shown exaggerate y corrp gra
P-polarization component and an S- polarlzatlon component.

Predetermined-order diffraction beams that are

generated from diffraction grating RG due to irradiation of

15 Dbeams LB; and LBy, for example, the first-order diffraction
beams are severally converted into a circular polarized light
by A/4 plates WPlb and WPla via lenses L2b and L2a, and
reflected by reflection mirrors R2b and R2a and then the beams
pass through A/4 plates WPlb and WPla again and reach

20 polarization beam splitter PBS by tracing the same optical
path in the reversed direction.

Each of the polarizationdirections of the two beams that
have reached polarization beam splitter PBS is rotated at an
angle of 90 degrees with respect to the original direction.

25 Therefore, the first-order diffraction beam of beam LB; that
was previously transmitted through polarization beam splitter
PBS is reflected off polarization beam splitter PBS and is
incident on photodetection system 64c, and also the

first-order diffraction beam of beam LB; that was previously



In the neantine, the scales of the encoder |ack the long-term
mechani cal stability, because the diffraction 5 grating is deforned
due to thermal expansion or other reasons, the pitch of the
diffraction grating partially or entirely changes, or the |ike al ong
with |apse of operating tine. Therefore, g nce the errors included in

t he measurenment val ues becone | arger along with | apse of operating
tinme, the errors 10 need to be corrected. In the follow ng

descri pti on, %pfEtsHEPpialth pedarderitdonaheagr aplhgtdef BRfats diransmitted
correction of scales that are perforned in exposure aeyafatus 100 of

the enbodi merftPAAYID R LRSFFHERP RE3R riRl HEFIRES BNd s Rxgthesized
f des |BYL | 6Y2 i ndj 5 t f t

opt ] cal axes GICTI AT B & 4RobhE it mor e T o Bl a0 oFePPaBt fppean

surface 17a fBIWIQEg itsaglnl%é%ﬁtf [ B"EE%%'d%t'e%tt% el tﬁgnr ud, and

reference codes 1 an I ndi cat e neasur ement ea of t'wo

optical axes out ofrHaftipleoaxes hRalbndderdés fchabed Hot6fdi 8l Qger
surface 20 17b of wafer table WIB from X-axis interferoneter 126. In

this case, neAsifeoerms B¥EcandebBYBoatea pk agels SyATRIdtalded by
with respect to straight line LV (which coincides with a straight

| i ne connect ity e lgetrerissdofdeappbtipdketeytabnXshetdn 66¢ , arahdHddeams
substantial neasurenment axes of Y-axis 25 interferoneter 16 coincide

wi th strai ghttntbeidang wiHey efasihe otieixite et enf dndestf@rer@ecdight, and
measure the Y-position of wafer table WIB w thout Abbe errors.

Similarly, médSurehERt BERRE Laitand PEXOCEPE Y ddwl Ryrhadstaaiqy and

i th t ;to straight, line LH (ywhich,coincides with a straight
I e conhact i1 CEHYS 4T Rt er & of LACPT aFab 901 A SRR BIRe (i the

passes throuq%qﬁﬁ§%§yid§ﬂtﬁgifﬁ€§r é§§%gif%§ﬁgnical system PL and

is parallel to axl's, an e su ant’i neasur enent axes of

X-axis interferonehar ; $26,60b061 HeonittHd %b%%gaéshkﬂgtkshpa{ﬁ!é hcdder
to the X-axis that passes through the optical axis of projection

optical systeaoaPl.siHer efer epticax att ardreftonetie thth e ITBas We
the X-position of wafer table WIB wi thout Abbe errors. First,

def or mat i on dihtgrefidnegl leireesxtwanp lef shpati agd191 $¢ sy aofmddte equal to
scal es and correction of pitch of grating lines of the Y scales wll

be descrl%edeaH@r@ﬁﬁﬁrnetgécﬂhéhuguﬁﬁabﬁ a¥p fhucisameens cde mstly be

i deal plane, for the sake of sinplification of the description.
ignored. Then, when'Y scale 39Y; (i.e. wafer stage WST) moves

in the measurement direction (the Y-axis direction, in this
case), the phase of each of the two beams changes and thus
the intensity of the interference light changes. This change
20 in the intensity of the interference light is detected by
photodetection system 64c, and position information in
accordance with the intensity change is output as the
measurement value of Y encoder 70A. Other encodexs 70B, 70C,
70D and the like are also configured similar to encoder 70A.
25 As each encoder, an encoder having a resolution of, for exanmple,
around 0.1nm is used. Incidentally, in the encoders of the
empbodiment, as shown in FIG. 10B, laser beam LB having a
sectional shape that is elongated in the periodic direction

of grating RG may also be used, as a detection light. In FIG.



First of all, main controller 20 drives wafer stage WST 15 based on

t he neasurenent values of Y-axis interferoneter 16 and X-axis
interferometer 126, and as shown in FIG 11, the position of wafer
stage WST is set at a position with which Y scales 39Y1 and 39Y2 are
pl aced just bel ow correspondi ng head unitg 62A and 620 (at | east one
head) respectively, and also 20 one ends on the +Y side of Y scales
39Y1 and 39Y2 (diffraction gratings) coincide with correspondi ng head
units 62A and BR0beegpeBtivanlargedly sNewh, erayaecaheddy| eampOrebwash
waf er stage WST in the +Y direction as is indicated by an arrow F in
FIG 11 at aP%Y8W dfeed at a level in which short-termfluctuation
of the measurenent value of Y-axis interferorretg&#%can be i

d
and with the measurh ment® \Vkﬂaﬁ’é:l&‘e'x% §qaﬂtee°‘rf° @P%rbgjg%‘e_the
fixed to a prl&‘?ﬁ—?é?nﬂ%c%ﬁ-ﬂéﬁg:atl}‘qméa%irﬂtn)},a' g allof &ihffxga{étcih'nng

amount, the r ng anmoun € yawing*’9Z anount to zero based on

t he nmeasuge : Y Syl t 8
741, 0. 74540 FeT by e B RO e R o S G e

ends on the thesipd@)crofofY t9ealas B3Rk il RAFA P igGiItdea Wt Br entirely
correspondi ng head units 5 62A and 62C respectively (in the effective

stroke range atesereshed mbthee)li Haurd Inghd el tovierend o fitedpe reomitricp 4 1edte .
20 | oads t he nmeasurenent values of Y linear encoders 70A and 70C and

t he neasur endieneflarss ainye fHiesenoes flerdivsiest 116 hea hea sposnernwetl ues
val ues by neasurenent beans_|BY1l and |1 BY2) at 10 predeterm ned

sanpl i ng i nt &OFAMS 1a3rdegheaPRe itk aassh ddePReEATLRE FFBSUrdHR BT LOTS

I Y Li d 70A 7 d. t he, ent, val f
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sequenti al | ytPlla%C&gef&é%n@ﬁ@n@ﬁ@s%aﬁﬁﬁg@%@safwg}_i ﬂg?]te%toraﬁment

novenent of wafer stage WST and correction information on the grating
pitch. The cerinectdeonidstfranat iX¥Taaime ptmidned,1 for exanple, as a

correction map that shows a 20 rel ati on between both neasurenent
val ues in a curvedIhi m&G.nltlhe redeecackoriozient dBYaxiasd naéiveatieslitche e
measur enent value of the interferoneter and a vertical axis indicates
t he 15 measurement beams of two optical axes out of multiple axes
that are irradiated to reflection surface 17a of wafer table
WTB from Y-axis interfercometer 16, and reference codes IBX1
and IBXZ indicate measurement beams of two optical axes out
of multiple axes that are irradiated to reflection surface
20 17b of wafer table WTB from X-axis interferometer 126. Inthis
case, measurement beams IBYI and IBY2 are placed symmetrically
with respect to straight 1line LV (which coincides with a
straight line connecting the centers of a plurality of X heads
66), and the substantial measurement axes of Y-axis
25 interxferometer 16 coincide with straight line LV. Therefore,
Y-axis interferometer 16 can measure the Y-position of wafer
table WTB without Abbe errors. Similarly, measurement beams

IBX1 and IBX2 are placed symmetrically with respect to straight

line LH (which coincides with a straight line connecting the



measur enent val ues of the encoders, or the like. The neasurenent
values of Y-axis interferoneter 16 in this case 25 are obtai ned when
scanni ng wafer stage WST at the extrenely | ow speed descri bed above,
and therefore, it can be thought that the measurenent val ues are
accurate values in which error can be igngred, because not only a

| ong-term fluctuation error but also a short-termfluctuation error
caused by air 93 fluctuations or the like are hardly included in the
measur enent \Enfes s bdchdetadl ity @ fgvahéadgs fd)clih@a dassaacehbmigledmne
adj acent grating lines) ofl scales 39Y1 and 39Y2 and correction

i nf or mati on GPYHE lgeFlisng T pPFehefayonl &t s bistvaitead PLnanfel 5 parallel
procedures simlar to the above, by noving wafer stage WST in the -Y
direction wi t4fl &iﬁFH&'?’éh@e 4k EReD ’ﬁtb%ﬂﬁ%%’gl%% Med AN e =By @h X-axis

arrow F' in El . r.ein, fer. stage W is ta riven.n th
Y-axis dir ectllnc(?ﬁe r;f(]:errc?ssett%re lr%%ﬁgcéj l%Cel?% Bq\é% esfltdcsal(??ﬁY &5 ef dgypliel
and 39Y2 tra I.£S; | F;g%ascg | ; . V.
the dri vesra\r?gyesc?lgc%%tag%%?ﬁn?{e to thl%%%ﬁ%%@ g{%gcglﬁs#% “al so
be driven, ferepemlea dgtide ranged eif.heTKeaxirsdi r Chikeg i n which
waf er stage WST is noved at the tinme of exposure operation of a

waf er. Furt hdmtetfrdrmpetieer db6veadaseddhes they Brpok 16l onad erwalfe stage e
WST, main controller 20 al so obtains correction information on

def or mati on (W& p)itdfoudr #biheg drnwess .37 that have sequentially faced a
plurality of X heads 66 by perform ng a predeterm ned statistical .
conmput ati on, usi ngFLEE tmedSdrement ofaLfe g rabiandd nesortvele pifupakitipg
of X he 66 .20 of d ynits 62B and 62D that are sequentially _.

pl aced fati ngiRES a?gg%gf EB@R% ST £6 RHeC v edemting 1ines

vafer stage VET.RQY Lhe) IEARUEHE N NBLUS O LALEILerOBIEL. 46, o reace

corresponding'to eac he "‘neasurenen | ue
(or "ar  thot 1 e g oa eear)’ &F Cho Bl o aP Loy ot TRaade or Asad uni t
62B and 62D tshaipiare csequentdraldne pleaced faeimng X scal es 39X1 and
39X2 and the like, as the correction information on grating warp.
This is because theigameofarlilat madnpadherol s&oulddrepeat edEyr aftRRRY WST
15 based on the measurement values of Y-axis interferometer 16
and X-axis interferometer 126, and as shown in FIG. 11, the
position of wafer stage WST is set at a position with which
Y scales 39Y; and 39Y; are placed just below corresponding head
units 62A and 62C (at least one head) respectively, and also
20 one ends on the +Y side of Y scales 39Y; and 39Y, (diffraction
gratings) coincide with corresponding head units 62A and 62C
respectively.
Next, main controller 20 moves wafer stage WST in the
+Y direction as 1is indicated by an arrow F in FIG. 11 at a
25 low speed at a level in which short-term fluctuation of the
measurement value of Y-axis interferometer 16 can be ignored
and with the measurement value of X-axis interferometer 126

being fixed to a predetermined value, while maintaining all

of the pitching amount, the rolling amount and the yawing



94 in the process where wafer stage WST is noved in the +Y direction
or the -Y direction in the case reflection surface 17b is an ideal

pl ane, and therefore, correction information on deformation (warp) of
grating lines 37 that have 5 sequentially faced the plurality of X
heads 66 can be accurately obtained by aweragi ng the neasurenent data
obtained by the plurality of X heads 66, or the |iKke.

Incidentally, in the case reflection surface 17b is not an ideal

pl ane, the urdrahiteds (dsardilfpedion Hée afdasotiesrentt) winfecefi -axis
measured and correction data of the bending i_s obtained in advance.
Then, on t he WAFEHRSHCTS Stafldr athde AREPAGF t/He. #Y dizrectlif%r nd A&z, 3/
-Y direction descrihed above, wafer stage WST nmay accuyrately be noved
in the Y-axi $"di eo?f)&neﬁ?mgaﬁfr%ﬁ‘?i%@‘?g%eeg‘éspd§%tei 8Hg5f° T%/}é? St £g&te)
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correction information on déformation (warp) of grating |ines 37

be obt ai ned igesidig rerimaUERREr @ﬁrﬁﬁ??thbeﬁioﬁbﬁéﬁt,ZQaEﬂCESQBE@_EEL%r 20
measur enent data obtained by a plurality of X heads 66 is data in

plural on thédzas shefmeh$deseatt arsdaseonfrefliectd wenswkikace7 X Bndandc
t he heads each neasure deformation (warp) of the same grating line,
and ther ef or &nct kbeempgsunemavicdeal aes e f ettat hatintrr feasimhtdr €t dthe
after 25 bending correction of the reflection surface is averaged to
be approxi maf@AEH HERENE & LpdlSu & Yh e taferdg g e d&Y lbed ca Jard

the lik i th .ds,, the influence of the bending residual error
Can b T HuCED S LS IR IS BT T A S 6 rhatlad B

: i : ' § heads). )
T g | one Bkl 16 RYLORendne PLUIALLI4e 4 NORCR) encodard hia and

def or mati on grating line ing Tinesj o

and correcti amcohnpi 46l Afea@idHdot! RA%Rf e -Xx352kes Mkl BB ter 16

descri bed. Herein, reflection surface
based on the loaded measurement values. That 1is, main

controller 20 obtains a grating pitch (a distance between

15 adjacent grating lines) of Y scales 39Y; and 39Y, that are
sequentially placed facing head units 62A and 62C according
to the movement of wafer stage WST and correction information
on the grating pitch. The correction information can be
obtained, for example, as a correction map that shows a

20 relation between both measurement values in a curved line in
the case a horizontal axis indicates the measurement value
of the interferometer and a vertical axis indicates the
measurement values cof the encoders, or the like. The
measurement values of Y-axis interfercometer 16 in this case

25 are obtained when scanning wafer stage WST at the extremely
low speed described above, and therefore, it can be thought
that the measurement values are accurate values in which error
can be ignored, because not only a long-term fluctuation error

but also a short-term fluctuation error caused by alr



5 17a is assuned to be an ideal plane, for the sake of sinplification
of the description. In this case, the processing that needs to be
performed is the correction described above with the X-axis direction
and Y-axis direction interchanged. 10That is, first of all, nmain
controller 20 drives wafer stage WST, andssets the position of wafer
stage WST at a position with which X scales 39X1 and 39X2 are pl aced
just bel ow correspondi ng head units 623 and 62D (at | east one head)
respect i vel y flamd vdtsonener dhgsl bre elre e divéncondeX igi tey meB sofrexent
scal es 39X1 and 39X2 &ditfraction gratings) coincide with
correspondin@aﬁé§ﬁ-un'PCGQBHEﬁélBZDar§§ﬁgéPEV€P§9hNé%t?lﬁﬁﬁﬁce between

troll 20 fer, st T Ln the +X_di t] - X ,
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being fixed toRprede! eiMined Y& Ye %dv%,w\;dm@ﬂ%e,g wilfe Ol tHiR wst
pitching amount, the rolling amount and the yaw ng anount to zer

based on the ifeasw everli AeltUeS Ofi thiaXithd it iR abheli2GRRE theis
i ke, until, for exanple, 25 the other ends (the ends on the -X side
(or +X side) indficdtectabgsaBd®¢rand’ 39%2FI®i ndi.deHarthn¢cons BspEH Y WST
head unit 626 and 62D respectively (in the effective stroke range
descri bed abdwe}o IBudragenhen e featl sndi recohen @ldrms 20hk oadsye Where
measur enent val ues of X |inear encoders 703 and 70D and the 96

nmeasur enent VPRIHHe’NSF O B8 151t éPFerdite? 8¥2 LP6VEFRE FRIBERSRMREGING head

val ues by. neasure be BX1_and | BX2)., at  predeterm ned saml.in
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that are sequentially placed facing head units 62B and 620 accor |n(\:v1‘IS
to the novengit mefvewaler t3lecage mabh ARGIBRMUITRC tipFakQ dnnfodr nAtdgrR QN
the grating pitch. The correction information can be obtained, for
exanpl e, as a nmap Fhathshowduaing! ahé cab et vabes: bidbdd measinearet wafer
values in a curved line in the case a horizontal axis indicates the
measur eneht wakge HBT,haailm eohdrodesr 2dnd laov eittiadals adrseiatdiorat es

t he measur enent . . ) )
information on deformation (warp) of grating lines 37 that

T

have sequentially faced a plurality of X heads 66 by performing
a predetermined statistical computation, using the
measurement values obtained from the plurality of X heads 66

20 of head units 62B and 62D that are seguentially placed facing
X scales 39X; and 39X; according to the movement of wafer stage
WST and the measurement value of interferometer 16
corresponding to each of the measurement values. On the
computation, main controller 20 computes, for example, the

25 measurement values (or arithmetic weighted mean) of the
plurality of heads of head units 62B and 62D that are
sequentially placed facing X scales 39¥; and 39%; and the like,
as the correction information on grating warp. This is

because the same variation pattern should repeatedly appear



15 val ues of the encoders, or the like. The neasurenent val ues of
X-axis interferometer 126 in this case are obtai ned when scanni ng

waf er stage WBT at the extrenely | ow speed descri bed above, and
therefore, it can be thought that the measurenent val ues are accurate
val ues in which error can be ignored, 20 daecause not only a long-term
fluctuation error but also a short-termfluctuation error caused by
air fluctuations or the like are hardly included in the neasurenent

val ues. Furt Her theuminagasse wdisove - widsor isfedyardiadhem mefvadafier tdteagd
WST, main controller 20 al so obtains correction 25 information on

def or mati on (HESHLIGM §rathfg Y iHeedd ahdt hheecaeruaitiettiont ssedage
plurality of heads 64 by performn redeterm ned statistical ,
conput at i on, 175 75 the dedk & t =) TRBTSHO5R P T15Th L LBEGEERLLPD

of Y heads G%HOfdleeswoﬁd%gn%?@%ﬁtﬁ%% Or.ef%essecy,ber]cthia I Ihy Vpel aced

facing 97 Y sca according & fovenent of waf er
stage W5Ts and dhR Basunemele &/ alhse Eﬂfur'anﬂi%lryf Qfﬁrﬁec;]h%[ahdjsz%6 can be

correspondi ng to each of the neasuréenent val'ues. e conputati on,

main contr ol laefeudQ AP WS il X aRRlegite thd RS aERRn tVl4es
(or arithmetic weighted nmean) of the plurality of heads of head units

62A and 62C tdhataiaveel $gquért ipdlung liltaced KadigaglsY esGaloas t3RY 1 icked
39Y2 and the like, as the correction informati on on grating warp.
This is because thénsasentadilyyi bh Yiet ress stiblédt epesatddiop appebs not
10 in the process where wafer stage WST is noved in the +X direction
or the -X di PEctidseli RloRe cide rervesness sherad@dl7af $hen reddgrtion
ol ane, 2 LISietore, COLLSRLLOD A oLml on on eLor it on, (e, o,
heads 64 can o%etained in advance. Then, on the movement of wafer stage WST
in the +Y direction or the -Y direction described above, wafer
stage WST may accurately be moved in the Y-axis direction by
controlling the X-position of wafer stage WST based on the
15 correction data instead of fixing the measurement value of
X-axis interferometer 126 to a predetermined value. Thus,
correction information on grating pitch of the Y scales and
correction information on deformation (warp) of grating lines
37 can be obtained in the same manner as described above.
20 Incidentally, measurement data obtained by a plurality of X
heads 66 is data in plural on the basis of different areas
on reflecticon surface 17b, and the heads each measure
deformation (warp) of the same grating line, and therefore,
there is an incidental effect that the residual error after
25 bending correction of the reflection surface is averaged to
be approximate to the true value by the averaging described
above and the like (in other words, the influence of the bending

residual error can be reduced by averaging the measurement

data (warp information on grating lines) obtained by the



15 accurately obtained by averagi ng the neasurenent data obtai ned by
the plurality of Y heads 64, or the like. Incidentally, in the case
where reflection surface 17a is not an ideal plane, the unevenness
(bendi ng) of the reflection surface is nmeasured and correction data
of the 20 bending is obtained in advance.gsThen, on the novenent of
waf er stage WST in the +X direction or the -X direction described
above, wafer stage WST may accurately be noved in the X-axis
direction by mlomaloity myf theadslposi tion of wafer stage WST based on
the correction data instead of fixing the neasurenent 25 val ue of

Y-axi s interferonet®Xtye A Fpitdder Sfmigiad Wl Jd nephudarkoade@tisding
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grating lines 37, and correction information on grating pit

X scal es and sefpecticyt idH arfTedHooM <y tdefiordmt | ah ¢wakp:aek,graki ng
5 lines 38 at each predetermned timng, for exanple, with respect to

each | ot, or greedddderg that neHtan,tadird mgeAfivermexp s rtth p raacessi g rof
wafers in a lot or the like, while correcting the neasurenent val ues
obt ai ned fromafeadhad eboseNididt BeE-(Exie di hechbor amehénexvaldies asfion
10 encoders 70A and 700) based on the correction information on
grating pitchHrérer@ngestal es and the correction information on

posi 1 ontont rol * o N e sTLERE VT Air t RLP- GRPSER B 7 i TR Mater
becones pOSSiskﬁla%et %qufa,r fa%rcfns%ocssi Ltih%n position of wafer stage WST at a

position with which X scales 39X; and 39%; are placed just below
corresponding head units 62B and 62D (at least one head)

respectively, and also one ends on the +X side (or —-X side)

15 of X scales 39X; and 39X; (diffraction gratings) coincide with

corresponding head unit 62B and 62D respectively. Next, main

controller 20 moves wafer stage WST in the +X direction (or

—X direction) at a low speed at a level in which short-term

fluctuation of the measurement value of X-axis interferometer

20 126 can be ignored and with the measurement value of Y-axis

interferometer 16 being fixed to a predetermined value, while

maintaining all of the pitching amount, the rolling amount

and the yawing amount to zero based on the measurement values

of X-axis interferometer 126 and the 1like, until, for example,

25 the other ends (the ends on the -X side (or +X side)) of X

scales 39X; and 39X, coincide with corresponding head unit 62B

and 62D respectively {in the effective stroke range described

above). During the movement, main controller 20 loads the

measurement values of ¥ linear encoders 70B and 70D and the



15 control of wafer stage WBT in the Y-axis direction with good
accuracy using Y linear encoders 70A and 70C wi t hout being affected
by change over tinme in grating pitch of the Y scales and warp of
grating lines 38. Further, during the exposure processing of wafers
ina 20 lot or the like, while correctingdhe neasurement val ues
obtained fromhead units 62B and 62D (i.e. the neasurenent val ues of
encoders 70B and 70D) based on the correction information on grating
pitch of the m¢astateaerendralne <arff ectaxans iinfrerminoane e defor fmid on
(warp) of grating lines 37, main 25 controller 20 perforns position
control of wafe@suweagntWSElves hy Xepdusr adiarde tieams THRXS], drtd Bgshest
possible to performposition control of wafer stage WST in the X-axis
di rection wi PR EEARhSRNRIMY AntisieRl eresddey T adnd a7gplation

s out_be g 856 S PL TR SICTALTE Lp 9 PLLER PSR O 1 e
Gescr P18 08 ScborLoghL S LALLTDLL 00, ODrOE NG IS M g26

and X scal es 132Xl 520G B3I 2d JOWRE ur e tPEeSes | NyaaL QE,L%W

limted to this, and correction information on grating pitc

grating |inecstrorayheo @ ited af 9Fa el hheyi teoefx ¥cagakesoBO¥hqangk,
39Y2 or X scales 39X1 and 39X2, or the correction information on

ei t her one ofthgrtatirrg sgidueintdrz lgratilrgdd faciagp eyl e 1t® a@zBaizmed 62D
for both of Y scales 39Y1 and 39Y2 and X scal es 39X1 and 39X2. For
exanpl e, in telfsogdsadorloy tber megementi of ovabe T cvtaye i3l iamgl Iciome ewddpn
i s obtained, wafer stage WST nay be noved in the Y-axis direction
based onl® he IRé@sMadriont oV fihredr8F 1x9IR ey eAbsderBr Fopiamdnfgemation

wi thout using Y-axis, 15.interferoneter. 16, or wafer stage WST nm
moved in the%)—(maglaso}ap?éE?ijonE%seé@I%%'hésr@a@ﬁPe%ﬁ %%?ﬂ‘h%? 61e¥L
| i near encoders_7 7 i.t hout . usi X-.axi_s _inter,feroneter,  126.
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embodi ment Wil b, he Jbriehl v desarifed (s R FES surement value of the

interferometer and a vertical axis indicates the measurement

ibt?. on

15 values of the encoders, or the like. The measurement values
of X-axis interferometer 126 in this case are obtained when
scanning wafer stage WST at the extremely low speed described
above, and therefore, it can be thought that the measurement
values are accurate values in which error can be ignored,

20 because not only a long-term fluctuation error but alsoc a
short-term fluctuation error caused by air fluctuations or
the like are hardly included in the measurement values.

Further, during the above-described movement of wafer
stage WST, main controller 20 also obtains correction

25 information on deformation (warp) of grating lines 38 that
have sequentially faced a plurality of Y heads 64 by performing
a predetermined statistical computation, using the
measurement values obtained from the plurality of Y heads 64

of head units 62A and 62C that are sequentially placed facing



20 12A to 12C. Incidentally, the details will be described |ater.
Herein, the operation in the case where 16 of col ored shot areas AS,
on wafer Won which a plurality of shot areas are forned in the

| ayout (shot nmap) shown in FIG 12C, are 25 to serve as alignnent
shot areas wi Il be described. Incidentall measur enment stage MST i s
omtted in FIGS. 12A and 12B. It i's assunmed that position
adjustnent in the X-axis direction of secondary alignnent systens
AL21 to AL24haschées 3990aperiornedcded onghandhe mecestiandevatsh dtheye
pl acement of alignnent shot areas AS. Incidentally, a specific nethod
of the positiWdT adjdistheemeofuseoortdaral wd i ghnierite siestamst oAt 2124 o
AL24 wi ||l be described |ater. 5First, main controller 20 noves wafer
stages WST, GPAAMRPIhODIST t9a5H off tthe iFasunsmessH erajueset Oat the

| oadi ng position LP, toward an obli gltel y upper left direction in FIG
12A, and set SR YFIS X oM et Stlstfe AWsFORP Y Sredétfeshamgd e, the

iti [ i t t ti It £ be d J d t 10
PR ch thed centaEherit i st i o S T Stk S ifeE The
b of ; o thi . .
movement o 2g%£§éfi &ML JE;héEH“ﬁﬂl éﬁgi@&ﬂﬁpﬁ?%%gﬁkgééﬁxbn

controller Iving each notor of stage drive syste

the measur engpigqueditie 10fy ¥1 8860081 ciFAPYasE 1de 3PRAHHELIBRL KAl t8e Afi ke,
Y-axis interferoneter 16. In a state 15 where the position of wafer

stage WST is azetthat ddreealtigmrenit ainartiiorg qa0giddtimg ey .ol Tafist he
position (including the Oz rotation) within the XY plane of wafer

t abl e WIB on balsiasts endther sWhesvapiiat édni sz pee forsech b sexbemt dadiey appear
measur enent val ues of two X heads 66 that are equipped in head unit
62D and }@ce 170 thes Pasessoxhanitd WIher sdsygsc tiSieliys mawedy Ineddse 6452
and 64yl that, face Y scale 39Y1 ad 39Y2 respectively (four encoders).
Next, main cOAtESHEN 96 hBes® \ﬁdfr@rc@%é%ﬁei%a%%ereflecuon Surf)ace

17a is an ideal plane, and therefore, correction information
on deformation {warp) of grating lines 38 that have
sequentially faced the plurality of Y heads 64 can be

15 accurately obtained by averaging the measurement data
obtained by the plurality of Y heads 64, or the like.

Incidentally, in the case where reflection surface 17a

is not an ideal plane, the unevenness (bending) of the
reflection surface is measured and correction data of the

20 Dbending is ocbtained in advance. Then, on the movement of wafer
stage WST in the +X direction or the -X direction described
above, wafer stage WST may accurately be moved in the X-axis
direction by controlling the Y-position of wafer stage WST
based on the correction data instead of fixing the measurement

25 wvalue of Y-axis interferometer 16 to a predetermined value.
Thus, correction information on grating pitch of the X scales
and correction information on deformation (warp) of grating
lines 38 can be obtained in the same manner as described above.

As is described above, main controller 20 obtains



+Y direction by a predeterm ned di stance based on the neasurenent

val ues of the four encoders, and sets the position 25 of wafer stage
WET at the position shown in FIG 12A. And, nain controller 20 al nost
simul taneously and individually detects alignnent marks (refer to

star marks in FIG 12A) arranged in the tdgee first alignnent shots
areas AS using primary alignnment system AL1 and secondary alignnent
systens 101 AL22 and AL23, and links the detection results of three

al i gnment syst@EmeiLon Arfpraed AP Pnagd athegnpasahegéntheaf lesalgs and
t he four encoders described above at the tinme of the detection and
stores them 9P STy 1PABEMERaRA) N I IpEERFdR al Y3rP s edontat yng lines

i AL21 and AL24 on both sides that do ngt t th
21| gnmont marke SRR S ROTAT" TRIDFRE Cha) TeSRRRGIAGH S0 PF (iR Aeates
detection |i far, . tq.

rradi oo a GoreCtror T ARG RS A Retokpar PAr | DNERL T AT Lng

enbodi meng, tihe,ck0 JOHH i QNP M &le St aae Wiy t %L,X'é%a'n?cle with

direction is set so that primary alignnent system ALl Is ed on

the centerlinespfeomftes dadd € MMB.omnrtheriimsy alignnent system ALl
detects the alignment mark in the alignnent shot area that is |ocated
on a neridian of tHR&kenafdnrihgcildertaldsyire heotbsalingnnenta fisarkimey lot
al so be formed inside each shot area on wafer W but in the

enbodi nent t leg Bheghiesit widrlle ¢errechbeng drhedeostisiedensachl shotokbdredaed
that is, on a street line (scribe Iine% t hat divides multiple shot

areas on waf éF W DRES UNdiSn 6¢BnePEI PeF £D- Providds RFRTU RGNS WeR ugs of
t he 20 +Y.di ti b i ned, di b d, th ,
masur b COEGEEEST PR RO Ch AR, bR oo cr St Bo st smarion on
f t bt i fi I t L1 d
A5 to ALoaSZatindlER bEIVR, SRRl ek HRanth I e YR A 1o

al i gnment  maiggs @IAARIRD dh merﬁ)i\bafal%%&% 3 1HdOnEent, Shot. Ah63S 1er

AS on wafer W and al nost sinul taneously and individually detects the
five alignmenn parksrusi pgsitven aldHWEINbrSYSteAts g Mh2dhd ¥-axis

AL24, and then links the detection results of five alignnent systens
AL1 and AL2ldioeAltd4randThhe, mtasbeenmnt vakbuéblef tbheetautmenoedetsn
at the 15 control of wafer stage WST in the Y-axis direction with good
accuracy using Y linear encoders 70A and 70C without being
affected by change over time in grating pitch of the Y scales
and warp of grating lines 38.
Further, during the exposure processing of wafers in a
20 lot or the like, while correcting the measurement values
ocbtained from head units 62B and 62D (i.e. the measurement
values of encoders 70B and 70D) based on the correction
information on grating pitch of the X scales and the correction
information on deformation (warp) of grating lines 37, main
25 controller 20 performs position control of wafer stage WST
in the X-axis direction. Thus, it becomes possible to perform
position control of wafer stage WST in the X-axis direction

with good accuracy using X linear encoders 70B and 70D without

being affected by change over time in grating pitch of the



102 time of the detection and stores themin a nmenory (not shown)
Next, main controller 20 noves wafer stage WST in the +Y direction by
a predeterm ned di stance based on the neasurenent val ues of the four
encoders, and sets the position 5 of wafer stage WST at a position at
which five alignment systens AL1 and AL2ly¢ 0 AL24 can al npost

si mul t aneously and individually detect the alignnment marks arranged
inthe five third alignment shot areas AS on wafer W and al nost

si mul t aneous ¥ sarfd dsndind ouedn ywileteadting Helrfdsye37al i gnment  mar ks
(refer to star 10 marks in FI.G 12B) using five alignnent systens ALl
and AL21 to AL24, aR¢FiGeetaliliks ithéhdededardptiesuiabevst dopgection

al i gnnent syst ALl and AL21 to AL24 and the neasurepent val ues of
the four encola‘iz’zméﬁl-tjt%oc”i %a&ntghé’l&é?geéflfioﬂrﬁﬁangtJo:l'%% YHeEn i 5 &P be

remory (not. shaunhcq ety gl 9 goptegl by, 20.ymuss veher stage. VWi,

in the +Y direction re i ne ahce

measurenest vadesxgf the,daur, eﬂ?@dg?f@s%r?E'QLrﬁ?ér?tit&? RO AN rffted to

waf er stage WST at a position at which the alignnent marks arrange

in the three thaw,t Anal ¢t i Shah rareas A8 @ﬂdd/ﬁftﬁrng?BiW:Iiaéh@%rating
al nost simultaneously and individually detected using primary

al i gnnent sydtiemm AbkTpamdysesandariyheal ifgprmentheyséeas A22candsAR28, and
and al nost sinultaneously and individually detects the three

al i gnment maRRY2uet Ng adwrles 31%Kgraretht3 Vst enst I o e ignmd 1Af28 madndn
then links the detection results 25 of three alignnent systens ALL,
AL22 and AL28Tafd HIE B&s Gfe Bt Vel Bed b Hh@RddNdeRddGe e Rt MBle be

L1 of 1§ SRSSHan 200, sher s § hem i SoEnery (000 oy s 2o
waf er Won a G208 9)%2n.at %‘o?ye%la%l(ee; 9n AL %(gse only correcticn information
on grating line warp is obtained, wafer stage WST may be moved
in the Y-axis direction based on the measurement values of
Y linear encoders 70A and 70C without using Y-axis
15 interferometer 16, or wafer stage WST may be moved in the X~axis
direction based on the measurement values of X linear encoders
70B and 70D without using X-axis interferometer 126.

Next, wafer alignment performed in exposure apparatus

100 of the embodiment will be briefly described using FIGS.
20  12A to 12C. Incidentally, the details will be described
later.

Herein, the operation in the case where 16 of colored
shot areas AS, on wafer W on which a plurality of shot areas
are formed in the layout (shot map) shown in FIG. 12C, are

25 to serve as alignment shot areas will be described.
Incidentally, measurement stage MST is omitted in FIGS. 12a
and 12B.

It is assumed that position adjustment in the X-axis

direction of secondary alignment systems ALZ2; to AL2, has been



103 coordi nate systemusing the optical axis of projection optical
systemPL as its origin) that is set by the neasurenent axes of the
four encoders (four head units) , by performng a statistical
conput ati on by the EGA net hod, which is disclosed 5 in, for exanple,
Kokai (Japanese Unexam ned Patent Application Publication) No.

61- 044429 (the corresponding U. S. Patent . 4,780,617) and the I|ike,
using the detection results of a total of 16 alignnment nmarks and the
cor r espondi ngerEasuteifomihisl ofn tde-dralinencadar rbtAainesdnt tdre
manner 10 descri bed above, and the baseline of secondary alignment

syst em AL2n. alignmerAs sheotdeseas bedl. alfows dentatlie eabspeaihtc mwthod of
movi ng wafer stage WST in the +Y direction and setting the position

of wafer staddengPsitifsupdjsistiensnofheerpRiagyrabiennpbsi3yohens AL2;
information of th alhgg nt marks in Iignnent shot areas AS at 16
points in tot B&ldbPgi AEGCrAPEdr éABFKabl y shorter period of

ti , d with,.t wh i ngl.e alignnment. system

Sequent L arty det ecta it BRREh ISR TR ke A0 B8VReI HeceY Rtefes EST, on
f exanpl e, i ts e i j r si_deni ;
BT gmment oy aR o A Y WP el P e TS S e i hing

AL22 and AL23AatacisLa, Pidhabd iy 8b1akhanyapdmrikstan) ayedi 8hong ric.
the Y-axis direction that are sequentially placed within the

detecti on aré22(eagd seasrespeodingohmt heferrarticd Wen aar £pretetkemined
detection light) , 25 associated wth the operation of noving wafer

st age WBT deposiidédralievegnihetesoretinn gdwe fioregoi bg demsurienkeib tef )
the alignment marks, it is not necessary to nove wafer stage WST in
the X-axt@ didtestileh ther Ceerten wft Wadega¥e 15t Rocatmserrorstgedeadti dane

oints 104
P LV. The movement of wafer stage WST in this case is performed

by main controller 20 driving each motor of stage drive system
124 based on the measurement value of X encoder 70D and the
measurement value of Y-axis interferometer 16. In a state
15 where the position of wafer stage WST is set at the alignment
starting position, control of the position (including the 8z
rotation) within the XY plane of wafer table WTB on which wafer
W is mounted is performed based on the measurement values of
two X heads 66 that are equipped in head unit 62D and face
20 X scales 39X; and 39X; respectively, and Y heads 64y, and 64y,
that face Y scale 39Y:; ad 39Y, respectively (four encoders).
Next, main controller 20 moves wafer stage WST in the
+Y direction by a predetermined distance based on the
measurement values of the four encoders, and sets the position
25 of wafer stage WST at the position shown in FIG. 12A. BAnd,
main controller 20 almost simultaneously and individually
detects alignment marks (refer to star marks in FIG. 12A)
arranged in the three first alignment shots areas AS using

primary alignment system ALl and secondary alignment systems



(the nunber of measurenment points) of alignment marks on wafer Wthat
are al nost sinultaneously detected by a plurality of alignnent
systens differs depending on the position within the XY plane of
waf er stage WST (the Y-position in particular 5(i.e. the access
degree of wafer Wto a plurality of aligngent systens). Therefore,
when noving wafer stage WST in the Y-axis direction that is
orthogonal to the array direction (X-axis direction) of a plurality
of alignment Ayst arg, AbRe, namdtsl Bakposhe i desediidrreasulitonvdnhree
anot her on wafer Wcan 10 be detected sinultaneously using the

required nuntfer BN FrFERTS Aldtefk22 AR o FRG dE Qe RS EHRNYRS Vil S
f f t T, th d in, ith t hot

on waf er W REaT (005 IR AR SR AE fo I (00 G
1_5 and nor rralde\ee@sio%og%cﬁ%e% %escﬁenfci%or di X '%&th%h%%%ei .t he

si mul t aneous neasurenent by a plurality of & |gnﬁéﬁt Systens

descri beds abaye iigerRel9r, MBE- SRk Y r #618 oGRlchd! &y POSHE nOD, LAl A2 /5 8%t h
direction (direction parallel to optical axis 'AX of projection

optical systemdels) téftwaleehdtakiet B thist aQ gnsehitgflay ker ekakhe st Bat nt
at | east one alignment system perforns detection of an alignment mark

i n a def ocused sim¢eayThasyade npliet @ iyadidiante, ankasiwotemeniightoto abfer
positions of alignnent marks, which is caused by detection of

al i gnnent naikLeefTBr msdai wa ke def esuseyl bet nade i isupgiessed deterchéon
manner 25 descri bed bel ow. That is, main controller 20

controls stadéQ@FPveF§§§P§ﬁrf?htbiﬂﬁﬁﬁﬂP%égﬁﬁéﬁéhhkﬁh@mﬂ@%ﬁkmﬁn§rthe
o008 4 2 Lt o P SULTe AL end LGL Lo AL s0 At oo
e e et SRR AT S5 U, oak Lt el Pefctge o
centerline of wafer table WTB, and primary alignment system
ALl detects the alignment mark in the alignment shot area that
is located on a meridian of the wafer. Incidentally, the
15 alignment mark may also be formed inside each shot area on
wafer W, but in the embodiment the alignment mark is to be
formed outside each shot area, that is, on a street line {scribe
line) that divides multiple shot areas on wafer W.
Next, main controller 20 moves wafer stage WST in the
20 +Y direction by a predetermined distance based on the
measurement values of the four encoders, and sets the position
of wafer stage WST at a position at which five alignment systems
ALl and ALZ2; to ALZ, can almost simultaneously and individually
detect the alignment marks arranged in the five second
25 alignment shot areas AS on wafer W, and almost simultaneously
and individually detects the five alignment marks using five
alignment systems ALl and AL2; to AL2,, and then links the

detection results of five alignment systems ALl and AL2; to

ALZ2, and the measurement values of the four encoders at the



changing a relative positional relation in the Z-axis direction

(focus direction) perpendicular to the XI plane 5 between alignnent
systens ALl and AL21 to AL24 and wafer Wnounted on wafer table WB
(waf er stage WST) using the Z-leveling mechani smthat constitutes

part of stage drive system 124, at each pgsition at which the

position of wafer stage WST is set for detecting the alignnent marks
in the 10 respective alignnment shot areas descri bed above.

FI GS. 13A to ti3® Showa datetdisiathend fetees itheroinmamksogy Wadershaming .
performed by five alignment systenms ALl and AL21 to AL24 in the state
shown in FIG 12B R N GEPLESA L6F ¢Af BPVEE atRrISBTS 398 IShtin Hde

ar cas descr i G SHSVE EhdlY 6 TATRS SN0 £ S SRS Wiker o
waf er table \A@%s(d@rrferntl\:\lrah.aelsocfﬁttﬁg .I'%U.J; ?ﬁgg'dfefr%r £‘Itld %'eﬁz%sﬂ%ée&%esgr%qon

e
different alignnment marks are al'nost 'sinu neousl'y being de

usi ng al i gnMeyyt wsYSk e Alksangd A %%iﬁ:@oﬁ'—azflwhhghtﬂe{reséi’i&nl%fgngfsgg}%ns

13A, alignnment systens AL21 and AL24 on both sides are in"a focu

state and thelrlesnd AlEY ©b BORTRRN SY5bEPS iaiQ tahcd1Bai0ghg ahBalRally
In the state of FIG 13B, alignnent systens AL22 and AL23 are in a

focused st at eledrdtt biee rénginmeng mé Iigs reErbngpst Bmsharfe venthidefaddusesdnt
state. In the state of 25 FIG 13C, only alignnment system ALl in the
center is inSadocrsed St ardahdl.r emal milmpsd] isgmvdritansymtsdis aarde
in a defocused state. In this pmanner, by performn

si mul t aneous FESSH ALY SRtECTGNRRALE R 1B Ity RAEKE g?%?%ﬁst%?i:ar
d AL21 AL? 106 il i | at.i it | ti

" the 22 by Beikeedtt 08, SRBL BRI RS ol sl syis R R B ognd By
| t AL - f

fable B (vare 2t g i e S R e N T P O o e

5 WIB (waf er s\Wsteaftynffl 0@ mld opyents Sysd & cRAsERMLE th€ues of the
alignment marks in a substantially best focused state. Accordingly,

mai n cont r ol Ifeir2@neaidleasc Wiatteley tdeieeetf ithe mtksthionmddlistores them
positions different fromone another on wafer Ww t hout being

af fect ed by umeweneress yof(ridte shafwer) W surface 10 or the best focus
difference anong a plurality of alignment systens, by preferentially
usi ng thk>det ecti oNeK&sumaisf conbraatRr 2ormexaspraier rettdme Mt in the
favorabl e focused state of each ali gcnmen,t system or the |]|Kke.
+Y direction by a predetermined distance based on the
measurement values of the four encoders, and sets the position
of wafer stage WST at a position at which the alignment marks
arranged in the three fourth alignment shot areas AS on wafer
20 Wcanbe almost simultaneocusly and individually detected using
primary alignment system ALl and secondary alignment systems
ALZ, and ALZ;, and almost simultaneously and individually
detects the three alignment marks using three alignment
systems ALl, ALZ,; and AL23, and then links the detection results
25 of three alignment systems ALl, ALZ; and ALZ3; and the
measurement values of the four encoders at the time of the
detection and stores them in a memory (not shown).

Then, main controller 20 computes an array of all the

shot areas on wafer W on a coordinate system (e.g. an XY



Incidentally, in the description above, for exanple, the 15 detection
result of the mark in the nost favorable focused state of each
alignnent systemis to be preferentially used. However, the present
invention is not limted to this, and nain controller 20 may obtain
position information of alignnment marks abhso using the detection
results of the marks 20 in a defocused state. In this case, the
detection results of the marks in a defocused state maybe used by

mul tiplying tdnergbinedts snskenwiigihyhe mptiaiaghexia cfcpoeiantéoniddtical
t he defocused state. Further, the detectlon result of the mark in the
def ocused st &% e SonBfi hes PELEER) (1A tifafeftnby Heh @ BNARSUT §TRRTE gkes

state, for | e, endi ng, on erials rs formed_ on the
waf er, or thé%?%ﬁf ﬁ%ﬁ%fﬁ@?éﬁﬁﬁ?rﬁg 3Eﬁﬁfd”F6¥§acW¥ﬁp? rming a
al'i gnmsnt Sy%&%ﬁ“i[%qeéaﬁCEl vor a%? fﬂéAQnert"Thoor I n th%;e JtscLiosed

state with whi nmost gan b alne

in a defosused, stahe.c.anth1 L0kAES tc;%ar&_fs%r rm{é%l@{]e& e ks may

be obtai ned usi'ng such detection result er, as can be

seen from Fl @Gpp1idAtienlB0b1akhtiba) Q@;tl 6@1-0@4%90(&1-@ &okb@sﬁbhgﬂﬂ@m S.
systens do not always 5 coincide mnth the sane ideal direction

(Z- axi s di r e®atemt ¥o c dr, aBdl, 6,1 7anand ua et i kdeushhhudrec@cbéct bbs dddufl ts
(telecentricity) of the optical axes with respect to the Z-axis, the
det ection re®fl ©s toftadogift ildns lafgritem talnagrivee mn drévties avoud ek ransd dude
error. Accordingly, it is preferable that the tilt 10 with respect to
the Z-axis ofﬂe@ﬁélr@ﬁ‘tei”dh}’agbé% F LBPIT Qe CACPgRAEMP S edd 1 §he manner

1 gnmontd maries e ARstited s D A9R hitast SRE S UI T RS
basel i ne nea%@%%gﬁpALngsellne check) of primary
As is described above, in the embodiment, by moving wafer
stage WST in the +Y direction and setting the position of wafer
stage WST at four points on the moving route, position
15 information of the alignment marks in alignment shot areas
AS at 16 points in total can be obtained in a remarkably shorter
period of time, compared with the case where a single alignment
system sequentially detects the alignment marks at 16 points.
In this case, for example, as is understandable in particular
20 when considering alignment systems ALl, AL2, and ALZs;, each
of alignment systems ALl, AL2, and AL2; detects a plurality
of alignment marks arrayed along the Y-axis direction that
are sequentially placed within the detection area (e.q.
corresponding to the irradiation area of the detection light),
25 associated with the operation of moving wafer stage WST
described above. Therefore, on the foregoing measurement of
the alignment marks, it is not necessary to move wafer stage
WST in the X-axis direction.

Further, in this case, the number of detection points



15 alignment system ALl will be described. Herein, the baseline of
primary alignment system ALl neans a positional relation (or a

di stance) between a projection position where a pattern (e.g. a
pattern of reticle R) is projected by projection optical systemPL

and a detection center of primary alignmepy 20 system ALI a.

At the point in tinme when baseline measurenment of primary alignnment
systemALl is started, as shown in FIG 14A nozzle unit 32 forns
1iquid i mer sitdve BHBRE IS HEEASEN epED|tape i Bhs bt ahl guysn emaiksand watfer
| east one of msasurerrent 25 table MIB and CD bar 46. That is, wafer
stage WST an r?é’éstulaéﬁeﬁtlmﬂsﬁg@lmﬁaﬂéoliﬁl& @?5@@’5@@ R PRt TR Fb Rt

measur eneni %9&9%3‘ Wi %ﬁ%&ﬁf' S B R Ly GALCT e A 4R
star mark in 4 2 ke t he, detect.i o

result of pri mary ;EFI gnrre QIsafs em %ﬁ% ‘Eﬁcorreesgo §l?ﬁ i particilar
neasuremegt v@l uestpb £RcoderegiRA Lo IR At the E'_'meaﬁg.t h@f alignment

det ecti on, and stores themin a nmenory. Hereinaft I S“processing

is referred tsy saends )Rr | TBEHK rheeneyhphomesShadwaler EhggeakeTofin the
conveni ence. On the Pri-BCHK fornmer processing, the position wthin

the XY pl ane Yt@xdfs wefrercttiain eHAEB iiss cotiagalnadd thased e rawo dX rheadsn
66 indicated by being circled in FIG 14A that face X scal es 39X1 and
39X2 (encoder(&-70B sadd rPOG).onana £t dop Yuhehtisy 64Y 2 JarahngA Ml syredierst, edhe
by being circled in FIG  14A that face Y scales 39Y1 and 39Y2
(encoders 70R2&H¢ R60pCsiEhonRest LTexeRR Py $OE gnothpr aaivafer W can

Contr0||f6 Z%es%%k%%ted simultaneously using the required number of
alignment systems, in accordance with the position of wafer
stage WST, in other words, in accordance with the shot array
on wafer W.

Meanwhile, the surface of wafer W is not an ideal plane
15 and normally has some unevenness. Accordingly, in the case
the simultaneous measurement by a plurality of alignment
systems described above is performed only at a certain position
in the Z-axis direction (direction parallel to optical axis
AX of projection optical system PL) of wafer table WTB, it
20 is highly probable that at least one alignment system performs
detection of an alignment mark in a defocused state. Thus,
in the embodiment, measurement error of positions of alignment
marks, which is caused by detection of alignment marks
performed in a defocused state, is suppressed in the manner
25 described below.
That is, main controller 20 controls stage drive system
124 (Z-leveling mechanism (not shown)) and a plurality of
alignment systems ALl and AL2; to AL2, so that each of alignment

marks formed at the positions that are different from one



novenent of wafer stage WST in the +Y direction so that neasurenent
plate 30 is located directly bel ow projection optical system PL.

After starting the novenent in the +Y direction of wafer stage WST,
main controller 20 detects the 20 approachi ng of wafer stage WST and
measur enent stage MST based on the outputgsof clearance detection
sensors 43A and 430. Before and after that, that is, during the
novenment in the +Y direction of wafer stage WST, main controller 20
starts to opeémnaian enswiagArafdi #eBmgist driimvé tapehasilyndeBdAtaddoB4B ch
25 and permts the further approaching of wafer stage WST and .
nmeasur enent SHAGEMESTE By SEFENFAGT BRBOBALRY eF % camly ﬁﬁég{lmﬁﬁilriﬂarkr while

controller 20 _confirms the opening of shutters 49A and 49B based on
det ection resiTEY Ghérfi %‘T%&%‘?glts]éﬂ’sa&r LR IOn Nak(tDS imddilt el y

after detect ic{lg_»ce{é%%i"’a(f & CH,{SSE) ?:ﬁ_gre girgon\c/)\glr%ear?ﬁden@i%ﬂ% SR tsr;[aetaqgf I\I/QE_LEne

t
. a
cone 1nto conta eac r oser togetner

di stance of @f&w@m%&@nﬁﬁ@%g&éﬁﬁ AU P @210%' hiizgnaggtgﬁ%gnw

sensors 43B and 43D, main controller 20 stops wafer stage W5T.

that, main 5neoemide] l@f REdurddiare mavesWRsur waga MR amb
waf er stage WST integrally in the +Y direction while keeping a

contact st at &-dfevedadsyy ermritarsitsagee ST cands tietfugre sstpager \ABT Hteige drive
keepi ng a di stance of around 300pn). Then, in the mddle of the
movenment , |i quistammierdsi et greh pasisidel &vevlkich riome WD bar &b wader

waf er table WB. ., d. Then, when wafer stage WST reaches the

posi ti on showtdds MG mBethdiar dafieding Yo stldpEmssith mdges nghe
and MST,. and neasures_praqj.ected,i s (aerial images f a pair of
measur enbit MRS Gt et ‘Z‘Iém}ﬁmtthg‘”’?1 & 1576 ‘Jé‘ﬁcéfdljfﬁfi Fﬂ(ijcﬂveecti on 15

optical system PL, i<Ng rial 4 measur,in nit inecludin
gg'%s 18K"4 &4 4dT8ES, T 5 U g, Ml b éé‘ﬁg?ﬁlon o%giarrgs

measur enent plate The aeri a I mages or neasurenen S 1n

are several | ynpasurafl iisnpbhecagehaly ifTRge  MeasyEs s%q@gs %tﬂtlogneygﬁzl

slit-scan nethod using a pair of aerlal inmge neasure

patterns SL, t3 Mrbarid ocidiest2d e thatrics dbschiesed ine J¥ition of
exanpl e, Kokai (Japanese Unexam ned Patent Application Publication)

No. 2002- 01460@F <(rt beagerwgBaendiengat).the Batent: 1Appbbsation of alignment
Publ i cation No. 2002/0041377) referred to previously and the like,
and t henl &t ofeés kshen ridesthéndritl igrmdrts shaerd rdad pagerihedmidye i nEach

of FIGS. 13A to 13C shows a status where wafer table WTB (wafer
W) is located at the different Z-position and different
alignment marks are almost simultaneously being detected
using alignment systems ALl and ALZ2; to ALZ4. In the state
20 of FIG. 13A, alignment systems AL2; and ALZ2,; on both sides are
in a focused state and the remaining alignment systems are
in a defocused state. In the state of FIG. 13B, alignment
systems AL2; and ALZ23; are in a focused state and the remaining
alignment systems are in a defocused state. 1In the state of
25 FIG. 13C, only alignment system ALl in the center is in a
focused state and the remaining alignment systems are in a
defocused state,
In this manner, by performing simultaneous measurement

of alignment marks by alignment systems ALl and AL2, to AL2,



25 accordance with the XY position of wafer table WIB) in a nenory .
Hereinafter, this neasurenent processing of aerial images of
measurenment marks in pairs on reticle Ris referred to as a Pri-BCHK

| atter processing for the sake of convenience. On the Pri-BCHK | atter
processing, the position within the XY @ plane of wafer table WB
is controlled based on two X heads 66 indicated by being circled in
FIG 14B that face X scales 39X1 and 39X2 (encoders 70B and 70D), and
two Y heads 6hiilmdichatngd nigy abeehgtdivecbedithokhG rdld-ibatid ade: ¥-axis
scal es 39Y1 5 and 39Y2 (encoders 70A and 700). Then, main
control | er 26lig&AduLas (fheupadérenbion) fretmasn &l Pgnnehityyst emhignment
based on the results_of the Pri-BCHK forner processing and the

resul ts of tFYSBEHK 321 Pdrorprdddssialy Heder Barp on wafer table

15t Gt o, o AR, B BT AT LEPER
. : . T and

Parer ot age VAP AT2fel MzorhicPeoptY ey IR et SR Rbtt g one

from each ot han @nentl st ance g B300PMest focudXist e .

basel i ne neasurenent operation of secondary alignnment system AL2"
(n=1 to 4), wWickirdihdaer,f aaied geitHol 1(dr0 20 wafreractuddie IRead tfcta the

lot) right before the processing to wafers in the lot is started,
wi || be descmayée. fblemedmt 2@ stild dnasséli F iereht sEcandaryaabtjarest wafer
system AL2, neans a relative position of (a detection center of) each
secondary al MgrrEhousyee bpy AL eatiachbyt Wecdenress Of tost eafef )W surface
pri mary flignnent sgsten1AL1 as,a _datum Incidentally, the position
in the XAxi STAEPECPPER 6PCUBCOREEPYCRFF gHRME Byt MY qfhalignmest
4) is assuned to be set b gein drjven by rotation drive nechani s
60, for examSecTe R¥CHHAREETE T hi Y A RHb el oHAChL6h 1TE  Hafer £he
in the lot. mark, for example, in the most favorable focused state of each
alignment system, or the like.
Incidentally, in the description above, for example, the
15 detection result of the mark in the most favorable focused
state of each alignment system is to be preferentially used.
However, the present invention is not limited to this, and
main controller 20 may obtain position information of
alignment marks also using the detection results of the marks
20 in a defocused state. In this case, the detection results of
the marks in a defocused state may be used by multiplying the
detection results by the weight in accordance with the
defocused state. Further, the detection result of the mark
in the defocused state is sometimes better than that in the
25 Dbest focused state, for example, depending on materials of
layers formed on the wafer, or the like. 1In this case, with
regard to each of the alignment systems, detection of the marks

is performed in the focus state with which the most favorable

result can be obtained, that is, in a defocused state, and



e. On the baseline neasurenent of the secondary alignnment system
performed to the wafer at the head of a lot 111 (hereinafter, also
referred to as "Sec-BCHK' as needed), first of all, as shown in FIG
15A, main controller 20 detects a specific alignnment mark on wafer W
(process wafer) at the head of a |ot withgprimry alignnment system
ALl (refer to a star 5 mark in FIG 15A). Then, main controller 20
makes the detection result correspond to the neasurenent val ues of
encoder s 70A gas if0Drati nflpemaitienot £t hiee ded ©ics i@y, bandbsébdned wdhieny isuch
amenory. In the state of FIG 15A, the position within the XY plane
of wafer tabl®dfHid cftidided by main controller 10 20 based on
two X heads 66 faci nq: X scal es 39X1 and 39X2 (encoders_ 706 and Zé&[ﬁ)e
ridre

and two Y heads 64yXIh¢I84(f FaRi g Se¥edid 396 -andA38921¢en

70A and 700). . f.. Next, in contraoller 20 noves fer stage
WST in the - XER et i%is g alr?d:«g}eer TR s 1T ‘?msan%@a{%o% ¥h

P ection by a Ppre

FIG 15 1BB, dgtects the p&féfga%ea'ii&éynigr iggé@]agtq%%ﬁﬁ%;n [dection)

al i gnnent system AL21 (refer to a star

the detectiomd@sdtle160r rasPt 1) the MeAsUSIRN v alnes af encoder s
70A to 70D and stores themin a nenory. In the state of FIG 15B, the

posi tion wi thiteIdwenttipliang 20 tofe et £tal abke With krespeatrid tBd z-axis,
based on two X heads 66 facing X scales 39X1 and 39X2 (encoders 70B
and 70D) and tthsodat hehdsn 64 sfddisngf Yosdaliess39fyt haredl 39Yer(teme pklerculd
70A and 700) . g. Simlarly, main controller 20 sequentially
noves waf er STEJelARBELLPR-heAeROEAEBELY onlBints sekpksdtal ¢ yChrt ddis tAgt
t he specjﬂéi c alignment mark wi.th the remaining secondary alignnent

systens AL22VIAMRF HREAL IS Wi A17eH S&udhts ARY Gfakesiahet all the

GeLeot 1 o0 ¥ oS 3ufBy SYARILS 25t NS TEBRMT IRl YALUES O SIOOMRLES o
results of positions of the alignment marks are corrected based
on the measurement results.

Next, baseline measurement (baseline check) of primary

15 alignment system ALl will be described. Herein, the baseline
of primary alignment system ALl means a positional relation
(or a distance) between a projection position where a pattern
(e.g. a pattern of reticle R) is projected by projection
optical system PL and a detection center of primary alignment
20 system ALl.

a. At the point in time when baseline measurement of
primary alignment system ALl is started, as shown in FIG. 14A,
nozzle unit 32 forms liquid immersion area 14 between
projecticn optical system PL and at least one of measurement

25 table MTB and CD bar 46. That is, wafer stage WST and
measurement stage MST are in a state of separating from each
other.

On baseline measurement of primary alignment systemALl,

first of all, as shown in FIG. 14A, main controller 20 detects



112 h. Then, main controller 20 conputes the baseline of each
secondary alignnment system AL2" based on the processing results of
the above "e", and the processing results of the above "f" or "g".

In this manner, since the baseline of each secondary alignnment system
AL2n is obtained using wafer W (process ywgger) at the head of a |ot,
by detecting the sane alignnent mark on the wafer Wwith primary

al i gnnent system AL1 and each secondary alignnment system AL2", the

di fference i nlcsteavtdson fighwfifasletmaanoiy! tlecadid gnimerthes ystraresr caused
by the process can also be corrected by this processing as a result.

| nci dent al | y NaF83E19M7a thRA3tiPeh® il tof PEEEAY A AL HINGHIEHE tefishleln (Kefer
may al so be perforned usigg,a dat um mark on wafer stage WST or

measur enent  $tPageSHBF, MRhSt Had Ut tifé)al | {RRBntMAEN (kE T t e afhfgkes
In this case, fi i al. .nmar k. _FM-Qf surenent_.pl ate 30 used in.the
basel i ne rrgastt?ree?riééﬁﬁe%&loprirr?asruylocaﬂr% r?@rﬂargysﬁlgr%nﬂefscnﬁy sgcéenh@dl,

that is, §idygyale By gM IEP% ﬁgégul}_)l@mgﬁ?ﬁgéfﬁggyof%@c%f&:pd%dﬁd’ﬁ to 70D

al i gnnment system AL2". or exanpl e, nunber t um mar ks
are 20 arranged o wWahRr o agR Wkt iRaS WrRiMBith relAda M in B tR&ory.
same positional relation as that of secondary alignnment system AL2",
and det ect i onleofe itraef taat, urnhiar ks dnessdenndar wefldrgenio S\Stee MALBCHK
may be executabl e al nost sinmultaneously. As the datum marks, for

exanpl e, ref droamee packs sMiolg ,Codhart 6 see 268 algydrg esed. On the
Moreover, the datum marks for baseline measurenent of secondary

al i gnnent sy SEEMBHAPrBEr P aRgedi B, diePostiddeonvBTthangthe XY plane

predet erm ned positional relation with fiducjal mark FM for baseline
measur enent &fpb"rai e v 20 Aeh £ S5 o 1 O{ %’r?cfet’fgtoéjcttiw@n e 60

exeout abl 6 Al MRE S PY ARGOLLIy WA HLoRt | O o "PL AT HarkoER oK1

execut abl e al oSt si ul t anéou etec

by primary alignasal eslem Ak okahlli fosRSend MG VMRELa ol AR UM 6oy,

mar ks for baseline measurenment of secondary alignnent system

nmaybe one, of nidiagUBYy B ks AR REHanged 1i4n Phit afacd o s8X28B By,
t he sanme nunber as the nunber of secondary alignnment system AL2n .

Further, in thel &%fiyodierobdegbsntereanld obcpri mary ali gnment system
AL1 and secondary alignnment system AL2" can detect two-dinensional

mar ks (Xland Y mar ks)Nexhe dasasbbwneisn I0G.nl{Be néiaxconandlibe 20 atiasts
directions of secondary alignnent system AL2, can be obtai ned

si mul t aneous MPVIRend| g arnstdigreiSlondl ther kK &tlneed idnmsofthat
basel i ne nmeasurenent of secondary .alignnent system AL2". In the ,
embodi ment , fICRTHT&M T © Srf et disice WS Yarkf ite PAAIGGRERR

mar ks on the wafer. jnclude, f exa e-di nensi ona
L

le,.th I
mark and Y ma licr'?lly\/ﬁq’ly(:sttfeg1 prur agi%f?ron_eﬁgﬁékﬁg}:ﬁg apgeggpl o&IPCEFPyJFY
arrayed in theg Xa%i$ @@dwgf@§'§tﬁgé%ﬁﬁho&ﬁiﬁeEBEEEbeé¥'20 detects the

20 approaching of wafer stage WST and measurement stage MST based
on the outputs of clearance detection sensors 43A and 43C,
Before and after that, that is, during the movement in the
+Y direction of wafer stage WST, main controller 20 starts
to open shutters 49A and 49B via drive mechanisms 34A and 34B,

25 and permits the further approaching of wafer stage WST and
measurement stage MST by opening the shutters. Further, main
contreller 20 confirms the opening of shutters 49A and 49B
based on detection results of opening/closing sensor 101,

c. Next, immediately after detecting that wafer stage



Next, a Sec-BCHK operation, which is performed at predeterm ned

timng during the processing of wafers in a lot, 20 for exanple, a
period from when exposure of a wafer ends until when the | oadi ng of
the next wafer on wafer table WIB is conpleted, that is, during wafer
repl acenent, will be described. In this gase, because the Sec-BCHK i s
perfornmed at intervals of each wafer replacenent, hereinafter the 25
Sec-BCHK is also referred to as the Sec-BCHK (interval). On

t hi s Sec- BCHEST andmagyurenerghataden!Sl comge ntrmcantant molileeagh other

noves neasurenent stage MST so that straight line LV on which the
det ection cent®r C6MEpri ARy HRIY TN tsy Tkt anae iof praued 300pm) based

s e AR A R e e 450
AL2n. Then, 'Hiaji'?u %%ttrr@llleerr ?2% %%ﬁ;ﬂ%t %a%Q% g%aégtﬁé&pn I-Pgtet t%:lrtsd'ersnain
based on the nmeasurenent val ues of“a pair of Féeference gratings 52 on

CD bar 465an¢dhttrdieads 204yl 2Rd (6A%2esNHb sl ednby+ bei %gf'ﬁjmfer

FIG 16 that face the pair of reference gratings 52 respective

(Y-axis |ineaitagrcondr sindg rand v Q) tand-wlEaadiiust siHie keeping a
XY-position of CD bar 46, for exanple, using the neasurenent val ues

of the inter feerdmettess,a trasad rmera stbreemeres Wwtengen tMSTalamels wEF cof spracramisT
al i gnnment system ALT indicated by being circled in FIG 16 that

detects refer@feekaapknwd déatescenctemoamid aeddn) of THexrsurienene middle
table MIB or in the vicinity thereaof, . Then, in this state,

mai n cont rol 1% t36 BRVEMRELeadhaBidt HETBASEPT R 14 ot deddaifgmd) from

al i gnnent . syste A to AL24 / b i mul t aneously neasuring

ref erenc Ona?%’%%ﬁha%%tﬁhﬁa ﬁtﬁﬁgy%¥q cated within the field of

each of the secondary i gn t Si 0 econdar y.

al i gnnent systens gﬂé%ﬁ%%’xﬁgﬁ{w%%%%ﬁﬂgl HggéiE%%H%%%gedg%%E%Eﬁhﬁﬁown
drift of thei'?@@@ﬂ;'.r!LeﬁB,O?nafi‘ﬂUéo%?EQﬂ%@HQ(ﬁls‘tgﬁg%tﬁ%fﬂa et lad®usT,

AL24 is corrected 20 by using the newy neasured baselines.

and measures projected images (aerial images) of a pair of
measurement marks on reticle R that are projected by projection

15 optical system PL, using aerial image measuring unit 45
including measurement plate 30. The aerial images of
measurement marks in pairs are severally measured in the aerial
image measurement operation by a slit-scan methoed using a pair
of aerial image measurement slit patterns SL, similar to the

20 method that is disclosed in, for example, Kokai (Japanese
Unexamined Patent Application Publication) No. 2002-014005
(the corresponding U.S. Patent Application Publication No.
2002/0041377) referred to previously and the like, and then
stores the measurement results (aerial image intensity in

25 accordance with the XY position of wafer table WTB) in a memory.
Hereinafter, this measurement processing of aerial images of
measurement marks in pairs on reticle R is referred tc as a

Pri-BCHK latter processing for the sake of convenience. On

the Pri-BCHK latter processing, the position within the XY



Incidentally, the Sec-BCHK (interval) described above is to be
performed by simultaneous neasurenment of different reference marks by
a plurality of secondary alignnent systens. However, the present
invention is not limted to this, and 25 each of the baselines of

four secondary alignnment systens AL21 to1A424 may al so be obtai ned by
sequentially (nonsinmultaneously) measuring the sane reference mark M
on CD bar 46 with a plurality of secondary alignnment systens. Next,

t he operati oml@fnep@sﬁpwa(f@raapﬁéﬁnﬁﬁﬁ bf senbndaigd hasedlémgrimentX heads
system AL2" will. be briefly described based on FIGS 17A and 173.

It is assumed& RRELEALES PVO%%FW&%WWH&% phBnBRt afagmnemcales

posi L1 onal e3¢ GOSN TR EPera7A08 bhar (Ubhe atustreiheaes 64°
shown | n 71 Gy chife Jit B, O90LL01 01 20, TVefe TOARLRIENE, 5L 30 MBT S0y,

that primry A I"gnne ur~ Secondar

systenms AE21 4@ AldA qégcbgggegedogoaggowgc@ bar 46. Next in the
simlar manner to the case of the Sec-BCHK (interval) descri bed

above, main controlrhen,26haad Wehs riche e&7 200tainpan «af tE PalseAq nkased
on the measurenment values of Y-axis |linear encoders 70E and 70F (Y

heads 64yl amd iféy3) aldrshredrso sadjtiest ATHe bb<pbsirt ithre afes@DHzaroMGhe
based on 15 the neasurenent values of primary alignnent system ALl
that det ect s Hraf&Cic & anmer MucseRsddcorRrseither [nasaltls off s PremBeHK
table MIB or .in the vicinity thereof. Sinultaneously with this

adj ust ment , & SCoMEANNSSL IS GeHCAHIES e APVS arns 56 at the tip of

whi ch eafg Seconda&%cidentally, at the point in time when the baseline
measurement of primary alignment system ALl ends {i.e. the
Pri-BCHK latter processing ends) as is described above,
measurement stage MST and wafer stage WST are in a contact
state {or a state of being separate from each other at a
15 distance of around 300pm).
Next, a baseline measurement operation of secondary
alignment system ALZ2, (n=1 to 4), which is performed mainly
(to a wafer at the head of a lot) right before the processing
to wafers in the lot is started, will be described. Herein,
20 the baseline of secondary alignment system AL2, means a
relative position of (a detection center of) each secondary
alignment system AL2, with {(the detection center of) primary
alignment system ALl as a datum. Incidentally, the position
in the X-axis direction of secondary alignment system AL2, (n=1
25 to 4) is assumed to be set by being driven by rotation drive
mechanism 60,, for example, in accordance with the shot map
data of the wafers in the lot.
€. On the baseline measurement of the secondary

alignment system performed to the wafer at the head of a lot



20 alignnment systemAL2" is arranged, around each rotation center as
indicated by arrows in FIG 17B, by driving rotation drive nechani sns
601 to 604 based on shot map information including information on

si ze and pl acenent of alignnent shot areas on a wafer to be exposed
next (i.e. placenent of alignment marks 2p5;0on the wafer). In this

case, main controller 20 stops the rotation of each arm56 at the
position where a desired reference mark Mon CD bar 46 is |located in
the field (defthestsiong reaa) abboemdie msmsbhdarsy™ abt gRABKY asyseeded 2 first
while nonitoring detection results of each secondary alignnment 116
systemAL2n. Tustllrhé@Had¥ime roff e didar Jadin ordmo ldyest & Aexedts a
adj ust ed (changed)_.i ccordance with the Placenent of alignne

. t
mar ks arrangéd %)ftl;?gaiFFBﬁﬁEﬁtT Pna‘?’%g%_ o (BECgBFEMEF _Iﬁtg?kh%rhead
o ooy O b 38y RikBepEaAXES 2 SLEGERL 00 Lot it ol SO B2 ar

2y
of secondary al irghnment "system i's?changed:

waf er VVi@,tﬂ%rXTQ%i%HﬁirqgﬁbQP1TﬂeHLUﬁQEBtXOQkE%PﬂEQtZﬁaﬁgﬁe@hgﬁg

positions in the X-axis direction are substantially the sane an

whose positi eREddtildie réAxitsS didreelidl e Wd TRyt o makan Ws10Q
can be sequentially detected by each secondary alignnent system AL2n.

I n the enbodiemeniderisn 70Retwal @D i ithremedinecoper alié ez tdddion S,ard sthees
detection operation of the alignnent marks on the wafer by primary

al i gnnment sy$hem AL B merio secordat e altiagrmentr Isst & Ab2rposaf een Wiithin
to be 15 one-di nensionally noved only in the Y-axis direction, as

will be descithget! Pdcee oHygdeartakika VARG tsheonpepht poky Ratn genserildrr

b 1 ol at Tuel FURRELE £ G HNTAT DR G SohE P (He Fidtrgs (encaders

direction (e Ln,t - ax| iyection)., In 20 this. case, ,the

posi tion of F%g %89&:@%(3%% gggn%y 56 asdj)af}gt?eacf1 §4tyﬁefar$03\)’éqrgn c%}es 397,

secondary al iaglgng@thsyéﬁgg?é%:gnqogr aHﬁl yowafer Wmay be noved in view
0 a

of the adjustnment peéeriod Ime or change in the baseline. Then,
after the baselinefQfnsgepntdarycaht 9pMBAL BY&b®®s wafer stage WST in the
-X direction by a predetermined distance, and as shown in FIG.
15 15B, detects the specific alignment mark with secondary
alignment system AL2; (refer to a star mark in FIG. 15B), and
makes the detection result correspond to the measurement
values of encoders 70A to 70D and stores them in a memory.
In the state of FIG. 15B, the position within the XY plane
20 of wafer table WTB is controlled based on two X heads 66 facing
X scales 39X, and 39¥%; (encoders 702 and 70D} and two Y heads
64 facing Y scales 39Y; and 39Y; (encoders 70A and 70C).
g. Similarly, main controller 20 sequentially moves
wafer stage WST in the +X direction and sequentially detects
25 the specific alignment mark with the remaining secondary
alignment systems ALZ2;, ALZ23; and AL2,, and then sequentially
makes the detection results correspond to the measurement

values of encoders 702 to 70D at the time of the detection

and stores them in a memory.



25 AL2n is adjusted in this manner, main controller 20 fixes each arm
56n to a main frame (not shown) by suction by activating each vacuum
pad 58. Thus, a state of each arm56n after the rotation angle
adjustnment is nmaintained. Incidentally, in the above description,
reference marks 117 Mformed at differentopositions on CD bar 46 are
to be sinultaneously and individually detected with five alignnment
systens ALl and AL21 to AL24. However, the present invention is not
limited to this, afd Thenbasdn ¢eniofolkeoi@argnrytiemibatbdssligtenft each
AL2" can al so be adjusted, for exanple, by sinultaneously and .

i ndi vi dual | y SRSHaTE T GHRH haried Adrimelageddens é#lenpreeeistsilaﬁs

on wafer W (proc th five a nt systenp ALl a d

to AL24 and &djd LP(SJ]ISEI V\Bt{%e‘)r%gﬁeon €of @3@ et A herSSi ot the
enbodi nment , gy%v%p‘ eling. the position of the detection area) of
secondary alignnent system™AL2" is to be adjusted using reference

marks M of CD bar 46 Q'hltsh%aln'nlé% HQWee e e sadliust RN ReRAary

is not linmted to this, and for exanple, secondary alignment system

AL2, only ha%ltl@rﬁ)[@aﬁfl)yyétémﬁ%@@@bt@@ﬁeHIMﬂ@Wéﬁei@ (BASHES 8YraitleS )
p05|t|on with the sensor described above. In this case, it is only

necessary toagnhey Hewel sequence i bwhiettedthieghase ismenet fadl gnaerteerark
nmeasured before the novenent is corrected based on the position or

the novenent candirgt Woff svedbrtiddy ratiimgrrre sl igrateniAlsy s tesadirledirisy dateh
sensor, or the 20 baseline neasurenent is executed again after the

moverment, or SSCAERY e IPRSBL| ﬁésﬁ’élas%%%weﬁ@eo‘fllgé%éﬁﬁ"é? y-aldegeesAon
t f d aft th det ect f
System A SR AR StoAmeSdr ?ésiélp%%fwé‘%%ea”f'mewﬁ%n HeS vy 2an
surface in trgﬁs% ¥ S A2 gﬁ__reelctbfnch(l@erp@or&agstﬁr rf]gso ed tloC as focus
p

mappi ng) that is perforne osure apparatu

embodi ment  withlc kR rdesan, befhse1ine n@&édl"erﬁé?ﬁu%md?ﬂiaﬁs aﬁX%e'xﬂz
FIG 18A, nmain controller 20 controls thé position within the
pl ane of 118system AL2, may also be performed using a datum mark on wafer
stage WST or measurement stage MST, instead of the alignment
15 mark on the wafer. In this case, fiducial mark FM of
measurement plate 30 used in the baseline measurement of
primary alignment system ALl may be used, that is, fiducial
mark FMmay also be measured by each secondary alignment system
AL2,. Or, for example, the “n” number of datum marks are
20 arranged on wafer stage WST or measurement stage MST in the
same positional relation as that of secondary alignment system
ALZ,, and detection of the datum marks by secondary alignment
system ALZ, may be executable almost simultaneously. As the
datum marks, for example, reference marks M of CD bar 46 may
25 also be used. Moreover, the datum marks for baseline
measurement of secondary alignment system AL2, may be arranged
on wafer stage WST in a predetermined positional relation with

fiducial mark FM for baseline measurement of primary alignment

system ALl, and detection of the datum marks by secondary



waf er table WIB based on X head 66 facing X scale 39X2 (X linear
encoder 700) and two Y heads 64y2 and 64yl facing Y scales 39Y1 and
39Y2 respectively (Y linear encoders 70A and 700). In the state of
FIG 18A, a straight line (centerline) parallel to 5 the Y-axis that
passes through the center of wafer table VB (which substantially
coincides with the center of wafer W coincides with straight |ine

LV. Then, in this state, main controller 20 starts scanning of
waf er stage wgﬂqﬂmﬁﬂﬂaSHﬁﬁﬁmeﬁﬁ%@nmyaﬁdS@fb@re§E&M¢Bbgelelmhet
scanning, activates (turns ON) th Z sensors 72a to 72d and the

mul ti poi nt AP YRV Y greﬁ)h €9t?ﬁ§lt>rln%f el detleBardnFl danprgmary
th | t t. AF t 0b). b to b di at ed

e o moverdH BrE SvtEag ber imcihs cg?s%&b%&%a%ﬁe%fﬁ%#&mag s
state where %kﬁ?@%@ﬁﬁj%%@ %%s%%% %%% %?esgﬁaéd%g 1%n gg&e égem 'ALZ2,

90b) si nul t aneous as Sh ron

i nformatign (n%yto@csneoscsf lt% 'd'é\ft%ni?rBJ:QQ)m%‘; bt&sr%k%dtfﬁ:;glw& for

surface (surface of plate 28) in the Z-axis directionthat

measured by Zxsefser,sthdasdfle trmbith aBde o shirdest bﬂf%é@@d@ﬂgy (Uit
position information) of the wafer Wsurface in the Z-axis direction

at a plurali tsysdferdBL2Ct | Gmrpdient, Sit hat dnsoatbimeitedshyce i arub £ igrdmatry
AF system (90a, 90b) are | oaded at predeterm ned sanpling intervals
during a periddd gnmemtwatrsitest 45é 8T Je-@BlpmpedddinmgnitnsyhgemYAL2, can
direction, and | oaded three ki nds of information, i.e. two kinds of

the | oaded sHHESE FUSICiBRNSHOGRTalPEHSand #he Fotaikeveiths dased ises
Y | d A and 7 t h d

o ospohll 't $ToRRe HGeHE angc%dﬂa%ﬁggééaﬁ?%ﬁnw%% EPTaE frerpment
(not = 119 Sh% ten1%¥f§0cgﬁggg)%g% 1Bhﬁfg$&%EE ogg§?sn§fu51%g the

mul ti poi nt AF-syste rom war er

control I er 2Q.ends fche %4 hagkdeserihed saRoue @leefi)ﬁ'g?ﬁéaﬁs&%ent of

surface 5 position information at each detection point o
mul ti poi nt Alsesyssiderhy 90agneh) 4 %Fﬁ@arﬁiﬂlén usimé@hkhensed fraeer PFsiduican 1

information by Z sensors /72a to d that has been | oaded
si mul t aneousmarkafMaaddtnefierence marks M, and the alignment marks on the
15 wafer include, for example, the cone-dimensional X mark and
Y mark in which a plurality of line marks are periodically
arrayed in the X-axis and Y-axis directions respectively.
Next, a Sec-BCHK operation, which is performed at
predetermined timing during the processing of wafers in a lot,
20 for example, a period from when exposure of a wafer ends until
when the loading of the next wafer on wafer table WTR is
completed, that is, during wafer replacement, will be
described. In this case, because the Sec-BCHK is performed
at intervals of each wafer replacement, hereinafter the
25 Sec-BCHK 1s also referred to as the Sec-BCHK {(interwval).
On this Sec-BCHK (interval), as shown in FIG. 16, main
controller 20 moves measurement stage MST so that straight

line LV on which the detection center of primary alignment

system AL]1 is placed substantially coincides with centerline



More specifically, based on the average val ue of the 10 neasurenent

val ues of Z sensors 72a and 72b, surface position information at a
predeterm ned point (e.g. corresponding to a m dpoint between the
respecti ve neasurenent points of Z sensors 72a and 72b, that is, a

poi nt on substantially the sane X-axis agsjpmth the array of a
plurality of detection points 15 of thenultipoint AF system (90a,

90b): hereinafter, this point is referred to as a |eft neasurenent

poi nt) on an Gr ead(alea Whdrar ¥ s dalces3oy2mesyf ot hpdjienh $hetem ALl epd
of the -X side end portion of plate 28 is obtained. Further, based on
the average FASRRIY Ivd isusitte ferftt SfalAles - of TFeReBRER JQRtERHLID 20
72d, surface pgsition information at a predeterm ne oint (e.qg.

cor r espondi n@pd[%dlsd:smtaﬁoéﬁtr% tWé@hc’t'fhEBrké eqcb{g'\?ée%eg‘%lﬁ SygEReat
of Z sensors _/ 72d, _t.hat d int aQn St iall he
X-axis as w tvﬁ%lqﬁ%’ng)rfr éy po r}g O&JI ﬁfreéﬁa‘%ﬂt%% “of ggt&tzlg}%so%%&nnt@sb g)fart ?i%m%nd
mul ti poi ng Al $)63l8M64903andSe20D)in et él:ﬂfﬁfrbeirfe& TR L% FIG. 16
referred to as a right “measurenent point) on an area (area where

scal e 39Y1 i sHzar ek ithed R iW GMidafQfeddie gp4tSinde end Reyddan Wit
plate 28 is obtained. Then, as shown in FIG 18C, nain controller 23,
converts the (SiHafdce liossiatri @mdofearsratimomnat 7€@a0h deldectlison adl2@ts the
poi nt of the multipoint AF system (90a, 90b) into surface position
data zl to zKYuviosdtdost pdi ghtbdy bt Kar enamptes whngufeaaoeasurement
position of a |l eft neasurenent point Pl and the surface position of a
ri ght measur &fenesSpof rhepbnbar feHemeker S, MEiseconths TerSPrepent gedies

Puch COMFSLEN g LS, LTGRO0 950e g ol e SEPLRL 1o
d is.d i f d, f |
couence oo, | S SRET e Shoys cal) Sy Lot FRAIRLE O BRSO

with respect cgo otfh%eé\éu@e%%t()fta‘ﬁﬁfeerMT?BZQJ'xe_iWr@h%r Qri%qmlﬁéﬁ‘%’he@éo$ .

measuring the wafer table WB surface poi nt on the area where

scal e 39Y2 is fornmgdeandid PoiNktan et hea dh ebrieI18 o 203bBt39Y3 dath of
formed) with Z sensors 741,i and 742,j, and 761,q and 762, By using

t he conput ed thepossde]l omeand folt sHromndary £5pgahehd stylse b pl.aneoqin2,,
waf er table WIB and surface position data zl to zk descri bed above,
surface bosi bivosimehtaotowsly meappameuefacenct narfleM v &inbbe 46 that
performed without actual |y obtaining surface position information of

t he waf er suifatecapeesriditigl $hestirkd odepech 9hshprottemanes lipnpgat
20 nul ti poi nt AF ﬁystem i s Sl aced at .a position away from prqjectiaon

optical syst EH°PEMSt HE1PPctS rappF WY OF Y tthiet BHETH ettt Tt Addr t BbIAP 2«
be applied alpo .t 0 AN EXPAIWLE ARAY BhURMIRG, WAKIFAY o4 348768 ET i nes
short, or thé TiKe.
of four secondary alignment systems AL2, to ALZ, is corrected
20 by using the newly measured baselines.

Incidentally, the Sec-BCHK (interval) described above
is to be performed by simultaneous measurement of different
referencemarks by a plurality of secondary alignment systems.
However, the present invention is not limited to this, and

25 each of the baselines of four secondary alignment systems AL2;
to AL2; may also be obtained by sequentially
(nonsimultaneously) measuring the same reference mark M on

CD bar 46 with a plurality of secondary alignment systems.

Next, the operation of position adjustment of secondary



Incidentally, in the description above, the surface 25 position of

| eft nmeasurenent point Pl and the surface position of right
nmeasurenment point P2 are to be conputed based on the average val ue of
measur enent val ues of Z sensors 72a and 72b and t he average val ue of
measur enent val ues of Z sensors 72c and 72¢ respectively. However,

the present invention is not 121 limted to this, and the surface
position information at each detection point of the nultipoint AF

syst em (90a, J0ignmedE avsbebdilcbnvett ée bntofdurdese ijosl baseddan £IGS.
for exanple, using a straight line that connects the surface

positions 5 neds@¥d 0Pz sensors 72a and 72c, as a datum In this

case, the differen bet ween the neasurenent val ue of, Z sensor 723
and the maasuremanﬁ%vja? G& S5freg ?11_5S'rp%"%tb%?%fﬁé’gaétloéla}%%t‘%%ﬁﬁrﬁﬁ‘ary

720 ani ihe FRSSTSHntVyarhe o P hoTE YAt At faS BN Yo 2

sanpling &i mpgaape obtaied Seueynalll ¥ehA+3d%aBREyn THEFTMEN s pefore
perform ng surface position control at the tine of exposure or 'the

i ke, by neaswe r@jukensafer table WIB surface with Z sensors 741, 3
and 742d, and 761,g and 762,g and conputing the Z-position and the
tilt (not only theAs5sapwnotiat FAE.bll/Bal saihhecex ridtlati @n) matil
respect to the XY plane of wafer table WIB, surface position control

of waf er W cagasargmendr mddaesMeg tsive toerrp wréthaZypedilginownand yisitketn ALL
with respect to the XY plane of wafer table WIB, and surface position

data zl to zR'FeSERFLERFAMSVEY did e PretenceAldedd Phéd 1 dpeated
wi t hout tually o i ni ng_surface position,informati on of the wafer
ot T ace, 26 Uabobe BbARRE P HAGS AR O f0) O e R X e T o
nevenness d LSt f WIB surface. In
;ctxality, hga%vggg_gghghéaﬁt%gsﬁrﬁi8%%%39% %r%P?é?1uﬂ§g§ﬁﬁ§§§5%%%ﬁﬁé20

25 surface ofgvalkel tRB! & WIR.a kel Jrseptde- 31? Faceqofn avd ﬁ%%sgrement

partial area 28bl where Y scale 39Y2 is fornmed, the surface o

second parti akhlakedc28bkmhenentascaheodo¥d ok kounedr Of hkheas! 6k¢; and
However, even in the case unevenness exits on the surface of wafer
tabl e WIB as 64y, desamd belk @alavie sts whfea®& -pd22tion of CD bar 46 based on
15 the measurement values of primary alignment system ALl that
detects reference mark M located on centerline CL of
measurement table MTB or in the vicinity thereof.
Simultaneously with this adjustment, main controller 20
rotates each of arms 56 at the tip of which each secondary
20 alignment system AL2, is arranged, around each rotation center
as indicated by arrows in FIG. 17B, by driving rotation drive
mechanisms 60; to 604 based on shot map information including
information on size and placement of alignment shot areas on
a wafer to be exposed next (i.e. placement of alignment marks
25 on the wafer). In this case, main controller 20 stops the
rotation of each arm 56 at the position where a desired
referencemark Mon CD bar 46 is located in the field (detection

area) of each secondary alignment system ALZ2,, while

monitoring detection results of each secondary alignment



position control with extrenely high precision can be perforned at a
point on a meridian of wafer W(a straight line parallel to the

Y-axi s that passes through the wafer center). The surface position
control at a point on the neridian 5 will be described bel ow.

When the focus mapping is perforned, Z semgors 72a to 72d that serve
as datunms when perform ng the mappi ng detect surface position
information of certain positions (XY coordinate positions) on the

waf er tabl e B tRm Ahde: THers, e dnsed igleyp 6 dargianhael dgsvenptsiymten
above, the focus mapping is perforned fixing the X-posjtion of wafer
stage WST whittnmb¥i Aagitares $ERgRIGET Suraceprdance Heltly tdie edgasment

I th rds, t.he lines (on the surface of secaond water repellent
bl at e 28b) o Wi ks 2 PO Tt A e G ofs arebs to

posi tion inf q)rewq}é'r%]iegﬁe{loﬁ Lé%b%ﬂ?;g&ﬁ%,f%%%s Tap Itlr'g:)g ﬁ'nsghge%qglgri@

straight lines pa _ hien ocus nap
i's being Qerkﬂﬁﬁﬁﬂjkﬂh%@'M@£%%t%k%ﬂ%nW@IeéSxﬂgﬁbgﬁdkgyhgf%g:ment system

direction), the shot area |located on the neridian o er Is'to

be placed at zaP.exposShagg@. Paidd ,0Rr18EbeWmBKehgClk 08 Ot i€ alh S WSix8s
PL) wi thout noving wafer stage WST in the X-axis direction. Wen the
shot area on diheaterrdi anpIwaxhesy tid gexposuner Resitdenpoaipabhsofn Zhe
sensors 741,4 and 742,4 that are on the same straight |ine parallel

to the Y-axi @i i 2adworarer Zabatdm2inl ahd he 2Bnpaiandwhivse
sensors 761,3 and 762,2 that are on the same straight |ine parallel

to the Y-axi ¥ 25 dliSors arde shiderid oy @t ddtifeeenduomgeater W

hafer table iR & VIRCUTS Gondore St s Vs 36 Chay kP 2T S0 LS
72d have res@%@k@%@hﬁﬂqgtefﬁe%heléﬁkodiment, in the wafer alignment
operation, that is, in the detection operation of the alignment
marks on the wafer by primary alignment system ALl and
secondary alignment system AL2,, wafer W is to be
15 one-dimensionally moved only in the Y-axis direction, as will
be described later. However, during the operation, the
detection area of at least one secondary alignment system ALZ2,
and wafer W may be relatively moved in a direction different
from the Y-axis direction (e.g. in the ¥X-axis direction). In
20 this case, the position of the detection area may be adjusted
by the movement of secondary alignment system ALZ,, or only
wafer W may be moved in view of the adjustment period of time
or change in the baseline.
Then, after the baseline of secondary alignment system
25 ALZ, is adjusted in this manner, main controller 20 fixes each
arm 56, to a main frame (not shown) by suction by activating
each vacuum pad 58,. Thus, a state of each arm 56, after the
rotation angle adjustment is maintained.

Incidentally, in the above description, reference marks



surface position information at the tine of focus mapping. That is,
the datum surface nmeasured by the Z sensors that serves as a datumin
the detection of surface position information by the nultipoint AF
system (90a, 90b) is the sane at the tinme 5 of focus mappi ng and at
the tine of exposure. Therefore, when exp®sing the shot area on the
meridi an, even if unevenness, undulation or the |Iike occurs on the
surface of wafer table WIB, focus control of the wafer on exposure

can be perfothddurgchgt bl A qyoyitt ings idbteimerh D ther t4hmnd fodis
mappi ng 10 wi t hout change, w t hout taking the unevenness, undul ation
or the Iike iSHBIATGUET At 'r38ﬁ1,l%‘ﬁﬂv%%‘é@g%rd@’qﬂ@ﬂdywaééufw% Flgeugnent

control can be erfo%\[ﬁ Xposi ng the sgot ar eas_ at her

d. S g\heﬂ '
than the shot™Yared oA thanftetan &R, 21e t nEUEIE v hERE PEe3fPE tnvention
unevenness, ‘i%d%?tl'i%t]e% g&ot ']I%H' LK§ s BQS?E%L,%] 5830%£$§ta}1121%'5rﬁ&nt

WIB, focus control "accurac e Ssane |1 evel as e Ccase O

area on the dtdiph1eanche secur ed. casgg,t hgre hS upgvenness,
undul ati on oigi{ he |i ke ‘on the ggrfggcgbg%ﬁ&%fdér%ggblgga\ﬂ/q\fé,%'hg ver,

focus contr olsigeCiaeotERends] QhEcaHRCY Yided di e rSierFmEm Mhrks
correction (to be described later). Further, in the cases such as

when novi ng afmredshagel T refiopoadanplres chnwdber X dprscdssecdfon) iwith
order to expose the shot areas other than the one on the neridian,

mai n cont r ol Ifdve2e lpenfrenits sy hbems alist emdBLiZhet rddgur endrid ned tiosy the
between 25 a plurality of Z sensors along with the novenent of wafer

stage WBT. TotatNem of Gard &M méati ohUGFNer pelWeklee i paod RNt ocize

cali brat#gn neans .t he erati or% i f ocus
n

. ich th i
cal i brat PEETer Bt o eSS BT d'ror%o\!f\{yai engjiee&%rc ng’cs"’isz?r}gea(ﬁ&’fbéte\ﬁé’&ﬁiary
f orer : | H . th
other si he- of tugrur (Y, BRSERR 2 ER PG ] 28 P e o he gy parks

datum state andra-lehechb Uy kasU {kd SUHARK OSEHEOL {1 Qrdvat I0R)- 2t on
a representative detection 5 point on the measurenent™ plate 38

surface of the AuktipeioédAfo stEMan808or99RAmpREA S DELSIIiRBment
(focus calibration |atter processing) of obtaining surface position
i nformati on atyserth pdrti onsyohasneo shelenanst tte ottwrgesi dosdftivaf ehile
table WIB in the X-axis direction that corresponds to the best focus
10 positldn ofkegsugjiedt il ppsitdbnsystbntEe densctedesst Hpedabere. In
i mage neasuring unit 45, in a state simlar to the datumstate .
descri bed abd¥es aRéeperf 6F REULY BRECHAIEY o SRé Opr e $§idMgnce in which

the baseline that has been measured before the movement is
corrected based on the position or the movement amount of
secondary alignment system AL2, measured by the sensor, or the
20 baseline measurement is executed again after the movement,
or at least the baseline measurement of secondary alignment
system ALZ, is performed after the movement.
Next, detection of position information (surface
position information) of the wafer W surface in the Z-axis
25 direction (hereinafter, referred to as focus mapping) that
is performed in exposure apparatus 100 of the embodiment will
be described.
On the focus mapping, as shown in FIG. 18A, main

controller 20 controls the position within the XY plane of



results, the processing of obtaining an offset at the representative
detection point of the nultipoint AF system 15(90a, 90b), that is,

t he devi ati on between the best focus position of projection optical
system PL and the detection origin of the multipoint AF system or

the like is performed. On the focusgcalibration, as shown in
FIG 19A, main controller 20 controls the position within the XY

pl ane of 20 wafer table WIB based on two X heads 66 facing X scal es
39X1 and 39xX¥afegpeebledTB pRskdneaK khedddr §a70BI dhdcZ0D)3 Bhd(X Wdnear
heads 64y2 and 64yl facing Y scales 39YL and 39Y2 respectively (Y

li near encod&SOHEA 4A8) 780y tuh Yt e ds fiyctn®I&dy110e¢inpd scales 39Y,

terli f t abl B i ngi di ith strai [ 5 LW
Further i e SP%e SSIPaaNATSIOAl it B B re LA EA7ER at B the

e int ran s . . b whi ch. det . ; :
ot pornt AR S B8 Fabu. T88ey Rab sEPHRLE" O R AR R e o
30. Furthsr, tald kough sophhteds s et Na, A5 aWM NGhe E%%E%riéfmﬁg§8f le wTB

stage MST on the 125 +Y side of wafer table WIB (waf er stage WsT

and water is (helidh mudespdca 1hetowertidadar t46 tard cmferr tabhe r\WEBy)
and tip lens 191 of projection optical systemPL (refer to FIG 31).

(a) I'n this stdneides widdntstoldieht2A iper fior.ns t he focus 5

calibration former processing as follows. That is, while detecting
surface position i Ahenmaihdmist sthéce iz poraordns ldrewaé st aet ausdanhd ng
other side of wafer table WIB in the X-axis direction that is _
detect ed by 2Is#RdeEs stage V83 irodhend Y784 nee e viedichiatfiEeat séaarring

f det i i nts that | ted, 10 at th d ti th

o 0o cibon B BLagbtel oces L oceied 0 o BRCDSRSPoLLLENS £L. oo
troll 2 t f iL] | nf ty dat

concrel e 29,490l i TSR BOELL)A0| NALTIUR] 55 SR

gLﬁge 20 (refeh o il edhsUsENthd R 1AIHd R BE 4FsB¥at 8504 90y 199k 1in
1 to be irradiated on wafer W due to movement of wafer stage
WST in the +Y direction.

15 Then, in a state where Z sensors 72a to 72d and the
multipoint AF system (90a, 90b) simultaneously operate, as
shown in FIG. 18B, position information {(surface position
information) of the wafer table WTB surface (surface of plate
28) in the Z-axis direction that is measured by Z sensors 72a

20 to 72d and position information (surface position
information) of the wafer W surface in the Z-axis direction
at a plurality of detection peints that is detected by the
multipoint AF system (90a, 90b) are loaded at predetermined
sampling intervals during a period when wafer stage WST is

25 proceeding in the +Y direction, and loaded three kinds of
information, i.e. two kinds of the loaded surface position
information and the measurement values of Y linear encoders

70A and 70C at each sampling timing are made to correspond

to one another, and are sequentially stored in a memory {not



15 rel ati on between the neasurenent val ues of Z sensors 72a, 72b, 72c
and 72d (surface position information at end portions on one side and
the other side of wafer table WIB in the X-axis direction) and the
detection result (surface position information) at a detection point
(the detection point located 20 in the cenpser or the vicinity thereof
out of a plurality of detection points) on the neasurenent plate 30
surface of the nultipoint AF system (90a, 90b), in a state where the
centerline ofshgaffer- table WIB coincides with straight line LV, is
obt ai ned. 25(b) Next, main controller 20 noves wafer stage WST in the

+Y direction by a prédet #frnédedidstantd onahgagtopd Warte MUdtdgoinsTAF
t iti i.th i.ch t _plate 30 Ls | ted di tl

bel ow pr o] ectiat Obti 04 9Bt eRORE. OThehr et Soritr o1 gt 0 g

the focus cal ?r{;ple_Lrntg éc%%c@i%%h%sﬁlb%ea%zfdo!clo?} 'rt-gh%thel %’ur%%ce

atihan Jatt
. e he ' ;
shown in FIG 5’6, i"°e Teontr I'ng the position in the optical axis

di rect i ons of Tp@'s@.itq(btrf OREOPhAE BN SHSEEh RletelthRN Db 2R o tHEGSMIEIRALL
plate 30 (wafer table WIB), using surface position information 5 as a

datum whi chaFs syeasur edoky, d0pai imfo dasensesinidihe and et posaitdon
a pair of Z sensors 761,3 and 762, 3 that neasure surface position

i nformati on anficeagricbrpdnt iZorrenmerend 2s de Jitd the tother sdede licadche
X-axis direction of wafer table WIB, main controller 20 neasures an
aeri al i mage séfnud taagousdiventa smar Ilat®f.or nred on a mark plate (not

shown) on reticle Ror reticle stage RST by a slit-scan nethod usi ng
aerial image neasutlPR§ GRPC1A5C23A pREEGIRT hECmBISTASRe VR g @ift §he

he _best f iti f ject] tLcal PL. I
bt o Cack) aSeRORE N T OLUTBRT & ABBSPT uiAF PRe € orf ik LEORS Fom
f d bet ' ' t] t. plate 30
(vaior tabl o WB e oar o PT aie Sy AT Tt (RE BBl eo

perforned vig RLQERAHLORQRIdetA HSY Heapfl 13Rd Rt rerfiiit BRints of 2
al though omtted in FIG 19B, since neasurenent plate 30 of aerial

i mage neasur isegsditist 742 and 204 hehlaitke sar @ pouRt-ednoRukRkentSEAAE the
WET (wafer table WIB) and the light-receiving elenent and the |ike

are nount ed sameEdsaxkemestwitlageeMSrayt b capluatlitpgs deasor eepbints
descri bed above is perforned while keeping wafer stage WST and

measur enent Sfalgee MBItiipoantdii aystematiPa,0P08) phoxietinaf tetrat ¥his point

is referred to as a left measurement point) on an area (area
where Y scale 39Y; is formed) in the vicinity of the -X side
end portion of plate 28 1s obtained. Further, based on the
average value of the measurement values of Z sensors 72c¢ and
20 72d, surface position information at a predetermined point
(e.g. corresponding to a midpoint between the respective
measurement points of Z sensors 72c and 72d, that is, a point
on substantially the same X-axis as with the array of a
plurality of detection points of themultipoint AF system (90a,
25 90b): hereinafter, this point is referred to as a right
measurement point) on an area (area where Y scale 39Y, is
formed) in the vicinity of the +X side end portion of plate
28 is obtained. Then, as shown in FIG. 18C, main controller

20 converts the surface position information at each detection



25 (refer to FIG 33). By the neasurenent described above, the

measur enent val ues of Z sensors 741,4 and 742,4, and 761,3 and 762, 3
(i.e. surface position information at the end portions on one side

and the other side in the X-axis direction of wafer table WIB) in a
state where the centerline of wafer tabl g;yWIB 127 coincides with
straight line LV are obtained. These neasurenent val ues correspond to
the best focus position of projection optical systemPL. (c) Thus,

mai n cont rol IRrir0 wfartobtred bt il rof fAsRts et & t (0 a epf@slentratd weirface
detection point of the nultipoint AF system (90a, 90b), that is, the
devi ati on betR@Eridie st Flodis Pogitinsh 2ofs tegj Bt ilgmeppthagalconnect s

system PL and .t he det ection or,i glun of {Lhe mul tipoint AF system based
on the relati [ PReL Pénén egﬁllﬁ%§36¥elze’§En%%+%t7pzja%the

72b, d 10 7 f f
porti ggs on osﬁlgr%%gae%g)%&ﬁ:ﬁﬁ); %?ﬁerpOSI dlel%ﬂetalhsg%%g%r;antst ggrlatctt Fg a%f \ﬁ;f'ftéﬂm
table WIB) anghitheoflebegibornd sy Brﬁﬁe CEROSELLAN (L RL (Lf' atq

t he neasurenent plate 30 surface mul tipoin sys

90b) that hasdeerm ol ailnedHa stah@ﬂi%d:j QG k@l I bration for mer
processing in the above (a), and based on the nmeasurenent val ues of Z

sensors 741,4 and BA2cé, tawed fAG2gdiand céhzed tld elatsurifsaes tpasidd am
information at the end portions on one side and the other side in the
X-axi s directidygngfe wef ers tcilsiar WER) admrvyeas pdifimapitdy tihe mestndleguson
position of 20 projection optical systemPL that have been obt ai ned

in the focus SEHIBIR PEntatlidie prbeedspaglthon mndlidbeet by . l’lIlEnlI’@he the

enbodi ne the representative detection point for exa
detoct i oh) poi“t TPRAFRETdCHEER BFSPREE g ¢y 5 2060 BE T o AL g

in the vicini E%éhégﬁ SE’ed l%utméhsunun%)l ;hre 33 nd/rt?a%’rlf%hﬁ“ég &#ﬁgzﬂﬁtm o:.nt

arbltrary ase In con

the detecti 0%110%@ Areh LG BUl LRgh At 30F, SYStEMSEO, ¢ &1 $§L the
at ther epresentati ve élet ect1 on pol nt BECOITES zer o. FJO}I?& exgjrrﬁ] e, '?he
adj ust ment  nay-chewReré of sed1eIcald ¥ olieRS  OF NG AOH € 74, 5 and 745, 5,
and 761,q and 76z,4. By using the computed Z-position and tilt
15 with respect to the XY plane of wafer table WTB and surface
position data zl to zk described above, surface position
control of the upper surface of wafer W can be performed without
actually obtaining surface position information of the wafer
surface. Accordingly, since there is no problem even if the
20 multipoint AF system is placed at a position away from
projection optical system PL, the focus mapping of the
embodiment can suitably be applied also to an exposure
apparatus whose working distance is short, or the like.
Incidentally, in the description above, the surface
25 position of left measurement point P1 and the surface position
of right measurement point P2 are to be computed based on the
average value of measurement values of Z sensors 72a and 72b

and the average value of measurement values of Z sensors 72c¢

and 72d respectively. However, the present invention is not



128 adjustnent of a plane parallel plate (not shown) inside

phot odet ecti on system 90b, or the detection offset nmay be

electrically adjusted. Alternatively, the offset may be stored,

wi t hout perform ng adjustnment of the detection origin. 5 Herein,

adj ustnent of the detection originis toibe perfornmed in the optical
met hod referred to above. Thus, the focus calibration of the

mul tipoint AF system (90a, 90b) ends. Incidentally, in the optical

adj ust ment oflimtetdttecthdna, andgithe sinfacetpisi widr iladlormad imakat tdech
offsets at all the 10 renmi ning detection points other than the

repr esent at i VRIS dP PO M Phe arpl tinel it fAfetsy sifamer (30 diklcaray

adj ustnent at_t he renmni ni nqg detection ints are preferably_ stored.
Next, of fset PTG i [P BTE G oot DIF WA PR B3 uria (§raiple,

i ght - i vi.ng . . h i ndi vi.dual.l d to
ol el 1 4y of "B S SIS o R o AR SRS o
(herei naf ter i erd et o éénQMéefzaC%Eqbe%b‘?”%é@'&%tﬁﬁ.Seﬁﬁ %sq Véélalnée,

be described. On the offset correction anong AF sensors, as s

20 FIG 20A #rad RigeRide@ldeebeRQebBKkese inid A6l Adrdit sHatRM208 Sdndde 722
mul ti poi nt AF system (90a, 90b) irradiate detection beans to CD bar

46 equi pped wirtch tthepmedetieranarad Waiuamgd aneseradnd |1l o@dinEd at each
signals from phot odetecti on system 90b of the nultipoint AF system
(90a, 90b) tHEmMEldgw vesitge refll tbeedifbetréghe shétomen MBr«Chdzarurkent
surface (datum pl ane). In this case, if the CD bar 46 surface
is set paral I'@lu® athé Rensrané2cnand EbatFerPerepent arnbes fof M tsassor

oL 5ot SPbY SCHL AT A%, sehsgr S by, S 2L g Ll gl arng 1
in advance. Then, when performing surface position control
at the time of exposure or the like, by measuring the wafer
table WTB surface with Z sensors 74,5 and 743,53, and 761,54 and
762,4 and computing the Z-position and the tilt (not only the

15 ©y rotation but also the 6x rotation) with respect to the XY
plane of wafer table WTB, surface position control of wafer
W can be performed using the computed Z-position and tilt with
respect to the XY plane of wafer table WTB, and surface position
data zl to zk described above and the differences described

20 above, without actually obtaining surface position
information of the wafer surface.

The description so far is made assuming that unevenness
does not exist on the wafer table WIB surface. In actuality,
however, as shown in FIG. 18C, there is unevenness on the

25 surface of wafer table WTB, that is, the surface of a first
partial area 28b; where Y scale 39Y; is formed, the surface
of a second partial area 28b; where Y scale 39Y; is formed,
or the like. However, even in the case unevenness exits on

the surface of wafer table WTRB as is described above, surface



sensors that individually correspond to a plurality of detection

poi nts based on the output signals |oaded in the manner descri bed
above and storing the relation in a nenory, or electrically adjusting
t he detection offset of each sensor 5 so that the detection val ues of
all the sensors becone, for exanple, thejsane value as the detection
val ue of a sensor that corresponds to the representative detection
point on the focus calibration described above. In the enbodi nent,
however, as $9@Ation RICGLIZOA W rexio ety dlilaly REadetient san thd t

of the CD bar 46 surface using Z sensors 72a, 72b, 72c and 72d when

| oadi ng t he ARFFAFTEYGALI I Fioth ROt SeticdEnonf Wafemiodp fraight line

mul ti point AE _syst.e 90 Ob) ., d therefore, th bar_46

surface does pr?or‘t%iée&:a§8 ﬂ?ﬁ/&' lﬁe%E@F AT 3T é:l%rtoblgﬁ’hggﬁwfi‘ﬁ%é?enitﬁr) .
ot her words, as 15 d j 20B, N, t.is S t.hat the.
detection val ue at ngc}%hgg %gtéﬂosn%tplo?ljlr?tco:lll@%tol‘lneg%aﬁ %iggnggv%r%%meﬁl%lan

i ndi cat eds by \arnnows ide 418 H¥AWMAGAnd a |ine that connects the upper
ends of the detection val ues has unevenness as shown in a dotted |ine

in the draw ng, eaehedieteet FoBuYahisponlYi2hdesotmede AHHASE S2a to
that the line that connects the upper ends of the detection val ues

becones a | i Nn@dshbwn srraecsabidatime winen heexdf@wiitgy the mapexig detect
traverse-Z-noving correction, in which information used to correct
i nfluence of surdeeen s itdloat dd f25mad itthe of- aers adinr @otsiidn cofs t ke
waf er table WIB surface, to be nore accurate, of the second water
repel | ent pl &COTSHaLEr Pagétisnght an nee Waiflar babdestFR putrfawe ei Ahen,

the t -Z- i . ti i fornmed by sinmultaneousl ,

| oadi ng Lhe: ASastr BREH 0aT LoE DRe 1955 o SRIE: ShAE: dothdDCuppapping
iti i nf I f ei-the i LN hor.i ntal_dir jon.

post {100 | QLTBELaNALELLIBTSLAE RLSaS.LIE LoIZl A e BEb) ofc

and the deteglianvahHes QfzpHiEace LOSITE QR £ 7f Qvmat 9o 0F 4t he@%ft%r

by the nultipoint "AF systemat 5 predeterm ned sanpling Interva

whil e movi ngwealder, takl @ iWEB i(Bnt ReeXs@Hracdl beChie@Bnd waterOfeble1ent
traverse-Z-noving correction, simlar to the case of the focus

mappi ng descpilbéd aBbyepnashsbbhwh sen$bfs PAA towidd centacdl ltée 2Qrface
controls the position within the XY plane
15 position information when performing the focus mapping also
become straight lines parallel to the Y-axis.

When the focus mapping is being performed (when wafer
stage WST is moving in the +Y direction), the shot area located
on the meridian of the wafer is to be placed at an exposure

20 position (below projection optical system PL) without moving
wafer stage WST in the X-axis direction. When the shot area
on the meridian reaches the exposure position, a pair of Z
sensors 74;,4 and 74;,4 that are on the same straight line
parallel to the Y-axis as with Z sensors 72a and 72b, and a

25 pair of Z sensors 76,3 and 76;,3 that are on the same straight
line parallel to the Y-axis as with Z sensors 72c¢ and 72d are
to detect surface position information at points that are the

same as the points on wafer table WIB at which Z sensors 72a

and 72b, and Z sensors 72c and 72d have respectively detected



10 of wafer table WIB based on two X heads 66 facing X scal es 39X1

and 39X2 respectively (X |inear encoders 706 and 70D) and two Y heads
64y2 and 64yl facing Y scales 39Y1 and 39Y2 respectively (Y linear
encoders 70A and 700). In the state of FIG 21A, the centerline of
wafer table WIB is |ocated on 15 the +X spgle of straight line LV,
andmain controller 20 nmeasures surface position information of the
points in the vicinity of the -X side end portions of the either side
areas on t he ssurffaaee rofs isecond nfatea tiepe laterthepltdaime 28b fofcusatrapping.
table WIB using Z sensors 72a and 72b, and Z sensors 72c and 72d, 20
and at the sdmettive thgeleews ssyfpaeangyingbhYitifol mensey sothaheerves

waf er using the | tipoint AF system (90a, 90b). . Subsequent |y,
mai n contr ol P& 2262 hdPedMnk %rd%¥%ﬁﬁ9QQﬂoﬁr?%Qé?Qﬁxgﬂﬁ%ﬁﬂﬁnoﬁn59r§a ion
Dt e e P SRR B, PRy Bable Lo ek L B e
si mul t anegus . Ln : S nt s val en n

72D and 2 sendor s paaprd i ana el RRENEHE i BBl afr 82 oR /A & e

nmul tipoi nt Aexgystier ¢8asnh80bdrah & eded efdv Nedh-samldnd f phekvahsss,
Then, as shown in FIG 21B, at the point in time when the

si mul t aneous untidl atlieadiorgtdestt kbedcahoy eom ntige St s eyfe wé F3ensars e
72a and 72b and Z sensors 72c and 72d face the points in the vicinity
of the +X en#TBoer fpons ofnthel ebf Hdre sederaprasxpmsthe can freceeafformed
second water repellent plate 28b of wafer table WIB is 5 conpl eted,
mai n cont r ol MEANZ0 tERdE Piesispenarkgained at thkefimgaiod Eortsomapping
20 obtaﬁ&i a nebation bet ween, t he surface position information at

t

each detetti 8 HGHt CBF ERe PHHITHoINE A9 SPEt R FoRES OB it e oT
f it i,nfor.mat i hy Z 7 72d t hat, b 1
51l aneously Y d4deq Khe A R=Eoe ol PAP 30SEonpuces HhVeArGLEace
related to the XgaXiy tQEQe%%'o%eo%egggf%%rface of second water
58b ? P ty o

repellent plate roma plural i't rel'ati ons that have been
obtai ned at di fferﬁﬂbnséﬂﬁbbﬂﬁgtFanmot|a[‘ré’éé1%tl-¥i§¥ GShard RHNIsHct288ea

since the of fset anong sensors o

cn themeridian, in the case there is no unevenness, undulation

15 cr the like on the surface of wafer table WTB, focus control
accuracy of the same level as the case of the shot area on
the meridian can be secured. 1In the case there is unevenness,
undulation or the like on the surface of wafer table WTB,
however, focus control accuracy depends on accuracy of

20 traverse-Z-moving correction (to be described later).
Further, in the cases such as when moving wafer stage WST,
for example, in the X-axis direction in order to expose the
shot areas other than the cne on the meridian, main controller
20 performs the transfer of the measurement values between

25 aplurality of Z sensors along with the movement of wafer stage
WST.

Next, focus calibration will be described. The focus

calibration means the operation in which the processing (focus

calibration former processing) of obtaining a relation



15 the nul ti point AF system (90a, 90b) has been adjusted, the
detection values of the sensors corresponding to any detection points
shoul d be the sane value as far as the sane point on the surface of
second water repellent plate 28b is detected. Accordingly, the

di fferences anong the detection val ues 2Q2abt ai ned when detecting the
sanme point on the surface of second water repellent plate 28b by the
sensors corresponding to different detection points are directly

refl ected by Reieirshessrfofce e ssifrifaac d ndforeetdd wéat endrepetiens on one
plate 28b and p sitiﬁg variﬁlion in the Z-axis direction of the wafer
25 tabl e duritg§ FPEOVERERtReTHele RE maf e tRkRlSWTR kn ridiatfmris

unevenness related to the X-axis direction of, the surface of, second
wat er repel | e#l repcf%a T 29h T ot P FIBT tHE pﬁ”ﬂ‘?aﬁ‘i SEOFI T A G D"

that have bee&m&@'ﬁ%s tti%in;gﬁgggﬁlaﬁﬁgﬁwwat Pg§ent%§g¥e detectlinon

this manner, main controller tarns rnformatiron on position

vari ationsi n gdi tZ-cixithedie@Ghirehedlt bhatwaber st abhe. WB s face that

occurs when wafer table WIB (waf er stage WST) noves In the X-axis

direction (i AR coatteth aoodi,f Bebent ahdXcpesptdO8S3indasest o dde bration

results that have been sequentially detected using the nmultipoint AF

system (90a, goihembirbeessiingg wafert diabiey WIBfawaf eos 5t Age I\MWEFDrriation

the X-axis direction. Main controller 20 perfornms focus control of

waf er W whi | @taga8cngot kit snprdwraf iséileasnd g radidws idepaftyader table
rocessi ng operation using wafer stage

exposure. 10&&%&, a}yfarall,el f;? ,

WST and neasdreneht™t 458 BT ReekpoR dre tapPar §FRSNIF0 - hepest focus
oo RS ope AR RS0 B PR 1 SO S
openi ng/ cl osi; vial v .l gui I niLt. 5 and
IPquidgrecové%%g%%ﬁ%éghggkﬁggg ﬁ?ﬁu?a¥?§%§F§igﬁﬁg%$?R%)é?gi%atunlState

described earddseimilrnd abdesPace pArEBemad! 9%&%%&&6&?_&1&%:@%@5&@
| ens 191 of projection optical systemPL is constantly filled with

wat er. Howevetesudtpl,andid Qrdegaridion@® £ @taln i0fg ldrow kPl tHa t 5
and 20 liquid recovery unit 6 will be omtted in the foll ow ng

descri pti on, nepresgert ata veakie tteve ides @dipiti @f eds mpludderisitandabklyeten
Further, the follow ng explanation regarding the operation will be
made usi by ndfPadr Akngs thak dtshe thef aleshicd icod dos tofearhé hea e ste rflvensss
are shown in sone 25 drawi ngs and not shown in the other draw ngs.

That is, thePPEfErERc@cHFEs o SRt igisfs svaten Fleasl &he fetection
drawi ngs, but__t.hese draw n show t he _sane, confi ation regardl ess

of exigtenpeogﬁgﬁ 9gx?%?éﬁ@é?&F”fﬁé%FéT%?Eﬁ%e‘F%% §.iﬁE%5§gﬁ§rﬁ§rmed'
true also in each g the LAWY 1Y% iRt NG A€RELLPLE RO 16133 0, main

controller 20 controls the position within the XY plane of

20 wafer table WTB based on two X heads 66 facing X scales 39¥%;
and 39X; respectively (X linear encoders 70B and 70D) and two
Y heads 64y; and 64y; facing Y scales 39Y, and 39Y; respectively
(Y linear encoders 702 and 70C). In the state of FIG. 194,
the centerline of wafer table WTB coincides with straight line

25 LV. Further, in the state of FIG. 1927, wafer table WTB is
located at a position in the Y-axis direction with which
detection beams from the multipoint AF system (90a, 90B) are
irradiated to measurement plate 30. Further, although

omitted in the drawing, there is measurement stage MST on the



above. FIG 22 shows a state where exposure by a step-and-scan
met hod is being perforned to wafer W(in this case, to be a md wafer
of a certain ot (one ot containing 25 or 50 wafers), 5 as an

exanpl e) on wafer stage WST. At this point in time, neasurenent stage
MST is noving foll ow ng waf er stage WST whil e keepi ng a predet erm ned
di stance between them Therefore, the sane distance as the

predeterm ned distance is sufficient as a noving di stance of

neasur enent stagd T ttker &akdedBlB10vafren s§eidrgW iRt Bncheagent agtheld
state (or proximty state) with wafer stage WST descri bed above after,
t he exposure Jéh?é"‘g space )tﬁ}l’"’leﬁ(j] tRebaxpbiured WRFRL chbmp+oIWER, 2and tip

trols th | t4i i L udi the Oz tati ithin th I
comrol s Lhe aagl i 0 DeLULER s F oLt lon) 1R e el A
I ft X h i i i i |_ed, i E
vales of tuo X heads 59 odd cabed by bl shndlet B BGR hak e

two Y heads Ghiliihoated tyrlet No-SddSd Atk ids HB 144 t hahafage Yyhile
scal es 39Y1 and 39Y2 respectively (Y encoders 70A and 700). Further,
mai n contr ol ldert 2 icantsud £a R0 ddiel tpiowi tirofodnta it ihen Xl dtegdd@ions
and the Oy rotation (rolling) and the Ox rotation (pitching) of wafer
tabl e WIB, basednensidwe amshtbheensmr vakdeest ofafempaablefWIB sansioe X-axis
741d and 742d, and a pair of Z sensors 761,q and 762, that

respect i vel y H@E iR &ha tpoptdorrclrd dne Zssersand tare dker 726 andid2d

in the X-axis direction of the wafer éﬁgle WIB surface. Incidentally,
t he positionih tﬁ"ﬁevi-cé?il YaPt 350 terE1op PBLAFPORNRF A4S Agcadred
waf er tabke B controll ed ed .on the nmeasure t. val ues of,
S sensorLd 74t RAyh 454 Bah LS P A Bl e S AR e Pt ¥t
(pitching) f CUY T d : f
Y-axis int epf@%gr (%%rrg’tttjae?ﬂ 16. I’n@eqkﬁﬁe?@%gge%%@clﬁ%q q‘{g&% ht\élaépom ]ﬁocne
in the Z-axi podira ORFcrhate¥nr 85ad it BNdneXaeetats o, Of s Mt it ion

table WIB (focus |eveling control of wafer 5 W during the exposure
i s perfornedibfsathean drhe fr esdl $S$rbéice of measurement plate 30 (refer to
FIG. 3) using the multipoint AF system (90a, 90b). Thus, a
15 relation between the measurement values of Z sensors 72a, 72b,
72c and 72d (surface position information at end portions on
one side and the other side of wafer table WTB in the X-axis
direction) and the detection result (surface position
information) at a detection point (the detection point located
20 in the center or the vicinity thereof out of a plurality of
detection points) on the measurement plate 30 surface of the
multipoint AF system (90a, 90b), in a state where the
centerline of wafer table WTB coincides with straight line
LV, is obtained.
25 {b) Next, main controller 20 moves wafer stage WST in
the +Y direction by a predetermined distance, and stops wafer
stage WST at a position with which measurement plate 30 is

located directly below projection optical system PL. Then,

main controller 20 performs the focus calibration latter



t he above-descri bed focus mappi ng performed beforehand.

Further, during the exposure, shutters 49A and 49B are set in a state
of closing openings 51A and 516, in order to prevent wafer stage WST
and nmeasurenment stage MST from com ng 10 cl oser together than a
predet er mi ned di stance. The foregoipg exposure operation is
performed by main controller 20 repeating a noving operation between
shots in which wafer stage WST is noved to a scanning starting

posi tion (acdHeRTHY FsafeilAgwposi Theh)is ordexpesir énofIeach?Bhaothile
15 area on wafer vagﬁed n the result, of the above-descri bed wafer

al i gnment ( EGAR o d HeRiTHaR? hehardtisHséihedigrection of

alignment systens ALl and AL21 to AlL24, and the like, and a scannin
exposur e operati-on 1 iR F a%fsetreﬁnf%f RIS a9t SIRTGEsurene

transferred taﬁ%goswfé&r £, P¥ A0 ﬁgi‘H?Lsg%‘f%geeéggftggﬁ qqg”orgaltnion

I nci dental ly, Xposure operation ‘descr ve I's performe
a state vher e dnat gethd, hehdohni 4 e 2SRAGR Bet ¥aen f idr kedendddsan , and

wafer W Further, the exposure operation iS perforned in the order

fromthe shot74rgaahacapedr @t thensbrs 06, karideeshatha R8akogatad- Rite
the 25 +Y side in FIG 22. Further, main controller 20 may

al so accumul ggsithemiadereamsitony altueke ofneé meoaddresis7 @A boe79Ddanthd e
measur ement val ues of interferometers 16 and 126 during exposure and
updat e the cé&thedt isdilenmdp §BscXirbidsedirtetian pbedeter tgsle WIB, main
Then, as shown in EIL.G %%, bef ore exposure to wafer Wends, for

exanpl e, bef GRA U 1S PUsHBESHFES 73 ¥BdpicsedMaven Odi # MFEHITYMILt mark

fer W tial,| d, mai tral ler 20 start,
the | owet! ng WATUE OFF Shiltvdr €A D' FEEU; £ HrAeUe Thec Rarm?srie A=

and 34B, and sefs %@%2939%1@”-%ilr%tihfaoaﬂsmgpg - BLALE da{% M suring

confirm ng that shutter are in a y opene

openi ng/ cl 0Skig tS@B0knk0ba sBRI BnCORE 'RbA S rafe FOVESs MBS UnRIBlires the
stage MST (neasurenment table MIB) to the position shown in FIG 24 by

10 control | i hgsst dgeudrpyei sysi ef p245basednofpt hea Measiteament Vel ueis
of Y-axis interferoneter 18 while naintaining the neasurenent val ue
of X-axis i ntersfesr areetsdrowiBnt & & .c dridt,arstinc ue.quAtd tilvime rediont airea 14
time, the end surface on the -Y side of CD bar 46 (neasurenent table
MIB) andl?®he isnfosned Hedwsen projection optical system PL and measurement

plate 30 (wafer table WIB), the aerial image measurement
described above is performed via projection optical system
PL and water. Further, although omitted in FIG. 19B, since
measurement plate 30 of aerial image measuring unit 45 and
20 the like are mounted on wafer stage WST (wafer table WTB) and
the light-receiving element and the like are mounted on
measurement stage MST, the aerial image measurement described
above is performed while keeping wafer stage WST and
measurement stage MST in a contact state (or a proximity state)
25 (refer to FIG. 33). By the measurement described above, the
measurement values of Z sensors 74,,, and 74;,4, and 76;,3 and
762,353 (i.e. surface position information at the end portions
cn cne side and the other side in the X~axis direction of wafer

table WTB) in a state where the centerline of wafer table WTB



15 the +Y side of wafer table WIB are in contact with each other.
Incidentally, the noncontact state (proximty state) may al so be kept
by, for exanple, nonitoring the neasurenent val ues of the
interferoneter or the encoder that nmeasures the position of each
table in the Y-axis direction and separatibhg 20 measurenent table MIB
and wafer table WIB in the Y-axis direction at a di stance of around
300pm Subsequently, as shown in FIG 25, while keeping the
posi tional relacitidddn i etadisght reatd Qv betevesit mafey. t abkeeWB
and neasurenent table MIB, main controller 20 starts 25 an operation
of driving nEmsEEreEnts tvageedStoirmeseondYtdi thetbeat afmbwd s ssittardrs of
an operation of driving wafer stage WST toward unl oadi ng position UP.
Wien t hese opEratddrie P il e stiam te enbodi ment, measur enent

stage MST is noved onl% inthe -Y direction, and wafer stage WST is
moved in the 136 -PIdiPEcri BALANEODKTATL8E 2Brcan obtainyidie miGeet at
controller 2Q.drives wafer, sta WET .and_neasur nt stage .MST.
sinultaneéus8§“%§eP£ea%2§?Fﬁgaq§%b é?iﬁh?%?n ﬁﬁfgggIWé;9#§Q+¥EH%F§B§5§m
petueen t1p 1@ 19l SHIOIRCHLAN Wil R 0]l WL 1dcus
liquid imersion area 14) sequedtially noves F om wat er to plate

28, CD bar 46,004 dieasunaEi-tiahl @ gWiBa 1acqitdinn @1l @ P eRe Rl t@fct ion
waf er stage T and neasurenent stage MST to'the -Y side.

I nci dent al | y ordyim@ & hehef anagdigey novanesiist dnle Hdien St e1eition
proximty 10 state) of wafer table WIB and neasurenent table MIB is

mai nt ai ned. edivdem dheyme &&Gre@ént hoabuas sifatZe sengbt-sb@farandvat2y, iamd
liquid imrersion area 14 is delivered fromplate 28 to CD bar 46.

When wafE? st/dgean8T’ 2hd shefagcenent tspagn i Eor1 B tsthal ersth @owslipns
and slightly driven further in the -Y directjon fromthe state of

FIG 25, posioi8RefediirBRete 6Fngr 8+ 4R tlagBhRT vt 8t regbrenvarByaggr
Y encoders 7QA.and can be, perfarned. Therefor ri ght .before
that, nain c%ﬁgﬁglﬁéggéﬁn i é%ﬂfﬁgléghfﬁ il ?%%%$¥ﬁb|Qﬁl “Zhd
the Oz rotati; f; f fer tahle

control base %gﬁ%?ﬁglﬁﬁgsS&%E%%%ﬂﬁgﬁEg%%%?&Yp&%@ﬁhéﬁgﬁéﬁﬁﬁgﬁ%&gg&hfb
the control based RN thRFBASERNEIN. VBbUE Ohatl1aid ekt 5 21 ROBIA! the

16. Then, since after a predeterm ned period of tinme, neasurenent
st age MST5redehes @aplstit Din \Waeke rigocessing in the above (a), and based
on the measurement values of Z sensors 74,,, and 74,4, and 76,3
and 76z,3 (i.e. surface position information at the end portions
on one side and the other side in the X-axis direction of wafer
table WTB} corresponding to the best focus position of
20 projection optical system PL that have been obtained in the
focus calibration latter processing in the above {b). In the
embodiment, the representative detection point is, for
example, the detection point in the center of the plurality
of detection points or in the vicinity thereof, but the number
25 and/or the position may be arbitrary. In this case, main
controller 20 performs adjustment of the detection origin of
the multipoint AF system so that the offset at the

representative detection point becomes zero. For example,

the adjustment may be performed optically by performing angle



25 Sec-BCHK (interval) described earlier is performed as shown in
FIG 26, main controller 20 stops nmeasurenent stage MST at the
position, and also drives further wafer stage WST toward unl oadi ng
position UP while neasuring the X-position of wafer stage WST by X
head 66 indicated by being circled in FIGg26 137 that faces X scale
39X1 (X-linear encoder 70B) and neasuring the Y-position, the ez
rotation and the like by Y-axis interferoneter 16, and stops wafer
stage WST at aﬂhﬁluﬂaﬁam: EoSid ipdraridP pamdilddntraldtys (ot ehostrat elrofide
FIG 26, water is 5 held in the space between neasurenent table MIB
and tip |lens pI%OdeteCtl%tﬁg@dl?éfhtﬂoyb & dhewdeteqics off sarid ey, be
mai n controll 20 perfornms the Sec-BCHK (interval) in which relative

posi tions of et di?ralslé’c@ﬁjd]éﬁ}:eéﬁ y gﬁﬂrEﬁFnéyéfféﬁﬁ 1f§hﬁn Pﬁfﬁéip@év Eéd

| 1 d
D evi ous! y., RS Cr barodk Bt e AL ETRGE Trhei P el p <190
with the 53905-{%%11(' a4 ﬁ¥@{\n)ent”@f '%h%OHEEQEF%Pch%%m S_LstF O%g?%rwd

and rmakes a drive syst an unload arm

15 on wafer stagae\Bhtikall HeapdAlrdraadi BG RERIMd ONTHRs, 2RAeak88us
drives wafer stage WST in the +X direction to move it to | oading

position LP wiatlibaatardn o theyemanti ppiimtCRE tehowWoa) Blok) 26uds.
refer to FIG 27), which has been driven upward when performng the
unl oadi ng, képtcigewdrd ly,20 nprtéeetogrtriicadd aahjmstimernitn dfhithec alstedtien
unl oadi ng of the wafer is perfornmed as follows: vertical novenent pin
CT supports WEREAOW PisRebet o ahf Tiduls tieemakbek heapfif $¢ies il @dd the
arm proceeds to bhel ow wafer W and then vertical novenment pin CT is

sl i ght Iy owdP8@ 18 "oh 8 ShTsd P TaPRing Ss |0it§1ﬁ=tr1 Fhes S56 TS rseseRE AR,
a0 e ol ek SV Eed ! Eanarert ool TSI iy CT Lo Lhe o)
nmoves ”Easur%%S%%tﬁ%%QeaVBIhéOréﬂafﬁEhéﬁﬂeﬁﬁﬂﬁiéﬁlé%%ﬂéé‘Q}e preferably
stored.
Next, offset correction of detection values among a
15 plurality of light-receiving elements (sensors) that
individually correspond to a plurality of detection points
of the multipoint AF system (90a, 90b) (hereinafter, referred
to as offset correction among AF sensors) will be described.
On the offset correction among AF sensors, as shown in
20 FIG. 20A, main controller 20 makes irradiation system 90a of
the multipoint AF system (90a, 90b) irradiate detection beams
to CD bar 46 equipped with a predetermined datum plane, and
loads output signals from photodetection system 90b of the
multipoint AF system (90a, 90b) that receives the reflected
25 lights from the CD bar 46 surface (datum plane).
In this case, i1f the CD bar 46 surface is set parallel
to the XY plane, main controller 20 can perform the offset
correction among AF sensors by obtalning a relation among the

detection values (measurement values) of a plurality of



(hereinafter, referred to as an "optimal scrumwaiting 138
position") used to shift a state of neasurenent stage MST from a
state of being away fromwafer stage WST to the contact state (or
proximty state) with wafer stage WST descri bed previously, and

cl oses shutters 49A and 49B in the foregepag procedures. 5 In
parallel with this operation, main controller 20 gives the comand
and nekes a drive systemof a |load arm (not shown) | oad new wafer W
onto waf er t &®ESOAFB. tIFte Jrokidi intpadf]l waferrainengerd ar neldidal ithe of
foll owi ng procedures: wafer Wheld by the load armis delivered from

the |oad ar m3&F8A&riqe foifhfemaRed @hithecPuitioge sidaad sofldasiafy in the
i sed d t 1 ned toi intained, and after the

| oad arm o IR aHeS GAPEE. TpPEeTURA D Pire FRaFeH CHol Bet TBJIorY

vertical nove Ln. ing. | owered,an he, wafer.is sucked by a

vacuum chuck Oggﬁegkg\}m .ﬁﬁna(?ﬂilsstlc% g,hes‘lg?‘ntgc{:ﬁgns?faﬁsee%\ﬁgr%“h Sensor

vertical 35 nyvesent RN gCTeks 163l §§9ngwefdaf1 péféieée%{ | G, QNG £y

is maintained, the wafer |oading can be perfornmed in a shorter perio

of time, comaieeh,tHN& LRSS AN &veHd CRlt JAVRIFER IR 2T d Sensor
driven downward to be housed inside the wafer holder. Incidentally,

FI G 28 showthdtecstatepohedsetavaher r&+ssénagdety2Garevaf@ar pbahkeon the
WIB. In the enbodi nent, the foregoing optinmal scrumwaiting
position of rfsesw aEntbrsttadgn MEBdsi egpredpieat el y set in accordance
with the Y-coordinates of the alignnent marks arranged in the '
al i gnment shot aredd® 6hetmBLORIBeItIWRIVeTRE 25 sBOFRngn BFS opifat imedn

o oY1 g eSS ST SLAGR BT Lo, e ooty el serum veld Lng post Lo
e Cont oot LELERKEE L A B SRR A0S s gt
decreased 139on photodetection system 90b of the multipoint AF system
(90a, 90b), and therefore, the CD bar 46 surface does not always
have to be set parallel to the XY plane. 1In other words, as
15 modeled in FIG. 20B, when it is assumed that the detection
value at each detection point is the value as severally
indicated by arrows in the drawing and a line that connects
the upper ends of the detection values has unevenness as shown
in a dotted line in the drawing, each detection wvalue only
20 has to be adjusted so that the line that connects the upper
ends of the detection values becomes a line shown in a solid
line in the drawing.
Next, traverse-Z-moving correction, in which
information used to correct influence of unevenness related
25 to the X-axis direction of the wafer table WTB surface, to
be more accurate, of the second water repellent plate 28b
surface 1s obtained, will be described. Herein, the

traverse-Z-moving correction is performed by simultaneocusly

loading the measurement values of the Z sensors that detect



by one conpared with the case where neasurenent stage MST is nade to
wait at a position that is away fromthe optiml scrum waiting
position. Further, in the enbodi nent, as the optinmal scrumwaiting
position described above, the optimal scrumb5 waiting position is set
so that the shift to the contact state (@ggproximty state) described
above can be perforned at a position where wafer stage WST stops for
the wafer alignnment described above. Next, as shown in FIG 29, main
control |l er 2@amivtdnnainero rhta tsitcay eo WS tfhreom d ieked iange g0 Siitt izormdiA 2amta 1
position with which the position of fiducial mark FM on neasurenent
plate 30 is sdragtyiimonhehe| skt dcetalseaonsr vaFesf repehbeyt plate 28b
al i gnnent system ALl (i.e. the position where the foregoing Pri-BCHK
former proceSdi Hgies WerltoP R AR Hhe ded sqtddnevat uehefisurboes@msition

i troll, 20 i tch t f t i, Wt hi t he XY
TR0 SO L1 A0 ENS SOk o N6 POSIN 00 M T 18 X
val e of encogactieaet gy Lhe s X% L LESILAR AL LhSey coptc v

direction andn hg e t164ad i@hedi@ dghe 20 control based on the
measur enent val ues of two X heads 66 indicated by being circled in

FIG 29 that face Enstied €82a39XscandmdIXdg(@neadation0Bianda¥Ho) tRaGase
t he neasurenent values of two Y heads 64y2 and 64yl indicated by

bei ng circl edfi thEl Goc28 mhppihgcde¥csthedsalBOWd, amsl S (lencader 1A,
70A and 70C). 25 Then, main controller 20 perforns the Pri-BCHK

former procedSilfgCPRtRAILERTS £ uednl rovy KIRVPRS igdracyéthiisi Hee pfY wdeye
al i gnmanijl system ALI. At this point in time, nmeasurenent stage MST is
waiting & tRE EotictaltaddeufitRaiPassg p8sitiicok desdsi K8d Tasdwe. X sg@les
Next, main c oller, 20 starts novene of wafer stage WST i +Y
di rection to%g?% aamggs?%Firo%s%%J?lev? (gﬁt L gRRRAtCTHR S 2 @8@ —Mﬁt rEd
three first I g, h r r F r t ed,
whi | e cont rol%:wzong t@gdé %télﬁt ?gﬁ é?yévage(?{%% %eé%g%%% (;eaﬁqur?:g%
measurenent valsueetaf e (WOuk neRcodRrsdeschbRedn@bPye) . Allflthe state

starting the novenent of wafer stage WST in the +Y direction, nmain
control l er 20fopgas $hujtehe A and AOBf ratrthe prptedyresi dasdtked on

earlier, and permts the further approaching of 10 wafer stage WST

and neasls emthie ©f ageeM3T stEaighérl imali, cont molh eon2dcddrfr 2 metabares
openi ng of shutters 49A and 49B based on the detection result of

openi ng/ cl osistg feegsposigion information of the points in the vicinity
of the —X side end portions of the either side areas on the
surface of second water repellent plate 28b of wafer table
WTB using Z sensors 72a and 72b, and Z sensors 72c and 724,
20 and at the same time, detects surface position information

of the wafer using the multipoint AF system (90&, 90b).
Subsequently, main controller 20 moves wafer stage WST
in the -X direction at & predetermined speed as is indicated
by an outlined arrow in FIG. 21A. During the movement, main
25 controller 20 repeatedly executes simultaneous loading of the
measurement values of Z sensors 72a and 72b and Z sensors 72c
and 72d and the detection values of the multipoint AF system

(90a, 90b) at predetermined sampling intervals. Then, as

shown in FIG. 21B, at the point in time when the simultaneous



Then, when wafer stage WST reaches the position shown in FIG 30,

main controller 20 detects that wafer stage WST 15 and neasur enent
stage MST cone into contact with each other (or cone closer together

at a distance of around 300pm), based on the outputs of collision
detection sensors 43B and 43D, and i medihagijely stops wafer stage WET.
Prior to this operation, main controller 20 activates (turns ON) Z
sensors 20 72a to 72d and starts neasurenent of the Z-position and

the tilt (thelaadimm aidsrridmt tdhewx imotatstat)e ofharaf ¢ dealdcer IR zatand
the point in time when all of or part _of Z sensors 72a to 72d face(s)
waf er tabl e VIEE 25 Betneo¥hatZpanst 7¢8 faee. tha pedntiieistbpe oficinity

waf er stage T, . majn control ler 20_25 al nost similtaneously and
i ndi vi dual | y\/‘\’%%@ttxt BPFéjﬁﬁﬁﬁtoﬁsFﬁ‘l&eéFhaﬁg%hd? RHSFS Phr e igyrdace

[ i t shat f t t ks . Fl 3 i ,
ot ot AT T AL RS A0 RGO el
AL23, ands| i nksdihe et %%tﬂlprearﬂ%taflselofzqufa% ?éﬂt%'yg’&aﬁyo%{.e“ AL1,

AL22 and 141 AL23 and the neasurenent val ues o e “four encoders at

the time of the detrgehi,OfaiANEbrit 8BS PO P2 8n SRTVEY 26A6HL SEOWYR the
I nci dental ly, the sinultaneous detection of the alignment marks

arranged in tshefishreepofsiitdonali ngoaeat ishohtasgels A édt Dot BSLCASE ithe
performed while changing the relative positional relation in the

Z- axi s di r ecrivdrt iffedanis A ratsttiean) ( S8kt wesdip )a apicurtdils tourofacad ipgreneriton
systens AL1 and AL21 to AL24 and wafer Wnounted on wafer table WB

by changi ng tifdoZMFddion &Y of SR s alflce drB 2daghiad deasc iasad

i . 10QAs .is descri bed ,.in the embodi nent, the shift t
Phe. cont i SeATH R e oy ot Bhopr Fe48uPERBRPI4EAgE OVEPHRHASS

fer st j | t. th i tj.on where .detection of th
i1 gnmont et BV ERE FEFEL o Fhrabh i e SV eRETAG S et GHRARLe oF

and from t he O34 @Qtef%ﬂ&ﬁ%%l%@ Iy Beoh Y, gEﬁ?gﬁii%%gcge%tri%ﬁatt%gns

novenent toward a position where the alignnent marks arra

five second ahizgnierte $heh RS A alte detreled aandaseld Rethings. In
previously) of both stages WST and MST in the contact state (or

proximty statéeri sostanted tlyi sradabeontineld ehe20f £ £t dimdiy tdeeh o of
of nmovenent in the
15 the multipeint AF system {(%0a, 90b) has been adjusted, the
detection values of the sensors corresponding to any detection
points should be the same value as far as the same point on
the surface of second water repellent plate 28b is detected.
Accordingly, the differences among the detection values
20 obtained when detecting the same point on the surface of second
water repellent plate 28b by the sensors corresponding to
different detection points are directly reflected by
unevenness of the surface of second water repellent plate 28b
and position variation in the Z-axis direction of the wafer
25 table during the movement. Then, by making use of this
relation, unevenness related to the X-axis direction of the
surface of second water repellent plate 28b is computed from

the plurality of relations that have been obtained at different

sampling timings.



20 +Y direction of both stages WST and MST, as shown in FIG 30, main
controller 20 starts irradiation of detection beans of the nultipoint
AF system (90a, 90b) to wafer table WIB. Wth this operation, the
detection area of the multipoint AF systemis forned on wafer table
WIB. 25Then, during the novenent of bothistages WST and MST in the +Y
direction, when both stages WST and MST reach the position shown in
FIG 31, nmain controller 20 perforns the focus calibration forner
processi ng descri bdd sbdgananperir omaimsoatreldeironl betveiers timformation
measur enent val ues of Z sensors 142 72a, 72b, 72c and 72d (surface

posi tion i nf GFhEt9SorF 14" (17 1@ d PForkt il dragie sideddon E dtwewater
ide in the X-axi i td f f t ab WI he det ect.i
Fesul t(surt atD solF b G 1t ha e Vi AR HALSSr SHEAMIH Areras btage
f by 5 [Welel AF. . 90Db). i t at e where the
conteriny ofSdr B te Ve oF AL F RATIRH O A AR Rt

this poing i ktdgm®tildrdyi dok BUBRIS PRe ML 144 1555 @ ; '
boundary betméEL Cle5§H46 and wafer tabl e vW%.a%ﬁ§§£$%?§§éT§&%PﬁlallY

liquid i mer sicardeeibud fing $ hemal 515 £nt BEts Refar €980, BRIIOWHEL & WRF-G g
fromCD bar 46 to wafer table WB. Then, when both stages WST
and MST furt herfenpurabile WIS HYadiarecttagre WST)e ikeapien-takdisr ddaricadion.
state (or proximty state) and reach the position shown in FIG 32,
mai n cont r ol Medm2@oaltmssilegi AV Perdousisy fasdsi edinzirddalofy wadtegc fis whiid e
15 alignment nmarks arranged in the five second alignnent shot areas

AS (refer to38P4nInahks TREFIERtBoY 4fiengOFFoEtaPn RFReMLT s\t EFPOALKE -
and AL2 @o AL24, links the gﬁégﬁ%ion results of five alignnent
systemsAt] and AL2JS(G7 AL PAT, REREZS DT BASRCS A s Ve g ko stage

encoders at'h?% %g@emggﬁ&g%Fﬁgke%E%] éM%%di%gggé%gﬁiet%%g%%gt%snﬁgBr%f

(not shown) nci dent al Si mu neous ctron

al i gnment makks kLARAeRnith Wine Hev §e385aRd @ -gRmERy %&%ts.arz%a%d’*ﬁ 5.

in this case is also performed while changing the Z-position of wa
tabl e WIB, agnics déesenilged deatinicethe?2iperiheion alesidti®eROiball dw) By

since the X head that faces X scale 39X1 and is | ocated on straight
| i ne LV does crot redilstr, 2fgper tormts aldesri ridf) cdantime) sohbeopost tdzah valve
within the XY plane of wafer table WIB based on the neasurenent
val ues of> X kéadi@eiflashpglX soate53a@ Idhidemcarendemiz0® odndocal
liquid immersion unit 8 as is described earlier, and the space
on the outgoing surface side of tip lens 191 of projection
optical system PL is constantly filled with water. However,
explanation regarding control of liquid supply unit 5 and
20 liquid recovery unit 6 will be omitted in the following
description, in order to make the description easily
understandable. Further, the following explanation
regarding the operation will be made using many drawings, but
the reference codes of the same members are shown in some
25 drawings and not shown in the other drawings. That is, the
reference codes shown are different in each of the drawings,
but these drawings show the same configuration regardless of

existence or non-existence of the reference codes. The same

is true also in each of the drawings used in the description



143 Y linear encoders 70A and 70C. As is described above, in

t he enbodi nent, position information (two-dinmensional position
information) of eight alignment marks in total can be detected at the
point intime 5 when detection of the alignment marks in the second
al i gnment shot areas AS ends. Then, at thgs stage, main controller 20
obtains the scaling (shot magnification) of wafer Why, for exanple,
performng a statistical conmputation by the EGA nethod descri bed
above using @@vsosition information, and 10 based on the conputed
shot magnification, main _controller 20 may al so adj ust optical
properties of proj édfi-of?ditaal syatemimre paposKarpPE,2 sltep-and-scan
projection magnificati | n thg enbodi nent, optical properties of

n.,

prp{eg%i?n ?BktfﬁFiéfiggﬁpﬁLpgi f&@FQsF?dW?EeEO%EFhﬁlﬁnkfeiﬁi%%ﬂﬁgfe a
uni ref er, justs e _opti.ca p S

proj ection o%?f%ﬁ %§§§¥£%1 FFaﬁé:H??Jfﬁﬁa%9%65@&99&1ﬁ§3%g9§'#%ﬁ?fers)’
const i L uté N 4r Qe Li-am 10Nt I6Al L3t Rl Qfsrchangl pgs Lheopressyr espL,
gas inside the airtight roomthat is formed between spec Prcl enses

consti t uti ngmRaejueeicdt OPidsMsTSYSheWi Ry, A0 HWiddeakbkataRalhist §hile
at the stage where alignnent systens ALI and AL21 to AL24 have ended

det ecti on of kickeipgedetrarenictedmiwaaedi(seiaghte, detwickins te@%e) UhetkbB€ore,
mar ks on wafer W main controller 20 nay al so control adjusting unit
68 so that adjhesténg diFittarg® adj ust predetepiicald giopenteedss sfifficient
projection 25 optical system PL based on the detection results.

| nci dent al | y 25t RenptiEBerdbitanrk 1§ eqsurengnteatagedightthayy is paefled

of the total nunber ,of marks subject to detectjon, but, only has to he
t he nunﬁ%@, Pﬁ?neQSﬁBEe%n Bqbl'F et bF L ot S P % M BNty Séetenewith

waf er or thew%%ﬁ%‘st%%% WST described above after the exposure ends.

During the exposure, main controller 20 controls the
position (including the 6z rotation) within the XY plane of
wafer table WIB (wafer stage WST) based on the measurement

15 values of two X heads 66 indicated by being circled in FIG.
22 that face X scales 39X; and 39X; respectively (X encoders
70B and 70D) and two Y heads 64 indicated by being circled
in FIG. 22 that face Y scales 39Y; and 39Y, respectively (Y
encoders 70A and 70C). Further, main controller 20 controls

20 the position in the Z-axis direction, and the €y rotation
(rolling) and the ©x rotation (pitching) of wafer table WTB,
based on the measurement values of a pair of Z sensors 74,4
and 74,5, and a pair of Z sensors 761,4 and 76;,4 that
respectively face the end portions on one side and the other

25 side in the X-axis direction of the wafer table WTB surface.
Incidentally, the position in the Z-axis direction and the
Oy rotation (rolling) of wafer table WTB may be controlled
based on the measurement values of Z sensors 74,,5 and 7434,

and 76,4 and 762,4 and the 8x rotation (pitching) may be



Further, after the sinultaneous detection of the alignnent marks
arranged in the five second alignnment shot areas AS ends, nmain
controller 20 starts again novenent in the +Y direction of both
stages WST and MST in the contact 5 state (or proximty state), and
at the same tine, starts the focus mappi pgzdescri bed earlier using Z
sensors 72a to 72d and the nultipoint AF system (90a, 90b), as shown
in FIG 32. Then, when both stages WST and MST reach the

posi tion wit Famtinsh vshesmrermn gite ene3Gs Urenepdated whs et [Y-doglow 10
projection optical systemPL shown in FIG 33, main controller 20
per forms t he WFemEcienefiter br 0éBssiihede SéeEbedheacrnerodnatt hbe
focus calibration | atter rocessijTr:qg escribed earlier. Then, main

control l er 26 rbislrt SHdEEaH ref;stl&r}'nﬁkﬁ &Y g‘iﬂi@ﬁmjyﬁ%ex
AL1 b d : i - i t

fesult of thé BaTaih derel hrbe dohy FURTEn g REERRE P BEGH il e rer
based on g r@gahbﬁﬂn%eEW%e@be%uggafgrﬁQFﬁérMQHUGéséﬁ ghgﬂg%%%%ﬁﬁ%%igf

72b, 72c and 72d (surface position infornation at the en tions

on one side ame i RINRIsE idRd TN Xabf i digadid @ Plhavafamdrabl e
WIB) and the detection result (surface position information) of the
nmeasur enent pl at e Idrshefracdaubynthehendstpqoinrd, Ahusystrem 080and 90D are
that has been obtained in the focus calibration former processing,

and based on slie 125ans4sticenéncloalingsopeénimgensbk syad ,5,B,742 drder to
761,3 and 762,3 (i.e. surface position information at the end _
portions on &FEVSINdevahgrtHer Gt HST andanedsyrRmNeny§itagdi MEE L] znm ¢oming

waf er t e B) correspondi to the best facus, position of

proj ect |a£¢1 ogio)csﬁr ﬁ%e%eﬁ%‘?ﬁ h&FE BE&STIRES P tianShe focus
calibration 145 | e rocessin main ntroller. 20 obtains the _.
offset at a represghiea ngggg?‘gc?ggﬂsﬁg?ﬁ?gﬁ% " tﬁepro'%meﬂ:tby main

Lo Lone, BRthnnd 20 uike tieae gl Las LB, JU B R,
which wafer stage WST is moved to a scanning starting position
(accelerating starting position) for exposure of each shot

15 area on wafer W based on the result of the above-described
wafer alignment (EGA) performed beforehand, the latest
baselines of alignment systems ALl and AL2; to AL24, and the
like, and a scanning exposure operation in which a pattern
formed on reticle R is transferred to each shot area by a

20 scanning exposure method. Incidentally, the exposure
operation described above is performed in a state where water
is held in the space between tip lens 191 and wafer W. Further,
the exposure operation is performed in the order from the shot
area located on the -Y side to the shot area located on the

25 +Y side in FIG. 22.

Further, main controller 20 may also accumulate the
measurement values of encoders 70A to 70D and the measurement

values of interferometers 16 and 126 during exposure and update

the correction map described earlier as needed.



5 the offset becones zero. In this case, fromthe viewpoint of

t hroughput, only one of the Pri-BCHK | atter processing and the focus
calibration latter processing may be performed, or the procedure nmay
shift to the next processing wthout perform ng both the processings.
10 As a matter of course, in the case thesPri-BCHK | atter processing
I's not perfornmed, the Pri-BCHK fornmer processing does not need to be
performed either. And, in this case, nmain controller 20 only has to
move waf er stage WShefyomsl sadivngipoEiLEi ob3 LPo¢ Hoze pogpaswre ato wefedr W
the alignment marks arranged 15 in the first alignment shot areas AS
are detectede®nds, for gxpaehtal P§Lora thre lasit ehet Frea B3 exppsgdolen

' I's bej, ti . W f t WET reaches the position
Shon T FI G S rod BEIRESF PHaaP T, S8 FOHUGH GRS dgpsehsTaLn
d MST 20 i t XL m tate) described ve,
ﬁgin contro:Fﬁ%ﬂgﬁﬁgggggkhg%g%%gggégpgé eg%ﬁghgf%%%s?fis qt&) S _ and
continuesst he gpveneat 10t NEaRYRSIRAL 33 agﬁd'\@&?,' nar'irﬁ]ese*tYslgﬂ SGH 518

wi t hout stopping it. Then, main controller 20 alhost sinu neously

and i ndi vi dualrdy 5det e6t n tdieeradd G, 25a pRE kScéd £ aneeth ithddenfict@rs
third alignment shot areas AS (refer
49A and 49B are in a fully opened state via opening/closing
sensor 101, main controller 20 moves measurement stage MST
(measurement table MTB) to the position shown in FIG. 24 by
10 controlling stage drive system 124 based on the measurement
value of Y-axis interferometer 18 while maintaining the
measurement value of X-axis interferometer 130 to a constant
value. At this point in time, the end surface on the -Y side
of CD bar 46 {(measurement table MTB) and the end surface on
15 the +Y side of wafer table WTIB are in contact with each other.
Incidentally, the noncontact state (proximity state) may also
be kept by, for example, monitoring the measurement values
of the interferometer or the encoder that measures the position
of each table in the Y-axis direction and separating
20 measurement table MTB and wafer table WTB in the Y-axis
direction at a distance of around 300um.

Subsequently, as shown in FIG. 25, while keeping the
positional relation in the Y-axis direction between wafer
table WTB and measurement table MTB, main controller 20 starts

25 an operation of driving measurement stage MST in the =-Y
direction and also starts an operation of driving wafer stage
WST toward unloading position UP. When these operations are
started, in the embodiment, measurement stage MST is moved

only in the -Y direction, and wafer stage WST is moved in the



to star marks in FIG 34) using five alignnment systens AL1 andAL21 to
AL24, |links the detection results of five alignment systens AL1 and
AL21 and AL24 and the neasurenent values of the four encoders at the
time of the detection and stores them 146 in a nenory (not shown).

I ncidental |y, the simnultaneous detection 9 t he al i gnment marks
arranged in the five third alignnent shot®&reas AS in this case is

al so perforned while changing the Z-position of wafer table WB, as

i s described -% pri|dcuidry .arurtheliradtSieat this point in tine, the
focus mapping is being continued. Meanwhi |l e, after a
predet erm ned peri @theof miziine domamolne rst2@p dofi vwaaf eafefrage 2BTWST and
descri bed above, shock absorbers 47A and 476 w t hdraw from openi ngs
51A and 51B fmsasad-<aient stiagelsst atonlBoneandlyhes statdesagfribed above,
measur enent stage MST and wafer stage WST shifts fromthe contact
state (or pr @& A% %ksattatle% hed ¢ Ha rSREGH batateen Ariperl aitfe 1K faf

to the separatiaon ate troll er 0 set s, openi ngs, 51A and 51B
in aclosed SIS F{}?ﬁgﬂé ARG A LRI P ook e

mechani sms 344,and %%%u%acié, YeegsunenEnt shage Ml Leaches gy 4,

exposure start Walt re nmeasurenen

until exposurgd ﬁeéé@f&ﬁé‘mt rE%b’ieCn@f‘é r %h%&dzﬂgse&ﬂévaﬁéﬁermgf?fg%%%e

MST at the position. Next, main controllTer 20°starts novénent

waf er stage Z@TVERA Mebberancltr£€ddOMIOWR €ha PPsdfdoOn ahcwiceltaling,
alignment marks arranged in the three fourth alignnent shot areas AS

are det ect ed duAtinightlse foireigdimdt moesnéhe, ftheusoneppt 3G adte ber pgoximity
continued. Meanwhile, measurenment stage MST is waiting at the
exposur el &t ast: agilt iofg wedsint ited lde ITH lsedl atpasmirement table MTB is

maintained. Incidentally, FIG. 25 shows a state right before
water in liquid immersion area 14 is delivered from plate 28
to CD bar 46,
When wafer stage WST and measurement stage MST are
15 simultaneously and slightly driven further in the -Y direction
from the state of FIG. 25, position measurement of wafer stage
WST (wafer table WTB} by Y encoders 70A and 70C cannot be
performed. Therefore, right before that, main controller 20
switches the control of the Y-position and the €z rotation
20 of wafer stage WST (wafer table WTB) from the control based
on the measurement values of Y encoders 70A and 70C to the
contrel based on the measurement value of Y-axis
interferometer 16. Then, since after a predetermined period
of time, measurement stage MST reaches a position where the
25 Sec-BCHK (interval) described earlier is performed as shown
in FIG. 26, main controller 20 stops measurement stage MST
at the position, and also drives further wafer stage WST toward
unloading position UP while measuring the X-position of wafer

stage WST by X head 66 indicated by being circled in FIG. 26



25Then, when wafer stage WST reaches the position shown in FIG 35,
main controller 20 imedi ately stops wafer stage WST, and al nost

simul taneously and individually detects the alignnment marks arranged
in the three fourth alignnent shot areas AS on wafer W(refer to star
marks in FIG 35) using 147 primary aliggfent system AL1 and
secondary alignnment systens AL22 and AL23, |inks the detection

results of three alignnment systens AL1, AL22 and AL23 and the

measur enent Vdlale$agkst Kestale ¥ntodE&rdiaeatrhentoderof 0B herditmeetsivgring
and stores them5 in a nenory (not shown). Incidentally, the

si nul t aneous & echosH téon: hé'—hﬁ iEn s ek Sng rtdifyddKen h & awiese

fourth align his case is also perforned whi | e

t t
changi ng then%q:ﬁ? e%ogia‘?rt%%sv&%erar{%bﬁté)ﬁﬁ'@a%sr |Ssta(‘PeescWS1 béd unloading
| £ i , th 10 b
ggﬁ?:gEZdy aﬁ%%ﬁggSurQﬁén??QQ%%%gRé$fy %PFocgg F iy 5? theiﬁﬂgﬁQgs
start wai §i ng,aeskhi PRe Jhehe %EH#E%%?E&%?Jf%@éﬁ% %QgﬁgtﬁfBQ% vabéens

i nformation (coordi nate val ues) o t areas on

t he XY coordiirat.e systemthat is set by the neasurenent axes of the
four encoders, for exanple, 15 by performng a statistical

conput ati on by t hesSkbBGaAenethad yvjeser shednednl FEGS .ugicngnidhe 7detm@dti on
results of 16 alignnment narks in total obtained as is described above
and the corr eopordildg meds pregrfermmsy dlhge S eof-BOIK f(durt cenvedderisy wiexdh
mai n controller 20 continues the focus mapping 20 whil e novi ng waf er
stage WBT i nrteHéltwediﬁOéé{tll@ﬁlSa% fheTHONT weendae Ydatldsnmen theamit ens

fromthe It| int AF system| noves off fromthe wafer W
surf ace, ! PAPRPE EO A oIt 28 CEHGRLE et § Gtfs ired 1n
mappi ng. Aft t, for

al Pgnmgnt (E % ce%@: %z;‘st é&s%tscégsegifgjﬁgrﬁ%orugg g‘ r&g) g’asreldltsné)sf

of five ali 9&@%@5%&%@%@% e ALh ba-ak2ds Wht@ s SEE-BERKD |

controller 20 perforns exposure by a step-and-scan net In a
i mrer si on expastke viaghhoehaand ceaguentieal 2y tgrl@'\'%%f ehe 2oh@hinel @nd makes

pattern to a plurality of shot areas on wafer

a drive system of an unload arm (not shown) unload wafer W

15 on wafer stage WST that stops at unloading position UP, and
also drives wafer stage WST in the +X direction to move it
to loading position LP with a vertical movement pin CT (not
shown in FIG. 26, refer to FIG. 27), which has been driven
upward when performing the unlocading, kept upward a

20 predetermined amount. In this case, the unloading of the
wafer is performed as follows: vertical movement pin CT
supports wafer W frombelow and 1lifts the wafer, and the unload
arm proceeds to below wafer W, and then vertical movement pin
CT is slightly lowered or the unload arm is slightly raised

25 or the like, and the wafer is delivered from vertical movement
pin CT to the unlocad arm.

Next, as shown 1n FIG. 28, main controller 20 moves

measurement stage MST to an optimal walting position

(hereinafter, referred to as an “optimal scrum waiting



148 Afterwards, the simlar operations are repeatedly perfornmed to

the remaining wafers within the |ot. As is described in detail
so far, according to the enbodi nent, while wafer stage WST i s novi ng
linearly in the 5 Y-axis direction, surface position informtion of
the wafer Wsurface is detected by the nyggi point AF system (90a,

90b) having a plurality of detection points that are set at a
predeterm ned distance in the X-axis direction, and also the

al i gnnment nmamkes iwiose )posedi tonshafs aisftfagreenf rigasmmamerdnsthge MIT drom
wafer Ware detected by a plurality of alignment systens AL1 and AL21
to AL24 havi n"gsFﬁEGdﬁé@ﬂparﬁﬁﬁé§§oﬂh‘a@f§¥e€%@7§é ihthel ¢ortatbrgate

the X-axis direction, |n other words, only by wafer stage WST (wafer
W linearly p%%s?ﬁ%xfrﬁbgﬁﬁttaﬁ@b\"ﬁ?%l“‘l#%’?t Bt &Sth SRS pothrg previously,

(detection a%%%.é?%sgg EEEF%?§QU4§Aeﬁkph9%Fiﬁy§%%ﬁ%£%%%ﬁé%g%k8%% %%%.

detection areas of ‘aplu of “"ali'ghmént ~sy

AL24, det gct iﬁnpgiawé&%&rﬁ)gﬂ-%i 8 e&:gwsg?;ﬁm% %gn %1&%9556%\@484 %Ege

entire surface of wafer Wan etection o al i gnnent

be detected edmtanel aWd ealkest Be d@liv@NERAL SHBRIJES a N dale a28 ahicgNEeBLm )
shot areas in the EGA) are finished, and therefore, the throughput

can be inproledd acewpasfdrviitdntdevafase teidewandet Bied | dndines &lf @A fer
of alignment marks and a detection operation of surface position

i nformation @ ésuserfibomadt ionyhar ol halependentdsdysepanatfty W held by
perfornmed. 25ln the enbodi nent, as is obvious fromthe description of
the paral | el "HeoteaSPAE bheraivensdusiqiyt iaflaadkangd onsTr her L movement

nmeasur e t sta MST descr.i bed ve, in the mddle of novenent of
waf er s?ﬁ@e ‘Ré‘f‘gﬁro & Is&i’&iené’%g St FRiRE e fpREGhe termined

posi tion (eXB%%ﬂE% %%e%ahékaghe%} %%B'g%t%geth%4%oad arm is withdrawn,
wafer W is mounted onto the wafer holder by vertical movement
pin CT being lowered and the wafer is sucked by a vacuum chuck
{not shown). In this case, since the state where vertical
15 movement pin CT is raised upward a predetermined amount is
maintained, the wafer loading can be performed in a shorter
period of time, compared with the case where vertical movement
pin CT is driven downward to be housed inside the wafer holder.
Incidentally, FIG. 28 shows the state where wafer W is loaded

20 on wafer table WTB.

In the embodiment, the foregoing optimal scrum waiting
position of measurement stage MST is appropriately set in
accordance with the Y-coordinates of the alignment marks
arranged in the alignment shot areas on the wafer. With this

25 setting, an operation of moving measurement stage MST to the
optimal scrum waiting position becomes unnecessary when the
state of measurement stage MST shifts tc the contact state
(or proximity state) described above, and therefore, the

number of movement of measurement stage MST can be decreased



novenent of wafer stage WST in the Y-axis direction), main controller
20 makes a plurality of alignnent systens AL1 and AL21 to AL24

simul taneously detect a plurality of the marks (alignnment marks in

the alignnment shot areas) whose positions 5 in the X-axis direction
are different on wafer W and al so makes{ghe nul tipoint AF system
(90a, 90B) detect surface position information of wafer Wthat passes
t hrough the detection areas of the plurality of alignnent systens
accordi ng t o thengpeempatredf wivbh erhstege WBErenmeheuYearins 40age MST is
direction. Therefore, the throughput can be inproved, conpared wth
the case wher&d¢ deterit it epeeattbpn dthadl iigneeay froankshanepaimal scrum
detection operation of surface gosition,infornation,(focus

i nf or mat i on) "¢ NBRERGERTy DeFFRFed D FREiIBRHEIMSAt i A5t Hee optimal
nbodi t, the | I i ti.qn d, the .15 itio t

croeolent <o 18 RS, 110 AN 45 Enpasur o oL 08 A5 Lo,

di ti | ; i al . ki

St hge VT can Te v B toRbRe B shihan TRy IED R AR UL S stare

position to the galRGhiien, dteas)ofidRe iddoumite K6 &8 JAH ARSI at a
mul ti point 20 AF systen). Further, the | oading position and the

unl oadi ng pogidsion amyhkect hefsanet pPsiHdOBLops ForFulié helfe RCAAGiHaGt
to the enbodi nent, while nmeasuring the position in the Y-axis

di recti on andeasivgided ctatvicon (yawi ng) of wafer table WIB (waf er

stage WBT) based on the 25 neasurenent values of a pair of Y heads
64y2 and 64yl faci N§X&:paf hefnylr EdiGes? 30 VR 1anco o ek gdcnoves yafsr
pair of Y-axis linear encoders 70A and 70C), wafer table WIB (wafer
st age WsT) c§%a§€ Wﬁ?e%rPW ReYDgxPes et FBnto rumdsEit 19t Wifkhs which
case, since venent. . of  wafer..t.abl.e, WB fer stage WBT) .in 50 .t he
Y- axi s direcggghgggﬁtﬁgnrgglF%gﬁc?ﬁlamgfgrgMWHéﬁ§ %ﬂ?%@§%ﬁi e 30 1s
positions in e i S L6l 1l f ar N -

PO Al 24 wi th ToanatTo B ey ol (i oa ek s, P HR ks, ST ginehe

accordi ng toghheear may (SUEN 21RS gk tSickeln@fret RSt 308a% PR IR HK
on wafer W the alignnment marks in a plurality of shot areas “(e.qg.

al i gnment shdbrakeaprodeesd RESis ipeTdrimdd)e Yiaxtbedinigatbopraeget he
sanme and whose positions in the X-axis direction are different on
waf er Wktan bevesasdreda$shmdritaneloiest ¥ Obywat phes aldrtyodf odl tlgnmwest tion
within the XY plane of wafer table WTB from the control based
on the measurement value of encoder 70B regarding the X-axis
direction and the measurement value of Y-axis interferometer
16 regarding the Y-axis direction and the 6z rotation, to the
20 control based on the measurement values of two X heads 66
indicated by being circled in FIG. 29 that face X scales 39X;
and 39X; (encoders 70B and 70D) and the measurement values of
two Y heads 64y, and 64y; indicated by being circled in FIG.
29 that face Y scales 39Y; and 39Y, (encoders 70A and 70C).
25 Then, main controller 20 performs the Pri-BCHK former
processing in which fiducial mark FM is detected using primary
alignment system ALl. At this point in time, measurement

stage MST is waiting at the optimal scrum waiting position

described above.



10 systenms AL1 and Al 21 to AL24. Further, according to the
enbodi nent, main controller 20 detects the alignnment marks on wafer W
using alignnment systens AL1 and Al 21 to AL24, while controlling the
position of wafer table WIB (waf er stage WST) based on the

measur enent 15 val ues by the encoder systgg (Y |inear encoders 70A
and 70C, X linear encoders 70B and 700). In other words, the

al i gnnment marks on wafer Wcan be detected using alignnment systens

AL1 and AL21 to Al 2gxphi meipormrrtofd] reyr 2Res past s immvasfentabérwa bbt etage
WB (wafer stage WST) with high precision based on the 20 nmeasur enment
val ues of Y r‘ﬂ@g“dénaﬁ ¢ &Y Agrecéddaresonayd ap@sigry vhpeetiive al igpment
| i near encoders . 70A and 70C), and X heads 66 facing X scal es 39X1 and
39X2 respect (NEIK® EELANRST léhgg’tfertg"rﬁ% HiE &7 GHLIBF h & o &R A

to the enbodi e r,of 25 t.ecti o i.nts (the nber . of
nmeasur ement p(cr?ilaenr}t}e,sﬁ% W%%Cﬁnr‘?‘ern %Frreﬁ-‘&cste&'{r} \%g*fleqre \?éct%artor];'rlé“‘g the

i | t | 1. i t

si nul t aneguslyy, detiest eF Py rakhd 993&\% ?%?ﬁﬁ%ﬁ%d%%pﬁ%g@#&e&ﬂ@%ﬁlges

di ffers depending on the position er tab

WIB (waf er stoagehéSHourTheifine dicraxamlsod, thetbirmatabtiRg the
151 foregoing wafer alignment or the |ike, when noving wafer table

WB (waf er stagemdBE) di wafdinr ettadgen WAT ensetid Ry tdie-o¢tadrs, rfadm
exanple, in the Y-axis direction, it becones possible to

si mul t aneouslopndarcddent 7 aipiegreneinu trsrles AfRosedpddiBt ilons har @r®cedures
different fromone another on wafer Wusing the required nunber of

al i gnment sySESFEINes £Ed3ri@dncand BIF HHE Spddie iferT toie Tnairdrr Qaaihl ieowre
f T) in th -axi s di tion, i th ds, i

e or dantl it S oA BSnE ) SRRty ST S St M ons FHACRAF er TR D

10Furt her, i h i t, t _t.h { t

2l gnrent | macRe g e AT IR SRy e Al gere AU ang 49P

remain (e. 9. palkeldsnPohdtadibdd 18 ‘é‘%%%l‘l%@%é&‘f‘ir‘?é/éf&sgl& UM 101,

mar ks arranged in the second alignment shot areas AS end In some

cases, main controltheh,2Qheantieks adhystidy Adndiid 9k $4i8bn shown
adjusting unit 68 adjusts the optical properties of projection

optical systém PIGha36¢ maihheodetetlénn2( esettdst Ofttaatplusrin tsyra@fe WST
(e.g. 8) alignnment marks on wafer Wthat have been detected by the
al i gnment> syenghgebypurkarntl atsgehM8dsesne f it exenplast iwittheacdsotaer
operation (or come closer together at a distance of around 300um), based
on the outputs of collision detection sensors 43B and 43D,
and immediately stops wafer stage WST. Prior to this
operation, main controller 20 activates {turns ON) Z sensors
20 72a to 72d and starts measurement of the Z-position and the
tilt (the Oy rotation and the ©x rotation) of wafer table WTB
at the point in time when all of or part of Z sensors 72a to
72d face(s) wafer table WTB, or before that point in time.
After the stop of wafer stage WST, main controller 20
25 almost simultaneously and individually detects the alignment
marks arranged in the three first alignment shot areas AS
(refer to starmarks in FIG. 30) using primary alignment system

ALl and secondary alignment systems AL2; and AL23, and links

the detection results of three alignment systems AL1l, AL2,; and



20 such as detection of an inmage of a predeterm ned neasurenment mark
(or pattern) by projection optical systemPL is perforned after the

adj ustnent of the optical properties of projection optical system PL,
even if the imge of the neasurenent mark shifts due to the

adj ustnment, the imge of the measurenent 12 mark after the shift is
measured, and as a consequence, the shift of the inmage of the
nmeasurenment nmark due to the adjustnent of the optical properties of
proj ecti on optliZcakndyShemeesdoenendt vhbeoneoh Heasivwnmncatemy at the
factor. Further, since the adjustnent described above is started

based on the 'd&t%etidit de59CEestl tANHELPRE S hghABM MPERY {hat Shava) -

been detected by then .hefore detection of al| the align t rks to
e’ tet ot ot HETIERIAY e T e s SR rt T e iamsnt
with the det ' .00 0O emad.ning_ali nt Ks. That,
is, in the eﬁlgagrléﬁ(yr}g%??l}@tege??o%h%f J‘%[err‘%afrleq:lqsEﬁ Fgéggglg%fchgggéj %rs %én +

can be over| %@ﬁ%dc%ehi@ﬁg%ﬂfb%eafwﬁm@ dHLM whepndet ecd i phe gfecﬁti*%%o.n]al

alignnment marks in the third alignnent shot "areas AS Is star unt i
when det ecti qreleft itdre ial tgRMENMaxTRY kS ridttlike f@wduR aiir@rmarin SRt ween
areas AS is finished. Thus, the 10 throughput can be i nproved,
conpared with pherebnvenif addbnaenhti sysibéemd ATHeaadjAIst meatAlix stdmwaded r
after detection of all the marks is finished. Furt her,

accor di ng t o%W e uarssdionme wa £ edurtiadd ea Wigr ibod chieaidiwige irhen Zopersdttiiom of
(e.g. the Pri-BCHK fornmer processing) 15 of neasuring _the positional

rel ati on bet W8&# Ta 55 di%e {liBon 3sodit i96F Bribed inkgegd 1y -pattern (e.g.
tt f ti R i ti t,i { PL d ,
Gefact | G0 Cent or | ofiSal b iRat LSS VA, it ace: ERRSOINERE grenshi £t to
t AL1) | LL _wh t] i |_et ed 0.
The 50 pri) i PAPEEFthebecealh PRORREL DR B i S tae

performs a defsgctiQn . QRerat Oty ot aldge K$ e Qe
alignment marks in the thr eLet%%erzthTgﬁisgr?rrent ;E%g{*%';tr 3&% ggﬁl{tﬁgnf iw\l}eere

second al i gnaefkcshieh arealsd O ywieit Wanksah hgoReNt i s¥s oM MlchtaRfiot
AL21 toAL24. That is, at least part 25 of the detection operation of

t he mar ks by atrkeasalrisgisepe rfystrends ean Heoperther ped iitd opar ahlee mowietent
t he measurenent operation of the positional relation. Accordingly, at
t he poi ntdi nini mewhdn dilfeciBasurisinem royeranitofovhrche peosiitionathere
relation is conpleted, at |east part of the detection operation
the alignment marks arranged in the five second alignment shot
areas AS are detected as described previously) of both stages
WST and MST in the contact state (or proximity state) is started
by main controller 20. Prior to the start of movement in the
20 +Y direction of both stages WST and MST, as shown in FIG. 30,
main controller 20 starts irradiation of detection beams of
the multipoint AF system {90a, 90b) to wafer table WIB. With
this operation, the detection area of the multipoint AF system
is formed on wafer table WTB.
25 Then, during the movement of both stages WST and MST in
the +Y directiocn, when both stages WST and MST reach the
position shown in FIG. 31, main controller 20 performs the

focus calibration former processing described above, and

obtains a relation between the measurement values of Z sensors



153 by the alignnment systens of a plurality of alignment marks to be
detected on wafer Wcan be finished. Thus, the throughput can be

i nproved, conpared with the case where the detection operation of a
plurality of alignnent marks by alignment 5 systens is perforned
before or after the neasurenment operation,9f the positional relation.
Further, according to the enbodinent, during a period from when
starting a detection operation by alignnment systens AL1 and AL21 to
AL24 of a pl utzd, tA2kof 7dd ghmerit2drardis e e ol tdedre citrefth rore tiafreratWehe
(e.g. the wafer alignnment operation described above, i.e. a detection
operation of €rel aldxfirmae amrdese igidetaald severdiier aidmged tihe theaxis
first alignment shot areas AS to the fourth alignnent shot areas AS
until bef or e BRI T 5 dperlat e HAB) it tBsigtRgteorppepet £ oravs face

15 measur enment operati,on of the gosi tional relation bﬁt vveeg a

proj ecti on pdSTiOPTbf AR TREGE A O8 T MGATISeMedt PLatr p) surface by
proj ecti on optic Y. et i0 nt.er of_.al.i gnment
system AL (Ecte}l{see?Alunl:Cl O%aﬂflg‘n%&&se%t maALlrb(gbe)_ T ﬁtsattqgry ere the

measur ement  QR&fta 18 Pl A Re MISitdpnalyrelatien WALHS Q%ri];??/ftt”ﬁg.ne

in parallel with part of the detection operation of the mar

al i gnment sy ghensatAceDs oty intiimidld 1a el oem¥heNoh herdetactis e rmed
operation by alignnment systems AL1 and AL21 to AL24 of a plurality of

al i gnment mamest bhbedetdxt v thetvesalf €D VDAY 4 6pend avated; thbhee WTB. That
measur enent operation 25 of the positional relation can be finished.
Thus, the thAcughpterdanlbauidpimversicorraeets it hnthetessej whebefore
t he neasurenent operation of the positional relation is perforned

bef ore ot? af t&inghéeddivedacod rope /it et P &9 gifaR taie Wb a

plurality of aligmf?nt mar ks to be detected on wafer

W 154 )
Further, accordi ng "t'§%rh8 ﬁﬁbla‘a?%ﬂ%g%%r‘ﬂ%a&%@??oﬁuﬂﬂaﬁrvmfﬁ an the
ool on"Spanln st bt 40 e L b Lk e0 et

(e.g. the wafer a niment = oper a SCT

operation of 16 ahi gnaeRl B FREKDs iitS o3t @R L ed i'ﬁnﬁ“-i% @%f,orpgiﬁ R@ntroller
| 'er” 20 "pér

detection operation is conpleted, nain control orns a state

swi t chi ng opematdlen hetswRen tare@UAGt Hatiedafy\wafan e MWEB apd
measurenent table MIB (or a proximty state of making both tables
conme cl osgr tddemhent terkexamlaegeat 130@p@ @ivieess)lond alignment shot
areas AS (refer to star marks in FIG. 32) using five alignment
systems AL; and ALZ; to AL2,, links the detecticn results of
five alignment systems AL; and AL2; to AL2; and the measurement
values of the four encoders at the time of the detection, and
20 stores them in a memory (not shown). Incidentally, the
simultaneous detection of the alignment marks arranged in the
five second alignment shot areas AS in this case is also
performed while changing the Z-position of wafer table WTB,
as is described earlier.
25 Further, at this point in time, since the X head that
faces X scale 39X; and is located on straight line LV does not
exist, main controller 20 controls the position within the

XY plane of wafer table WTB based on the measurement values

of X head 66 facing X scale 39X; (X linear encoder 70D} and



10 and a separation state of separating both tables. In other words,
according to the enbodi nent, both tables (or both stages) are
controlled so that the detection operation by the alignnent systens

of a plurality of marks to be detected on wafer Wis started in the
contact state (or proximty state), 15 angzthe switching fromthe
contact state (or proximty state) to the separation state is
performed before the detection operation of all the plurality of

mar ks is conpl dtigtarAcesragians vy 0 d@nichg O€ .peri od when the detection
operation of a plurality of marks to be detected on wafer Wis
performed, 20 the $fatlé SWSCERIPRE epevari R &S BELPUANSRED. PPEESion

t he t hroughput can he inproved, conpareg with the case where the |
state swi t chihg GPE %N HE ~PePEBrredneP BF &t PN a1 P TRk Aot &th BdAht
operation of : |, i f r t-0 tected on wafer W. . .
25Fur ther , acaatitelin bRy IREHAR SRR RS S R At Rbretar i e

measur enent QReHARLEB-Bf ohher haseli nenplyald anrent, EMét&{I}] aiﬂgfg@%nt

separation state, and ends the neasurenent operation In e cont

state (or pr@tot byeskahe)endddS Then, atFUhtiBestagEC MM NGdrd dd@er 20
enbodi nent, nmain controller 20 controls stage drive system 124

(Z-1 evel i ngmethaniinsnthet sshawny) (andt aha gniehtasysh e Alda Bnd WALR], tfor
AL24 so that while changing a relative positional relation in the
Z-axi s 5 di r eeeingd o a resdermdinde ¢t is¢a)t dsdtiwedn comp usladriain toy d¢fhe EGA
al i gnment systens and wafer Wby the Z-1eveling nechanism the

al i gnment nafREhRko slessgdihedo aSogEe UginCe tBist POEdMioRe 1akeLHeltion, and

waf er Ware sinmultaneously detecte y a plurality of correspondin

ot gnmentd oy SPaRe SRnCkR e ikt el pacRer i Rahobng ek R o 20
ositional relati i . f inrectiaon.hetwe the plurality .of
glignnent sygﬁgagqgﬁdgﬁ; %F &%@?&ult§%§%h§?§e§nﬁﬁgpfﬁée%F§P&iqﬁﬁ%ﬁal

al i gnnent systemen bhe fB ks phese %é?goé%%t ro%yﬂ%&%fff@%tiéﬁm Oi%gthe

anot her on wafer Ware sinultanheous cte uralrty of

corr espondi ngmdloidgm@eit!, Systers. pFBYSrt €asho fld et sty HhRMGAN systen
performthe mark detection, for exanple, in the nost favorable

focused stateL amed hyljpseker @yt cahltyolding thdudetiagt uantr 6sul{teder to
the Ii ke, the marks whose positions are different from one another on

waf er Wkian BéGdeBecttddtwiatdjusts the optical properties of projection

optical system PL, by driving a specific movable lens
constituting projection optical system PL or changing the
pressure of gas inside the airtight room that is formed between
specific lenses constituting projection optical system PL,
20 or the like. That is, at the stage where alignment systems
ALl and ALZ; to ALZ24 have ended detection of the predetermined
number (eight, in this case) of the marks on wafer W, main
controller 20 may also control adjusting unit 68 so that
adjusting unit 68 adjusts the optical properties of projection
25 optical system PL based on the detection results.
Incidentally, the number of marks is not limited to eight,
or a half of the total number of marks subject to detection,
but only has to be the number, for example, required for

computing the scaling of the wafer or the like.



20 good accuracy w thout being affected by unevenness of the wafer W
surface and the best focus differences anong the plurality of
alignnents systens. Incidentally, in the enbodi nent, alignnent
systens AL1 and AL21 to AL24 are to be placed substantially along the
X-axis direction. However, the 25 nethodikh which while changing the
relative positional relation in the focus direction between a
plurality of alignnment systens and wafer Wsinultaneously anong the
plurality of alignismtheyst erfgent denrmiks ilioseusosictieots car @f the
different fromone another on wafer Ware sinultaneousl 156
neasured by &IHARATE YT Grites\sseliing tdig drifents 7e- liggmgingo shot
effective in otherdﬁgace nts of alignnent systens different fromthe

pl acenent destri%se iR Th ST GE kS Fate eyt to Add tafmovement  in
et ect ad al it o it P aEand) it e iy Sr gt 18 Sanact
Further, §Ccc§tcyt%9%%% %3%8}7%%@\%8' JEM o) L he engoder §¥1§Eemmé’\’,giosg%rts the

i ncl udes encoders ose mneasurenent val ues have
short-term straidd mappatt e ddikRd Rasulas vk RS tdei didf onmatdon 24
of wafer table WIB within the XY plane with high precision wthout
bei ng aff ect ethcbyhaimuitiustimt i XNsyeremheobakesoland =& shovheiswiacs?.
position neasuring system which includes Z sensors 72a to 72d, 741,1
to 742,6, 761,2 toTher,6whandbohb bt&keesnBIEuared WHLindaorh itifeopomtitdon
of wafer 15 table WIB in the Z-axis direction orthogonal to the XY
pl ane with hi¥ghpredicd aieamunessan théilag cafFledised asptad dFlingatdat ivsdow
or the I%@e. In this case i nce both_of the encoder _system and the

Si

surface 1R S S P%iéégt%%ﬂw BLIIRP HR AU € t R Uppet “SlEFaddeT
of wafer t ab|2? %?fo?}ngpilzﬁe aéqrcg.—%(ﬁﬁ@&gé%eggg%éi';%%?%ﬁ%?c{eoslcroifbg@fe%rrlier

table WIB, an erefore; of Wwafer

Further, accougdi g (fotchul% %@g@ﬁ%%n QRGOS JERY NR LeSHdPed

previously, main controller
earlier.

Then, main controller 20 computes the baseline of

15 primary alignment system ALl based on the result of the
Pri-BCHK former processing and the result of the Pri-BCHK
latter processing. Along with this operation, based on a
relation between the measurement values of Z sensors 72a, 72b,
72c and 72d {(surface position information at the end portions

20 on one side and the other side in the X-axis direction of wafer
table WTB) and the detection result (surface position
information} of the measurement plate 30 surface by the
multipoint AF system {90a, 90b) that has been obtained in the
focus calibration former processing, and based on the

25 measurement values of Z sensors 741,4, 742,4, 761,3and 76,3 (1i.e.
surface pesition information at the end portions on one side
and the other side in the X-axis direction of wafer table WTB)
corresponding to the best focus position of projection optical

system PL that have been obtained in the focus calibration



si mul t aneously activates the surface position neasuring 25 system and
the nulti point AF system (90a, 90b) , and converts the detection
results of the nultipoint AF system (90a, 90b) into data, using the
measurenent results of the surface position neasuring system as

dat uns. Accordingly, by obtaining the copyerted data in advance, it
beconmes possible 157 to perform surface position control of wafer W
by only nmeasuring position information of wafer table WIB in the

Z- axi s dir ectliadrt ean@ noesistsilow i ntdnmabhonodf ewad @rolviadl ms W iaf feet at
tilt direction with respect to the XY plane by the surface 5 position
measuri ng syst ERPEEEERNATd VeWlehotE 8Bt I hPstPraeel poBPiNBARE system

i nformati on of_ waf W Accordingly, in the enbodi pent, although the
wor ki ng di st a(r?@éfbgb%er?l’tqpﬁdpélﬁgslme gﬁ&eﬁﬁé%?@gw Sibr P aylsipoint

short, focus-| lin n | _af. fer n _.exposur an_be execut
w th good ac@‘&?égsFe%OE\gw {}El%ucqucplrco er%WO% dsse ﬁg?ﬁ enbodt £5¢ %g“at

i's obvioug frem the explanaiin Qf.4he parallel processing operation
usi ng waf er stage WST and neasurenent stage MST described above, in

the process in whiah wai@rca\é/er;py%mftr}ggnv&aapaeﬁi:tépr&h(rbeaag;?w, only one
position LP) 15 where wafer Wis carried to wafer stage to the

posi ti on whered phedetréerBCHED]l ptoeessroges oinaf &tid Whd domiarplldbration
exposure (pattern formation) is perforned, main controller 20

perf or ns t he lsitragint pneocessopenmy ba wir fdmnely bacehesiocieon reepsy shid t
system and the nmul tipoint AF system (90a, 90b) and 20 the data .
converting préceleNfgt(PHRESs Frhpdi espe T fermapgketh the progeskdngs .

in the eppodinment, in the process fromwhen a detection operatiaon by
i grentd oy @iborts AU S (NP LS AlLFH S R (S IO R S e

detected (e.g. the fer. alignment 2 per.ation. ibed above) is.
o arCeg i Broieat il oI E Lo ERa AP LA LA R | B AP D kelsS 100

CorPLELEC, AR LSS A Shark e T L SRR SPELRL O i
(90a, 90b) ar@ralreq 1sirarios chhe Hakatsonyes ti e PrOCRFS W from loading
position LP to a position at which the alignment marks arranged

15 in the first alignment shot areas AS are detected.
Incidentally, in the state of FIG. 33, the focus mapping

is being continued.

When wafer stage WST reaches the position shown in FIG.
34 by movement in the +Y direction of both stages WST and MST
20 1in the contact state (or proximity state) described above,
main controller 20 stops wafer stage WST at that position,
but continues the movement of measurement stage MST in the
+Y direction without stopping it. Then, main controller 20
almost simultaneocusly and individually detects the alignment
25 marks arranged in the five third alignment shot areas AS (refer
to star marks in FIG. 34) using five alignment systems ALl
and AL2; to BL24, links the detection results of five alignment

systems ALl and ALZ2; and ALZ; and the measurement values of

the four encoders at the time of the detection and stores them



158 Further, according to the enbodi nent, as is described
above, since the surface position of wafer table WIB, and thus, the
surface position of wafer Wcan be controlled with high precision, it
beconmes possible to perform highly accurate 5 exposure hardly having
exposure defect caused by surface positigagcontrol error, which nmakes
it possible to forman inmage of a pattern on wafer Ww t hout inage

bl ur. Further, according to the enbodi nent, for exanple, prior
to exposure, ifmien megmmol (et Z2havgdsur dscsdehseéd lpesithieosimgltaneous
i nformation of wafer VVusin% t he detection val ues (neasurenent

val ues) of tKHEYRATEIPLAft tAR &)4OBRPPEOBRATEBITTHRER] sif fidhe Tiorg thihdard
i nf ti .end ti f . tabl.e WIB or id dt .
ot her o do- i # BTED kO pEeAFoAS it T Gt hine APSDLTN RIS while
i troll Lti 5 i . Wi .
o ot o LR i ZEgpRTk NGRS AL USLIEIL ol valets i e

and a tilg digetiRyW.threshes! bosbhgrptane Qsibooanalidd ld ERleus
axis AX, with surface position information at end portions of wafer

tabl e WIB onneneisigdd same itrlie cdrhi@msddle in the X-axis direction, 20
as a datum Accordingly, although surface position information of

waf er Wi s neasur ellepnwiiilieq aKiposareredetdacenedpietriion cHntima fodm the
waf er Wcan be performed with high precision on actual exposure.

Furt her, accétdrgftvafae shvorlividhdesgrpied abogect slvnckRhpfomism|47A
i mage neasuring unit 45 is arranged at wafer_ table WIB (wafer stage |
WST) and par @T6F A/Re Vi ERETAINGTSBCPPBRINES ar FArdfRd 2B fEng-axis

stage NET@ ag%a%%&]%brlg%%etggag 5£ngf measurement stage MST and wafer

stage WST shifts from the contact state (or proximity state)
to the separation state. After the shift to the separation
state, main controller 20 sets openings 51A and 51B in a closed
state by driving shutters 49A and 49B upward via drive

15 mechanisms 34A and 34B, and when measurement stage MST reaches
an exposure start waiting position where measurement stage
MST waits until exposure is started, main controller 20 stops
measurement stage MST at the position.

Next, main controller 20 starts movement of wafer stage

20 W8T in the +Y direction toward a position at which the alignment
marks arranged in the three fourth alignment shot areas AS
are detected. At thispoint intime, the focusmapping isbeing
continued. Meanwhile, measurement stage MST iswaitingat the
exposure start waiting position described above.

25 Then, when wafer stage WST reaches the position shown
in FIG. 35, main controller 20 immediately stops wafer stage
WST, and almost simultaneously and individually detects the
alignment marks arranged in the three fourth alignment shot

areas AS on wafer W (refer to star marks in FIG. 35} using



unit 45 neasures an aerial inmge of a neasurenent mark forned by
projection optical systemPL. Therefore, for exanple, at 159 the

time of the focus calibration described previously, when aerial inage
measuring unit 45 neasures the best focus position of projection
optical system PL, the neasurenent can beagperfornmed using the

position of wafer table WIB (wafer stage 5 WST), at which a parti al
section of aerial inage neasuring unit 45 is arranged, in a direction
parallel to mﬁéﬂ@ﬁbi@gﬁgamﬁgto$yat©@éﬁ£i@mdopebgadasysakﬁgﬂmgmﬂs&ystems
datum of the _bhest focus position. Accordingly, when EXEOSIng a waf er

with illunndb%emiddghtarLlipke ‘b%%qut@@tdforv\/éﬁéplttéb@ W] wefenmegt
WST d | | tical f t

bt cal syst SHESETS 2%;3,"3@@2” FiPdgn ﬁraﬁ?éﬁ%asﬁ%zﬂr%a% 5519 e

measur enent rf%?.ﬂj% dtef}% B%Skh‘éoﬁﬁepé?f'ﬁﬁé’ erﬁgééh&ﬁ d'E oor[‘ésy them

partial section o aer neasuri ng s ar range

waf er tabke W@Ba(ﬂ@ﬁ%&ys %&%.@@I%nlmafﬁhcléehﬂghﬁ @hémgaﬁﬁlﬁéﬁggus

WST) is not increased i'n size and t e position co%fr l'abi ity can
favorably be dseewtadn bﬂCtlﬂ@lﬁldddrﬁneriﬂ'lﬁaM@ EriPédiiRgtEECEH e Fourth
aerial imge neasuring unit 45 does not have to be arranged at

nmeasur enent stlagemnesE, shot theaseh®iin ndisechisenisyl &b 3o i atadngad e
20 partially at neasurenent stage MST and outside the nmeasurenent
stage MST, rédpectiingeityie Z-posikdenhet, wvatedrdhipbe tWl3 heensodiesentiped
Y-axis interferoneter 18 and X-axis interferometer 130 measure '
posi tion i nf BEFALOHT 16T nBASAr M SPRIBEMET il £56r SPrhedraREing is

d to 7 0D t f of ma fer tabl

(var ot g PP c%tg?ﬁ% et S S R A LS
ders th X

Soviandsovz. b it Seareesoiin iaksy Mot B Sanb SRR seagteer

WB and eaCh2@a¥§m§u95§téfgaywﬁﬁﬁbﬂﬁﬁﬂfgﬂ(¥coordlnate values) of all the
shot areas on wafer W on the XY coordinate system that is set
by the measurement axes of the four encoders, for example,

15 Dby performing a statistical computation by the EGA method
described earlier, using the detection results of 16 alignment
marks in total obtained as is described above and the
corresponding measurement values of the four encoders.

Next, main controller 20 continues the focus mapping

20 while moving wafer stage WST in the +Y direction again. Then,
when the detecticn beam from the multipoint AF system (90a,
90b) moves off from the wafer W surface, as shown in FIG. 36,
main controller 20 ends the focus mapping. After that, based
on the result of the foregoing wafer alignment (EGA), the

25 latest measurement results of the baselines of five alignment
systems ALl and AL2; to ALZ2,;, and the like, main controller
20 performs exposure by a step-and-scan method in a liguid
immersion exposure method and sequentially transfers a

reticle pattern to a plurality of shot areas on wafer W.



160 direction is a direction parallel to the Y-axis or the X-axis,

and a plurality of heads (Y heads 64 or X heads 66) to which scales
39Y1, 39Y2, 39X1 and 39X2 are placed facing. Therefore, in |inear
encoders 70A to 70D, the optical path length of the 5 beamirradi ated
fromeach head to the facing scale (gratipg) is nmuch shorter,

conpared with those of Y-axis interferoneter 18 and X-axis
interferometer 130, and thus, the beamis difficult to be affected by
air fl uctuat ifdssrveadishdite séemmlstrabbeireyiofist hee negseatentny peal fitesned
i's superior to those of 10 Y-axis interferoneter 18 and X-axis

i nterferonet d° I8¢ EeHHing|waiqrs beddes Pussidie to stably

perform position control of wafer table WIB (waf er stage WST) hol di ng
a wafer. Furthers, dsscdidisdy it date ldnissuiffent 2498 Pirde fertthe
di stance in the X-.axis direction between a _plurality, of Y, hea 15
whose neasur grrrregon%dlgrl‘ernzcc’t "G 1% ™ grY\-ég%g? Hgke%?i%ﬁ%r%grﬂa]rl?%éfyt%%%e
awdth igt ~:aX| i i 0 S 39Y2. ; t

pl acementgdi ts}te_é:_l?%clgsxid%r%ﬁ'réﬁ@néx?’gggfrgeec??%%tgggﬁgﬁogﬂ%ﬁhcﬁgl ity ot w)?fer
heads 66 whosge siRFsUEeIBNicdLELEY IO dhe e tXp@iing HEr €6EEOR IF0a, 90b)
narrower than a width in the Y-axis 20 direction of X scale 39X1 or
39X2. Ther ef oresrinthen pimialg. swafer dealdd & \WEB fosaftey 3taage\dbBet tdhie a
Y-position of wafer table WIB (wafer stage WST) can be neasured based
on the neasurersigteralives] dfi sYahicrean Ene dderxi®0Aigect@Ont hatd also the
irradi ates detection lights (beans) to Y scale 39Y1 or 39Y2, while
sequent i al | y 335 @Werndhiagka Whagapp syt bpny drsadsfbarennd Hom pag alnlogher
with this_ operati t he X—gosition of wafer tapble WIB (waf er stage

t , .
WBT) canf%e r?é’a§’|6‘(r%gdf Hagcd ORTERESARRE R drehia Il eyt grlignmendysystems
d 70B 70D i i at det.ect [.i.ght b to X
Soar e oxt oraeana Bidh o8 AL BLSRaLSE eRB S Sr SR MR 400 R rayea
X heads 66. . ; di t Q. di i
K heads 56, o 4R 98k SHEOKOLDOLL0ut el e Y1 0,

obt ai ni Ng t heyCQiarrRGt Iseh g Tmet)at Oy ) Inatd g 1Yty Qind R G alRs
descri bed above, main controller 20 obtains corréction information

(correction iplfureiFttyor forigleatting Wit sUsek e tGQ eGleAVaF) @ff @adgh
grating line 37 that constitutes X scales 39X1 and 39X2, in the
procedurks desdrtiilped ngr & eyslitem THEm, WiH)e acar tdet idegetthidon areas of
measur enment val ues obtai ned from head
aplurality of alignment systems ALl and ALZ2, to AL2,4, detection
of surface position information on the substantially entire
surface of wafer W and detection of all the alignment marks
to be detected on wafer W (e.g. the alignment marks in the
20 alignment shot areas in the EGA) are finished, and therefore,
the throughput can be improved, compared with the case where
a detection operation of alignment marks and a detection
cperation of surface position information {(focus information)
are independently (separately) performed.
25 In the embodiment, as is obvious from the description
of the parallel processing operations using wafer stage WST
and measurement stage MST described above, in the middle of

movement of wafer stage WST from the loading position toward

the exposure position (exposure area IA) (i.e. during the



10 units 62B and 62D based on the Y-position information of wafer
table WIB (wafer stage WST) and the correction information on grating
warp of X scales 39X1 and 39X2, (and the correction information on
grating pitch), main controller 20 perfornms the driving of wafer

table WIB (wafer stage WST) in the X-axi$4345 direction using X scales
39X1 and 39X2 and head units 62B and 62D. Accordingly, it becones
possible to accurately performthe driving of wafer table WIB (waf er
stage WBT) i mavementaafs wiifreectdtmygadidy inedhhaird-tasei62 Jiarect G2 )t,hatain
use X scales 39X1 and 39X2 (encoders 70B and 70D), wi thout being

af fected by tIR2P Mt 28f magers graturryl dons ediongertsenpbensdql and

and 39) (2. Further, by_performng the simlar operation to the above
oper ation al snt}% tR P‘égf)e%%m‘fgéﬁ oy Ly iRt i rahid wahithy grrks

f t abl . f t W6 in,the Y-axi,s .di ti | b
bor for e i {1 ST T TP R8s, 150 B HEREAT Py AT e S s e £ 1ons
above, the case has hegn £xamplddi gl wherd & Ppalde Uy 358 88 39 a1s0

and 39Y2 used for Y-axis direction position measurenent and d pair o

X scal es 39Xt IR misad Joim oX-mxi s, Hdectd @, Pt | Qi dmasylangi
are arranged on wafer table WIB, and corresponding to these 162

scal es, a paigosiftihead nfurds G0h afl WwXerne fac etk e O rduth ank
the other side intheX-axisdirectionw thprojection optical system PL

in between, aetaatodreadaas tof 628 anidiGd( tar e fladciephmEm torsy ssicdes and
the other side in the Y-axis 5 direction with projection optical
system PL i n 35&QisEmg Hondher naveasprte sentvafiaremtbiaae iWSThaem Itihe Yedgxis
to this,_ and anly ane scaLe of. at least either pair of Y scales 391']I
and 30218 or N-ERGS Wi of PERTPESYt FBR MBASHABREAL CBR ResERPESVSIXL

and 39X2 for X-axis direction position asurenent may he 10_arr.anged

by i teelt, sl v EEE A AR 1hsRR ARRT EE RSP A Tkt i ngrnt
at | east eitherjQf apa ryHf Jd : units

62B and 620 rrafk%e ard?%jnggg.e%%?hgﬁe%ﬁg%ﬁﬁ r%e%gtsiqgrn%a?‘fne_ Vé%c%q‘t%e

scal es are arimagestarsth (Recdbraptd At ibmhhel headhdemtid St B erformed.
arranged are not limted 15 to orthogonal directions such as the

X-axi s di r ectiinei camd a6y, Yiaxilse dbeetimentastha lidielienppdsrenbnadioy ehe

but only have to be directions that intersect each other.
| nci dentbd | y exipesilre destriptizore abdwedifiiereaseihabebeenx desdmicadd on,
where whil e wafer replacenent is being
but the positions in the X-axis direction may alsc be
substantially the same. In this case, wafer stage WST can be
moved substantially linearly from the loading positicn to the
detection areas of the alignment systems (and the multipoint
20 AF system). Further, the loading position and the unlcading
position may be the same position.
Further, according to the embodiment, while measuring
the position in the Y-axis direction and the 6z rotation
(vawing} of wafer table WTB (wafer stage WST) based on the
25 measurement values of a palr of Y heads 64y, and 64y, facing
a pair of ¥ scales 39Y; and 39Y; respectively (a pair of Y-axis
linear encoders 70A and 70C), wafer table WTB (wafer stage

WST) can be moved in the Y-axis direction. Further, in this

case, since movement of wafer table WIB (wafer stage WST) in



20 perfornmed on wafer stage WST, the Sec-BCHK (interval) is

per f or medusi ngChbar 46 of measurenent stage MST. However, the present
invention is not limted to this, and at |east one of irregular

il lum nance neasurenent (and illum nance neasurenent), aerial inmage
measur ement, wavefront aberration 25 neagggenent and the like is
perfornmed using the neasurenent nenbers of neasurenent stage MST, and
the nmeasurenent result nay also be reflected in exposure of a wafer
that is perfdheed-axtier dihatctiSpecidn da Ingafioredexiama e tadj udtarentthe
of projection optical system PL can be perforned by adjusting 163
unit 68 basedUrtiye meBiaentin ddif K-axis dinagdiigentcd] 13gcdndatye
enbodi nent abaqve, the case has been descri bed where wafer table WB

is noved at &1l YEHE el FOwAspect thtresPevel t P PHHIRRY
hort-t 5 f.l. t f t . nt ., val ues,.of th

er T oy omet Grid YA 8De fln A1 FERSHIRIBNG KECEP8100 td he array (such
nLer ero n e . f . | |
Povavor o €68 Mk dbE IR 1SR 0N G8 et bfilhte SR e alignment

table WIB camaalkeoiRe: poved1at yaosReed MhEED (e J1ok1agnaxheimby alRas)
| ow speed. In this case, for exanple, in the case correction

i nformati on emograpbagt pohshiroth¥ seats d3F¥Ltdrth 30¥ L hekambesdd kBose
is obtained, correction information (e.g. correction nap) of grating
pitch of theprvsiddloes rnuy tales &¥-seiisndépendsnil v rebtddififedentty osetizifleg W
the wafer table at the positions that 15 are different in the X-axis
direction, af@™whie BSFSWRG SHEWEREE LgBIYe bivn at Rd uyadiity @ifr edtigpment

as int enbodi ment _ahbove at each of _the X-positions, sinultaneously
Ioadinghﬁ%e ﬁ€§§§pén§ﬁa @&ﬁu@@géft8n%ﬁéérs 70A and 70C and the

nmeasur enent val ue 9f Y:axis_iLnter,feroneter 16 dupiqghthe novenen

. t,
setting 20 up the sfﬁﬁPFéhe%ﬁgogaﬁggi At %!%ﬂf% _Hﬂﬂq%ﬁf ganGEgller
that have beep oftai-Red thd LhE et AREMAL A% 2% SMisi 284S gnment

| oadi ng, and solving the simltaneous equati ons

systems ALl and ALZ; to ALZ4, while controlling the position
of wafer table WIB (wafer stage WST) based on the measurement

15 wvalues by the encoder system (Y linear encoders 70A and 70C,
X linear encoders 70B and 70D). In other words, the alignment
marks on wafer W can be detected using alignment systems ALl
and ALZ; to AL24 while controlling the position of wafer table
WTB (wafer stage WST) with high precision based on the

20 measurement values of Y heads 64 facing Y scales 39Y; and 39Y,
respectively (Y linear encoders 70A and 70C) and X heads 66
facing X scales 39X; and 39X, respectively (X linear encoders
70B and 70D).

Further, according to the embodiment, the number of

25 detection points (the number of measurement points) of the
alignment marks on wafer W that are simultaneously detected
by alignment systems ALl and ALZ2; to AL24 differs depending

on the position within the XY plane of wafer table WTB (wafer

stage WST). Therefore, for example, at the time of the



Further, in the enbodi nent above, as shown in FIG 10A, an encoder by
a diffraction interference nethod in which the 25 |ight fromthe

| i ght source is branched by the optical elenent such as the beam
splitter and two reflection mrrors to reflect the light after the
branch are equipped is to be used as encggers 70A to 70F. However,

the types of encoders are not limted to this, and an encoder by a
diffraction interference 164 nethod using three gratings, or an
encoder equi fpetguiity Wefht alefdrectntonrbiloek ikkatwhen thosdnasedfén,table
for exanpl e, Kokai %Japanese Unexam ned Patent Application

Publ i cati on) W& (Fe0s5r192a9e WETd thea IdikearipralsoebecasédgFune Reaxis,
in the 5 enbaodi nent above, head units 62A to 620 are to have a
plurality of G¥agLapPi€editt the predeie nssd idinst ahcRSCHBOR RIS Siipe to
present invent.ion.is not linmted this, . and a single head may al so be
bro! oyed.  whi s A OREERE 419 Ghe SEBRPECTT HeR MBREEoao T ORs re
beamto an ar ]nga it i i iON f ot . I r
X scal e, gndqzﬁﬁép)e f?g f§¥%%§?€ﬁ%gqﬁf%%§% gp?%% g§¥§3g§%5%$§§n%ﬁ%er
arrayed in thg piigAndht eGidiahol 1hN0 A& R thNgheXopeahs o water
receive a reflected light (diffracted Iight) of the I'ight beamfrom

the Y scal e wabieswabe(wafét racigeonsgnathnde vlakuikt BeFectDofihein other
enbodi ment above, damage or the |like of the diffraction gratings nmay
be prevent edviordsoveni agcohdaneélecth whedipvfllbraatenan (gegbiinysotthe ahot
protection nmenber (such as a thin film or a glass plate) that can
transmt theadégécirowdfiegght®s from head units 62A to 620. Further, in
t he 20 epbodi nent above, the reflective diffraction gratings are to

be arrang®d on t he HppBETs AFEET 1Y Kt ldic SPRGELNENte s LAkt $edys where
[lel t Y, pl but. th | I di ff ti ti

e ar ranged Ghe AL PR ST TAL BRr S oRF o CorRGE BT Sy di Pl orght

t hi , h it A 25 tg 6 , I t,

chcasd “neagny seien 0.t o0 eher kgl plaral g, oo

Moreover, in t%@eaﬁi@%ﬁ’@ﬁ%rﬁgoé/ﬂaﬂ@é&ﬁnsé@gemd iaﬁitg‘?m{%?ltn%’l*(@g areas

within the horizontal plane, but nay al so be noved wthin a plane
that intersegissetdle) ham Zeméaad¥BNAal8usdh s ¥ &X2pl @ rol Sudtekt ing

165 15 unit 68 so that adjusting unit 68 adjusts the optical
properties of projection optical system PL based on the
detection results of a plurality of (e.g. 8) alignment marks
on wafer W that have been detected by the alignment systems
by then. 1In such cases, for example, in the case an operation

20 such as detection of an image of a predetermined measurement
mark (or pattern) by projection optical system PL is performed
after the adjustment of the optical properties of projection
optical system PL, even if the image of the measurement mark
shifts due to the adjustment, the image of the measurement

25 mark after the shift is measured, and as a consequence, the
shift of the image of the measurement mark due to the adjustment
of the optical properties of projection optical system PL does

not become a measurement error factor. Further, since the

adjustment described above is started based on the detection



in the case reticle stage RST is two-di nensionally noved, an encoder
system having a configuration simlar to the above-descri bed encoder
system nmay al so be arranged to neasure position information of

reticle stage RST. 5Incidentally, in the enbodi nent above,
interferoneter system 118 is to be capableyof neasuring position
information of wafer stage WST in directions of five degrees of
freedom (the X-axis, Y-axis, ex, ey and ez directions), but may be
capabl e of megswlitrgodl e pddigninenti md ok pdthiadnhianetheeriZdaxkestd@ by then
direction. In this case, at least at the time of exposure operation,
posi tion cont¥EdICTst dpdrest imagd vt e alsgrpenierfsried udiengetiseted
measur enent val ges,o t.he encoder system descri bed above and the

measur enent val Be818ReEnt ¢ &GrsEENdy SRR PErEFASHi RPEa ek vith
. - H f H H h -, i i t ‘. .I t f- IIEt
Cyatem 116 nebour SE ST G RGP RR otk on NG A0 & 10k B o e

system 118 neasures positio nformation 1n
waf er stage ; a i refl ectl BYYall IS, 1 i
B o predat erm ted ang o e os Gaa e Th FoSpag Ta T FedhY the

pl ane, on thegsudenewtf aea BE ypdLlastagay MBTa arei1308 bEretdiatieh dhen
measurenent beamvia the reflection surface to a reflection surface
arranged on, degecexampbé, thha 4 heyrimeniemaiat iar sherthhed nBasieNishot
frame described above, as is disclosed in, for exanple, Kokai
(Japanese Uneéxgmisrdl 1Pas ot t g pinitddt wiven Peltleictabinon] tNe. a ROROrS283404 ks
(the corresponding 25 U S. Patent No. 7,116,401), Kohyo (published
Japanese trandl BRFoiPWIth fldimimardnahobudrezation sf binpatedt Thus, the

| j . 2001-51326 t.h di U S, ,Patent No. ,
2PBLLAEEN 20Ok ELIEL (e, S oROnd 08 PRI

iti i nf ] j i il d/ 1 th .
poston 1 a0y Ui g, 0L REhLons 0 18R B o e o

measur enent BeaNg.- bR LRI $i63$Ge4 he neasurenment beans used to
measure position information in the ex direction and/or the G

direction that areriyreadicat gdchodbn h@gf@(@t&nﬁa&ﬂirrﬁé}{t,ofdd@r? Shaeod
WET do not have to be used. ncidentally, in the enbodi nent

above, a pl ufabitt yhefi & sgreerts ofdi(egj. gantdh& 6Py 1+ BIHK tfo e rapi-angediat)
head units 62C and 62A. However, the present invention is not limted
to this,landod seebacengosiel possénsor lsirmillagn ono bieliereZns engaio ey ion
al so position of an image of a pattern {(e.g. a pattern of reticle
R) by projection optical system PL and a detection center of
alignment system ALl (baseline of alignment system ALl) is
started until when the operation is completed (e.g. the
20 Pri-BCHK latter processing is finished), main controller 20
performs a detection operation of the alignment marks (e.g.
the alignment marks in the three first alignment shot areas
and the five second alignment shot areas) on wafer W by
alignment systems ALl and AL2; to AL2,. That is, at least part
25 of the detection operation of the marks by the alignment
systems can be performed in parallel with the measurement
operation of the positional relation. Accordingly, at the

point in time when the measurement operation of the positional

relation is completed, at least part of the detection operation



10 be arranged on, for exanple, the neasurenent frane. Further, a

di stance between the encoder head or the Z sensor and the upper
surface of the wafer stage is preferably equal to or less than a

di stance between tip optical elenent 191 of projection optical system
PL and the upper surface of the wafer 15 ggage, for exanple, shorter
than the di stance. Thus, the neasurenent accuracy can be inproved. In
this case, a sinple Z sensor is effective, precisely because it is
difficult tolar rdme b tsensdrend mef demtlaltal itin dthe lenpodimemta rks
above, the lower surface 20 of nozzle unit 32 and the | ower end
surface of tHe PppedmGtes cerafenVW spnfrof teipbadeoptTiees . shsttdmauohput
are to be substantially flush. However, thetgresent i.nvention is not

h , :
limted to tH Pand"PEC Ve anPEPAERE Foker CRarFaRe ‘et A% drfiactdrn
T At Pe LR 4 RIS £ SRl R LG 1 PSR

sren el . : rthe .
Uhi 8 15 not 1T Tou e e Shoue. G6Sch RS Ca RTat Fon LRy Lo

configurationRs g hedisedbnanhicy A rdescribed in, for exanple, EP
Patent Application Publication 167 No. 1 420 298, the panphl et of

| nt ernati onal Publ iFeatihest ,Nacc2@d4hg55808het ebpaimehe}l diring a peried
I nternational Publication No. 2004/057590, the panphl et of

| nt er nat i onalfrRabiheat s onriNorg 20061 629568 dpdre trimr bypohiymyedt Systems
Patent Application 5 Publication No. 2006/0231206), the panphlet of

| nt er nat i onalrIPuBNce Alicont NAL 2004/ 6884882l i K ebHrabkpumeiihgnaris to be
Pat ent | i cation Publication No. 2005/0280791), Kokai (Japanese
Unexani nbdl PAESRC ASbIATL A G PUbiS-Gart 11019 Wit © 1 G04-BBIPESs (et b Lon

di . S... P t _No. .6,952, 25 d the |jke. 10 .Furth
e s6l osed T THE SABRISY 3f o neel Aot FbRaT PORTTEbch GfE N L1 gnment
2004/ 019128 (r?a%sc‘:?ﬁr@élpé)ffye%rlél ' gﬁ?&'ﬁﬂéeépﬂjl Gl F?PsELﬁ)i e&%@ér&geshot

No. 2005/ 024885 the optical path on t object plane si

tip optical elemnhsmay ahsordedi ld19¢ it shadi drehd AGMILAOM HRfore
the optical path on the 15 inmage plane side of the tip optical

el ement. Fur tdeaipTerte nea tHe rdddanitdiat nasid yepiidd1d eandlompdtdorms a

di ssolution preventing function may al so be forned on the parti al
surface 1% ncinggisngeateriteagteratdont adt tduer frevee tvictfa 1l irepliad)i cor Heltereen a
entire surface of the tip optical elenment. Incidentally, quartz has a
hi gh 20 af fi WaoySCHian geisdtigndoil 8 HWeras afo adPasbkuni oh prevelr ihypy
film whereas in the case of fluorite, at least a dissolution
preventing fﬂqﬂﬁg$HﬁQQ(Qgﬂﬂ%?%(ﬁﬁﬁQfm PL and a detection center of

alignment system ALl (baseline of alignment systemALl). That
is, the measurement operation of the positional relation can
20 be performed in parallel with part of the detection operation
of the marks by the alignment systems. Accordingly, during
a period when the detection operation by alignment systems
ALl and AL2; to AL2; of a plurality of alignment marks to be
detected on wafer W is performed, the measurement operation
25 of the positiocnal relation can be finished. Thus, the
throughput can be improved, compared with the case where the
measurement operation of the positional relation is performed
befeore or after the detection operation by alignment systems

of a plurality of alignment marks to be detected on wafer W.



Incidentally, in the enbodi nent above, pure water (water) is to be
used as liquid, however, the present invention 25 is not limted to
this as matter of course. As the liquid, liquid that is chemcally
stabl e, having high transmttance to illumnation light IL and safe

to use, such as a fluorine-containing inegj |iquid may be used. As

the fluorine-containing inert liquid, for exanple, Fluorinert 168
(the brand nane of 3M United States) can be used. The

f1 uori ne-cont ai ni nguirtéetr,| agaeeddisgatsotles caib ehiménpomdiel pppianteafiod
cooling effect. Further, as the liquid, liquid which has a refractive

i ndex hi gher &H9&h "hifre anvgtede (td e fargdtatiers Afndew livg adridn @ f1 meqks to

for exanple, liquid havjng a refractive index equal to or higher than
1.5 may be u?@d%&?%ﬁi O?Wé‘f@rﬁ dGi-@- fOF &ahsd &ligngeddeCoetchedn
l'i quid havin - H .ki_ndi r 0-H bindj uch I Soprop | having a
refractive i%ﬁ%&h%?m%ggggv%f58fegl§c§?€$c€b$§6%$?% ﬁﬁ%fﬁg%g Tignhehe

refractive 1Qdex Qf s%té%tedl-u‘?%ila(?gﬁq?et Q{)h;Q glgega%c:tg.@nd HRAANIG is

sol vent) such as hexane, heptane or cane,

(decahydr onaphidpaleanre), haminGohtrefinact iae gdiderf akeuel £t Hing
the like can be cited. Alternatively, a liquid obtained by m xing
arbitrary tweperattos ofetWeese a icguitds thayt sz beE veedr aabdd iWTE Gnd
obtai ned by adding (m xing) at |east one of these liquids to (wth)
pure water nmingasanggedt AlatdendTBy dloy, saprokeéniiitquistata bifquiadking both
obt ai ned by addi ng (nixin?) base or acid such as H+, Cs+, K+, -,
5042-, or POFZPIES CRMehylpare wWafeEhfhRy Ber e Mr edvet00m [argdiegs)

bt ai 0 by addi i Xi ticl f A id t li ke t
(vi th) Pl SHCoF REYo5E heBar tTRBSEE| TRRFERELAR TP ThIA LS8 F dXoPhErs

| aser light'w%#r%he%bc%ﬁgﬂﬁg %Bq%k%’éﬂﬁ¥£; eﬁ%hi%%Fgfgggg%%gkkr bokh

absorption coeffidient 0 i‘ght”, Ts ['esSs tenperat

is stable tosa pfeQestlab,Atdcaly 23 ey stamd e .elgﬁ%tii glgbggﬁgft?ﬁsﬁ)ﬁ By the

and/or a photosénsitive agent (or a protective fi pcoat
an antirefl eatiiigmmdenltms yet ehdeolt Ke%lﬁﬁéllfﬁ'y%lftrﬁ&ﬁswﬁcﬁ% Qfetdcted on
t

wafer, is preferable. Further, in e case an F2 laser is used as the
li ght sour cepaffenbiiis eitlarteyl be sed ectradtctFycbher (oapridadiguisdata),
Tquid 15 and the switching from the contact state {(or proximity state)
to the separation state is performed before the detection
operation of all the plurality of marks is completed.
Accordingly, during a period when the detection operation of
a plurality of marks to be detected on wafer W is performed,
20 the state switching operation can be finished. Thus, the
throughput can be improved, compared with the case where the
state switching operation is performed before or after the
detection operation of a plurality of marks to be detected
on wafer W.
25 Further, according to the embodiment, main controller
20 starts the measurement operation of the baseline of
alignment system ALl in the separation state, and ends the

measurement operation in the contact state (or proximity

state).



169 having a higher refractive index to illumnation light IL than
that of pure water, for exanple, a refractive index of around 1.6 to
1.8 may be used. As the liquid, supercritical fluid can al so be used.
Further, the tip optical elenment of 5 projection optical system PL

may be formed by quartz (silica), or singke-crystal materials of
fluoride compound such as calciumfluoride (fluorite), barium
fluoride, strontiumfluoride, lithiumfluoride, and sodiumfluoride,

or may be forned byurdther,abschading achtighermbedirent vendindeortthad ler
that 10 of quartz or fluorite (e.g. equal to or higher than 1.6). As
the material €h&PPhgoasretraetdnie’s systeaqlat (o rvel yre mecham iBmgnot

for exanple, sa ire, .germani um di oxide, or the |like disclosed in_
t he panphl et S?WRH}t)eF‘ﬁgt BUbEYSAETAL NGB8 §5BE 7 S6r thaF ihle

chloride (havj refractive index .15 of .about 1.75). or_.the |ike
di scl osed in #}%glggél@prﬁ (%eloaft it gronsa]tllc())rl{la?ll ﬁ%%%ﬁq o N Z-dxis
2005/ 059648 can-he jused. g1 he enrqdien t
recovered liquid néy bga}gﬁie , %ﬁ%ﬁ%%#qﬁ% S case, §j§$ﬁ¥§gr%4¥§y ot

renoves i npurditiig@mefHtomyiieanLene et dd quind ithepreherahlivi@rd-anged sm,
20 in a liquid recovery unit, a recovery pipe or the |ike.

| nci dent al | y then alligremmdinmeiks abhose, pddidtdase Ras bedaTgesdr ifieth one
where the exposure apparatus is a liquid i mrersion type exposure
appar at us. Hewerdrer phevwdfeséhtremmiamlandesunby detmicted by a pilsiraluty
can al so be enployed in a dry type 25 exposure apparatus that .
performs exp&urcd e sRareri ng \Giltilgement §uist fikat eEP. other words, while
| nci dent 6Iy, in t.he enbodi nent, above,, the case has been descri bed

pr

where th ELERI IR NS & itk 15p IRosd TEE e TS FIS e Hppdtati’S that

I's equi pped \Mitr%c%lilonokge%égrrl t%teagfurality of alignment systems and wafer
W simultaneously among the plurality of alignment systems,
the marks whose positions are different from one another on
wafer W are simultaneously detected by a plurality of

15 corresponding alignment systems. Thus, each alignment system
can perform the mark detection, for example, in the most
favorable focused state, and by preferentially using the
detection result or the like, the marks whose positions are
different from one another on wafer W can be detected with

20 goodaccuracy without being affected by unevenness of the wafer
W surface and the best focus differences among the plurality
of alignments systems. Incidentally, in the embodiment,
alignment systems ALl and AL2; to AL2s; are to be placed
substantially along the X-axis direction. However, the

25 method in which while changing the relative positional
relation in the focus direction between a plurality of
alignment systems and wafer W simultaneously among the
plurality of alignment systems, the marks whose positions are

different from one another on wafer W are simultaneously



170 WBT (novabl e body), neasurenent sage MST (anot her novabl e body),
t he alignment systenms (AL1l, AL21 to AL24), the nultipoint AF system
(90a, 90b), the Z sensors, interferoneter system 118, the encoder
system (70A to 70F) and the like, but 5 the present invention is not
limted to this. For exanple, the presentggnvention can al so be
applied to an exposure apparatus in which nmeasurenent stage MST or
the like is not arranged. The present invention can be applied as far
as an exposuresppahtys 4 $legud lgded ofi tdoe rires pesfdeim gs ted geynimamta ke yes ths
body) and other partial constituents out of the above-descri bed
const it uent s.15AS P SERSAE Ve He ialent kg Fesaigisn @ fore ileemedrtk systems
detection syst.e for exanple, can be applied as far as an exposure
appar at us is‘iﬁﬁﬁﬁﬁﬁQE'@ﬁFﬁP§sel8 §FeW§P£rd§F§§éb9@TaQﬂHetkm;QﬂiRﬁ%ﬁ@hﬂs
systens. Further, it ,15.1s tter .f., cour hat _bath of the
i nterferonet écrheasyrsn té:r}ﬁsaﬁar{n%gr%%cpoo el?u’s%st gﬁ‘%&% LSt gmﬂy%n%a%féovbe%é’n
arranged. 5 fer W bRGYL, nhYet PS | Jend t RS

wafer W | e 5%¢55¥ d 5%t.§¥ﬁﬁ;§%%,p aggg%ggh

descri bed where aeria mage nmeasuring unit iI's divi

different stagesurspadf ig@ld Mgritetafsistsdgge WST 20 and neasur enent
stage MST. However, the sensor that is dividedly placed is not

limted to the aerifalrtheageadceasdinfgowlid embutlifeytbe e snyefiedrRlysten,
aberration measuring instrunent or the like, for exanple. Further,

t he differentwhstcdgéscdadest ehicrideed 70Atbe tobihate oeasfuddrent values
substrate stage and 25 neasurenent stage. Further, in the
enbodi nent abeve el ERsE trdeBe st tbedhéte tlH&kespr asapures
invention.is appli.ed to _a scanning _exposure apparatus, by, a

st ep- andt ScaR EHOR dP IPREAOR Ofotlever, CeRuC TS eR T v g oY Pdane
not limted s, but 171 ma | so.be applied to,a static .
exposur e appgﬁg%ﬂ%l%% r%%%%f%ﬁ%%%@?ggEﬁé?%g%#Ffﬁ%ggWgﬁﬁéFIBFtPﬁélonS
ke, Dy Meagiring {0ge posid IALEnd ShABSRMN Clo RO RGN UYlsREh,
to exposure is nounted by encoders, generati of position

measur ement {heichol reausReG lzys@!nrsofﬂsuatzléattioor“@_dqaﬁ4§Hb%foaﬁt4'h?g,| yebe to
nulled likewse. In this case, it becones possible to set the

position of titg, St agel which 1Hikgh meecusieen phased con igdoreetion of wafer
information used to correct short-termfluctuation of the measurenent
val ues of5t héadieodEBsiusting 2tmcireadueemnin orthogonal to the XY plane
with high precision without being affected by air £luctuations
or the like. In this case, since both of the encoder system
and the surface position measuring system directly measure
the upper surface of wafer table WTB, simple and direct
20 position control of wafer table WTB, and therefore, of wafer
W can be performed.
Further, according to the embodiment, on the focus
mapping described previously, main controller 20
simultaneously activates the surface position measuring
25 system and the multipoint AF system (90a, 90b), and converts
the detection results of the multipoint AF system (90a, 90b)
into data, using the measurement results of the surface

position measuring system as datums. Accordingly, by

obtaining the converted data in advance, it becomes possible



10 values of the interferoneters and based on the neasurenent val ues
of the encoders, and as a consequence, highly accurate transfer of a
reticle pattern onto the object can be perforned. Further, the
present invention can also be applied to a reduction projection
exposure apparatus by a step-and-stitch 1Bynethod that synthesizes a
shot area and a shot area, an exposure apparatus by a proximty
nmethod, a mrror projection aligner, or the |like. Mreover, the
present i nveritd grerfarmalsy e aappldidd dro mddli st agef ey e bex poslyr e
apparatus equipped with a plurality of wafer stages, as is disclosed
in, for exar’rﬂeé‘,s%%k‘aﬁlgyabdﬁ’é%ﬁ@ﬁé@n?ﬁ@éfpét@hlﬁﬁﬁﬁié’ath@r&“axis
Publ i cations)_ .No. 10-163099 and .No. 10-214783 (the carresponding U. S
Patent No. %6,785(1634 PRk TR HPdredafdinsh &de "rigds ItAG16n in a

int er nati onal_.Rubl j.cati.an for. Pat ent pl.ication ...2000- 505958

(the correspoi r&néil%%tqﬁa S‘H’[thl\lcfesﬁeé%g,t&%}ﬁe %Eﬁaﬂes_%yp Ento UG ace
6, 208, 4075 ang tihe J4 ke ; Hee e £ N8, SR NI fi jon.of -

proj ection o%tg)isclal systeaﬁl'llrnlnt%eé:)}e%(posurfe appar dt J};ltg]f%ut e%bceE lf)rg'?lrgent

above is not seHfscRk pedUEt bAM SHSHRM 1 Ibral =By, bacebthehgal, ediidhe
magni fyi ng systemor a magni fying system and projection 175J opti cal
system PL i s embodinleyita dilapicugh syst emirkdivly alise amye beteiddhertip lens
catoptric systemor a catadioptric system and in addition, the
proj ected i ndge mny beeeiafrer Wasurdeecet 2d shhage, droars-Upighing magerol
Moreover, exposureareal Atowhich 5 illumnation light IL is irradiated
via projecti &% #gdiecall $ysE&MIBLLSs CaR B§- Sriesuiesa Wikt gordl agesiracy,
opti cal is AX within e field of projection optical system PL.
However ,f‘¢<or wé)?&’ﬁb’itef’ré’tsb i®?'Sd¢i scl osed in the panphl et of
I nternational Publicatign . 12004/107011 xposure. area.l A may al so
AR S e r W s R W A R S

be an 10 off-axis area

to a so-calleg¢ Eﬁ%i%%rﬁﬂﬁ%lcg&%gkggﬁ5§fg L3EEMon BRA w%%ewhgﬁgg%nWST

optical system (catoptric systemor cC ioptric system fthat

plural refleghidonesditiagestagtagondr a ddtiefdedbaie, i fRdehdtpiRasts in
once is arranged, and which has 15 a single optical axis. Further,

the illum natihdrhawedeand mxpesufeomr e desert had @hene iy @dsa thave 12)

rect angul ar shape. However, the shape is not limted to rectangul ar,

but may BY sovwbere wedlkear Walie, cerapedotdata fearstded dfiTarhcorthisheoksiikeon
where predetermined processing to wafer W, for example,
exposure (pattern formation) is performed, main controller
20 performs the simultaneous operation of the surface position
measuring system and the multipoint AF system (90a, 90b) and

20 the data converting processing (focus mapping) described

above.

Further, in the embodiment, in the process from when a
detection operation by alignment systems ALl and AL2; to AL2,
of aplurality of marks to be detected (e.g. the wafer alignment

25 operation described above) is started until when the detection
operaticn of aplurality of marks is completed, main controller
20 starts the simultaneous operation of the surface position

measuring system and the multipoint AF system (90a, 90b) and

also starts the data converting processing.



Incidentally, a light source of the exposure apparatus 20 in the

enbodi nent above is not limted to the ArF exciner |aser, but a

pul sed | aser |ight source such as a KrF excinmer |aser (output

wavel engt h: 248nm, an F2 | aser (output wavel ength: 157nm), an Ar2

| aser (output wavel ength: 126nn) or a KrZghaser (output wavel engt h:
146nm), or an extra-high pressure nercury 25 |lanp that generates an

em ssion line such as a g-line (wavel ength: 436nm or an i-line

(wavel engt h: 365nmFugdreal,secioendsed. tPuthheenbad hmenmbni &s iewedlescribed
generating unit of a YAG |aser or the |like can also be used. Besides,

as i s discl os&Piar, S#—Bfaee‘el‘aﬁrﬁpéfa@ﬁ@%rﬁﬂﬂfe@fdfaﬂem berhae Vit and thus,
Publ i cati on %ﬁh No. 1999/ 46835 (the carrespondi ng U S. Patent
7,023, 610), & %rﬁa&ei/\/é\?éltﬂﬁncﬁ |§a£8FaWn%%|nb?e HEESH R er’lth high

si ngl e- wavel ser he min the |nfr r_vigsibl e emtted
by a DFB sem%co Cd‘ucj’r ot Ilgas SOrST ger® Jf?eerdta g“lﬁa}ﬂr ARG e e
light, wth r r I

bot h erbi %lm %géﬂd%ﬁ{ree?{%fuér%f haqgﬁﬁﬁ é%(#né\réelr ‘?On% m%vue engkjfiﬂ]é‘g{face
ul traviol et Idegtt ibsi @i mnld mesr, lel&ﬁlmaqreestlaé pd 5B A 'esctobeform an

used. Further in the embodi nent above, |Ilun1nat|on l'ight IL 10 of

t he exposureumagﬁ%ﬁﬂna|phﬂﬂﬁrd|dﬁtwatdﬁ)Wiwﬁﬁhdﬂﬁ ihajengpiair,

wavel ength equal to or nore than 100nm and it is needl ess to say

that the |ight havifngthewavetemgding éssthdanbd@Onanipyf deensedleF@rior
exanple, in recent years, in order to expose a pattern equal to or

| ess than 70/ eérpoeweexﬁwm € PPFRIatUs 205 MeRRU TR &3 iR SO i taon
pl asma | urce generate an EUV (Extrene U traviolet)

ht
| i ght infﬁes&?rs O?r"ra;ta Sgéra(f@rgw%%@heﬁ@ﬁ%qt&ﬁ@evr%wéwswwt
, d t qt al fI t duct t | d
he oxpocur & MR SEL RS S”ﬂ%%h%%a e (BBR e PO r o A TE e
been 20 deve?g %‘%m‘nn fnh:%x%lé\é %oa%)‘}g{tﬁo%% %a%ferraf{%%ﬁ%“%fgg on

whi ch scanni exposure is per orned y ronously 'scanning a

and a wafer usiengide GnCthalotder sh mrﬂerlé L GAR @&@@B%Hera%da @m.
therefore, the present invention can also be suitably applied to such

an exposure aipar ahusxpdsResi desn tdetydEsert Anyricrne o sltsebe
applied to an exposure apparatus that uses charged particle beans
such as anh eleelgtusamengamtorafar ivbanbeaamrection parallel to optical axis
AX of projection coptical system PL and a tilt direction with
respect to the plane orthogonal to optical axis AX, with
surface position information at end portions of wafer table
WTB on one side and the other side in the X-axis direction,
20 as a datum. Accordingly, although surface position
information of wafer W is measured prior to exposure, surface
position control of wafer W can be performed with high
precision on actual exposure.
Further, according to the embodiment, a partial section
25 of aerial image measuring unit 45 is arranged at wafer table
WTB (wafer stage WST) and part of the remaining section is
arranged at measurement stage MST, and aerial image measuring

unit 45 measures an aerial image of a measurement mark formed

by projection optical system PL. Therefore, for example, at



Further, in the enbodi nent above, a transm ssive type mask (reticle),
which is a transm ssive substrate on which 174 a predeterm ned |ight
shielding pattern (or a phase pattern or a |ight attenuation pattern)
is formed, is used. Instead of this reticle, however, as is disclosed
in, for exanple, U S. Patent No. 6,778, 25%{s an el ectron mask (which

is also 5 called a variabl e shaped mask, an active mask or an inmage
generator, and includes, for exanple, a DVD (Digital Mcromrror

Devi ce) that tihe aitpgpef ofha fwanrserbdsbenttppedé sagebad sty cleviee when
(spatial light nodulator) or the Iike) on which a light-transmtting
pattern, a refmctli vnapameasnring anildoemassinrs phettest Fechompmsdtion
according to electronic data of the pattern that is to be exposed may
al so be used”f Projeqijqme&pPtige] syftsd Fed the Memsuweamiite carhde

hl et of Int ti |, P i cati on. No. 2001/035168, th t
Fﬁ\r/rgnt ?onocar?%gﬁfr?&a”l?@o Qﬂ%&ﬂlﬁggﬂ‘%gg%%ﬂg&%ﬁﬁ &2 ﬁ’ﬁaFﬁPﬁ? bi%Be fuater stage
lith h t t . f i.ne- - tt . waf b
1£olr m ﬁgr ?%t gr e éﬁ(r‘:g)et %'{Pﬁr%le%r g’ﬁaI{tﬁgﬁmas%%rﬁ%%c%fp%eﬁb;aez\}gn%,gaet ﬁ“gaesqlrl%g

present inventiQn46ansakseaRgapPihes §Orafe LXPQSINS APPH ALY U %tilcal

synt hesizes two reticle pattérns on a wafer via'a projection optica

system and alp@st o20pgbAectanaodpky cher EQEBEmdpuble £XROSHE & OftHRNBest
shot area by one scanni ng exposure, as is disclosed in, for exanple,
Kohyo (publi fheds) ppaigdent.r aAskbatrdongdfy, | nhennakpoesahgPublvkEati anth
for Patent Application) No. 2004-519850 (the corresponding U S

Pat ent No. 6i8lumgdn@tiopskighhetl, aheappaitias ehatefieor hiebae JillR dwafer
on an object is not_|limted to the exposure apparatus (lithography

systen) Hescrithed HFdVe nard Flaedigmptaralde lpiesdie omidmalomsdgn of

al so be appl Led Lo.an appatatys, thal, gy e 24BLLEKN, oI A APh2e 2o

based on the measurement result of the best focus position.
Further, since only apartial section of aerial image measuring
unit 45 is arranged at wafer table WIB (wafer stage WST), wafer

15 table WTB (wafer stage WST) is not increased in size and the
position controllability can favorably be secured.
Incidentally, the whole remaining section of aerial image
measuring unit 45 does not have to be arranged at measurement
stage MST, but the remaining section may also be arranged

20 partially at measurement stage MST and cutside the measurement
stage MST, respectively.

Further, according teo the embodiment, Y-axis
interferometer 18 and X-axis interferometer 130 measure
position information of measurement stage MST, and four linear

25 encoders 70A to 70D measure position information of wafer table
WTB (wafer stage WST). Herein, linear encoders 70A to 70D are
reflective encoders that include a plurality of gratings (i.e.
Y scales 39Y; and 39Y;,, or X scales 39X; and 39X,) that are placed

on wafer table WIB and each have a grating whose periocdic



175 Incidentally, an object on which a pattern is to be forned
(an object subject to exposure to which an energy beamis irradi ated)
in the enbodi nent above is not limted to a wafer, but nay be other

obj ects such as a glass plate, a ceramic 5 substrate, a fil m nmenber,

or a mask bl ank. The usage of the;gxposure apparatus is not
limted to the exposure apparatus used for manufacturing

sem conduct or devices. The present invention can be w dely applied

al so to, for dexmgilion an djosutd capparat Usl ftar thanifact sipirnighd iXeaixd s |,
10 crystal display devices which transfers a liquid crystal display
devi ce patte@il%nt BlarsdiavecSnapeds gl hswrasisattd, oand headn expdsuméich

apparatus for nuf act uri organic EL, thin-filmmagnetic heads,

iﬁggi ng devi (,sélsréq(GSsugﬁYh’s 3@%@)5), %ﬁ%l?%ﬁe%ﬁiarrg%?laﬂfé j G%r theneifees,
Further, the.pr 15 inyenti an so_be a i to_an exposu
appar at us th<3:1LIt?1 ??g%g%@%@é%‘\?{%}f%cu, ;S’a??@r nt%%toépcg‘c %agéggug%?g?é’%%he
a siliconswaih et -QRh Y + Wie P B O4UGh ML (Ebogﬁ¥'f§c?i c%;’cg.!:aalse (arafing)
sen conduct or devi ces, but al so en producing a reticte or a sK

used in an eXROSUER AP A US Rl c@Sw 8Hh MMI LAk FeXPosid € n2@rferometer
apparatus, an EUV exposure apparatus, an X-ray exposure apparatus,

and an el ect nén aheam-exdes Une capaicaidt®er 130, andairdent alHey bdahe is
mar k detecting apparatus of the present invention can be applied not
only to the eifdsuné tapparataffednad banaakshl et appl ors, wirdklshiotrt-term
ot her substrate 25 processing apparatuses (such as a laser repair
appar atus, aS$§@bsdtiddie ofnspecherenuappanat islupe iheunamdor dio tdose of
cppar 2t Lppe SaU.ABRY L2 pyabl ¢ Doy Such 0 2 sLage that, mves
for speci rrenA%rco%dvi'inrgelytgoggi Qgcglgggr&gggili)fe C)ttohesrtably perform position
control of wafer table WIB (wafer stage WST) holding a wafer.
Further, according to the embodiment, the placement
distance in the X-axis direction between a plurality of Y heads
15 64 whose measurement direction is the Y-axis direction is
narrower than a width in the X-axis direction of Y scale 39Y;
or 39Y;, and the placement distance in the Y-axis direction
between a plurality of X heads 66 whose measurement direction
is the X-axis direction is narrower than a width in the Y-axis
20 direction of X scale 39X; or 39X;. Therefore, whenmoving wafer
table WIB (wafer stage WST), the Y-position of wafer table
WTB (wafer stage WST) can be measured based on the measurement
values of Y linear encoder 70A oxr 70C that irradiates detection
lights (beams) to Y scale 39Y; or 39Yz, while sequentially
25 switching a plurality of Y heads 64, and in parallel with this
operation, the X-position of wafer table WTB (wafer stage WST)
can be measured based on the measurement values of X linear

encoder 70B or 70D that irradiates detection lights (beams)

to X scale 389%; or 39X;, while sequentially switching a



176 precision machines. Further, the exposure apparatus (the pattern
form ng apparatus) of the enbodi mrent above is manufactured by
assenbl i ng various subsystens, which include the respective 5
constituents that are recited in the clainms of the present

application, so as to keep predeterm ned;gechani cal accuracy,

el ectrical accuracy and optical accuracy. In order to secure these
various kinds of accuracy, before and after the assenbly, adjustnent
to achi eve t e wptliidat cdccunexnds dé.vari ous optical 10 systens,

adj ustnent to achieve the nechani cal accuracy for various nechani cal
systenms, and adj ustWéicfo aehpedenygHe shecnbedineteuraen foying wafer

various electric syste e perforned. A process of assenbling
vari ous subs}@tbgLr?s TR gzs‘ﬁ%refﬁ&gﬁ & paratihe itAdide Simsdtadnicdor
connecti on, mﬁringﬁ}§ %%gng8£ion of eﬂﬁgéric circuits

el Tl ot b ar R BB OB ch ot e

connection of pressur SrrcoftECtARa ¢

subsyst ens. @%%q'eeﬁaegegggxd @é,sm%yc&{goeffe nglogagg{%/%ﬁy%'omection

subsyst emils perfor med ore the process of asse € varil ous

subsyst enms i Q@ drii@ tROIEHR raPRAbAL Lst o282 YR I Br96eSHash) used to
assenbling the various subsystens into the exposure apparatus Is

conpl et ed, a doatralctadpuptaerbchsg et {104 MEhcaBd ttartd eusskindsesfX scales
accuracy as the entire exposure apparatus are secured. Incidentally,

t he maki ng of3%hearX B el mpper ptrrosedsrpseflesabl yeperfarimetslin. aThen,
cl ean room 25 where the tenperature, the degree of cleanliness and

the |ike are"@atr SOregcting the Feiagameaimny, veHaleghobs adined dsomesiead

o ot " P QU B 23 e parphl eto of, Lhe |t ernalional e e
descriptionst%%qe WTB (wafer stage WST) and the correction information
on grating warp of X scales 39X; and 39X;, (and the correction
information on grating pitch), main controller 20 performs
the driving of wafer table WTB {(wafer stage WST) in the X-axis
15 direction using X scales 39%X; and 39X, and head units 62B and
62D. Accordingly, it becomes possible to accurately perform
the driving of wafer table WTB {wafer stage WST} in the X-axis
direction using head units 62B and 62D that use X scales 39%X;
and 39¥; {(encoders 70B and 70D), without being affected by the
20 warp of each grating constituting X scales 39X; and 39X;.
Further, by performing the similar operation to the above
operation also with respect to the Y-axis direction, the
driving of wafer table WTB (wafer stage WST) in the Y-axis
direction can also be performed with good accuracy.
25 Incidentally, in the embodiment above, the case has been
exemplified where a pair of Y scales 39Y; and 39Y; used for
Y-axis direction position measurement and a pair of X scales
39X; and 39X; used for X-axis directiocon position measurement

are arranged on wafer table WIB, and correspending to these



177 the U.S. Patent descriptions that are cited in the enbodi nent
above and rel ated to exposure apparatuses and the |like are each

i ncorporated herein by reference. Next, an enbodi nent of a device
manuf acturing method in 5 which the foregoi ng exposure appar at us
(pattern form ng apparatus) is used in ajkbthography process will be
descri bed. FIG 37 shows a flowchart of an exanpl e when

manuf acturing a device (a sem conductor chip such as an IC or an LSI,
a liquid crystalgmne padrCC heeachiunifid ra2kagmet ic2ClGteead,aced on one
m cromachi ne, and the Iike%. . As shown in FIG 37, first of all, in
step 201 (desiigi® spdhe ehherisoificand ther Koprhack hadiigpn oitidevicdection
(such as circuit, design of sem conductor device) is perforned, and

pattern desi PTG eAViSFE™ RE 1R FHIET s 336t fionBgadTRRAT S| $PR Az 62D
202 Kk f actur.i 15 st Y i ch the desi .
cir cfjrﬁspa{]?galrjrr?a&)sluagclc)epcﬁég i°§1 e g qﬁf&&‘%ﬂ%ﬁ © iﬁeﬁ"s!s‘iq‘%e)d”f 18

f f act i c ] t | t I
Such as of | | e dd i A AR P RIEAT S S TS

the actual ciHfiteraNdH® dddehtarie JeRitTRA A% e WaIAkdW to this, and
|'i thography 20 or the like in a manner that will be described |later,

usi ng t he nasilandniehecadfen fpreparadti 8ishepsp20t 60 203caTEN39¥Nand
step 205 (device assenbly step), device assenbly is perforned using

t he waf er proCdsserr Yragtepl 2t iSirepo205ibnatemasr grace sses ssadh sasox;
the dicing process, the bonding 25 process, and the packagi ng process
(chi p encaps@ngt i3, fandXrpEibi kérahthonepessaipn measuremensl gy ba
step 206, (i nspection ste tests on operation, durability, and the

P),
like arelDer %rrﬁé’@%btyhé%aéwce%oﬂ%ajdé Q& ISt O Po5erabietetihede or only

steps, the d%%kp%%a%rgnit of at least either of a pair of head units 622

and 62C or two head units 62B and 62D may be arranged. Further,
the direction in which the scales are arranged and the
direction in which head units are arranged are not limited

15 to orthogonal directions such as the X-axis direction and the
Y-axis direction as in the embodiment above, but only have
to be directions that intersect each other.

Incidentally, in the description above, the case has

been described where while wafer replacement is being

20 performed on wafer stage WST, the Sec-BCHK (interval) is
performed using CD bar 46 of measurement stage MST. However,
the present invention is not limited to this, and at least
one of irregular illuminance measurement (and illuminance
measurement), aerial image measurement, wavefront aberration

25 measurement and the like 1s performed using the measurement
members of measurement stage MST, and the measurement result
may also be reflected in exposure of a wafer that is performed
after that. 8Specifically, for example, adjustment of

projection optical system PL can be performed by adjusting



178 conpl eted and shi pped out. FIG 38 is a flowhart show ng
a detail ed exanple of step 204 described above. Referring to FIG 38,
in step 211 (oxidation step), the surface of wafer is oxidized. In
step 5 212 (CDV step), an insulating filmis formed on the wafer
surface. In step 213 (electrode fornatiopsstep), an electrode is
formed on the wafer by deposition. In step 214 (ion inplantation
step), ions are inplanted into the wafer. Each of the above steps 211
to 214 constiunittes& he gerde«pr ades sndasuliereach siage .of waf er
processing, and the necessary processing is chosen and is executed at
each stage. Inwanienita ldlyoven ddscenbedipert phbosessteads senhaadieen
stage of wafer process, post-process is executed as follows. In the
post - pr ocess, 9GP H Wiegs 2BF 9 ddilse MEheits awvadk@t & 1y speed

phot osensitive agent .is _coated on the wafer. Then, in step 216
(exposur e ste(;?)x%gfteﬁ‘?lé’lrjéjﬁ"its%ﬁ erarrll' @fmqteﬁ’@lnﬁgk h§'ctr}¥a5h‘§? T&d™nt o

t he waf er-by 4;h qgﬂ r at tte farm appar.at

descri bedsabéft\/lell%écn 3%2{ gfg%@%rngea%]{ﬁ%%n(tp%tlél%ﬁn}g?cn}llén)g‘nr?e r;]Poe)g)ometers

thereof. Nextys Besigﬁogéa &%ﬁ@@%@{%%@bﬁiﬂﬁfawégrt& e W5 the

been exposed is developed, and in step 21 etching step an expose

nenber of an ree@titer ihfiaRrmbRgocar 6@ gl g 83tsh beNnBidiSed S HRARNRY,
by etching. Then, in step 219 (resist renoving step), when etching is

conpl et ed, thde psesenthatvérst hon licnget hiwessarto 2hiiss apfowetkr table
By repeatedly perform ng the pre-process and the post-process,
mul tiple cir @B gsat tedesws bgr edverdmed en speednwathdich By ooitngnt ket remely
devi ce manufacturing net hod of the
10 low speed. In this case, for example, in the case correction
information on grating pitch of Y scales 39Y; and 39Y;, or the
like is obtained, correction information (e.g. correction
map) of grating pitch of the ¥ scales may also be independently
obtained, by setting the wafer table at the positions that
15 are different in the ¥X-axis direction, and while moving the
wafer table in the Y-axis direction as in the embodiment above
at each of the X-positions, simultaneously loading the
measurement values of encoders 702 and 70C and the measurement
value of Y-axis interferometer 16 during the movement, setting
20 up the simultaneous equations using the sampling values that
have been obtained in the twice-operations of simultaneous
loading, and solving the simultaneous equations.
Further, in the embodiment above, as shown in FIG. 10a,
an encoder by a diffraction interference method in which the
25 light from the 1ight source is branched by the optical element
such as the beam splitter and two reflectionmirrors to reflect
the light after the branch are equipped is to be used as

encoders 70A to 70F. However, the types of encoders are not

limited to this, and an encoder by a diffraction interference



179 enbodi nent descri bed above, because the exposure apparatus
(pattern form ng apparatus) in the enbodi nent above and the exposure
nmet hod (pattern form ng nethod) thereof are used in the exposure step
(step 216), exposure with high throughput 5 can be performed while

mai ntai ning the high overlay accuracy. Aggerdingly, the productivity
of highly integrated m crodevices on which fine patterns are forned
can be inproved. | NDUSTRI AL APPLI CABILITY 10As is described above,

t he pattern frmthotguappgridiness grhéiegposur ena@pacdt nequtippepatiehnight
form ng nmethod, the exposure nethod, and the device manufacturing

met hod of théqaﬁﬂ@sé’mm ATt drhadr el%lﬂﬂtsmcr,sefcbrlrrmrﬁmacﬁmm Kokai
el ectroni c devi ces such. as sem conduct or devi ces, uid crystal

di spl ay 15 déﬂqgiﬁe§%uPQQﬁﬁm%q&9 RQW¥HéﬁPH4k?QE%QP é%@étQﬁjon) No.

t f t abl t K
an”obj ot Mo o o Page (BP Sh<E BOL b aete. anti LHRT K Ehe

180 CLA' rrLbbjdlme]th BQEt q{é}atcf BBE‘CQ%?;PE%@[E&E“@& aQ;eng&ﬁutrality

pattern on an ect € apparatus conprising:” ba Fovabe b

moves Wit hin & peagda! inded %%ﬂé@téﬁ@d@ﬁ%ﬁt@r{cﬁ aﬁb%e@@‘ii dthe
second axis intersecting the first axis, holding the object on which

mar ks are eaghdseimednatnaiphutal héy lQ'LfmJﬂ.Qéii tihans dhbf erentgfs amneay
another; also be employed, which is equipped with a light source that
emits a light beam to an area elongated in the pitch direction

10 of the Y scale or X scale, and multiple light-receiving
elements that are densely arrayed in the pitch direction of
the Y scale or the X scale and receive a reflected light
(diffracted light) of the light beam from the Y scale or X
scale (diffraction grating).

15 Further, in the embodiment above, damage or the like of
the diffraction gratings may be prevented by covering the
reflective diffraction gratings with a protecticn member
(such as a thin film, or a glass plate) that can transmit the
detection lights from head units 62A to 62D. Further, in the

20 embodiment above, the reflective diffraction gratings are to
be arranged on the upper surface of wafer stage WST
substantially parallel to the XY plane, but the reflective
diffraction gratings may be arranged on the lower surface of
wafer stage WST, for example. In this case, head units 62A

25 to 62D are, for example, placed on the base plate to which
the lower surface of wafer stage WST faces. Moreover, in the
embodiment above, wafer stage WST is to be moved within the
horizontal plane, but may also be moved within a plane that

intersects the horizontal plane (such as a ZX plane). Further,



a plurality of mark detecting systens whose detection 10 areas are

pl aced apart in a direction parallel to the second axis, and that
each detect the different marks on the object; and a surface position
detecting unit that detects surface position information of the
object at a plurality of detection 15 pohpts whose positions are
different in a direction parallel to the second axis, by irradiating
a detection beamto the object and receiving a reflected |ight of the
det ecti on bedm the case2refThel patitays KRG fisngwappamatssondl Ty anawdd, an
wherein 20 the detection areas of the plurality of mark detecting
systens can BEGRSACR|BRE N QIdEdtd oh Ggirfalqwatieon melmidaond axibs

3. The pattern form in one of Cains 1 and 25 2, wherein

rel ative posiaﬁ%vﬁs"rgc?glsng%géggfiﬁﬁ SHEEEn @@yt%%pa%queétwsure
detecting SYSIAIR e MHJARA D ¥ LA & dfetian parallel to
5 Incidentally, in the embodiment above, interferometer
system 118 is to be capable of measuring position information
of wafer stage WST in directions of five degrees of freedom
(the X-axis, Y-axis, O6x, Oy and 6z directions), but may be
capable of measuring alsoc position information in the Z-axis
10 direction. In this case, at least at the time of exposure
cperation, position control of wafer stage WST may also be
performed using the measurement values of the encoder system
described above and the measurement values of interferometer
system 118 (including at least position information in the
15 Z-axis direction). Interferometer system 118 measures
position information in the Z-axis direction of wafer stage
WST, by arranging a reflection surface, which is inclined at
a predetermined angle (e.g. 45 degrees) with respect to the
XY plane, on the side surface of wafer stage WST, and
20 irradiating a measurement beam via the reflection surface to
a reflection surface arranged on, for example, on the barrel
platform or the measurement frame described above, as is
disclosed in, for example, Kokai (Japanese Unexamined Patent
Application Publication) No. 2000-323404 (the corresponding
25 U.S. Patent No. 7,116,401}, Kohyo (published Japanese
translation of International Publication for Patent
Application) No. 2001-513267 (the corresponding U.S. Patent
No. 6,208,407), and the like. Interferometer system 118 can

also measure position information in the 6x direction and/or



181 4. The pattern form ng apparatus in any one of Clains 1 to
3, wherein the plurality of mark detecting systens include a
first mark detecting systemthat has the fixed detection area, and 5
a second mark detecting systemthat has the detection area whose
position can be adjusted in at |east a digection parallel to the
second axis. 5. The pattern form ng apparatus of C aim 4,
wherein 10 the plurality of mark detecting systens include at |east a
pair of the ddvofy Farkctavact ingdyistiam twhtbe detrisidiresiiens wsEmy
be symmetrically set with respect to a detection center of the first
mar k detectlﬁbf§w%ﬁ%%ﬁ Y1 56 mﬁﬁ?%ﬁﬁ%@ﬂﬁ1?ﬁﬁmﬁ ng lapphiat G8sen 5ﬁ? one
of Clainms 1 to acenent of the pluralit

det ecti on pofqﬁasguorfenfeﬁgc Eﬁf"f“ﬁclés%cg&ot ﬁﬂgﬂsagfﬁ&quq}h}pfpg}ﬁg&ioylnin the
accordance w dHE%&ﬁHEHF %E/%QetB|Ué aéiyegélggr etect|q9:§§ qgto

20 7. e pattern formng appa N~ any one

6, whereiy the moR@SIL A0S6E csmack%regttbge RE8a%, Aot Hgve 58:%4 ted.

of mark detecting systens are different from positions o
plurality of detectinendeeittis yQf ihhensuehBe8inest taldvaet L@ YhIUNY of

in a direction parallel to the first axis.
Z sensors 74;,5 and 76,4 are to be arranged at head units 62C
and 62A. However, the present invention is not limited to this,
and a surface position sensor similar to the Z sensor may also
10 be arranged on, for example, the measurement frame. Further,
a distance between the encoder head or the Z sensor and the
upper surface of the wafer stage is preferably equal to or
less than a distance between tip optical element 191 of
projection optical system PL and the upper surface of the wafer
15 stage, for example, shorter than the distance. Thus, the
measurement accuracy can be improved. 1In this case, a simple
Z sensor is effective, precisely because it is difficult to
arrange the AF sensor.
Incidentally, in the embodiment above, the lower surface
20 of nozzle unit 32 and the lower end surface of the tip optical
element of projection optical system PL are to be substantially
flush. EHowever, the present invention is not limited to this,
and for example, the lower surface of nozzle unit 32 may also
be placed closer to the image plane of projection optical
25 system (i.e. to the wafer}) than the outgoing surface of the
tip optical element. That is, the configuration of local
liquid immersion unit 8 is not limited to the above-described
configuration, and the configurations can be used, which are

described in, for example, EP Patent Application Publication



182 position detecting unit are placed between a position where
pattern formation to the object is perforned and the detection areas
of the plurality of mark detecting systens in a direction parallel to
the first axis. 5 9. The pattern form ng apparatus in one of
Clains 7 and 8, further conprising: 168 controller that noves the
novabl e body in a direction parallel to the first axis at the tine of
detection operations 10 of the plurality of mark detecting systens

and the surfadbte podili sh8deteetmamphistt ofafidtatsatéxeelit Besbhtchehst No.
part of the detection gﬁgrations in parallel. _ 10. The
pattern form4f Afpattis the RRndne bfo o Hitarnes: onal Rulfliratsion No.

conpri si ng: roller that detects marks in a plurality of

groups whose {05 4&6;: ret}EﬁhfPfaﬁ? leti Ph Id}trefe‘"d"taitoir?rgﬁér aﬁqk_@liqq;ltifé No.

first is o | ] t he ural.t tecting systens

p:a; Seag)r(ll gf %edggrd;%p%é b(ﬁéﬁrfeovcfon]br eonr%\)hgltg' Soggiﬁl%ﬁ)%kﬁx%ﬁq?ae%ﬁ%n
Ilel to t fai : WS, ' | .

ot of “the. mree R APPe00231206)  Tnd BTG TRE Ge thedthatitR

marks whose megitions &f evdll fAerentsdsed diHedd e RRIIR] 1.5 Mitent

second axis. 25 11. The pattern form ng apparatus i'n any one
of dains 1 trprhidairiderPutdnprdtsiong:No. 2005/0280791), Kokai (Japanese
Unexamined Patent Application Publication) No. 2004-289126
(the corresponding U.S. Patent No. 6,952,253), and the like.
10 Further, as disclosed in the pamphlet of International
Publication No. 2004/019128 {the corresponding U.S. Patent
Application Publication No. 2005/0248856), the optical path
on the object plane side of the tip optical element may also
be filled with liquid, in addition to the optical path on the
15 image plane side of the tip optical element. Furthermore, a
thin film that is lyophilic and/or has dissolution preventing
function may also be formed on the partial surface (including
at least a contact surface with liquid) or the entire surface
of the tip optical element. Incidentally, guartz has a high
20 affinity for liquid, and also needs no dissolution preventing
film, whereas in the case of fluorite, at least a dissolution
preventing film is preferably formed.
Incidentally, in the embodiment above, pure water
(water) is to be used as liquid, however, the present invention
25 1is not limited to this as matter of course. As the liquid,
liquid that is chemically stable, having high transmittance
to i1llumination light IL and safe to use, such as a
fluorine-containing inert liquid may be used. &As the

fluorine-containing inert liquid, for example, Fluorinert



a controller that al nost sinultaneously detects a plurality of marks
on the object using the plurality of mark 183 detecting systens

every tinme when noving the novable body in a direction parallel to

the first axis, and al so detects surface position information of the
obj ect that has passed through the deteciion areas of the plurality

of mark detecting 5 systens according to novenent of the novabl e body
in adirection parallel to the first axis using the surface position
det ecting unitthe brand name oif2 3MA Urditttest 8 tfaoresi )ngraapreer atassi .t h@he
forms a pattern on 10 an object, the apparatus conprising: a
novabl e body T IFErEe NI 1N l@@é&egéﬁwﬁemp@hﬁ@ exralient ddwn ghe
first axis and .a second axis intersecting the first axis, holding the
obj ect, and zﬂosl@thgg R YIFREELBAC whi T EG T+ 8F HP%tlilﬂgllﬁiaer%%magWhmh
rati ng whos er.i odi i.rection is, 15 a direction parallel to_the_ .
Pt als S B R eGef RS 18Rekon on8 AT 0 P P e clsctrige
systens that t j a S Lti Ltfe i

diyr ecti onélparlgl?i?égil gfgﬁé@géég%g' a%?ggﬁ §S’f|ﬂi@%ﬂ§agﬁgﬂéﬁc%?eér%r{a%§?ve
has a plural iingesf eluast theadsn 2bhé AGHEH N AmRdi heOhsbh! stadeads type
each one of which is placed on both outer sides of the plurality of
det ecti on ar eds liimud dji rfect iexmppdrey! lelpricoldthemseeend iaxiist herdng C-H
nmeasures position information of the novable body in a direction

paral | el to bhadingser &ifsbbydihg dfiglstshesapidrandlabesiay 4 eastracndve
of 25 the pair of first gratings. 13. The pattern form ng .
appar at us of 1e9&nPE2abokerlei il ogleeredr { atBcorinhehaoiadlae teddpctave

Zie?g(r:]'?i (?ti g%dg?«:vcijggab%lgcr %t. isri? gwg:»orse%e%%gm%(#e% gllcrq&\g(t:ll (Oonrgi]asniac solvent)
such as hexane, heptane or decane, or decalin
(decahydronaphthalene) having a refractive index of about
1.60, or the like can be cited. Alternatively, a liguid
obtained by mixing arbitrary two or more of these liquids may

15 Dbe used, or a liquid obtained by adding {mixing) at least one
of these liquids to (with) pure water may be used.
Alternatively, as the liquid, a liguid obtained by adding
(mixing) base or acid such as HY, Cs*, X", Cl”, s0.%7, or PO.?*"
to (with) pure water may be used. Moreover, a liguid obtained

20 by adding (mixing) particles of Al oxide or the like to (with)
pure water may be used. These liguids can transmit ArF excimer
laser light. Further, asthe liquid, liquid, which has a small
absorpticon coefficient of light, is less
temperature-dependent, and is stable to a projection optical

25 system (tip optical member) and/or a photosensitive agent (or
a protective film (topcoat film), an antireflection film, or
the like) coated on the surface of a wafer, is preferable.

Further, in the case an F; laser is used as the light source,

fomblin oil may be selected. Further, as the liquid, a liquid



184 parallel to the second axis is further arranged, and the pattern
form ng apparatus further conprises a second axis encoder that
has a plurality of second heads whose positions are different in a
direction parallel 5 to the first axis, and nmeasures position

i nformati on of the novable body in a diregtion parallel to the second
axis by the second head that faces the second grating. 14. The
pattern form ng apparatus of Caim 13, wherein 10 the plurality of

mar k det ect i A%yt arsl ghed gedractiivetimdexk toet bhunine syen drhghiralil Hdsn
the fixed detection area, and at |east a_pair of second mark

det ecting systEis CRaRP Y Al e Ot PEATRL Bas? HISAL 241t Veat RABK B @ ronind

both sid f, t detecti ft first, detecti SYySt e ,
'n 8 15 i roct N par & BV P LRESsecond M s Bt wifbSt et s Tk
be adj usted i |1 e6Ld t ngd_axis. 15,

The phtter n FOFmTG SAbnBUL of "rAFeY 180 iePor R ACRAr EL6Fio ot

pl uralitysof psﬁe?@aifbeﬁeéthéaﬁtgya&d@@p&qngpbtehfoﬁlé%yr@ﬁ&gﬁt(%%t%%% ,

system 6. The pattern foorm ng apparatus in any one of
12 to 15, wheneigirddie{duaddlt wmafedidlsd dreadsidmdddenddirdd rsich as

heads in
calcium fluoride (fluorite), barium fluoride, strontium
fluoride, lithium fluoride, and scdium fluoride, or may be
formed by materials having a higher refractive index than that
10 of guartz or fluorite (e.g. equal to or higher than 1.6). As
the materials having a refractive index equal to or higher
than 1.6, for example, sapphire, germanium dioxide, or the
like disclosed in the pamphlet of International Publicatiocn
No. 2005/05%9617, or kalium chloride (having a refractive index
15 of about 1.75) or the like disclosed in the pamphlet cof
International Publication Ne¢. 2005/059618 can be used.
Further, in the embodiment above, the recovered liguid
may be reused, and in this case, a filter that removes
impurities from the recovered liguid is preferably arranged
20 in a liquid recovery unit, a recovery pipe or the like.
Incidentally, in the embodiment above, the case has been
described where the exposure apparatus is a liquid immersion
type exposure apparatus. However, the present invention is
not limited to this, but can also be emploved in a dry type
25 exposure apparatus that performs exposure of wafer W without
liquid (water).
Incidentally, in the embodiment above, the case has been
described where the present invention is applied tc the

exposure apparatus that is equipped with all of wafer stage



25 first and second groups whose positions are different from
positions of the pair of first heads in a direction parallel to the
first axis, and al so whose positions are each different in a
direction parallel to the second axis, and at |east one of the first
heads in the first group faces 185 one efijpthe pair of first grating
sections, and at |east one of the first heads in the second group
faces the other of the pair of first grating sections. 517. A pattern
f or mi ng apparfBlus(ndumb forkadw pareasurarensh sbjediST t mapgpar atassble
conpri si ng: a novabl e body that noves within a predeterm ned

pl ane that iRa%es &9 iEI’]E“tgr}i%ﬁrst a%bﬁtfﬁ%%ﬁ% raﬂlsili ﬁpeﬁ@@\(i}]:r n?hige

first is, holding t j ect, a as. a surface on i C a

S o gt e A R el AR L s
irection par [ S

grating mhgségggg#%&?g’d?Péc ?%ﬁﬁ%%;%ggﬁ%ﬁéé??%nggéggﬁlgp%tgﬁ?hggke’ but

second axs affe YredRdinvention is no®t 11828L40PE PRLK, d%?&cté&%tple,

systemthat detecCts marks 15 on the object; a measuring un

that has a fiursd ppdseranciodemditat das a9 Walddyl idfd fid sin headssure
whose positions are different in a direction parallel to the second
axi s and nmeasyppesgioss tinowhiimhomeatuaemehtt beagevEbTeobodye ililee is not
direction parallel to 20 the first axis by the first head that faces
the first gra&hhegosshd Fhsepovadenki tnegwoten adratehappaipHural fay adf an

second heads whose positions are different in_a direction parallel to
the first axiSEPATHLFfedBRAEStHSsEEi IR etihokhef e her nhads dmsgdple

{ ncost HEOLLBRAAr A i 4 B8 ARG leddl® SECYH! R Nead tha
above-described constituents. As an example, the invention
focusing on the mark detection system, for example, can be
applied as far as an exposure apparatus is equipped with at
least wafer stage WST and the alignment systems. Further, it

15 is a matter of course that both of the interferometer system
and the encoder system do not always have to be arranged.
Further, in the embodiment above, the case has been
described where aerial image measuring unit 45 is dividedly
placed at different stages, specifically, at wafer stage WST
20 and measurement stage MST. However, the sensor that is
dividedly placed is not limited to the aerial image measuring
unit, but may be a wavefront aberration measuring instrument
or the like, for example. Further, the different stages do
not limited to the combination of the substrate stage and
25 measurement stage.
Further, in the embodiment above, the case has been
described where the present invention is applied to a scanning
exposure apparatus by a step-and-scan method or the like.

However, the present invention is not limited to this, but



a controller that detects the marks on the object using the mark
detecting systemwhile controlling a position of the novabl e body
based on neasurenent values by the neasuring unit. 186 18.

The pattern form ng apparatus of Claim 17, further conprising:

an optical systemthat projects an inagei1ei the pattern, wherein 5the
controller controls a position of the novabl e body based on the

measur enment val ues by the neasuring unit when neasuring a positional
rel ati on bet vigeh a8l 3§ djee@rirdn gsbdia i2orpteft ian dxpoFeLas adpe nedtusersudby as
t he optical systemand a_detection center of the mark detecting _
syst em usi ng % SHSRRGTal FEPR BhtROLPReS HBRRBY ©hodie 11, Trie Measaing

form ng appar.at us of wherein thg1 controller Berform; a
J

det ecti on operst P8515E°glhcg} %Fﬁggﬁrﬁq F‘i’@l j 2Ttk Gr 8UBSRHFEt? FFPSULe
pat tor n T or g RO A 0 OF LA 18 S M acH (e Postgn gfhsukient
perforns g measwyeeBkeAPEY a1 0T 1¥ctidd® ions can substantially be nulled
likewise. In this case, it becomes possible to set the
position of the stage with high precision based on correction
information used to correct short-term fluctuation of the
measurement values of the encoders using the measurement
10 values of the interferometers and based on the measurement
values of the encoders, and as a consequence, highly accurate
transfer of a reticle pattern onto the object can be performed.
Further, the present invention can also be applied to a
reduction projection exposure apparatus by a step-and-stitch
15 method that synthesizes a shot area and a shot area, an exposure
apparatus by a proximity method, a mirror projection aligner,
or the like. Moreover, the present invention can alsoc be
applied to amulti-stage type exposure apparatus equipped with
a plurality of wafer stages, as i1s disclosed in, for example,
20 Kokail (Japanese Unexamined Patent Application Publications)
No. 10-163099 and No. 10-214783 (the corresponding U.3. Patent
No. 6,590,634), Kohyo (published Japanese translation of
International Publication for Patent Application) No.
2000-5055958 (the corresponding U.S. Patent No. 5,969,441),
25 the U.S5. Patent No. 6,208,407, and the like.
Further, the magnification of the projection optical
system in the exposure apparatus of the embodiment above is
not only a reduction system, but also may be either an equal

magnifying system or a magnifying system, and projection



positional relation before conpleting a detection operation 20 of a
plurality of marks to be detected on the object. 21. The
pattern form ng apparatus in any one of Clains 17 to 20, wherein the
mar k detecting systemincludes a fixed first mark 25 detecting system
and a plurality of second mark detectingqgystens whose positions can
be adjusted relative to the first mark detecting system 187 4, 5,

14, 15 and 21, further conprising: a position adjusting unit

that adj usts aptuesilt sgstefn Phelsecdndnimr& detpgotingysystgnbbasels®may
pl acenent of a plurality of marks on the object. 5 23. The
pattern fornlfy HfpdrattusateRim oy sofenCics ws eptagiioptrirs systeand and

22, further conprjsin an arm nenber that has a turning end
portion to V\H1nci"f‘d[ J%@boﬁ&leﬁé?tt@& TP Ay SPYMBSs Sdtthechéd igygrted

d .10 th t |1 t third t
to the firor Hadahd s welibnbiatlels. fort8ulr il e Pin 19080 Bnin
appar at usgi n mm%ea nﬂlai'grm 4y, Bs Yorab A0 244 el Spt ical

conpri si ng:
system PL is an on-axis area that includes optical axis BX

within the field of projection optical system PL. However,
for example, as is disclosed in the pamphlet of International
Publication No. 2004/107011, exposure area IA may also be an
10 off-axis area that does not include optical axis AX, similar
to a so-called inline type catadioptric system, in part of
which an optical system (catoptric system or catadioptric
system) that has plural reflection surfaces and forms an
intermediate image at least once is arranged, and which has
15 a single optical axis. Further, the illumination area and
exposure area described above are to have a rectangular shape.
However, the shape is not limited to rectangular, but may also
be circular arc, trapezoidal, parallelogram or the like.
Incidentally, a light source of the exposure apparatus
20 in the embodiment above is not limited to the ArF excimer laser,
but a pulsed laser light source such as a KrF excimer laser
(output wavelength: 248nm), an F; laser (output wavelength:
157nm), an Ar; laser {output wavelength: 126nm) or a Kr; laser
(output wavelength: 146nm), or an extra-high pressure mercury
25 lamp that generates an emission line such as a g-line
(wavelength: 436nm) or an i-line (wavelength: 365nm) can also
be used. Further, a harmonic wave generating unit of a YAG
laser or the like can also be used. Besides, as is disclosed

in, for example, the pamphlet of International Publication



15a holding unit that fixes the second mark detecting system
mai ntaining a state where the position of the second mark detecting
systemis adjusted, after the position adjustnent is perforned before

the detection operation of the marks is started. 20 25. The
pattern form ng apparatus in any one of ¢hainms 4, 5, 14, 15 and 21 to
24, further conprising: a nmeasurenent controller that perforns

a neasurenent operation of a relative position of the second mark

det ecting 25NousiBAPWE AP ePer corseshenfiingtU v Radenddio ng ,9pst,&m0) ,
during a period fromwhen exposure to the object on the novabl e body

i s conpl et ed BREHNARHE ATE o EGh il ehtaided iy FrRlHE Wsvdls e body
and anot her ohject is carri L N. 88 26._The pattern formn
appar at us i nSwaﬁﬁé’aérfeqﬁl%ﬁeﬁg%iiﬁ?r%@%%dnﬁbefjlﬂq‘?‘?e’%e‘TEBﬁp‘f:’r%%}h]g‘? range
anot her nova hat N nden from.t vabl.e bod
within the plggn%éﬁ%%ag%%[)re é?@ﬁg@@@%@? ff#é/f?riosr r%%% gga%%rtanseva s

h | Qg twhi iy ' th
anot her mpvabl1g ReAY;) ANd 1@ WiLGhR 12 P i, O ta[]rr?l%.rﬁ%ct_‘e cﬂ{g}l%tsd gﬂ.g:h, Hor

are placed apart in a direction parallel to second axi ¢ whose
periodic direskingle,s exbdive ldrombod ddBhint @rid & tidiSian)s, a0

plurality of reference marks in an area between the pair 10 of
reference grabnvgsttimat té@n wasediemgitranens Wy tdetvdetlet Oy gHte using a
plurality of mark detecting systens are forned.
nonlinear optical crystal, may also be used.
Further, in the embodiment above, illumination light IL
10 of the exposure apparatus is not limited to the light having
a wavelength equal to or more than 100nm, and it is needless
to say that the light having a wavelength less than 100nm may
be used. For example, in recent years, in order to expose a
pattern equal to or less than 70nm, an EUV exposure apparatus
15 that makes an SOR or a plasma laser as a light source generate
an EUV (Extreme Ultraviolet) light in a soft X-ray range (e.qg.
a wavelength range from5 to 15 nm), and uses a total reflection
reduction optical system designed under the exposure
wavelength (e.g. 13.5nm) and the reflective mask has been
20 developed. 1In the EUV exposure apparatus, the arrangement in
which scanning exposure is performed by synchronously
scanning a mask and a wafer using a circular arc illumination
can be considered, and therefore, the present invention can
also be suitably applied to such an exposure apparatus.
25 Besides, the present invention can also be applied to an
exposure apparatus that uses charged particle beams such as
an electron beam or an ion beam.

Further, in the embodiment above, a transmissive type

mask (reticle), which is a transmissive substrate on which



27. The pattern form ng apparatus of C aim 26, wherein the reference
menber is kinematically supported on the 15 another novabl e body.

28. The pattern form ng apparatus in one of Cains 26 and 27, wherein
rel ative position neasurenment of the second mark 20 detecting system
with respect to the first mark detecting gsystemis performed by

si mul t aneously detecting the plurality of reference marks with the
first and second nmark detecting systens. 2529. The pattern form ng
appar at us i nopecoiet@raiimed6 ighd 2RieMeéng pattern {(arsd gdtensf ddeern
novabl e body and t he anot her novabl e body can be sw tched to a first
state where b3t B LhehrovebteudbivePafittemlodsr foogethetsatsed. Instead
predeterm ned distance or Iess and 189 a second state where both the
novabl e bodi & é:F’ésséﬁd%lé:tJ@ ARY I patd erth FHFTHITEhppar s example,

further Corrp:%]ld%es Paq:e% INC GS,WBG,rESt’;latarprtejec%}rsona?nalsrﬁagevqh%fch 1s also

pattern;
5 called a variable shaped mask, an active mask or an image

generator, and includes, for example, a DMD (Digital

Micromirror Device) that is a type of a non-emission type image
display device {(spatial light modulator) or the 1like) on which
a light-transmitting pattern, a reflection pattern, or an

10 emission pattern is formed according to electronic data of

the pattern that is to be exposed may also be used.
Further, as is disclosed in, for example, the pamphlet

of International Publication No. 2001/035168, the present

invention can also be applied to an exposure apparatus

15 (lithography system) that forms line-and-space patterns on
a wafer by forming interference fringes on the wafer.

Moreover, the present invention can also be applied to
an exposure apparatus that synthesizes two reticle patterns
on a wafer via a projection optical system and almost

20 simultaneously performs double exposure of one shot area by
one scanning exposure, as is disclosed in, for example, Kohyo
(published Japanese translation of International Publication
for Patent Application) No. 2004-519850 (the corresponding
U.S. Patent No. 6,611,316).

25 Further, an apparatus that forms a pattern on an object
is not limited to the exposure apparatus (lithography system}
described above, and for example, the present invention can
also be applied to an apparatus that forms a pattern on an

object by an ink-jet method.



a controller that starts neasurenent of a positional relation between
a projection position of an inmage of the pattern by the optical
system and a detection center of the first mark detecting systemin
the first state and ends the 10 neasurenment in the seconds state.

30. The pattern form ng apparatus in anyj6ge of Clainms 1 to 15 and 21
to 29, wherein sinultaneous detection of the marks by the plurality
of 15 mark detecting systens is perforned a plurality of tinmes while
changi ng a focus stIaltOe’-dﬁirttIalrlefsp@@t atg etdtte gl mtalaht ya @fatriemos ien tichée

obj ect. 31. The pattern form ng apparatus in any one of
Cdains 20 13 fgmed (@Replifct subjest ttwecHpoanre toapichhanferergy beam
grating is farned in palr spaced apart at a predeterm ned di stance
ina directid? gdrd e[qs) et AP OTe i @R V60 ihédedgmd ted to a

f d d.dist
oreieng 12 [ L%eﬁ%‘a&fb%% S RRLbe SRR L s s ance
appar at uss f Urdi e CQIPr 58S 1 merr'h?elgegﬁ}”é dhiyty that nmeasures

position information of the novab |rect|ons parallel to

the first and secomeax;@ag@nefr@hatégﬁosﬁfer@%aﬁ&@é iheggoviabli® ed to
body within the 190 plane, based on nmeasurenent values of two first

axi s encoder ghichatipbavecaapbatatiubyusédf fssimdiaafiscalrimpslerdachdrRe or
of which faces the pair of first gratings and whose positions are
di fferent indavdiasect i Shepareddnd ingenhe csevontbeaxidelpagpdfied also to,
for example, an exposure apparatus for manufacturing liquid
10 crystal display devices which transfers a liguid crystal
display device pattern onto a square-shaped glass plate, and
to an exposure apparatus for manufacturing organic EL,
thin-£film magnetic heads, imaging devices (such as CCDs),
micromachines, DNA chips or the like. Further, the present
15 invention can also be applied to an exposure apparatus that
transfers a circuit pattern onto a glass substrate or a silicon
wafer not only when producing microdevices such as
semiconductor devices, but also when producing a reticle or
amask used in an exposure apparatus such as an optical exposure
20 apparatus, an EUV exposure apparatus, an X-ray exposure
apparatus, and an electron beam exposure apparatus.
Incidentally, the mark detecting apparatus of the
present invention can be applied not only to the exposure
apparatus, but can alsoc be applied widely to other substrate
25 processing apparatuses (such as & laser repair apparatus, a
substrete inspection apparatus and the like), or to
apparatuses equipped with a movable body such as a stage that

moves within a two-dimensional plane such as a position setting

apparatus for specimen or a wire bonding apparatus in other



5 two second axis encoders that have a plurality of second heads at
| east each one of which faces the pair of second gratings and whose
positions are different in a direction parallel to the first axis.
1032. A pattern form ng apparatus that forns a pattern on an object,
t he apparatus conpri si ng: a novabhegbody that noves within a
predeterm ned plane that includes a first axis and a second axi s
intersecting the first axis, holding the object on which marks are
each forned Premtisdqsl gmrealliinesof positions different from one

anot her; and a plurality of mark detecting systens whose ,
detection areas ar &UBItA&ed AL edipPorede gopetasns ilthe @atéerinoforming

parallel to the second axis, and.that sinultanequsly detect the nmarks
at positions a@ﬁafré’rqcé‘}ﬁq eryforﬁhc?né? s o RRNE o ULRGHESE 3 t he

nunber of Merjs. o, e, ol.gel ! AL gLe.aLmulh aeouely, detect od by e o

plurality of mar ting sys efs dependi ng on a pos

of the noyablg,gdy Wit e Paneci33q Ehe gt thra'lrrLsognrfi R9e present
apparatus of Claim 32, wherein 25 the plurality of nar etectlﬁb

systens each aggflecata g, usaldd ¥ oofed@pks deat-mahe dafid ayeei @ PRERiracy,
direction parallel to the first axis and are sequentially placed

wi thin the detlectimircadr eacatzegcdndbptheataakcadei gt | Mh sydkenso gkenge
with an operation in which the novable body noves in a direction 191
paral l el to tihes yariews kinds of acghragypdtafarre fodrifigappacstesbly,
that forns a pattern on an object using an optical system the _
appar at us Coﬁﬁlfjiussﬁ‘i@nt to achieve the optical accuracy for various optical
10 systems, adjustment to achieve the mechanical accuracy for
various mechanical systems, and adjustment to achieve the
electrical accuracy for various electric systems are
performed. A process of assembling various subsystems into
the exposure apparatus includes mechanical connection, wiring
15 connection of electric circuits, piping connection of
pressure circuits, and the like among various types of
subsystems. Needless to say, an assembly process of
individual subsystem is performed before the process of
assembling the various subsystems into the exposure apparatus.
20 When the process of assembling the various subsystems intoc
the exposure apparatus is completed, a total adjustment is
performed and various kinds of accuracy as the entire exposure
apparatus are secured. Incidentally, the making of the
exposure apparatus is preferably performed in a clean room
25 where the temperature, the degree of cleanliness and the like
are controlled.
Incidentally, the above disclosures of the various

publications, the pamphlets of the International Publications,

and the U.S5. Patent Application Publication descriptions and



5 a novabl e body that noves within a predeterm ned pl ane that
includes a first axis and a second axis intersecting the first axis,

hol di ng the object; a mark detecting systemthat detects a
plurality of marks fornmed on the object; 10an adjusting unit that
adj usts optical properties of the opticah7system and a

controller that controls the adjusting unit so that the adjusting

unit adjusts the optical properties based on detection results of a
plurality of G KsSenPahenbisiassr itHatorss thatea beari tést éot gk pynlidggment
mark detecting system at the stage where marks on the object to be
det ect ed by RGeSt &y SRR ERaipParatusesymnarfdiey deitkey mre
form ng apparatus .of C aim.34, wherein 20 the stage where the mark

detecting syste fjﬁﬁosrﬁ)é’sra&eetde&%ﬁ?gl%Walrfe "THE marks to be
detected on the object, L %r@f@j{rﬁéﬁtﬂo ?Q'ﬁtervcilcse %Q@%th%&hr‘goﬁn@éﬁoé%n

that the adjusting unit adju e opti cal properties base

det ecti onsr esuilch @fhd Mo didy MR dBIKSpRiatus (paberd PALAMY

form ng apparatus that projects a pattern on an object using an
optical systeppddanpasaidesd CAMPLEShBGraphy proded®vwablendedydrhiated.

noves wthin a predeterm ned plane that includes a first axis and a
second axi s inters@&@G.ng7t showk92 flowchart of an example when
manufacturing a device (a semiconductor chip such as an IC
or an LSI, a liquid crystal panel, a CCD, a thin film magnetic
10 head, amicromachine, and the like). As shown inFIG. 37, first
of all, in step 201 (design step), function and performance
design of device (such as circuit design of semiconductor
device) is performed, and pattern design to realize the
function is performed. Then, in step 202 (mask manufacturing
15 step), a mask on which the designed circuit pattern is formed
is manufactured. Meanwhile, in step 203 (wafer manufacturing
step), a wafer ismanufactured usingmaterials such as silicon.
Next, in step 204 (wafer processing step), the actual
circuit and the like are formed on the wafer by lithography
20 or the like in a manner that will be described later, using
the mask and the wafer prepared in steps 201 to 203. Then,
in step 205 (device assembly step), device assembly is
performed using the wafer processed in step 204. Step 205
includes processes such as the dicing process, the bonding
25 process, and the packaging process (chip encapsulation), and
the like when necessary.
Finally, in step 206 (inspection step), tests on
operation, durability, and the like are performed on the

devices made in step 205. After these steps, the devices are



first axis, holding the object; a mark detecting systemthat
detects marks on the object nounted on the novabl e body; and a
controller that perforns a detection operation of the 5 marks on the
obj ect during a period fromwhen an operation of neasuring a

positional relation between a projectionipgsition of the pattern by
the optical systemand a detection center of the mark detecting
systemis started until when the operation is conpleted. 10 37.
A pattern fordAtRylshrantdishinnedrajtects a pattern on an obj ec'ltDI

usi ng an optical syste t.he apparatus conprising: a novabl e
bodygt hat Iromves Wi ﬁiGnrgﬁ predidtleMniidd phanend fatet aéladexarrlie of step

' d d i S, .| ti the 15 firs Xi hol di ng t
obj ectr 20 deXeritel ?%bﬁo?esx',é‘%s&emmd&ve%l;?-néﬁkslsn SF?&B 2%

bj ect t le : nLr 2T . or
Tonsur enent . opira G REaBIC PR PPLLR P e TeebREbiPER ot e
position of the 2@mpatdey) byt he,APtdicalg HSheMand @At e RN yafer

center of the mark detecting systemduring a period fromwhen a
det ecti on surface. Instep 213 (electrode formation step), an electrode
is formed on the wafer by deposition. In step 214 (ion
implantation step), ions are implanted into the wafer. Each
of the above steps 211 to 214 constitutes the pre-process in
10 each stage of wafer processing, and the necessary processing
is chosen and is executed at each stage.

When the above-described pre-process ends in each stage
of wafer process, post-process is executed as follows. In the
post-process, first in step 215 (resist formation step), a

15 photosensitive agent is coated on the wafer. Then, in step
216 (exposure step}, the circuit pattern of the mask is
transferred onto the wafer by the exposure apparatus (pattern
forming apparatus) described above and the exposure method
(pattern forming method) thereof. Next, in step 217

20 (development step), the wafer that has been exposed is
developed, and in step 218 (etching step), an exposed member
of an area other than the area where resist remains is removed
by etching. Then, in step 219 (resist removing step), when
etching is completed, the resist that is no longer necessary

25 is removed.

By repeatedly performing the pre-process and the
post-process, multiple circuit patterns are formed on the

wafer.

By using the device manufacturing method of the



operation of a plurality of marks to be detected fornmed on the object
is started until before the operation is conpleted. 2538. A pattern
form ng apparatus that forms a pattern on an object, the apparatus

conpri si ng: a first novabl e body that noves within a
predeterm ned plane that includes a firsfyaxis and a second axi s
intersecting the first axis, holding the object; 193 a second

novabl e body that noves independently fromthe first novabl e body
within the pleadediment descyijmdk adetvect ibarassst dinet lkapodetrec epparatus
plurality of marks to be detected fornmed on the object nounted on the
first novabl dPRHEd: ToEFIng appagagyst r 6n| he tepROEHMR oI AP AR T he

bl e bod dth nd novapl e body so that state switching i )
Dot for med baCAEST SR IS T o 8" CrOMRRTh GBSt FBeRB0S07 B Bt bdn
come cl oser e r a_pred [ m di nce or J.ess .and, 10 a
separatign s&ggbggﬁoggggrg Fﬁg?%g?ﬁ ?ﬁg)hg%%g‘%]ﬁ% Hé%fﬁﬁﬁg}gﬁﬁoﬁﬁgput

controll es pelhop 8% A IRRLALHIA Ofial € $hALS 19U hEBhNY A PG Ruracy.
period fromwhen a detection operation of
Accordingly, the productivity of highly integrated

microdevices onwhich fine patterns are formed can be improved.

INDUSTRIAL APPLICABILITY

10 As is described above, the pattern forming apparatus,
the exposure apparatus, the pattern forming method, the
exposure method, and the device manufacturing method of the
present invention are suitable for manufacturing electronic
devices such as semiconductor devices, liquid crystal display

15 devices, and the like. Further, the mark detecting apparatus
of the present invention is suitable for detecting marks on

an object mounted on a stage of an exposure apparatus and the

like.



the plurality of marks to be detected forned on the object 15 is

started until before the detection operation is conpl eted. 39.
The pattern form ng apparatus of C aim 38, wherein when both the
novabl e bodies are in the proximty state, t he detection
operation of the plurality of marks on thgpobject 20 by the mark
detecting systemis started, and the controller controls both

t he novabl e bodies so that the state of both the novabl e bodies

shifts fromthe proximty state to theCEHIMSAti on state, before the
detection operation of all the plurality of marks is conpleted. 25

40. A pattern form ng apparatus that forns a pattern on an object,

t he apparatus conpri sing: a nhovabl e body that noves within a
predet ermi ned pl an&'tﬁaga‘:?l%?%d%%r%uﬁ PRPALAISHAGes §REBRFP Bdtdern on
intersecting _the, .194 finrst axis, .haolding t.he object on which marks
are each for r?téjd%éotj]eéﬁpﬂ Gy i%fagfatﬁlds’sicﬂ s di't¥erent from one

Getect 1he marks at HOLTPEane B T e T o b charie e b plane
that includes & first axis and a second axis intersecting the
first axis, holding the object on which marks are each formed
at a plurality of positions different from one another;

a plurality of mark detecting systems whose detection
10 areas are placed apart in a direction parallel to the second
axis, and that each detect the different marks on the object;
and
a surface position detecting unit that detects surface
position information of the object at a plurality of detection
15 points whose positions are different in a direction parallel

to the second axis, by irradiating a detection beam to the

object and receiving a reflected light of the detection beam.

2. The pattern forming apparatus of Claim 1, wherein
20 the detection areas of the plurality of mark detecting
systems can be set along a direction parallel to the second

axis.

3. The pattern forming apparatus in one of Claims 1 and

25 2, wherein
relative positions of the detection areas of the
plurality of mark detecting systems are variable in at least

a direction parallel to the second axis.



5 object; a focus position changing unit that changes a

rel ative positional relation between the plurality of mark detecting
systens and the object nounted on the novable body in optical axis
directions of the plurality of mark detecting systens 10 that are

per pendi cul ar to the plane, sinultaneoushy:anong the plurality of

mar k detecting systens; and a controller that sinultaneously
detects each of the marks forned at positions different from one

anot her on the obj dot Thsi pgttRenpfaraingyappanatks det ey mpsyst &tmins
15 corresponding to each of the marks, while changing the relative
positional reldd olr i"S4%e ¥ ocus directions by the focus position
changi ng unit. 41, The pattern formn aratus in any
one of O aims 20 337FoPHBrabhEY Shmat geg%ﬂthn%lﬁ%? Soff Bdﬁo‘i‘/%rét
bOdy. subst antrrfa%J]J }ﬂeE@E@ilngl sggtéllﬂet}%?qjeas ft'hressf'ﬁgg (%gt?é)g i anL[J.len and
sections that have gratings peritodically arrayéd rn diféections ’

paral el $0 hedddrd s e dhe S eRRbE L2 He ARG ANSn area
25t he pattern form ng apparatus furthér conprises a measuring

unit that inelhedespasitish epcoderd ilatedas aa pbastld dyroftfofglarallel
heads whose positions are different in a direction parallel to the
second axi s &md tieaswcesidoe@siits.on i nformati on of the novabl e body in

a direction parallel to 195 the first axis by the first head that
faces the first grating section, and a second encoder that has a
plurality of second heads whose pgsitions are different in a .
direction parall el >t o 0RePALLSENakPETdRd FPRSFPESSpESi Flgam 4, wherein

| nf or mat | o g; the. peoNaRl £ PP hd B 1t eeeh g P AL 8hhQek®: 1east

a palr of the second mark detecting systems whose detection
centers can be symmetrically set with respect to a detection

center of the first mark detecting system.

15 6. The pattern forming apparatus in any one of Claims
1 to 5, wherein
placement of the plurality of detection points of the
surface position detecting unit is set in accordance with
placement of the plurality of mark detecting systems.
20
7. The pattern forming apparatus in any one of Claims
1l to 6, wherein
positions of the detection areas of the plurality of mark
detecting systems are different from positions of the
25 plurality of detection points of the surface position

detecting unit in a directicn parallel to the first axis.

8. The pattern forming apparatus of Claim 7, wherein

the plurality of detection points of the surface



the second head that faces the second grating section. 42. The
pattern form ng apparatus of Claim4l, wherein at |east one of the
first and second grating sections 10 is arranged in pairs spaced
apart in a direction orthogonal to a direction in which the grating

is periodically arrayed, and t heggreasuring unit includes at
| east one of the first and second encoders in pairs that correspond
to the at |l east 15 one of the grating sections. 43. The

pattern for nPeFidppar setecitingnynéfiecoe Claces HeteedR a wosridion where
the pattern is formed on the object by exposing the 20 object with an

energy beam Pattern Eg,rmﬁﬁl%&&d%ﬁh@ %}%%ﬂﬁ@?%r%? bt%ﬁq d@ﬁje%Fion
th b a novapl e t.hat .i,s
hovab 6 i f BEeBen SR ShE Y BECR bk S e GHE? v fdd cction

pl ane, hol di gbjiec a Jyar k detectlng systemthat has a
plurality of?%g%ggtloﬁ§%&£§§iﬁﬁ§§é positions are different in the

second digection; and 196

9. The pattern forming apparatus in one of Claims 7 and
8, further comprising:
a controller that moves the movable body in a direction
parallel to the first axis at the time of detection operations
10 of the plurality of mark detecting systems and the surface
position detecting unit, and alsc executes at least a part

of the detection operations in parallel.

10. The pattern forming apparatus in any one of Claims
15 1 to 9, further comprising:

a controller that detects marks in a plurality of grcoups
whose positions are different in a direction parallel to the
first axis on the object with the plurality of mark detecting
systems per each of the groups, by moving the movable body

20 in a direction parallel to the first axis, wherein

at least marks in one group out of the marks in the
plurality of groups include a plurality of marks whose
positions are different in a direction parallel to the second
axis.

25

11. The pattern forming apparatus in any one of Claims
1 to 5, further comprising:

a controller that almost simultaneously detects a

plurality of marks on the object using the plurality of mark



different fromthe plurality of detection areas in the first

direction, and detects position information of the object in a third
direction orthogonal to the first and second directions at a

plurality of detection points whose positions are 5 different in the
second direction. 45. The exposureggpparatus of O aim 44,
wherein the detection area of the detecting unit is placed
between an irradi ation position of the energy beam and the 10
plurality of dieteentiiman syseamsobvehe thtk wetreaidvigigsytemvvabldaody in
first direction. 46. The exposure apparatus in one of Cains

44 and 45, fur tdiereciolhprisangllebateorteolfigrstt hatiper fodnelab Idedsicts
a part of detection operations of the mark detecting system and the
det ecti ng unitGERGFaPa3id Lot Rd A EH tHsve 9 it Keeanwhdificd By hast pessed
first direction at the tj of, each of t detection operations. ,
2047 The exii 0BTt HEa AR T 4P ey BRA bE El i 1 Y B4R B ing

on a surfgcesgjs&tepﬂes ng(\fggjl:gu?:?dsﬁosurﬁ%{grﬁnéﬁ‘?l lo% p,ﬁ%real %n%lg#;gaf g%cf)y;agg’ a

first and second grating Sectrons t ave gratings

arrayed in tf&leirfeidt%torﬁg?gréff@ﬂ@oz&é“ﬂ?%ttia%f?s A58ng 1 HNGeHr 2 B0 N8 1 on

exposure apparatus further conprises
detecting unit.

12. A pattern forming apparatus that forms a pattexrn on
10 an object, the apparatus comprising:

a movable body that moves within a predetermined plane
that includes a first axis and a second axis intersecting the
first axis, holding the object, and also has a surface on which
a first grating having a grating whose periodic direction is

15 a direction parallel to the first axis is arranged in pairs;

a plurality of mark detecting systems that have
detection areas whose positions are different in a direction
parallel to the second axis; and

a first axis encoder that has a plurality of first heads

20 including a pair of first heads each one of which is placed
on both outer sides of the plurality of detection areas in
a direction parallel to the second axis, and measures position
information of the movable body in a direction parallel to
the first axis by the first head that faces at least one of

25 the pair of first gratings.

13. The pattern forming apparatus of Claim 12, wherein
on the surface of the movable body, a second grating

having a grating whose periodic direction is a direction



a measuring unit that includes a first encoder that has a plurality
of first heads whose positions are different in the second direction
and measures position information of the 197 novable body in the
first direction by the first head that faces the first grating
section, and a second encoder that has alghurality of second heads
whose positions are different in the first “direction and nmeasures
position information of 5 the novable body in the second direction by

t he second he@ﬂréhaélf@@eﬁhéh@e@@ﬁ@“ﬁxgéaiénﬁu§€§é£°@rran%ed,_é@d The
exposure apparatus of Claim47, wherein at |east one of the first and

second grating sectilonsgpditesn afoangey dppdued tiss SPactte apadtipt s&s
direction orthogonal to a direction in which the grating is
periodically arrayed, segrnd axis encdiemessal iras wiglurel Udesofitsecond
| east one of the first and second encoders in pairs that correspond

to the at |ed¥¥2ds BIRSOPIHE e g Sééfrspat in a dizectipe parailel
exposure apparatuys in _one of, Cains 47 and 48, wherein . at

the time of éfégv?éﬁlﬁgéﬁﬁﬁ%dn§ngfmﬁﬁéuﬁﬁﬁkpaéfE&Ppnbnéﬁr%ﬁgi%ﬂBOf the
and/or the d I §.t, . POSiti ' r at i f. t he novabl e, bod

i s neasured g{‘/&tp E(\af@rr\s\%gsjHi ilnrg %nﬁfgc{mr? é%ﬁeh]g %&p@%%rsee%?fbdaraéf%% by

in any one oftyd aidiordd Hdad%hnMeF il 2500 GeSHd agesofng he Movable

body substantially parall el

14. The pattern forming apparatus of Claim 13, wherein

10 the plurality of mark detecting systems include a first
mark detecting system that has the fixed detection area, and

at least a pair of second mark detecting systems having the
detection areas that are each placed on both sides of the
detection area of the first mark detecting system in a

15 direction parallel to the second axis and whose positions can

be adjusted in a direction parallel to the second axis.

15. The pattern forming apparatus of Claim 14, wherein
a part of the plurality of second heads is attached to

20 the first mark detecting system.

16. The pattern forming apparatus in any one of Claims
12 to 15, wherein
the plurality of first heads include the first heads in
25 first and second groups whose positions are different from
positions of the pair of first heads in a direction parallel
to the first axis, and also whose positions are each different
in a direction parallel to the second axis, and

at least one of the first heads in the first group faces



to the plane, a pair of first grating sections that each have a
grating periodically arrayed in the first direction are arranged, and
t he exposure apparatus further conprises 198 a neasuring unit
that includes a first encoder that has a plurality of first heads
including a pair of first heads that areipbaced with the plurality of
detection areas in between in the second direction, and neasures
position 5 information of the novable body in the first direction by
the first hedda Rt thac®sigt ofefsrsbneratlntespations  fandtalyriagsigone
sections. e exposure aggaratus of Cajmb5

.91, T 0,
wherein 10 oﬁﬂiﬁgesE?FﬁEéh?ﬁ£%rﬁ? aBPECBO R OW SFESST LhFaPtRgT ©f the

section that rat .| eri.qdical ly. arrayed in the second
di rection inggﬁaﬁﬁg }Eéﬁgé%atlngt %?%ﬁ%ﬂﬁning unit includes a
second encoder that has a plurality of second heads whose positions

are different in 15 the first direction and neasures position
informatign of theimvable hody fiornihe sppardtdirecsdt %I%Sézbrt%a%ﬂﬁ‘%n
. An

head that faces the second grating section.
exposur e apparatdisjeidigt téepases artwbjeaipmiding0 an energy beam the
apparatus conpri sing: a novabl e body that is novable in first
and second directi ensonebhienbadpridust eviesediphanes drddhternired plane
obj ect, and has a surface substantially parallel to the plane on
whi ch a pair R4 LpSLUgrat§ fg SEc PréRs2bRat seachchavésal ifrersergt gy the
peri odi cal l'y f%rrrsq:yaegigp 1‘}0 ed:i]cnigr %hedc;brjeecég,ogngraels% Ii‘f?;:ltll'l,gae%;urface con which
10 a first grating having a grating whose periodic direction is
a direction parallel to the first axis and a second grating
having a grating whose periodic direction is a direction
parallel to the second axis are arranged;
gt least one mark detecting system that detects marks
15 on the object;
a measuring unit that has a first axis encoder that has
a plurality of first heads whose positions are different in
a direction parallel to the second axis and measures position
information of the movable body in a direction parallel to
20 the first axis by the first head that faces the first grating,
and a second axis encoder that has a plurality of second heads
whose positions are different in a direction parallel to the
first axis and measures position information of the movable
body in a direction parallel to the second axis by the second
25 head that faces the second grating; and
a controller that detects the marks on the object using

the mark detecting system while controlling a position of the

movable body based on measurement values by the measuring unit.



a mark detecting systemthat has a plurality of detection areas whose
positions are different in the second direction; and 199 a plurality
of first heads including a pair of first heads that are placed with
the plurality of detection areas in between in the second direction,
and nmeasures position information of the;gpvable body in the first
direction by the 5 first head that faces at |east one of the pair of
first grating sections. 53. The exposure apparatus of C aim52,
wherein on the surfl&ceTbk pheteaowaldembodypraregcendfgtasingl 10 further
section that has a grating periodically arrayed in the second

di rection i s cRMREgadId ‘and the neasuring unit includes a

second encoder that has a plurality of second heads, whose positions
are different in tR& PPE3E2Y i TvetabRhah PR respHRa9s @rfp the pattern,
information of the 15 novable body in the second direction by the
second head tH¥t"¥dkes the second grating section. 54. The

exposur e gpparat us (g @8f: by (Lal 08, 24 A, B3s i 0RNCLE 2HAL NG, 1d Wy

of a detection operation by e mark detectirng system posﬁ%lon

information ofsddie SRl ahadrdredeasned By the MRASHYiNG Wil when
measuring a positional relation between a projection position
of an image of the pattern by the optical system and a detection

center of the mark detecting system using a fiducial mark on

10 the movable body.

19, The pattern forming apparatus of Claim 18, wherein
the controller performs a detection operation of the
marks on the object before completing a measurement operation

15 of the positional relation.

20. The pattern forming apparatus of Claim 18, wherein
the controller performs a measurement operation of the
positional relation before completing a detection operation

20 of a plurality of marks to be detected on the object.

21. The pattern forming apparatus in any one of Claims
17 to 20, wherein
the mark detecting system includes a fixed first mark
25 detecting system and a plurality of second mark detecting
systems whose positions can be adjusted relative to the first

mark detecting system.

22. The pattern forming apparatus in any one of Claims



55. The exposure apparatus in any one of Cains 50 to 25 54, wherein
the plurality of first heads include the first heads in first and
second groups whose positions are different frompositions of the

pair of first heads in the first direction, and al so whose positions
are each different in the second 200 difgg¢tion, and at | east
one of the first heads in the first group faces one of the pair of
first grating sections, and at | east one of the first heads in the
second group 4.acdes ltthe 16t kerd &1t Heirihpad rcopfprfiisisig:grati ng secti ons.
56. The exposure apparatus of Caimb55, wherein the first heads in

the first and secorRdP@?bupan &dd usitddeduni £ HTat peduaratd eespsson oh the
of the energy beamin Ee ween 10 in the second direction. 57..
The exposure%?ﬁﬁé“%?‘%g i9F CERE e S BE e GRS SR BBSMe Ry Ofed Plurality
conpri si ng: ?EQEE%&s”%EﬁQE% bg%yrC eparate fromthe novabl e body that

15 has a surface on which & rice menber that has a pair of

referenceggratings placed apart in the second direction and a
plurality of reference marks placed between the pair of reference

gratings is arranged, whergiftern forming apparatus in any one of Claims
4, 5, 14, 15, 21 and 22, further comprising:

an arm member that has a turning end portion to which

the second mark detecting system is attached, and turns around

10 an axis that is parallel to a third axis orthogonal to the

first axis and the second axis.

24. The pattern forming apparatus in any one of Claims
4, 5, 14, 15 and 21 to 23, further comprising:

15 a holding unit that fixes the second mark detecting
system maintaining a state where the position of the second
mark detecting system 1is adjusted, after the position
adjustment is performed before the detection operation of the
marks is started.

20

25. The pattern forming apparatus in any one of Claims
4, 5, 14, 15 and 21 to 24, further comprising:

a measurement contrecller that performs a measurement
operation of a relative position of the second mark detecting

25 system with respect to the first mark detecting system during
a period from when exposure to the object on the movable body
is completed until when the cbject is carried out of the movable

body and another object is carried in.



detection of the pair of reference gratings by the pair 20 of the
first heads and detection of the plurality of reference marks by the
mar kK detecting system can be sinmultaneously executed.

58. The exposure apparatus in any one of Cains 47 to 25 57, wherein
the neasuring unit includes an interferofggger that neasures position
informati on of the novabl e body, and a neasurenent direction of
position information of the novable body by the interferoneter

i ncludes a directi @9.dfhtepehtefn o IRig @ ppsaaivenént adyr ent | @h Cdfaims
position information of the novabl e body by the encoder.

59. The exposifre lébﬁﬁFbaiy(ﬁuﬁﬂhﬁﬁnQH@PRMﬁ%Wer5 the interferoneter

measures position |nf mat i on t.he abl e body, i di,rectio

di ff erent fron1d|r§@P| §'WPYﬁgi t?@g$l moves’in epend%@tifﬁgxm‘the
exposure app for dal d 10 wherein t he
|nterferonetg{qﬁgggigggﬂgggi |5ht¥§ %’ % o%gf t he novabl e body in

at | east gne ”EasU%%@f’ér@r&é@ﬁ%h&@roéhao@%trdcﬁﬁmﬂég Sh1ald Qﬁoﬁ)lflef B®vable

novabl e body by the encoder. 61. The exposure apparatus In any one

of dains 47 do@iy§Oznahrar ﬁhmch a pair of reference gratings that are placed
apart in a direction parallel to the second axis and whose
periodic direction is a direction parallel to the first axis,
and a plurality of reference marks in an area between the pair

10 of reference gratings that can be simultaneously detected by

the plurality of mark detecting systems are formed.

27. The pattern forming apparatus of Claim 26, wherein
the reference member is kinematically supported on the

15 another movable body.

28. The pattern forming apparatus in one of Claims 26

and 27, wherein
relative position measurement of the second mark
20 detecting system with respect to the first mark detecting
system is performed by simultaneously detecting the plurality
of reference marks with the first and second mark detecting

systems.

25 29. The pattern forming apparatus in one of Claims 26
and 27, wherein

a state of the movable body and the another movable body

can be switched to a first state where both the movable bodies

are closer together at a predetermined distance or less and



the measuring unit includes an interferoneter that neasures position
informati on of the novabl e body, and the exposure apparatus further
conprises 20a controller that controls novenent of the novabl e body
based on neasurenent information of the neasuring unit that includes
position informati on nmeasured by the integderoneter. 62. The exposure
apparatus of Claim61l, wherein 25 the neasurenent information

i ncl udes position informati on of the novabl e body by the

i nterferonet & Safcadisteds omedief foténtthier ovivabheadbeddesnt rdi seprirene,
of position information of the novabl e body by the encoder. 202

63. The expo§ﬁ¥% apparatus in any one of Clainms 44 to 62, further

conpri si ng: n optical nber that is placed facing the object
angpenitsgthe ener§§eb€§%Fe%&ng?ﬁanﬁoﬁgﬁﬁﬁaﬁﬁﬁy%§§ﬁ F§t§%PP5ﬁF? e
novabl e body; and : iQui.d._j i st ; f.ar )
l'iquid inmersion aFEa9%EF§%1|% n&gg{g%%%zhggvﬁﬁg%gﬁk%ﬁ%%%Pgéﬁaﬁgﬁggﬁrn’
and the objeghgvth liquid, wherein

a controller that starts measurement of a positional
relation between a projection position of an image of the
pattern by the optical system and a detection center of the
first mark detecting system in the first state and ends the

10 measurement in the seconds state.

30. The pattern forming apparatus in any one of Claims

1l to 15 and 21 to 29, wherein
simultanecus detection of the marks by the plurality of
15 mark detecting systems is performed a plurality of times while
changing a focus state with respect to the plurality of marks

on the object.

31. The pattern forming apparatus in any one of Claims
20 13 to 21, wherein
on the movable body, the first grating is formed in paizrs
spaced apart at a predetermined distance in a direction
parallel to the second axis and alsc the second grating is
formed in pairs spaced apart at a predetermined distance in
25 a direction parallel to the first axis, and
the pattern forming apparatus further comprises
a measuring unit that measures position information of
the movable body in directions parallel to the first and second

axes and rotation information of the movable body within the



the liquid imersion area is maintained in a space 10 between the
optical nenber and a surface of the another novable body that is

pl aced facing the optical nenber by replacenent of the novabl e body.
64. The exposure apparatus of C aim 63, wherein 15 the plurality of
detection areas and the liquid i mersioniggea are placed apart in the
first direction, and the liquid imrersion area is noved between a
surface of the novabl e body and a surface of the another novabl e

body. 2065. Henspbsged epmasgurenantanygloge of t@aifissy4axbs @pncoders
wherein at the tine of .an exposure operation of the object

with the ener'giAbBaNf HEIFPIA VNP bridioReefsate lRBFEIACHOAE 5 which
easured by S TEISLT B UL 2390 o 08 00Tt RDRAT ALUS .2
5;?[ glb: ani (r)lf acgi.q.’ltfgegrtsé.tn%{]%éﬁr ggééﬁécﬁgcg%mﬁpféf%d [E%esgggggldaé}?is, and of
5 two second axis encoders that have a plurality of second heads

at least each one of which faces the pair of second gratings

and whose positions are different in a direction parallel to

the first axis.

10 32. A pattern forming apparatus that forms a pattern on
an object, the apparatus comprising:

a movable body that moves within a predetermined plane
that includes a first axis and a second axis intersecting the
first axis, holding the object on which marks are each formed

15 at a plurality of positions different from one another; and

a plurality of mark detecting systems whose detection
areas are placed at different positions inadirectionparallel
to the second axis, and that simultaneously detect the marks
at positions different from one another on the object, wherein

20 the number of marks on the object that are simultaneocusly
detected by the plurality of mark detecting systems differs

depending on a position of the movable body within the plane.

33. The pattern forming apparatus of Claim 32, wherein

25 the plurality of mark detecting systems each detect a
plurality of marks that are arrayed along a direction parallel

to the first axis and are sequentially placed within the
detection area of each of the mark detecting systems along

with an operation in which the movable body moves in a direction



direction. 67. The exposure apparatus of Caim66, wherein the mark
detecting system has the odd nunmber of the 5 detection areas, and at
| east one of the odd nunber of the detection areas is novable in the
second direction except for the detection area placed in the center
in the second direction. 1068. The exposuge apparatus in one of
Clains 66 and 67, further conprising: a position adjusting
unit that adjusts a position of at |east one of the plurality of

det ection ar @@rahiedoinghe gamstofadime nark detecting system 15 69.
The exposure apparatus in any one of Clains 44 to 68, further

conpri si ng: a controller that detects marks in a plurality of
gr oups whose positi ans are different, in the first dlr%ptlon on the 20

object with the mark  detRttiHg SPHEMIpRPPREE U thde ToFHTE, patﬁ/tern on
novi ng t he ngxpgbgeggdgsig%t of&#%e %gl&ggghon %greﬁa? pngggﬁlng

| east marks in on rou r (W3] t

include asplurality ﬁBvQBigsba@psﬁqao@ﬁfot\ﬂe%n§1@f1§ndé fﬁferc?é’f,tefrﬁr{é'&?plane

second direction.
that includes a first axis and a second axis intersecting the

first axis, holding the object;
amark detecting system that detects a plurality of marks
formed on the object;
10 an adjusting unit that adjusts optical properties of the
optical system; and
a controller that controls the adjusting unit so that
the adjusting unit adjusts the optical properties based on
detection results of a plurality of marks on the object that
15 have been detected by the mark detecting system, at the stage
where marks on the object to be detected by the mark detecting

system remain.

35. The pattern forming apparatus of Claim 34, wherein
20 at the stage where the mark detecting system finishes
detecting a half of the marks to be detected on the object,
the controller controls the adjusting unit so that the
adjusting unit adjusts the optical properties based on
detection results of the half of the marks.
25
36. A pattern forming apparatus that projects a pattern
on an object using an optical system, the apparatus comprising:
a movable body that moves within a predetermined plane

that includes a first axis and a second axis intersecting the



25 70. The exposure apparatus in any one of Clainms 44 to 69, wherein
t he marks whose positions are different in the first direction on the
obj ect are detected with the mark detecting 204 system by noving the
novabl e body in the first direction, and al so the nunber of marks
detected by the mark detecting systemdi ffers depending on a position
of the object in the first direction. 5 71. An exposure
apparatus that exposes an object with an energy beam the apparatus
conprising: first anﬁdﬂhﬂﬂﬂkﬁ@Mﬁhﬁtdhﬂedﬁs movabl e in first and
second directions within predet ermi ned pl ane, hol ding the opéect;
10 and a rrarakm%lﬁll‘éj&qerﬁ%F@ﬁ??ﬁﬁh%geééﬁéétmﬁk%@@% ppSect
posi tions are dlffe ent in the cond directjon and can

si nul t aneous(@y PQaHQQM@ﬂV%Ei FkST¥h t he object, wher ei n

e T hose B o s LI R LR

the object are detec ng sys

e R e R R
of the objectofi mékheufifigt 2 positional relation between a projection
position of the pattern by the optical system and a detection
center of the mark detecting system is started until when the
operation is completed.
10
37. A pattern forming apparatus that projects a pattern
on an object using an optical system, the apparatus comprising:
a movable body that moves within & predetermined plane
that includes & first axis and a second axis intersecting the
15 first axis, holding the object;
amark detecting system that detects marks on the object
mounted on the movable body; and
a controller that performs a measurement operation of
a positional relation between a projection position of the
20 pattern by the optical system and a detection center of the
mark detecting system during a period from when a detection
operation of a plurality of marks to be detected formed on

the object is started until before the operation is completed.

25 38. A pattern forming apparatus that forms a pattern on
an object, the apparatus comprising:

a first movable body that moves within a predetermined

plane that includes a first axis and a second axis intersecting

the first axis, holding the object;



20 direction. 72. The exposure apparatus in one of Cainms 70
and 71, wherein the mark detecting systemdetects a plurality of

mar ks 25 whose positions are substantially the sanme in the second
direction on the object that is noved in the first direction, in one
of the plurality of detection areas. 20%9372, wherein relative
positions of the plurality of detection areas in the second direction
of the mark detecting systemare adjusted in accordance wth

posi ti ons of the mé@r RECPRAtevabkebosy Ehabdatawit dndepengbpééty fhem the
is nmoved in the first direction. , | 74. An exposure apparatus

t hat exposes %ﬁnqﬁﬁéh&%;$9é§ Bd¥mPYae fappar at us conpri si ng
10a novabl e body that g%%%gle I n firs%hand second _di.recti.Qns

within a predeter manr%%{%ldane, REPdT Ay Th 861%%1%6,?%%8 paﬁ%rc?l_h’a y gf marks
sur f ace subsﬁﬁﬁﬁé@éﬂé&ﬁ&ﬁ%&f&eégpggﬁfgbgﬁ%ﬂ%b &§Oﬁtgﬁ?§inE§%%§H%e

section that has a grating perio rrayed 1 s arrange
det ecti ngssygcRiv;t hatld detects nmarks on the object;

a controller that controls the first movable body and
the second movable body so that state switching is performed
between & proximity state of making both the movable bodies
come closer together at & predetermined distance or less and

10 a separation state of separating both the movable bodies,
wherein

the controller performs an operation of the state
switching during a period from when a detection operation of
the plurality of marks to be detected formed on the object

15 1is started until before the detection operation is completed.

39. The pattern forming apparatus of Claim 38, wherein
when both the movable bodies are in the proximity state,
the detection operation of the plurality of marks on the object
20 by the mark detecting system is started, and
the controller controls both the movable bodies so that
the state of both the movable bodies shifts from the proximity
state to the separation state, before the detection operation
of all the plurality of marks is completed.
25
40, A pattern forming apparatus that forms a pattern on
an object, the apparatus comprising:
a movable body that moves within a predetermined plane

that includes a first axis and a second axis intersecting the



and a nmeasuring unit that has an encoder that has a plurality
of heads whose positions are different in a direction intersecting an
array direction of the grating, and neasures 20 position information
of the novable body in the array direction by the head that faces the
grating section at the tine of a detectigpaoperation of the marks.

75. The exposure apparatus of Caim 74, wherein 25 the grating

section includes first and_second grating sections that have the
gratings perifodiaPry-Spl Bedding the obiest apdvkbelmedis asei onsh famped

t he encoder includes a first encoder, that h a plurality of first
heads whose p?on“siati SR 9T B SINT R DO it
measures position iné I no{% th vabl.e body in the fjirst
direction by the fi% ?h%gg&%yh% %I(i:ekersg)ettﬁe{:tﬁnrgsF¥’6F§fnisngh§tc?"i‘%}h,C%eécr?(ft
a second encadel 4daks Nae BoRluiBhl Y % 3RaRNT NARdS, WhORECRRR! Lhothe
are different in 5 the first direction and neasures position
i nformati en ofp e ;novabl e body in the second direction by the second
head that faces the second grating section. 76. The
exposur e appar at us aoto€hai poIbt i dwrdhwigilly eonipr t&bAgchanges & relative
correction unit that corrects a measurement error of the encoder that
occurs due t®oRiticast]l oed adgfiarhbetivesn ghatphgrsettyonf amk it hietecting
second grating section. 1577. The exposure apparatus in any one of
i systems and the object mounted on the movable body in optical
Clainms 44 to
axis directions of the plurality of mark detecting systems
10 that are perpendicular to the plane, simultaneously among the
plurality of mark detecting systems; and
a controller that simultaneously detects each of the
marks formed at positions different from one another on the
object wusing the plurality of mark detecting systems
15 corresponding to each of the marks, while changing the relative
positional relation in the focus directions by the focus

position changing unit.

41. The pattern forming apparatus in any one of Claims
20 32 to 40, wherein
on a surface of the movable body substantially parallel
to the plane, first and second grating sections that have
gratings periodically arrayed in directions parallel to the
first axis and the second axis are arranged, and
25 the pattern forming apparatus further comprises
a measuring unit that includes a first encoder that has
a plurality of first heads whose positions are different in
a direction parallel to the second axis and measures position

information of the movable body in a direction parallel to



76, further conprising: an optical systemthat projects a

pattern that is illumnated with the energy beamon the object;
an adjusting unit that adjusts optical properties of the 20 opti cal
system and a controller that, in the mddle of a detection

operation of a plurality of marks on theiobject by the mark detecting
system controls the adjusting unit based on detection results of a
part of the plurality of marks that have been detected 25 by the nmark
det ecting syStemi7st aniexpodire fappsrbead thwt fexssstbeahlobt entating
wi th an ener beam via an o tic&l system the_ apparatus conprising:

a novabl e bo %ﬁﬁﬁnq 8N e abrect 3 %ﬂe%uﬁ¥§$e@6ﬁda 2O¥EY +eE G brigcond
(R a0 GO A Pt 1B, 00 406 SHLSEt o ek st

system that detects mar

that adj usts Qptial=prapenties o 4% R %%siscﬂ%tnerﬁniao%ation of the

5 movable body in a direction parallel to the second axis by

the second head that faces the second grating section.

42. The pattern forming apparatus of Claim 41, wherein
at least one of the first and second grating sections
10 is arranged in pairs spaced apart in a direction orthogonal
to a direction in which the grating is periodically arrayed,
and
the measuring unit includes at least one of the first
and second encoders in pairs that correspond to the at least

15 one of the grating sections.

43. The pattern forming apparatus in any one of Claims
1 to 42, wherein
the pattern is formed on the object by exposing the

20 object with an energy beamn.

44. An exposure apparatus that exposes an object with
an energy beam, the apparatus comprising:
a movable body that 1s movable in first and second
25 directions within a predetermined plane, holding the object;
amark detecting system that has a plurality of detection
areas whose positions are different in the second direction;
and

a detecting unit that has a detection area at a position



a controller that, in the mddle of a detection operation of a
plurality of marks on the object by the mark detecting system
controls the adjusting unit based on detection results of a part of
the plurality of marks that have been detected by the mark detecting

system 10 79. The exposure apparatgs in any one of Cains 44
to 76, further conprising: an optical systemthat projects a
pattern that is illumnated with the energy beam on the object; and

15 a contr ol [ ferantydroay FEeopbunt 1 it veak dednsitl copergesohnothe first
positional re].atiaon between akgrojectipn §§sition of, the pattern, and

a detection &t iAN ¢ RECNEPkSAEP T iyl < StERTRE iPiefebhe gppiect in
ti f _the. by .t h k detecti t I [ ].el wi.th

ol east o par LoD R et Tt aPReL Setik onst And SeB3pd dizedtichs

O Poor o anParal Ko JRAIDRASE? Aty Mhbin PP LBl clsns are

. . &
illumnated wth an energy "beam via an ystem the appara

conpri si ng: 26 mmat @ badie thatords dmuailedn first and second

directions within a predeterm ned plane, holding the object; a mark
detecting systemthat detects marks on the object; and 208 operation
of a positional relation between a projection position of the pattern
and a detection cedter The ekpomare depectitng syfstCdmiand4a déteaetiinon
operation of the marks by the mark detecting system in parallel with
at least a part 5 &het EEtRdHdCIa¥PR ofertat ecting unit is placed

between an irradiation position of the energy beam and the
10 plurality of detection areas of the mark detecting system in

the first direction.

46. The exposure apparatus in one of Claims 44 and 45,
further comprising:
15 a controller that performs at least a part of detection
operations of the mark detecting system and the detecting unit
in parallel, and also moves the movable body in the first

direction at the time of each of the detection operations.

20 47. The exposure apparatus in any one of Claims 44 to
46, wherein
on a surface of the movable bedy substantially parallel
to the plane, first and second grating sections that have
gratings periodically arrayed in the first and second
25 directions are arranged, and
the exposure apparatus further comprises
a measuring unit that includes a first encoder that has
a plurality of first heads whose positions are different in

the second direction and measures position information of the



81. The exposure apparatus in one of Clains 79 and 80, wherein

the controller perforns the detection operation of the 10 marks

during the neasurenent operation of the positional relation.

82. The exposure apparatus in one of Clains 79 and 80, wherein 15the
controller perfornms the neasurenent operapion of the positional
relation during the detection operation of the marks.

83. The exposure apparatus in _any one of Clainms 44 to 20 82, further
conpri sing: MOVableyhadyerd nmienifd nsddyi ig@sdriae b dihe Hd nedy disiagl that

body, wher ei t state of making the novabl e body and the
anot her rrova&aeceosod_xpecogﬁergl TS At @15 SdSEEHN EF R ETa

25 or I ess and.a.seron sl gte ggcseﬁah L30ghoth Lhe apyable badies .

can be set, etween II'St econ

per f or med durllmghteh%lggtteaueet%ﬁrgﬁaqmegéuwg pgggrlkél&y e K on of

detecting system . An exposure a atus that exposes

an ObleCtSWﬁHﬂmﬁﬂm&%@&@beQQWhntﬁﬁea@@ééﬁ&U§1§@6@{é§|E§)the secor®l head
novabl e body that is nmovable in first and second directions within a

pr edet er m nedhaltarfecdwlttiengddvmdhyjredting section.

48. The exposure apparatus of Claim 47, wherein
at least one of the first and second grating sections
10 is arranged in pairs spaced apart in a direction orthogonal
to a direction in which the grating is periodically arravyed,
and
the measuring unit includes at least one of the first
and second encoders in pairs that correspond to the at least

15 one of the grating sections.

49. The exposure apparatus in one of Claims 47 and 48,
wherein
at the time of detection operations of the mark detecting
20 systems and/or the detecting unit, position information of

the movable body is measured by the measuring unit.

50. The exposure apparatus in any one of Claims 44 to
49, wherein
25 on a surface of the movable body substantially parallel
to the plane, a pair of first grating sections that each have
a grating periodically arrayed in the first direction are
arranged, and

the exposure apparatus further comprises



5a mark detecting systemthat detects narks on the object; and

a controller that can set a first state of naking the novabl e body

and anot her novabl e body different fromthe novabl e body cone closer
together at a predeterm ned distance 10 or | ess and a second state of
separating both the novabl e bodi es, and pegfornms sw tching between

the first and second states during a detection operation of the marks
by the mark detecting system 1585. The exposure apparatus in one of
Clainms 83 and 84, WhePBPAT1ing unithéhgdt éBFEBﬁeép'ér&t’—’iS@neﬁfloﬂﬁé atkdas

is started when both .the vabl e hodies .are in the first state, and
the control | & Pédﬁa@ﬁésv e ik tietaé&se i e g Gorkth 150 Ot e sfuliedgts
the detectio eratio the.parks. 86. xposur e .
appar at us thakggiﬁgéésgéﬁé% jgégghgﬁg éﬁlﬁzﬁﬁvé%lépbg%ye?ﬁé?nigreas 10

movabl e in figst,and sgoand dEEEBBBOQﬁi’\ééﬁ‘iéh,ﬁg%ﬁd%%é%f‘&n%r EJo%qet’ion

with an energy beam the 25 apparatus conpri si

det ect i ngs sy sitrefdrinaati Jias fac pé WAldd e ebagel GtHOF 1a:@a81 WB8E€on by the
positions are different in the second direction; and 210
first head that faces at least one of the pair of first grating

sections.

51. The exposure apparatus of Claim 50, wherein
10 on the surface of the movable body, a second grating
section that has a grating periodically arrayed in the second
direction is arranged, and
the measuring unit includes a second encoder that has
a plurality of second heads whose positions are different in
15 the first direction and measures position information of the
movable body in the second direction by the second head that

faces the second grating section.

52. An exposure apparatus that exposes an object with
20 an energy beam, the apparatus comprising:

a movable body that is movable in first and second
directions within a predetermined plane, holding the object,
and has a surface substantially parallel to the plane on which
a pair of first grating sections that each have a grating

25 periodically arrayed in the first direction are arranged;
amark detecting system that has a plurality of detection
areas whose positions are different in the second direction;
and

a measuring unit that includes a first encoder that has



mar ks that can be sinultaneously detected by the mark detecting
system are forned, and that can nove froma side that is opposite to
the plurality of detection areas with an irradiation position of the
energy beamin between in the first 5 direction to a position of the
plurality of detection areas. 87. The exposure apparatus of Caim
86, wherein the reference nenber is attached to the novabl e body or
anot her novabl e body that nmoves within the plane independently 10

fromthe refér écediaierct £irsgghegddeined udimed dc ardion @ indtied, heads
conpri si ng: Qsi ng an. obj ect ,using the exposure apparatus in any
one of ClaiA?H%$t%8%791%ﬂ%§13655eﬁgﬁiM}q &% dg%B?%E%9n areas 1in
89. A mark det i apparat us _that, detects, marks_an an_object, the,
appar at us co%ﬁ%ﬁ%ﬁ%ﬁ:lg ﬁ%%? 88?8891ﬁ%L%?%E%ﬁﬁﬁhspgdéP%%§%f%%r§?S&%lon

the object 2Q myped Hhea @P@@@h&&ﬁ%ﬂ%gg hfnqﬁﬁﬁghﬁsgog¥r%8¥£89kaa&he

within a predeterm ned plane that i1 nclu a first axis and a sSec

axi s integsegtiini@ hbedfiHat raxks, aNdadksonddH BHe DS bace: A Whiaghng
a first grating having a grating whose periodic direction is a
di recti on parsaldtelorisa the first axis and a second

53. The exposure apparatus of Claim 52, wherein
on the surface of the movable body, a second grating
10 section that has a grating periodically arrayed in the second
direction is arranged, and
the measuring unit includes a second encoder that has
a plurality of second heads whose positions are different in
the first direction and measures position information of the
15 movable body in the second direction by the second head that

faces the second grating section.

54. The exposure apparatus in one of Claims 52 and 53,

wherein
20 at the time of a detection operation by the mark
detecting system, position information of the movable body

1s measured by the measuring unit.

55. The exposure apparatus in any one of Claims 50 to

25 54, wherein
the plurality of first heads include the first heads in
first and second groups whose positions are different from
positions of the pair of first heads in the first direction,

and also whose positions are each different in the second



25 grating having a grating whose periodic direction is a direction
parallel to the second axis are arranged; a nmeasuring unit
that has a first axis encoder that has a plurality of first heads
whose positions are different in a direction parallel to the second
axi s and neasures position 211 informateon of the novable body in a
direction parallel to the first axis by the first head that faces the
first grating, and a second axis encoder that has a plurality of
second headsqﬂﬁﬁﬁ¥ﬁﬂﬁﬂtQW%s are different in a direction parallel to

the 5 first i ifion inf ti f th bl

body i n & di recti of ‘pRPATF 1% B A SecuunERES by ‘e A€ br-Eadaces
that faces thy es%%o%‘f{egﬁﬂti&”gf @EEsg @99@{19 '§éc1§i‘<§&%s del et WSst one
mar ks on the object usihg the nar etfecting system Wit

control ling %ﬂoeﬁietf%s@fhéét@s i) @Héagggoxqc%d@’ra?g?%c%% PRASYEREENF the

val ues by the nmeasuring uni mar K det ecti ng appar at us

that detegts pHENKSOFiadstokjeaiing R ciparat us conprising: a novabl e
body that noves within a predeterm ned plane 15 that includes a first
axi s and a second axis intersecting the first axis, holding the
object on which marks are each forned at a plurality of positions

di fferent from one>&notlhér exapgure appazapgr alfi Cladf dark whetredni ng

systens that have dﬁﬁection areas, whose positions are different in a
direction the first heads in the first and second groups are placed

with an irradiation position of the energy beam in between

10 in the second direction.

57. The exposure apparatus in any one of Claims 50 to
56, further comprising:
another movable body separate from the movable body that
15 has a surface on which a reference member that has a pair of
reference gratings placed apart in the second direction and
a plurality of reference marks placed between the pair of
reference gratings is arranged, wherein
detection of the pair of reference gratings by the pair
20 of the first heads and detection of the plurality of reference
marks by the mark detecting system can be simultaneously

executed.

58. The exposure apparatus in any one of Claims 47 to

25 57, wherein
the measuring unit includes an interferometer that
measures position information of the movable body, and a
measurement direction of position information of the movable

body by the interferometer includes a direction different from



20 parallel to the second axis and can sinultaneously detect the

mar ks at positions different fromone another on the object, wherein
the nunber of nmarks on the object that are sinmultaneously detected by
the plurality of mark detecting systens differs 25 depending on a
position within the plane of the novabl e2body that nounts the object.
212 a novabl e body that noves within a predeterm ned pl ane

that includes a first axis and a second axis intersecting the first

axi s, hol di n§ PRESBEFBER LS MR f PRl ke Sirtel anéRTpERAEdcRcfathe movable
plurality of positions different fromone another; 5 a plurality of

mar k detecti%%K§§§p%$}%rﬁﬂc%‘%$'detect the marks at positions
different fromone another on the object; a focus position
changi ng unit that changes a relative positional relation between the

plurality of mark det.eatienG ) sws e A0 ie Okj1eGt, WHR&%&EI% he

novabl e body in optical axis directions of the plurality of mar

detectingssystens tihat i aterperpests e medsdre 4 bes pt 88 .1 rsidrrldraneoyslohe
anong the plurality of mark detecting systens; and a controller that

si mul t aneousimpwiégtlecbodgath afditdesti®maiksefrentefiran giosédt Dorss within
different fromone another on the object using a plurality of mark
detecting systendléde-esponding to each of the marks, while changing
the relative positional relation in the focus directions by the focus
position changing unit. 20 92. A pattern form ng method of

formng a pattern %%.a@hgbé§§55u£geaﬁgﬁ£ﬁ¥héxﬁ lgﬁg g%:Claims 58 and 59,

10 wherein
the interferometer measures position information of the
movable body in at least one measurement direction of position

information of the movable body by the encoder.

15 61. The exposure apparatus in any one of Claims 47 to
60, wherein
the measuring unit includes an interferometer that
measures position information of the movable body, and
the exposure apparatus further comprises
20 a controller that controls movement of the movable body
based on measurement information of the measuring unit that

includes position information measured by the interferometer.

62. The exposure apparatus of Claim 61, wherein
25 the measurement information includes position
information of the movable body by the interferometer in a
direction different from a measurement direction of position

information of the movable body by the encoder.



a detection process of detecting marks on the object nmounted on a
novabl e body using a mark detecting system the 25 novabl e body

noving within a predeterm ned plane that includes a first axis and a
second axis intersecting the first axis, and al so having a surface on
which a first grating having a grating woge periodic direction is a
direction parallel to the first axis and a second grating having a
grating whose 213 periodic direction is a direction parallel to the
second axis are arﬁ§h9§8¥*ﬁﬁﬁF@Pﬁe apparatiys fRe2H¥t etti 9h prdbessié to
on detecticwlég the r éks a position of the novable body is
control | ed ba¥ed "o d%d?gﬁg%S%?%alues by a measuring unit that has

a first axis encodeyf, { %ﬁcgﬁsgémggg{@ﬁé{Xu?&y;kﬁ%%f?%%ggeggﬁag%;?%y and

positions are different in a direction paral

and neasuresd%xﬂgigﬁbiéﬁégiyugéghpf t he novabl e body in a direction
parallel to the first axis By the first head that faces the 10 first

grating, &and a seceitdthedrsmengolenddintepasaae driomat héwndfasReBBdy; and
heads whose positions are different in a direction parallel to the

first axis and neasutégupdsinmiensiaof eyatemonheat fdwensmavabel d ddynd 1y in
direction parallel to the second axis by the second head that faces

the second grgt§ahdy filling a space between the optical member and the

object with liquid, wherein
the liquid immersion area is maintained in a space
10 between the optical member and a surface of the another movable

body that is placed facing the optical member by replacement

of the movable body.

64. The exposure apparatus of Claim 63, wherein
15 the plurality of detection areas and the liquid
immersion area are placed apart in the first direction, and
the liquid immersion area is moved between a surface of the

movable body and a surface of the another movable body.

20 65. The exposure apparatus in any one of Claims 44 to
64, wherein
at the time of an exposure operation of the object with
the energy beam, position information of the movable body is
measured by the measuring unit.
25
66. The exposure apparatus in any one of Claims 44 to
65, wherein
relative positions of the plurality of detection areas

of themark detecting system are variable in at least the second



15
conpri si ng:

93. The pattern form ng nmethod of C aim92, further

a nmeasurenent process of neasuring a positional

rel ati on between a projection position of the pattern by an opti cal
20 system and a detection center of the nmark detecting system using

a fiducial

mark formed on the novabl e bodg3 wherein in the

measur enent process, when neasuring the positional relation, a
position of the novable body is controlled based on the neasurenent
val ues by t hétm&fihdthg 25 unit. 94. A pattern form ng method
of formng a pattern on an object, the nethod conprising: a process
of mounting the object, on which marks are each 214 forned at a

plurality of posi tiGGInS Tgx'ef fe%lﬁ%%gl(ferp%?ﬁ%% ta OFerrCld'ﬁ% E6OV %lr%il?lOdy

t hat noves within a predeter

includes a first axi s

and a second axis itHLhSHA i dNe Ad r$)s 0t Sha@NFhaaoRRORERS e of the
si mul t aneously detecting the marks at positions different from one

anot her oB t hetehjteicin Ustdigs,a Pldirad iteanf IR ko AeiRCIINRD IVHETHE the
whose detection areas are placed at different positions in a
direction par@Eteztitan tlmeasecombvertilys inheheisecond direction except for

10

15

20

25

the detection area placed in the center in the second

direction.

68. The exposure apparatus in one of Claims 66 and 67,
further comprising:

a position adjusting unit that adjusts a position of at
least one of the plurality of detection areas by moving a part

of the mark detecting system.

69. The exposure apparatus in any one of Claims 44 to
68, further comprising:

a controller that detects marks in a plurality of groups
whose positions are different in the first direction on the
object with the mark detecting system per each of the groups,
by moving the movable body in the first direction, wherein

at least marks in one group out of the marks in the
plurality of groups include a plurality of marks whose

positions are different in the second direction.

70. The exposure apparatus in any one of Claims 44 to
69, wherein
the marks whose positions are different in the first

direction on the object are detected with the mark detecting



10t he number of marks on the object that are sinmultaneously detected
by the plurality of mark detecting systens differs depending on a
position of the novable body within the plane. 95. A pattern
form ng nethod of formng a pattern on an 15 object using an opti cal
system the nethod conprising: a poocess of nounting the
obj ect on a novable body that noves within a predeterm ned pl ane that
includes a first axis and a second axis intersecting'the first axis;
h

a process of S¥&tt&d bPugnavpnartdls fpvebleaPRay fior ¢ 6Arod diee@bi@et and
using a mark detectin stem and a process of adjustin
optical prop sier}‘Sf’%{’ﬂ%e%ﬁFi rE%l?k%ﬁsett@rﬁtﬁéjng O Berscts %c?%%‘glst@tem
of a plurality rks on..the object t.hat hayv een, det cLedtBy the
mar k det ecti r%%fsrt%gr#paetndtlﬁleq S 1'lagae Riverd Par¥s & tqlf’é’e j élt Y5 fetst
detected by tf1g.24 ;mmf k detecting systemremain. 96. A pattern
form ng nethod of projecting a pattern on an object using an opti cal
system the nethod conprising: a process of nounting the object on a
novabl e body that 215 noves within a predeterm ned pl ane that
includes a first aXils Andeapseaosdazpxisatntetisectdfnthdde dr rodjedd Sith
and a process of performng a detection operation of marks on
t he object d@m mgeaxqyeticad,f ridm e rat vep ercaty rars iofg :
a movable body that is movable in first and second
directions within a predetermined plane, holding the object;
10 and
a mark detecting system that has detection areas whose
positions are different in the second direction and can
simultanecusly detect a plurality of marks on the object,
wherein
15 the marks whose positions are different in the first
direction on the object are detected with the mark detecting
system by moving the movable body in the first direction, and
also the number of marks detected by the mark detecting system

differs depending on a position of the object in the first

20 direction.

72. The exposure apparatus in one of Claims 70 and 71,
wherein
the mark detecting system detects a plurality of marks
25 whose positions are substantially the same in the second
direction on the object that is moved in the first directien,

in one of the plurality of detection areas.

73. The exposure apparatus in any one of Claims 70 to



5 nmeasuring a positional relation between a projection position of
the pattern by the optical systemand a detection center of the mark
detecting systemis started until when the operation is conpleted.
1097. A pattern form ng nethod of projecting a pattern on an obj ect
using an optical system the nmethod conpedsing: a process of
nmounting the object on a novabl e body that noves within a
predeterrrineclzt | ane that includes a first axis and a second axi s

i nt ersecting i&awq§¥ﬁ19nd s; and 15 a process of perfornmng a

measur enent operatig

f. LTI | l.ati bet, jecti
position of the patt ra%lﬁ% E%gllgbgfqga@%g%}%!? rl]lgﬁ‘ l\gg’ggﬂfg%%% gjg%rlht%g%eas

of a mark detgcty iL.ng sa_peyd r rat of
det octing a pror it oo or ameirs oo b8 ok adted F b nad SAehg. 28 °oBrect®
mount ed on t heyymal] e bogdycashged Nei fRI Ko det e6H5 NG FS¥REEMarks in the
started until before the operation is conpleted. 98. A pattern

form ng net hataaind atinetg: iorpadit ette Obb f8cObEBEL, iEhRoRHNGE the first
conpri sing: 25a process of nounting the object on a first novable
body that novdsregttiim a predeterm ned plane that includes a first
axis and a second axis intersecting the first axis; and a
process of controlling both the first novabl e body and a second
novabl e body t hat ves independently fromthe first 216 novable
body within the pl g%e 80 FREPSHIBeRBEREFBRUSPErAL i HFPDSL R FaPIect with
detecting systemof a ?Jurali of marks to be detected forned on the

|

obj ect nmount &4 ot T1fe H1F 8l moVabiFEBEdy*S £ EEdred dthen both the
movabl e pgdi es area'%d%éﬂﬁ&'ﬂaéy that is movable in first and second

directions within a predetermined plane, holding the object,
and also has a surface substantially parallel toc the plane
on which a grating section that has a grating periodically
arrayed is arranged;
15 amark detecting system that detects marks on the object;
and
ameasuring unit that has an encoder that has a plurality
of heads whose positions are different in a direction
intersecting an array direction of the grating, and measures
20 positioninformation of the movable body in the array direction
by the head that faces the grating section at the time of a

detection operation of the marks.

75. The exposure apparatus of Claim 74, wherein
25 the grating section includes first and second grating
secticns that have the gratings periodically placed in the
first and second directions, and
the encoder includes a first encoder that has aplurality

of first heads whose positions are different in the second



5 state where both the novabl e bodies are closer together at a
predeterm ned distance or less, and state switching is performed from
the proximty state to a separation state where both the novabl e
bodi es separate from each other before all the detection operation of
the plurality of marks is conpleted. 10 206 99. A pattern formng
met hod of formng a pattern on an object, the nethod conprising:

a process of mounting the object, on which marks are each fornmed at a
plurality ofqﬁiﬁQF%ﬂﬂs%ﬂq1@9@ﬁﬂrQQXﬂﬁ%%ﬁéQﬂuﬁﬂﬁﬂerE}QQwQ§ F\PaBlogable

axi & and o SHEON A Bo] FEEREGULT T T T 1€ A3Fer GRS thit f4es the
f f g
posi ti ons (7GRSl L9 oRGD ¥ o%ceoﬁ%‘" BebdREviat jos @

using a plur iidpsiaf ey Qeteet 'H&o%y%%% %%rs&%re%d'a@% taqfef%%ncef in

the marks, while changing a relative positional relation between the

pluralitysof yrey kidetegt rogt syst L Rt ks Ebjs@@&oﬂoyﬂf@ﬂm@ﬂlémaf the
novabl e body in optical axis directions of the plurality of mark

detecti ng sysicermbl125bbhgt iarehpesqgend cdilrecttiord bg phangscond head that
si mul t aneously anong the plurality of nark detecting systems. 217

a process of fages Adget veqead gnatima eadlEjoest by exposing the obj ect
with an energy beam 101. A device nmanufacturing nmethod, conprising:

5a process of formng a pattern on an object using the

76. The exposure apparatus of Claim 75, further

10 comprising:
a correction unit that corrects a measurement error of
the encoder that occurs due to at least one of the first grating

section and the second grating section.

15 77. The exposure apparatus in any one of Claims 44 to
76, further comprising:
an optical system that projects a pattern that is
illuminated with the energy beam on the object:
an adjusting unit that adjusts optical properties of the
20 optical system; and
a controller that, in themiddle of a detection operation
of a plurality of marks on the object by the mark detecting
system, controls the adjusting unit based on detection results
of a part of the plurality of marks that have been detected

25 by the mark detecting system.

78. An exposure apparatus that exposes an object with
an energy beam via an optical system, the apparatus comprising:

a movable body that is movable in first and second



pattern formng nethod in any one of Clainms 92 to 100; and a
process of perform ng processing to an object on which the pattern is
formed. 10102. An exposure nethod of exposing an object with an
energy beam the nmethod conpri sing: a first process of
nounting the object on a novabl e body thavt7is novable in first and
second directions within a predeterm ned pl ane; 15a second process of
detecting marks on the obhject using a mark detecti nghgzstemthat has

a plurality SHIFEAEQTDHIEANEEsE oL drinemhelane dheieirattha dqect:
second direction; and .third proces f_detecti osjtion .
i nformation of the aorﬁ?%]éfjeitﬁcilpﬁi W}IS%IP g@?%a‘ﬁe%‘?ﬁﬁﬂﬁﬁgg ‘frbt%‘ﬁéj%J ecty
first and second 2Q_di i i t] i t _has _a
detection area at %np%(gftg%%ﬁﬂgﬁﬁerg%?éﬁ%gﬁﬁ%'%ﬁleg%?ﬁ%} ip%{;) of -+ =% of the
detection aregxiidnit e fddnst Mig ection and has a plurality of

detection points whose positions are different in the second
directions 25103. Eheowxpeblee thBthocth ehe@idddNel02,a M8LEEE Don operation
the detection area of the detecting unit is placed between an

i rradi ati on pdsiat pdnrefl ittlye oéneagysbeantaadol hectpliy allid waofk detecting
detection areas of the mark detecting systemin the first direction.

system, controls the adjusting unit based on detection results
of a part of the plurality of marks that have been detected

by the mark detecting system.

10
79. The exposure apparatus in any one of Claims 44 to
76, further comprising:
an optical system that projects & pattern that is
illuminated with the energy beam on the object; and
15 a controller that performs one of a measurement

operation of a positional relation between a projection
position of the pattern and a detection center of the mark
detecting system and a detection operation of the marks by
the mark detecting system, in parallel with at least a part

20 of the other of the operations.

80. An exposure apparatus that exposes an object with
apattern that is illuminated with an energy beamvia an optical
system, the apparatus comprising:

25 a movable body that is movable in first and second
directions within a predetermined plane, holding the object;
amark detecting system that detects marks on the object;

and

a controller that performs one of a measurement



218 104. The exposure nethod in one of Cains 102 and 103,
further conprising: at least a part of detection processing in the
second 5 and third processes is perforned in parallel and the novabl e
body is noved in the first direction at the time of each of the

det ecti on operations. 105. ZIbg exposure nethod in any
one of Clains 102 to 104, 10 wherein on a surface of the
novabl e body substantially parallel to the_plane, first and second

grating sect iBREAHA" habe agrees Hygkonel i é&lléﬁFLP? RYHARN | A FHE Jatdon
and second directi.ons arra d and 15i | east one of

second and t MG T &é’igg‘ éf‘?r e t?aétg‘e mark
first encoder f first h ds mhose itions.ar
different in Eﬁggégbgﬁégﬁﬁ%%ggion “and Ef%ﬁiﬁﬁﬁ 5%@% & f a? a@%§k5 %y

plurality of t%@cmqkhea@%c\eﬁzagespgﬁbh' ong pheafilierent éﬂ“ did ?)tart

20 direction, position information of "the novable body in t e f|

dlrectlonslsdmamgeﬂ;}@& tdiechﬂer%tpeQ%aquﬁ'gat faces the first grating
section and position information of the novable body in the second
direction is neasured by the second head that faces the second
grating section. 25 106. The exposure nethod of C ai m 105,
wher ei n at BéasThenexpdsuhe &pp%xa@mmigecmmﬁogrélan@s5@%&Hﬁh§0
is arranged in pairs spaced apart in a direction orthogonal to a
direction i n"§it& "t he grating is periodically arrayed,

the controller performs the detection operation of the
10 marks during the measurement operation of the positional

relation.

82. The exposure apparatus in one of Claims 79 and 80,

wherein
15 the controller performs the measurement operation of the
positional relation during the detection operation of the

marks.

83. The exposure apparatus in any one of Claims 44 to
20 82, further comprising:
another movable body separate from the movable body,
wherein
a first state of making the movable body and the another
movable body come closer together at a predetermined distance
25 or less anda second state of separating both the movable bodies
can be set, and switching between the first and second states
is performed during the detection operation of the marks by

the mark detecting system.



219 and at |l east one of the first and second encoders that
corresponds to the at | east one of the grating sections is arranged
in pairs. 5 107. The exposure nethod in one of Cains 105 and
106, wherein at the time of detection operations by the mark
detecting systens and/or the detecting uads, position information of
10 the novabl e body is neasured by the measuring unit. 108.

The exposure nethod in_any one of Clains 102 to 107, wherein_ on a
surface of the nov&Bl-ePBoBYPSEBEE aRPPAFRUParA T X005 athellesie wikh

pair of first _gratin ections that each have a .grating periodically
arrayed in tﬁ@'ﬁﬁﬁgﬁ%H?F?gPi %:§Qﬁﬁ%§%ﬁﬁtc%ﬂﬂffélng' in at |east

one, o1, L1e eecond anglrd pigsposter B UslRe TRk {0 YOl LR

includes a first enc y of TiTs

i ncluding a pairec@fi ds &t theads Jrhateta 8RR pd aWet Phb g RE U by <0k ;
detection areas in between in the second direction, position

informati®n of theamabbetbedynynsyvdte thet dditRald Arks JfeassIbed ey ;
the first head that faces at |east one of the pair of first grating
25sections. and 109. The exposure nmethod of C aim 108, wherein on the
surface of the novabl e body, a second grating section that has a
grating periodicalﬁycaﬁﬁ§9iéerntbﬁé gegopRlt a first state of making the

movable body and another movable body different from the
movable body come closer together at a predetermined distance
10 or less and a second state of separating both the movable bodies,
and performs switching between the first and second states
during a detection operation of the marks by the mark detecting

system.

15 85. The exposure apparatus in one of Claims 83 and 84,
wherein
the detection operation of themarks is started when both
the movable bodies are in the first state, and
the controller switches the first state to the second

20 state during the detection operation of the marks.

86. An exposure apparatus that exposes an object held
on amovable body that is movable in first and second directions
within a predetermined plane, with an energy beam, the

25 apparatus comprising:

amark detecting system that has a plurality of detection
areas whose positions are different in the second direction;
and

a reference member on which a plurality of reference



220 direction is arranged, t he measuring unit further includes
a second encoder that has a plurality of second heads whose positions
are different in the first direction, and 5in at | east one of the
second and third processes, position information of the novabl e body
in the second direction is neasured by thedsecond head that faces the
second grating section. 10110. An exposure nethod of exp05|ng an
object with an ener beam the nethod conprisin

process of nﬂl?rﬁ]ﬁsnbg¥5€a@b?%étlmﬁﬁt&“ﬁﬁ@é%lﬁr’éietﬁﬁﬁ/tqq@ﬁ’ Ghe %’&5@%%%1119

first and secon dlrectl ns wi.thin tgg det er mi ned ane

second process of; " ?%%dbna?ﬂe et ar® Vet I%déuﬁFﬁﬁ g%ﬁﬁr%s
det ecting SY3H tp?gfst h:%t lrl]_gs @h Lﬁﬂf& %;rg%i e&%k%gtﬁr ﬁasa}_ﬂQQée with an

pOSI tions are erent In t secon nmeasuri ng

unit that i n@Jr‘i@Qﬁa@:ﬂdﬁ%&s?ﬁE@ﬁ%ﬁ Ellﬁ'@ten@%yab@!uﬂrﬁ‘! }béﬁ’wé’én 1'nr1§1t1e first
heads including a pair first heads that are placed wth t

pl uralitysof ddeteegtiioon tar @asos 1t Dt wee it hienpl iea €€ oNEif d:lé”@é‘dﬁleh areas.
measuring position information of the novable body in the first
direction by the first head that faces at |east one of a pair of

first grating sections that are arranged on a surface of the novable
body 25 substanti aPl’ly paeaEr@rstuget perpratasand €deimhdve ahgratinng

eriodically arrayed in the first direction.
P y ytge reference member 1s attached to the movable body or

another movable body that moves within the plane independently

10 from the reference member.

88. A device manufacturing method, comprising:
exposing an object using the exposure apparatus in any
one of Claims 44 to 87; and

15 developing the exposed object.

89. A mark detecting apparatus that detects marks on an
object, the apparatus comprising:
a mark detecting system that detects marks on the object
20 mounted on a movable body, the movable body moving within a
predetermined plane that includes a first axis and a second
axis intersecting the first axis, and also having a surface
on which a first grating having a grating whose periodic
direction is adirectionparallel tothe first axis and a second
25 grating having a grating whose periodic direction is a
direction parallel to the second axis are arranged;
a measuring unit that has a first axis encoder that has
a plurality of first heads whose positions are different in

a direction parallel to the second axis and measures position



221 that has a plurality of second heads whose positions are

different in the first direction, and I n the second process,
position information of the novable body in the second direction is
nmeasured by the second 5 head that faces a second grating section

that has a grating periodically arrayed enithe second direction on

the surface of the novabl e body. 112. The exposure

nmethod in any one of Clains 108 to 111, 10 wherein

surface of aﬁé’tﬁ%?“arﬁ\%bl%f By vAbLies hadyaria @ prl&ﬁth@W&E‘llelel to
body, a refer t hat , has. a r__of erence | ngs pl aced
apart in the " gr‘]ias ?’ejc? Pont gﬁdfjar%‘ lllilregldr 1E}Qa%ffrarcee’fs‘e J%el l@%atlng’
pl aced bet weep, érgurt b G Lo hEEBEENA 0 AL 295 1%, %rggegegec&rg ks

exposure net ho ess O aneous

executing de@@&kk@?o@ﬁtﬁ%%spéké @iff@f@ﬁﬁnﬁ?aQHQEbEQ§oHyp$P§l£@Qrtéﬁthe
first heads and detection of the plurality of reference marks by the

nmark 20 det ectiirg skdtsedind measurdi3podhei 6XPDSES EndeiHOh f RHRNMRRS ] e
of Clainms 105 to 112, wherein position information of the novabl e
body in a pl i@y iy a direction parallel to the second axis by the second
head that faces the second grating; and
a controller that detects the marks on the object using

the mark detecting system while controlling a position of the

10 movable body based onmeasurement values by the measuringunit.

90. A mark detecting apparatus that detects marks on an
object, the apparatus comprising:
a movable body that moves within a predetermined plane
15 that includes a first axis and a second axis intersecting the
first axis, holding the object on which marks are each formed
at a plurality of positions different from one another; and
a plurality of mark detecting systems that have
detection areas whose positions are different in a direction
20 parallel to the second axis and can simultaneously detect the
marks at positions different from one another on the object,
wherein
the number of marks on the object that are simultaneously
detected by the plurality of mark detecting systems differs
25 depending on a position within the plane of the movable body

that mounts the object.

91. A mark detecting apparatus that detects marks on an

object, the apparatus comprising:



25 of nmeasurenent directions that include a direction different from
a neasurenent direction of position information of the novabl e body
by the encoder is further neasured using an interferoneter. 222

114. The exposure nethod of C aim 113, wherein the direction
different fromthe neasurenent direction2ef position information of

t he novabl e body by the encoder includes a direction different from
directions within the 5 15. The exposure nethod in one

of Clainms 113 and F1H°% \‘z:\’ﬂ%éree]i’ﬂdy that mo‘{er?ewllﬁﬁléPférW%?e%%%ﬁ gylane

f f h 0 hl baod , .
P asur oment Qi pAR1knE ARLPUAR LAY sdbdl pE TR iR Fespating,rhe

the encoder. axiso- h$E81ﬁ§HH§¥%% TRingd i A% 908 eQ%ﬂg éﬁ%%d

to 115, mhereln 1 at the time Of an ex posure opeération o

with the enerfy DHAMrPOSHS i pdﬁioalr@fts Qﬁﬁelté}@c r@ﬂ&?'&léﬁ%%ﬂ&r,
measured by the neasuring unit. 17. The exposure net hod

in any ong of C ai meplO2atlat}l6f ﬁHkkMﬁﬁﬁ%dtlng systBREKShhD @ach detect
plurality of groups whose positions are different in the first

di recti on on tiee bjlect atr podetécned disifreg drite fromk oe¢ eahbhfesy shermhe
per each of the groups by noving the novable body in the first
direction. object;

a focus position changing unit that changes a relative
positional relation between the plurality of mark detecting
10 systems and the object mounted on the movable body in optical
axis directions of the plurality of mark detecting systems
that are perpendicular to the plane, simultaneously among the
plurality of mark detecting systems; and
a controller that simultaneously detects each of the
15 marks formed at positions different from one another on the
object wusing a plurality of mark detecting systems
corresponding to each of themarks, while changing the relative
positional relation in the focus directions by the focus
position changing unit.
20
92. A pattern forming method of forming a pattern on an
object, the method comprising:
a detection process of detecting marks on the object
mounted on a movable body using a mark detecting system, the
25 movable body moving within a predetermined plane that includes
a first axis and a second axis intersecting the first axis,
and also having a surface on which a first grating having a
grating whose periodic direction is a direction parallel to

the first axis and a second grating having a grating whose



25 118. The exposure nethod of Claim 117, wherein at

| east marks in one group out of the marks in the plurality of groups
include a plurality of marks whose positions are different in the
second direction. 223 119. The exposure nethod in anyone of
Clains 102 to 118, wherein the marks whogé3positions are different in
the first 5 direction on the object are detected by the mark

detecti tens b i .t he, ble body in t irst direction, .
ond"al 56 t ho BRATRS P FRAR Okt hReTREEQCT el By LRk Tt RedeTeeas dycts

systen1diffegﬁxg%ﬂgﬂg%%%ho&ﬁ%ﬂg¥ﬂtion of the object in the first

direction. 1 n exposure nethod of exposing on an object

with an energy beany, the HBLBOM: SAMPFASLLT; on detectid fBIESEIfneIQrM a

of nounting the object on a novabl e body that is novable in rst and

second di r ectgo¥is iWr OE Rha rldv it B ebak M Hednpkaneeddibed on meadurement
second process of, when marks whose positions are different in the

first directivalues byea agentriare uddtteched Iys nofiingtt hei somadddebadyt
inthe first direction, detecting the different nunber of marks

dependi ng onh@spéspinvalotvide R0 vbjpecdsi nhohe Posstioihs eotd ol fferent
using a nmark detecting systemthat has detection areas whose

positions aré™di?ferERFELANt RESEdGd &P r BBE| Frpcond axis and measures

position information of the movable body in a direction
parallel to the first axis by the first head that faces the
10 first grating, and a second axis encoder that has a plurality
of second heads whose positions are different in a direction
parallel to the first axis and measures position information
of the movable body in a directiocn parallel to the second axis
by the second head that faces the second grating.
15
93. The pattern forming method of Claim 92, further
comprising:
a measurement process of measuring a positional relation
between a projection position of the pattern by an optical
20 system and a detection center of the mark detecting system,
using a fiducial mark formed on the movable body, wherein
in the measurement process, when measuring the
positional relation, a position of the movable body is
controlled based on the measurement values by the measuring

25 unit.

94. A pattern forming method of forming a pattern on an
object, the method comprising:

a process of mounting the object, on which marks are each



121. The exposure nethod in one of Clainms 119 and 120, 25 wherein
the mark detecting systemdetects a plurality of marks whose
positions are substantially the sane in the second direction on the
object that is noved in the first direction, in one of the plurality
of detection areas. 224 122. TheZé%posure nethod in any one
of Clainms 119 to 121, wherein relative positions in the second

di ti f the 5 Lity.of detecti.on areas_of the rk detectin
R L e e e
d di td j i i irst. dir i )
10125, An expooar et roa o5 Erp oo MR f e ek A S Tt
the nmethod comlidWa first axd sPAREESSeLbnADUN &atte%,e%@i%\%t %r}g{g ﬁﬂgst

novabl e body that is novable in first and second directions
predet er m nedifilsgnesncand al so has a surface substantially 15 parallel
to the plane on which a grating section that has a grating
peri odi cably arrayed po@sangéd;siand tanpoocdys ddtedyinusi fige amarks at
measuring unit that includes an encoder that has a plurality of heads
whose positiéﬁ§i%i9n5 different from one another on the object using a
plurality of mark detecting systems whose detection areas are
placed at different positions in a direction parallel to the
second axis, wherein
10 the number of marks on the object that are simultaneously

detected by the plurality of mark detecting systems differs

depending on a position of the movable body within the plane.

95. A pattern forming method of forming a pattern on an
15 object using an optical system, the method comprising:

a process of mounting the object on a movable body that
moves within a predetermined plane that includes a first axis
and a second axis intersecting the first axis;

a process of detecting a plurality of marks formed on

20 the object using a mark detecting system; and

a process of adjusting optical properties of the optical
system based on detection results of a plurality of marks on
the object that have been detected by the mark detecting system,
at the stage where marks on the object to be detected by the

25 mark detecting system remain.

96. A pattern forming method of projecting a pattern on
an object using an optical system, the method comprising:

a process of mounting the object on a movable body that



different in a direction intersecting an array direction of 20 the
grating, measuring position information of the novable body in the
array direction by the head that faces the grating section, at the
time of a detection operation of marks by a mark detecting system

that detects the marks on the object. 25224. The exposure nethod of
Claim 123, wherein the grating section includes first and

second o121 Ryaacl oS IS RN A6 B AL LnESper odhcally ol eeed

the first and secon i rections, a

encoder that g -2 il Ly o 225 o Jdysl, NSA0S AGSE AOS) Lns ar e

different in the second direction and measures position infornation

of the novable body pRctBesfbf Yerid@ptipn Bxttheibhr StePeafod N narks
faces the first grating section, and a second encoder that has a 5

plurality of csecond beadstwiose ngosi tpensodr € rdif fereentan nopbeatibat of
direction and nmeasures position information of the novable body in
the secondl dimegstirdmdohy nd tsisomid rhéativhdte tfwamss at e Sectoich goatiitign
section. 10125. The exposure nethod of Caim 124, further
of the pattern by the optical system and a detection center
of the mark detecting system is started until when the

operation is completed.

10 97. A pattern forming method of projecting a pattern on
an object using an optical system, the method comprising:
a process of mounting the object on a movable body that
moves within a predetermined plane that includes a first axis
and a second axis intersecting the first axis; and
15 a process of performing a measurement operation of a
positional relation between a projection position of the
pattern by the optical system and a detection center of a mark
detecting system during a period from when an operation of
detecting a plurality of marks to be detected formed on the
20 object mounted on the movable body using the mark detecting

system is started until before the operation is completed.

98. A pattern forming method of forming a pattern on an
object, the method comprising:

25 a process of mounting the object on a first movable body
that moves within a predetermined plane that includes a first
axis and a second axis intersecting the first axis; and

a process of contrelling both the first movable body and

a second movable body that moves independently from the first



conpri si ng: a process of correcting a neasurenent error of the
encoder that occurs due to at |east one of the first grating section
and the second grating section. 15 126. The exposure nethod in
any one of Clainms 102 to 125, further conpri sing: a process
of, in the nmiddle of a detection operati8h®of a plurality of nmarks on
the object by the mark detecting system 20 adjusting optical

71 T nat ea ORGSRl SYRRER OR pRaRboFec T bk o i ite e ton

illum nated wth the energ im0

results of aparg rﬁérﬁhﬁeeglﬂ"cﬂégt )éy%ftefﬁagc_:’;.at Eﬁu pi’ftufegﬁ ﬁ{ﬁ%gggﬁg be

by the mark detecting system exposur e net

exposi Nng an eRiteeitad tdy aeenss %eb%ajtﬁ\e\etan%rm@d A S8Rt M vable
met hod conpri sing: a process of nounting the object on a

nmovabl e body kidiat ib s traadd ehien Botls thantb sasondodii eeCit©As Mdrhdiximd ty
226 predeterm ned pl ane; and a process of, in the mddle of a
det ect i on opertatticonwhsfrea heltur ditiet ynoofalaier ko dde st ke coljlester together at
controlling an adjusting unit that adjusts optical properties of the
opti cal Syst@mpredetermined distance’ or less, and state switching is
performed from the proximity state to a separation state where
both the movable bodies separate from each other before all
the detection operation of the plurality of marks is completed.
10
99. A pattern forming method of forming a pattern on an
object, the method comprising:
a process of mounting the object, on which marks are each
formed at a plurality of positions different from one another,
15 on a movable body that moves within a predetermined plane that
includes a first axis and a second axis intersecting the first
axis; and
a process of simultaneously measuring each of the marks
formed at positions different from one another on the object
20 individually using a plurality of mark detecting systems
corresponding to each of the marks, while changing a relative
positional relation between the plurality of mark detecting
systems and the object mounted on the movable body in optical
axis directions of the plurality of mark detecting systems

25 that are perpendicular to the plane, simultaneously among the

plurality of mark detecting systems.

100. The pattern forming method in any one of Claims 92

to 99, further comprising:



5 based on detection results of a part of the plurality of marks that

have been detected by then. 128. An exposure net hod of
exposing an object with a pattern that is illumnated with an energy
beam via an optical 10 system the method conpri sing: a first

process of mounting the object on a novaBLé body that is novable in
first and second directions within a predeterm ned plane; and a

second process of perforfiig gee of A JPashl el 1a operalion oL g by

positional relation between a projec position O e pa

a detection oM th dTRy et eGtd NG S Y hat.detects marks on
the object and a dlé-t@ecti on kJc(;Jper ation of theeefrgal}r ks aby the mark

detecting system in parallel with at |east a part of the other of

t he operations. 20 129. The exposure nethod of C aim 128,
wher ei n i n tlhé .sécded ipro cess,f adie rd efge atsittie do p eloaicird® 10fg :t he
marks is performed during the nmeasurenent operation of the positional
relation.225 130. aThEcerpesafefatnhod of PO bémm 128, awdrisat iusirige the
second process, .the measurenent operation of the positional relation

i s perfornmedPaHiSHg ERESe @StER Dy aiYorér afhé lpdimes 82 to 100; and

a process of performing processing to an ocbject on which

the pattern is formed.

10 102. An exposure method of exposing an object with an
energy beam, the method comprising:

a first process of mounting the object on a movable body
that 1s movable in first and second directions within a
predetermined plane;

15 a second process of detecting marks on the object using
amark detecting system that has a plurality of detection areas
whose positions are different in the second direction; and

a third process of detecting position information of the
object in a third direction orthogonal to the first and second

20 directions, using a detecting unit that has a detection area
at a2 position different from the plurality of detection areas
in the first direction and has a plurality of detection points

whose positions are different in the second direction.

25 103. The exposure method of Claim 102, wherein
the detection area of the detecting unit is placed
between an irradiation position of the energy beam and the
plurality of detection areas of the mark detecting system in

the first direction.
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131. The exposure nmethod in anyone of Clains 102 to 130,

wherein a first state of naking the novabl e body and another 5
novabl e body separate fromthe novabl e body cone cl oser together at a
predet erm ned di stance or less and a second state of separating both

t he novabl e bodi es can be set, and 218w t chi ng between the first
and second states is perforned during the detection operation of the
mar ks by the 10 mark detecting system 132. An exposure net hod

of exposing an object with an energy beam the nethod conpri sing:

a process of mountiing thﬁeo@kﬁsgu% Re TRYAD! 1 hRdy £t eﬁglfhé 162 myahls,
infirst and second directions within a predet erm ned pl ane, wherein

a first stateuwftHeKidenddiesifabl e body and anot her novabl e body
separate fromthe novabl e body conme closer together at a

predet erm ned di st atcéeast| espaahdof decendi ot ghroddks afngejpartatd rgcond
both the novabl e bodi es can be set, and the exposure nethod further

conpri ses>

and thigdoptesedsepet $ d:erﬁﬁigrrrsﬁwl ichpagabéeheand ties fligvele

and second states during a,detection operation of marks by a mark
det ecting syt tisafoyefedfs thRel ftiFksdbReEhéoBLF BCENe 251me of each of

10

15

20

25

the detection operations.

105. The exposure method in any one of Claims 102 to 104,
wherein

on a surface of the movable body substantially parallel
to the plane, first and second grating sections that have
gratings periodically arrayed in the first and second
directions are arranged, and

in at least one of the second and third processes, by
using a measuring unit that has a first encoder that has a
plurality of first heads whose positions are different in the
second direction and a second encoder that has a plurality
of second heads whose positions are different in the first
direction, position information of the movable body in the
first direction is measured by the first head that faces the
first grating section and position information of the movable
body in the second direction is measured by the second head

that faces the second grating section.

106. The exposure method of Claim 105, wherein
at least cone of the first and second grating sections
is arranged in pairs spaced apart in a direction orthogonal

to a direction in which the grating is periodically arrayed,



133. The exposure nethod in one of Clainms 131 and 132, wherein

the detection operation of the marks is started when both the novabl e
bodies are in the first state, and swtching from 228 the first
state to the second state is performed during the detection operation
of the marks. 134. A device manufacturinglgethod, conprising:
5exposi ng an object using the exposure nethod in anyone of Cains 102
to 133; and gﬁxfloping t he exposed obj ect.
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at least one of the first and second encoders that
corresponds to the at least one of the grating sections is

arranged in pairs.

107. The exposure method in one of Claims 105 and 106,
wherein

at the time of detection operations by the mark detecting
systems and/or the detecting unit, position information of

the movable body is measured by the measuring unit.

108. The exposure method in any one of Claims 102 to 107,
wherein

on a surface of the movable body substantially parallel
to the plane, a pair of first grating sections that each have
a grating periocdically arrayed in the first direction is
arranged, and

in at least one of the second and third processes, by
using a measuring unit that includes a first encoder that has
a plurality of first heads including a pair of first heads
that are placed with the plurality of detection areas in
between in the second direction, position information of the
movable body in the first direction is measured by the first
head that faces at least one of the pair of first grating

sections.

109. The exposure method of Claim 108, wherein
on the surface of the movable body, a second grating

section that has a grating periodically arrayed in the second
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direction is arranged,

the measuring unit further includes a second encoder
that has a plurality of second heads whose positions are
different in the first direction, and

in at least one of the second and third processes,
position information of the movable body in the second
direction is measured by the second head that faces the second

grating section.

110. An exposure method of exposing an object with an
energy beam, the method comprising:

a first process of mounting the object on a movable body
that is movable in first and second directions within a
predetermined plane; and

a second process of, when marks on the object are
detected using a mark detecting system that has a plurality
of detection areas whose positions are different in the second
direction, by using a measuring unit that includes a first
encoder that has a plurality of first heads including a pair
of first heads that are placed with the plurality of detection
areas in between in the second direction, measuring position
information of the movable body in the first direction by the
first head that faces at least one of a pair of first grating
sections that are arranged on a surface of the movable body
substantially parallel to the plane and each have a grating

periodically arrayved in the first direction.

111. The exposure method of Claim 110, wherein

the measuring unit further includes a second encoder
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that has a plurality of second heads whose positions are
different in the first direction, and

in the second process, position information of the
movable body in the second direction is measured by the second
head that faces a second grating section that has a grating
periodically arrayed in the second direction on the surface

of the movable body.

112. The exposure method in any one of Claims 108 to 111,
wherein

on a surface of another movable body that is separate
from the movable body, a reference member that has a pair of
reference gratings placed apart in the second direction and
a plurality of reference marks placed between the pair of
reference gratings is arranged, and

the exposure method further comprises

a process of simultaneously executing detection of the
pair of reference gratings by the pair of first heads and
detection of the plurality of reference marks by the mark

detecting system.

113. The exposure method in any one of Claims 105 to 112,
wherein

position information of the movable body in a plurality
of measurement directions that include a direction different
from a measurement direction of position information of the
movable body by the encoder is further measured using an

interferometer.
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114. The exposure method of Claim 113, wherein

the direction different from the measurement direction
of positicon information of the movable body by the encoder
includes a direction different from directions within the

plane.

115. The exposure method in one of Claims 113 and 114,
wherein

the interferometer measures position information of the
movable body in at least one measurement direction of position

information of the movable body by the encoder.

116. The exposure method in any one of Claims 102 to 115,
wherein

at the time of an exposure operation of the object with
the energy beam, position information of the movable body is

measured by the measuring unit.

117. The exposure method in any one of Claims 102 to 1156,
wherein

marks in a plurality of groups whose positions are
different in the first direction on the object are detected
using the mark detecting system per each of the groups, by

moving the movable body in the first direction.

118. The exposure method of Claim 117, wherein
at least marks in one group out of the marks in the
plurality of groups include a plurality of marks whose

positions are different in the second direction.
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119. The exposure method in any one of Claims 102 to 118,
wherein

the marks whose positions are different in the first
direction on the object are detected by the mark detecting
systems by moving the movable body in the first direction,
and also the number of marks that are detected by the mark
detecting system differs depending on a position of the object

in the first direction.

120. An exposure method of exposing on an object with
an energy beam, the method comprising:

a first process of mounting the object on a movable body
that is movable in first and second directions within a
predetermined plane; and

a second process of, when marks whose positions are
different in the first direction on the object are detected
by moving the movable body in the first direction, detecting
the different number of marks depending on a position of the
object in the first direction, using a mark detecting system
that has detection areas whose positions are different in the

second directicn.

121. The exposure method in one of Claims 119 and 120,
wherein

the mark detecting system detects a plurality of marks
whose positions are substantially the same in the second
direction on the object that is moved in the first direction,

in one of the plurality of detection areas.
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122. The exposure method in any one of Claims 119 to 121,
wherein

relative positions in the second direction of the
plurality of detection areas of the mark detecting system are
adjusted in accordance with positions of the marks in the
second direction on the object that is moved in the first

direction.

123. An exposure method of exposing an object with an
energy beam, the method comprising:

a process of mounting the object on a movable body that
is movable 1in first and second directions within a
predetermined plane, and also has a surface substantially
parallel to the plane on which a grating section that has a
grating periodically arrayed is arranged; and

a process of, by using a measuring unit that includes
an encoder that has a plurality of heads whose positions are
different in a direction intersecting an array direction of
the grating, measuring position information of the movable
body in the array direction by the head that faces the grating
section, at the time of a detection operation of marks by a

mark detecting system that detects the marks on the object.

124. The exposure method of Claim 123, wherein

the grating section includes first and second grating
sections that have the gratings periodically placed in the
first and second directions, and

the encoder includes a first encoder that has a plurality
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of first heads whose positions are different in the second
direction and measures position information of the movable
body in the first direction by the first head that faces the
first grating section, and a second encoder that has a
plurality of second heads whose positions are different in
the first direction and measures position information of the
movable body in the second direction by the second head that

faces the second grating section.

125. The exposure method of Claim 124, further
comprising:

a process of correcting a measurement error of the
encoder that occurs due to at least one of the first grating

section and the second grating section.

126. The exposure method in any one of Claims 102 to 125,
further comprising:

a process of, in the middle of a detection operation of
aplurality of marks on the object by themark detecting system,
adjusting optical properties of an optical system that
projects a pattern that is illuminated with the energy beam
on the object, based on detection results of a part of the
plurality of marks that have been detected by the mark

detecting system.

127. An exposure method of exposing an object with an
energy beam via an optical system, the method comprising:
a process of mounting the object on a movable body that

is movable in first and second directions within a
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predetermined plane; and

a process of, in the middle of a detection operation of
a plurality of marks on the object, controlling an adjusting
unit that adjusts optical properties of the optical system
based on detection results of a part of the plurality of marks

that have been detected by then.

128. An exposure method of exposing an object with a
pattern that is illuminated with an energy beam via an optical
system, the method comprising:

a first process of mounting the object on a movable body
that is movable in first and second directions within a
predetermined plane; and

a second process of performing one of a measurement
operation of a positional relation between a projection
position of the pattern and a detection center of a mark
detecting system that detects marks on the object and a
detection operation of the marks by the mark detecting system,

in parallel with at least a part of the other of the operations.

129. The exposure method of Claim 128, wherein
in the second process, the detection operation of the
marks is performed during the measurement operation of the

positional relation.

130. The exposure method of Claim 128, wherein
in the second process, the measurement operation of the
positional relation is performed during the detection

operation of the marks.
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131. The exposure method in any one of Claims 102 to 130,
wherein

a first state of making the movable body and another
movable body separate from the movable body come closer
together at a predetermined distance or less and 2 second state
of separating both the movable bodies can be set, and

switching Dbetween the first and second states is
performed during the detection operation of the marks by the

mark detecting system.

132. An exposure method of exposing an cbject with an
energy beeam, the method comprising:

a process of mounting the object on a movable body that
is movable in first and second directions within a
predetermined plane, wherein

a first state of making the movable body and another
movable body separate from the moveble body ccome closer
together at a predetermined distance or less and a second state
of separating both the movable bedies can be set, and

the exposure method further comprises

a process of performing switching between the first and
second states during a detection operation of marks by a mark

detecting system that detects the marks on the object.

133. The exposure method in one of Claims 131 and 132,
wherein
the detection operation of themarks is started when both

the movable bodies are in the first state, and switching from
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the first state to the second state is performed during the

detection operation of the marks.

134. A device manufacturing method, comprising:
exposing an cbject using the exposure method in any one
of Claims 102 to 133; and

developing the exposed object.



