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TECHNICAL FIELD

The present invention relates to measuring apparatuses
and methods, processing apparatuses and methods, pattern
forming apparatuses and methods, exposure apparatuses and
methods, and device manufacturing methods, and more
particularly to a measuring apparatus and a measuring method
that measure position information of a movable body that moves
within a plane, a processing apparatus and a processing method
that perform a predetermined processing to an object mounted
on a movable body that moves within a plane, a pattern forming
apparatus that is equipped with the measuring apparatus or
the processing apparatus and a pattern forming method that
includes the measuring method, an exposure apparatus and an
exposure method that expose an object with an energy beam via
an optical system, and a device manufacturing method in which
either one of the measuring method, the processing method,

the exposure apparatus or the exposure method is used.

BACKGROUND ART
Conventionally, in a lithography ©process for
manufacturing electron devices (microdevices) such as

semiconductor devices (integrated circuits or the like) or



sem conductor devices (integrated circuits or the like) or 2 liquid
crystal display devices, exposure apparatuses such as a reduction
proj ection exposure apparatus by a step-and-repeat nethod (a
so-cal l ed stepper) and a projection exposure apparatus by a

st ep- and- scan nethod (a so-called 5 scannfng stepper (which is also

called a scanner)) are mainly used. However, the surface of a
wafer as a s ; i al f 0
il o anacini ryBrAd EXROREY dey e Bl Shpflitatlsatuch as

scanni ng expesur eckiAPRA at St iash @ SCHMRIrd N RAddathay . Wien 4
transferring a reticle pattern to a certain shot area on the wafer by
a scanni ng expiegivandreidpaht aeshodald ed-tatused evebpag) @Rt & @lrdiection
performed, in which position information (focus infornmation) of the
waf er surfacedmsroppratataxs sbyi aeetepnat8-ofaa peshedt i(en saptdaddled
systemat _a plurality of detection points set_in_an exposure area is
det ect ed ¥si HEadMERE&RPPEL Avhifh iiforAEoforbl ePasprprBhAcHe! e MRinly
system (hereinaftfer, also referred to as a "nmultipoint AF systeni) or
the like, and ed on the detection results, the position in the

optical 20 axis dirgction and the tilt of.a tahle or. a st t_hat
hol ds the wafer is Hc%;%r?tv%(ﬁ’l erlg"esos(%trl'ufa “§ hoef Wafer urtace Sé%%gztrg%q fo be

conforms to %ds@msolrﬂe aqfw%gf A %g}é' %,Orftdrcaéxaﬁéﬁtee,mu‘ﬁ idtion

t he exposure area (so that the er surface I's wthin range o

depth of focus ehetherdmagerptanede .(eTHerbehbet, tih 2nePatent i f4 I3 hre
1). Meanwhi l e, in the stepper, the scanner or the |like, the

wavel ength ofappsed texpesuheatigldcarmegetini pgrshotul ef, waadn hyraredte rddeg
to finer integration circuit, and also the nunerical aperture of a
proj ecti on opt iredlislesrerhtiesrrgrtad waldertget isigpt 3irea on the wafer by a
scanning exposure method, a so-called focus-leveling control
is performed, in which position information (focus
information) of the wafer surface in an optical axis direction
15 of a projection optical system at a plurality of detection
points set in an exposure area is detected using, for example,
a multipoint focal position detecting system (hereinafter,
also referred tco as a “multipoint AF system”) or the like,
and based on the detection results, the position in the optical
20 axis direction and the tilt of a table or a stage that holds
the wafer is controlled so that the wafer surface constantly
conforms to the image plane of the projection optical system
within the exposure area (so that the wafer surface is within
a range of depth of focus of the image plane) (e.g. refer to
25 Patent Citatien 1).
Meanwhile, in the stepper, the scanner or the like, the
wavelength of used exposure light is getting shorter year by

year due to finer integration circuit, and also the numerical

aperture of a projection optical system is gradually getting



| arger ( larger NA) , which is intended to inprove the resolution. On
the other hand, there has been a possibility that the focus margin at
the time of exposure operation becones insufficient because a depth
of focus beconmes so narrow due to the sho][Ster 5 wavel engt h of
exposure light and the |arger NA of the projection optical system
Therefore, as a nmethod of substantially shortening the exposure |ight

wavel engt h and, )50 (1 HE5€8%2NY (M d8RisN t enBePtB j]%pécﬂﬁéléh@%r&%%%lign.

in the air, an exposure apparatus making use of a liquid i mrersion

net hod has beentBatdigiéntiaald,eohbes Has erkhya (JafLbilo hateat the focus
Ctation 2). However, in exposure apparatuses that makes use of

the liquid i mersimat netdad meos £ aixerseepopetra tappasatases iinzuwifiicheat
di stance (working di stance) between the | ower end 15 surface of the
proj ecti on ofdcalsspsdenthmf tesusaberongsstomariav ideedt ¢ ffloailshanser
pl ace the_multipoint AF system descri bed above in the vicinity of the
proj ecti on optaveHersifdt et MEEIRGITR, LiAhEnE S pESar el aBFRF al¥ise’l jthe
is required that, hi hll_K ac uraﬁe surface positiopn control of then
wafer s 20 FERISHGTh BPEAFato SERFEUe expOSHTEORRLh T gR TMethod of
precision, a i 2R t i | s equi red. _Furt b

t he stepper, %t b%et:aé%ﬁrs]aelrl}yor %ﬂgﬁ%ﬁkq%?l%oes%ﬁ%gnscbnr%ag&rggﬁcer‘ﬁa%éfl%eg; hagag1 d

that holds a3ubstinabealqnbe (GXRR38Hq)CaddeBrMRS £ odiSs WM AdY in the
performed using a |aser 257Iinterferometer with high resol ution.

However, an egtr,cah pabbBsheegbppatadubedakohqgthesl@ses 1ivherd enmeiQion

t hat neasures the position of tﬁe stage is as long as several hundred

mm or not@, amdthodl hddiltdean gapheirtingnatoaht dbn ofeddre: Ist dgefurtto Patent
Citation 2).

Eowever, 1n exposure apparatuses that makes use of the
liquid immersion method, or other exposure apparatuses in
which a distance (working distance) between the lower end

15 surface of the projection optical system and the wafer is short,
it is difficult to place the multipoint AF system described
above in the vicinity of the projection optical system.
Meanwhile, in the exposure apparatuses, it is required that
highly accurate surface position contrcl of the wafer is

20 realized in order to achieve exposure with high precision,
and besides, high throughput is also required.

Further, in the stepper, the scanner or the like,
position measurement of a stage that holds a substrate to be
exposed (e.g. a wafer) is generally performed using a laser

25 interferometer with high resolution. However, an optical
path length of a beam of the laser interferometer that measures
the position of the stage is as long as several hundred mm

or more, and in addition, position control of the stage with

higher accuracy has been required due to finer patterns to



hi gher accuracy has been required due to finer patterns to 4 cope
w th sem conductor devices with higher integration, and therefore,
short-term fluctuation of neasurenent val ues of the |aser
interferoneter which is caused by tenperature fluctuations (air
fluctuations) of the atnobsphere on the beAm 5 path of the | aser

interferoneter is becom ng unignorable now Patent G tation 1:
Kokai (Japan Une u |
06. 283403 COPe Paégﬁ ?aﬁ%ﬁﬁﬁf theﬁ%etaén% gtg‘g?ﬁﬁgnt%ﬁ] s and

Publi cation No.e 2304053973 +1Q nSCh QBYRE tPon WYENEGN MEANS FRues of
SOLVI NG THE PROBLEMS The present invention has been nmade in

consi derationhef ldeesi tindkirdardeseerbathiakioves adisecosdi R@npb@rature
first aspect 15 of the present invention, there is provided a
measuri ng fluctuations (air fluctuations) of the atmosphere on the beam
5 path of the laser interferometer is becoming unignorable now.
Patent Citation 1: Kokai {(Japanese Unexamined Patent
Application Publication) No. 06-283403
Patent Citation 2: the pamphlet of International
Publication No. 2004/053955
10
DISCLOSURE OF INVENTION
MEANS FOR SOLVING THE PROBLEMS
The present invention has been made in consideration of
the situation described above, and according to a first aspect
15 of the present invention, there is provided a measuring
apparatus that measures position information of a movable body
that moves within a predetermined plane, the apparatus
comprising: an encoder system that includes a plurality of
gratings arranged on the movable body and a plurality of heads
20 that eachirradiatea light toeach of the plurality of gratings
and individually receive a reflected light from each of the
plurality of gratings, and measures position information of
the movable body within the plane; and a surface position
measuring system that includes a plurality of surface position
25 sensors that, by irradiating a light to the movable body from
adirection orthogonal to the plane and receiving the reflected
light, measure position information of a surface of themovable

body in a direction orthogonal to the plane at an irradiation

point of the light, and measures position information of the



apparatus that nmeasures position information of a novabl e body that
noves within a predeterm ned plane, the apparatus conprising: an
encoder systemthat includes a plurality of gratings arranged on the
novabl e body and a plurality of heads 20 that each irradiate a |ight
to each of the plurality of gratings and bndividually receive a
reflected |light fromeach of the plurality of gratings, and neasures
position information of the novable body within the plane; and a

surface posi (1R HEadRdhg TPttt A tipgeTd It Al plsme and in
ourface pos i 4125 SIS Mol DY AT OR st 10 the

e abre Sohs®  SHAATETSATS, Po STy or gl 0Bl b uulngcl ik

measurement values have favorable short-term stability

5 measures position information of the movable body within the

plane with high precision without being affected by air

fluctuations, and also the surface position measuring system

measures position information of the movable body in a

direction orthogonal to the plane with high precision without

10 being affected by air fluctuations. 1In this case, since both
the encoder system and the surface position measuring system
directly measure the surface of the movable body, simple and
direct position control of the movable body can be performed.

According to a second aspect of the present invention,

15 there is provided a first pattern forming apparatus that forms
a pattern on an object, the apparatus comprising: the measuring
apparatus of the present invention in which an object is
mounted on the movable body; and a pattern generating unit
that generates the pattern.

20 With this apparatus, since the measuring apparatus can
highly accurately control the position within the plane and
the surface position of the movable body on which the object
is mounted, and thus, of the object on the movable body, highly
accurate pattern formation on the object can be performed with

25 few pattern formation defects that are caused by position
control error within the plane and surface position control
error.

According to a third aspect of the present invention,

there is provided a processing apparatus that performs a



point of the light, and nmeasures position information of the 5
novabl e body in a direction orthogonal to the plane and in a tilt
direction with respect to the plane. Wth this apparatus, the
encoder system whose neasurenent val ues have favorable short-term
stability 5 neasures position informationéof the novable body within
the plane with high precision without being affected by air

fluctuations, and . al sa the surface position nmeasuring system neasur
et oo et Rl S R S P B A S et BbgodRr Pl e
t he pl ane w j recisi.on:wW.thout 10 being. af ted by.air

ool Tons ohdy BB BEL8LOD: khi hoWle W AL A0 B4 SELGte YR pparatus

surface posi tdpf RASIY. 8% Sysi&mM.aikk e¢bhn -r% E?'%t%}hr’é}gﬁfei fc&&?/l%s

novabl e body, sinple and direct position contro he nov

can be performdurAgserdbnosir fos@erid idsPeehsel st figaPf @SeAtrradiating
invention, 15 there is provided a first pattern form ng apparatus

t hat forns aapdtitgértn ten tar akjvedile tthelyvafpeamataus icemricsi Ry thidy@nal to
measuri ng apparatus of the present invention in which an object is
nmount ed on t idienplabtearsbdpcedvdng pae tuafi aygdrat 3t ghg, umdasupaposition
generates the pattern. 20Wth this apparatus, since the neasuring
appar at us cafd"HiogHaF 186t @fatePYPrédReref Ehe PREFRivPIRY Hith & e rFIcaden

and the surface position of the novable body on which the object .is
Tount ed, - and STRIBEER L N B G o SEhEn ToveAS gty PORPGHY, St s

]Pat t ern for 'd? ﬂle%%l,lt%% g)%'seﬁztio arln%r%%rﬂci%rnn%(} Vr\.nhteh m%%raqu_\g % td eri?l a
ornmati on def'écts tha are cause by position conttol "error withi'n

the plangyang;;sWface BPEhLEORaEAY kAL SI4 and in a tilt direction with

respect to the plane; a surface position detecting unit that

detects surface position information of a surface of the object

at a plurality of detection points by irradiating a detection

beam to the object mounted on the movable body and receiving

15 areflected light of the detection beam; and a controller that

makes the surface position measuring system and the surface

position detecting unit be in a state of a simultaneous

operation, and converts detection results at the plurality

of detection points by the surface position detecting unit

20 that have been obtained by the simultanecus operation into

data assuming measurement results of the surface position

measuring system that have been obtained by the simultaneous
operation as a datum.

Herein, “to make the surface position measuring system

25 and the surface position detecting unit in a state of a

simultaneous operation” is not limited to the case where the

surface position measuring system and the surface position

detecting unit are made to start up simultaneously, but also

include the case where both of them are made to start up not



6 predeterm ned processing to an object nounted on a novabl e body
that noves within a predeterm ned plane, the apparatus conprising: a
surface position neasuring systemthat includes a plurality of
surface position sensors that, by irradiating 5 a light to the
novabl e body froma direction orthogonal fo the plane and receiving
the reflected |light, nmeasure position information of a surface of the

movabl e body ddp, A, didiagt.on Aid hggonal ;Lo dhe nlane At pRch' LAdkALLAN

point of the light, and nmeasures position information o e nova

body in a 10pdidogt iioN Ordagons stiQndlft%ri@@“sG_ya%ér!&t%n?Jt _
direction with respect to the plane; a surface position detecting

unit that detects suthacaiposppheatiunf othation: ol besuidiane tife heface
object at a plurality of detection points by irradiating a detection
beam to the @sedtiomurtedrongt fiesnewablck thedyuahace qoes Miingn tetecting
reflected light of the detection beam _and a controller that makes
the surfate pHditt PBniMBastALRgCS s BAMUAAANERESSOPE ARkl phsiddhletection
detecting unit be in a s%ate of g,sinult neous,%geraiion, aqﬁi
converts det &GV S 8SufF'§ BEVUERSpYuPAl 8y oF L ettt ioh Hoititss sy face
the surface pasi.ti.on d cting unit. .20 that have been aqbtai.ned th
St t aneous BOSe AETonet R G IR U int HEE ATl oneTt PRLALE T oy pate

surface pOSi%E%ﬁl@%@ﬁ%ﬂﬁﬁgoﬁ¥f£€f$ﬂh%ﬁxpaggnfﬁﬁge bﬁﬁﬁﬁﬁddg at@%suming

si nmul t aneous operation as a datum Hereln, make the surface

posi tion nmeagehishgestaiteM3a188dat e SuhrdaecP9ssit 08n dRtLatH N Wistem
in a state of a sinultaneous operation” is not limted to the case

wher e t he0 sutthate hpeel bieam RASUMeRD Y Sthemsamd 1tthe cswsl age rpasicn @3 a
detecting unit are nmade to start up sinultaneously, but also include
t he case whedethot.h okcthedimgky made tabstarinapthet converted data in
advance, afterward, surface position control of the upper
surface of the object can be performed by only measuring
position information of the movable body in a direction
15 orthogonal to the plane and in a tilt direction with respect
to the plane by the surface position measuring system, without
acquiring surface position information of the ocbject surface.
The present invention can be suitably applied to an exposure
apparatus in which a working distance is short as described
20 above, or the like.
According to a fourth aspect of the present invention,
there is provided a second pattern forming apparatus that forms
a pattern on a target object, the apparatus comprising: the
processing apparatus of the present invention in which the
25 target object is mounted on the movable body:; and a pattern
generating unit that generates the pattern.
With this apparatus, since the processing apparatus can

control the surface position of the movable body on which a

target object is mounted, thus, of the target cbject on the



7 concurrently. The point is that both of themeventually becone in a
state of simultaneously operating. Wth this apparatus, the
controll er nmakes the surface position neasuring systemand the
surface position detecting 5 unit be in a state of a sinultaneous
operation, and detection results at the pPurality of detection points
by the surface position detecting unit that have been obtained by the

S1ul L aneous gReRAld A dy e, PRV BLERd JOLG. A3) 2 ARSI N CRRASHECTRRL o

results at the surface position hat have b

obtai ned by thgityd aneouse OPsy &t 0BaRSHE Pat¥BYmAGCREEhNGLY, R tern
obt ai ning the converted data in advance, afterward, surface position

control of tHeryEorsdefaeesafhdhe rebreasedy barparkassett Hyn @byt rol
measuring position information of the novable body in a direction 15

ort hogonal teudwe.plane and in a tilt direction with respect to the

pl ane by the surface position neasuring system wi thout acquiring
surface position | AEEPEENEntef at hefohj 2epegurdaddic Hie gardsdmvention,
i nvention can_be suitably applied to an exposure, apparatus in which a
wor ki ng di st &ME&S &5 dHortides aefém%eatﬁeramlrmp apparptis that forms

A di f h f I ' h [
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target object, r at ri.sy.ng: r L a f
the present  Foibaane neul Se TR S B MFeR e B Be SR e P e
novabl e bodyynard acRalt @iRnaenarpihig tHht 1haiugenes atossd N&is and a
pattern. Wth this apparatus, since the processing apparatus

can cont1ol tsheosw bate Poséisent Ohgtite mivall exbedyhond iy adhaé object,
target object is nounted, thus, of the target object on the 8

novabl e body amict lnhiagls uadeweacyt, whiighl v ddawitatge apdintge ha viiogmeat igona tamg
the object can be performed with few pattern formati on _defects that
are caused byho@ef Resipdsitdiore ot gis ardprection parallel to the first

axis and a second grating having a grating whose periodic
direction is a direction parallel to the second axis are
15 placed; an encoder system that includes a first encoder that
has & plurality of first heads whose positions are different
in a direction orthogonal to the first axis and measures
position information of the movable body in a direction
parallel to the first axis by the head facing the first grating,
20 and a second encoder that has a plurality of second heads whose
positions are different ina direction orthogonal to the second
axlis and measures position information of the movable body
in the second axis direction by the head facing the second
grating; a surface position measuring system that includes
25 a plurality of surface position sensors that, by irradiating
a light to the movable body from a direction orthogonal to
the plane and receiving the reflected light, measure position
information of a surface of the movable body in a direction

orthogonal to the plane at an irradiation point of the light,



5According to a fifth aspect of the present invention, there is
provided a third pattern form ng apparatus that forns a pattern on an
object via an optical system the apparatus conprising: a novable
body on which the object is nounted and whi ch noves within a plane
that includes a first axis and a 10 second axis i ntersecting the

first axis,

hol di ng the object, and on a surface of which a first

grating havi ngf Ak WS ReT 110 Ll 86 I3 i d A8 kY in a
parallel to the first axis and a second grating having a grating~
whose peri odidy -#idteiein epthsgandiresthenppaidldre ihe the tserpdd: fxh Sith
are 15 pl aced; an encoder systemthat includes a first encoder that

has a pl ural inteswefctf testhbeabsnahas supdsicel ppsiatendiétecentgiunit that
direction orthogonal to the first axis and neasures
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has a plurality of detection points that are set at a
predetermined distance parallel to an array of the plurality
of first heads along a straight line in a direction orthogonal
to the first axis, and detects surface position information
of a surface of a target object at the plurality of detection
points by irradiating a detection beam to each of the plurality
of detection points set on the target object and individually
receliving a reflected light of the detection beam from the
target object; and an adjusting unit that measures surface
position information c¢f a surface of the object, using a
detection value of the surface position detecting unit and
taking , as a datum, surface position information at end
portions on one side and the other side of the movable body
in a direction orthogonal to the first axis that is detected
by the surface position senscr at least one each of which is
placed in the vicinity of each of two detection points located
near both end portions among of the plurality of detection
points of the surface positiondetectingunit, and when pattern
formation is performed, adjusts a position of the object in
an optical axis direction of the optical system and in a tilt
direction with respect to a plane orthogonal to the optical
axXis based on the surface position information that has been
measured, taking, as a datum, surface position information
that is measured by the two surface position sensors that
measure surface position information at end portions on one

side and the other side of the movable body in a direction



position informati on of the novable body in a direction parallel to
the first axis by the head facing the first grating, 20 and a second
encoder that has a plurality of second heads whose positions are

di fferent

in a direction orthogonal to tq% second axi s and neasures

position informati on of the novabl e body 7i“n the second axis direction
by the head facing the second grating; a surface position neasuring

system t hat

Irehddenadd 2 RiHY &liidyt Qfi:igurface position sensors that,

by irradiating a I'ight to the novabl e body froma direction

orthogonal to the pliane and g ecipdmgrddie rehd ecéedodiéght syBeamur @hose
position information of a surface of the novable body in a direction

or t hogonal
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measures position information of the movable body within the
plane with high precision without being affected by air
fluctuations, and also the surface position measuring system
measures position information of the movable body in a
direction orthogonal to the plane with high precision without
being affected by air fluctuations. In addition, the
adjusting unit measures surface position information of the
object surface using the detection wvalues of the surface
position detecting unit, taking surface position information
at end portions on one side and the other side of the movable
body in a direction orthogonal to the first axis, for example,
prior to pattern formation, and alsc when pattern formation
is performed, performs position adjustment of the object in
an optical axis direction of the optical system and in a tilt
direction with respect to a plane orthogonal to the optical
axis, taking surface position information at end portions on
one side and the other side of the movable body in a direction
orthogonal to the first axis. Accordingly, although surface
position information of the object is measured prior to the
pattern formation, surface position control of the object can
be performed with high accuracy when actual pattern formation
is performed.

According to a sixth aspect of the present invention,
there is provided a first exposure apparatus that exposes an
object with an energy beam via an optical system, the apparatus

comprising: a movable body that has a surface, which faces



9 and neasures position information of the novable body in a
direction orthogonal to the plane and in atilt direction wth respect
to the plane; a surface position detecting unit that has a plurality
of detection points that are set at a 5 predeterm ned di stance
parallel to an array of the plurality of ¥lirst heads along a straight
line in a direction orthogonal to the first axis, and detects surface

position infarmtiaqn of, a surface of a target_object at the plurality
T} A T oD B o VB o e By e ot

of detection poin y irra g a

plurality 10 9fe 985 %Eq:ipé“a&?iaﬂg;%dse nc?%htalﬁeiégr( b19P) £G4 ARG second
individually recerving a reflected Tight of the detection beam from
the target objieeddtiadith @R tAdnUS id i rinitrkRef pMBASWI A% SUWhE&E€ring unit
that has a plurality of sensors having detection points whose
5 positions are each different in at least one of the first and
second directions, and can measure position information of
the surface of the movable body in a third direction orthogonal
to the plane at the plurality of detection points.
With this apparatus, the measuring unit highly
10 accurately measures position information of the surface of
the movable body in a third direction orthogonal to the plane,
being hardly affected by air fluctuations.
According to a seventh aspect of the present invention,
there is provided a second exposure apparatus that exposes
15 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, holding
the object; and a measuring unit that includes a first
detecting system that has a plurality of sensors having
20 detection points whose positions are different in at least
one of the first and second directions and can measure position
information of a surface of the movable body in a third
direction orthogonal to the plane at each of the detection
points, and a second detecting system that is different from
25 the first detecting system and measures position information
of the object held by the movable body in the third direction.
With this apparatus, position information of the surface
of the movable body in a third direction orthogonal to the

plane and position information of the object held by the



position information of a surface of the object, using a detection
val ue of the surface position detecting unit and 15 taking , as a
datum surface position information at end portions on one side and
the other side of the novable body in a direction orthogonal to the
first axis that is detected by the sur f ace position sensor at |east
one each of which is placed in the vicinity of each of two detection

poi nts | ocat eghZbnedRoth @nd arndd ans-arRg @gnkﬂﬁpgkgﬁﬂggtgﬁfﬁg the

detection points of the'surface position detecting unit , anc en
pattern formetixet idetRertioldedste] usids taepestbhandetethengbiestehd By

an optical axis direction of the optical systemand in a tilt

directi on w takiggpectie taf aa pledee iont hegorsdn tithd Rdbtapitriechl i ndm randts on,

based on the surface position information that has been
afterward, surface position control of the object can be

5 performed by only measuring position information of the

movable body in the third direction and in a tilt direction
with respect to the plane by the first detecting system,
without acquiring surface position information of the object
surface.

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

15 According to a ninth aspect of the present invention,
there 1is provided a measuring method in which position
information of a movable body that moves within a predetermined
plane is measured, the method comprising: a first process of
measuring position information of the movable body within the

20 plane, using an encoder system that includes a plurality of
gratings arranged on the movable body and a plurality of heads
that each irradiate a 1ight to each of the plurality of gratings
and individually receive a reflected light from each of the
gratings; and a second process of measuring position

25 information of the movable body in a direction orthogonal to
the plane and in a tilt direction with respect to the plane,
using a surface position measuring system that includes a

plurality of surface pesition sensors that, by irradiating

a light to the movable body from a direction orthogonal to



nmeasured, taking, as a datum surface position information that is
measured by the two surface position sensors that neasure surface
position information at end portions on one side and the other side
of the novable body in a direction 10 orthogonal to the first axis.
Wth this apparatus, the encoder system whrose neasurenent val ues have
favorabl e short-termstability nmeasures position information of the

movabl e body it ?}LQHE hen P RN 1 Wit Pl&%iﬁfel%cﬁc%cﬁ hQBLWM trn@yéu]?@igg% ition

affected by air uctuations, and-a ace’position me ring
syst em nmeasuries Resitlican dmbosirirkes 8F the AOYable gy i Adirection
direction orthogonal to the plane with high precision wthout being

af fected by ainthidgectalatbotise dlaradditt &0 ridd M @djpedhitngf uthd 1ight.
nmeasures surface position information of the object surface using the
det ecti on val ues ofithetbdasfmethpdsi pooht tdehetn fognamicon afkihyg movable

surface position information at end portions on one side and the
ot her side ofOWeviblaBl e'dddyprenis raeersdwidtt hogbrgetbs ior wHitheut

is, f | e, [ f i on, and al wh
o cern o BB AR PO TRt R ASLIEL e AR SRAYEE eygeon
obj ect 'in anﬁ%@géﬁ¥a§éfém€ﬁ§QﬁthQsngégafjfgﬂﬁg%ﬁgfﬁgg%%n%gé%fiity,

tilt direction wth respect to a plane orthogona 0”1
DL ane PLSEH LSRR B AR MM IRt e LI DT et
to the first qaxestiAeCosei MPhonanl tBoughe sprigse iROSidd Ardf QI PRt hQRH
of the object is neasured prior to the pattern formation, surface
posi ti onlConpirekisfi cnheridbjoedt bedmdbe ffeidtedmey with Miugh wdedwhacysing
when actual pattern formation 25 is perforned.
the surface position measuring system. In this case, since
both the encoder system and the surface position measuring
system directly measure the upper surface of the movable body,
simple and direct position control of the movable body can
15 Dbe performed.
According to a tenth aspect of the present invention,
there 1s provided a pattern forming method, comprising: a
process of measuring position information of the movable body
in a state where an object is mounted on the movable body,
20 using the measuring method of the present invention; and a
process of forming a pattern on the object by irradiating an
energy beam.
With this method, since the position within the plane
and the surface position of the movable body on which an object
25 1is mounted, thus, of the object on the movable body can be
controlled with high accuracy by the measuring method of the
present invention, highly accurate pattern formation on the

object can be performed with few pattern formation defects

that are caused by position control error within the plane



According to a sixth aspect of the present invention, there is
provided a first exposure apparatus that exposes an object with an
energy beamvia an optical system the apparatus conprising: a
novabl e body that has a surface, which fQﬁFS 11 the optical system
and on part of which a nounting area of the object is arranged, and
that is novable in first and second directions within a predeterm ned

pl ane; and a FRRIH MEdpdsitthain hasm@adl walddy of sensors having
detection points whose 5 positions are each different in at |east one

of the first and seéecanddlingecsd iaons] easntls aspreaASHf & Haostés@Nt invention,
information of the surface of the novable body in a third direction

ort hogonal td&hewe papeoatdetien pglerrialel ngnofadehethyone poddit sompirtilsing:
this apparatus, the measuring unit highly 10 accurately neasures

posi tion i nf & MEASET DT e e RS- i@ oy af CHGEE Ry &hehipedtern

di [ I h bei har dI ff d by ai
{1 uctuat | Bns. - RCCORIRF IS, 5 et R SSRRr L BF SRRLOR! oD 5 AFERERN OF
there is proyided.a,5ec00d exnasUr e,anRLAT S, Lhal, OXD95E5 115 8% e

obj ect with an energy beam vi optical 'sys e apparatus

gpnprisingi a ”Pvaﬁk%oQQQ%gtbéQaE%eq?%ﬂb$§p%@tﬂiﬁ%he%9§e§§99QQv§ntion,
irections within a predeterm ned plane, holding the ‘object; and a

measuring unithereal sig¥dwidesd a8 did&dssing method in which a predetermined

processing is performed to an object mounted on a movable body

10 that moves within a predetermined plane, the method

comprising: a first process of making a surface position

measuring system and a surface position detecting unit be in

a state of a simultaneous operation, the surface position

measuring system including a plurality of surface position

15 sensors that, by irradiating a light to the movable body from

adirection orthogonal to the plane and receiving the reflected

light, measure position information of a surface of the movable

body in a direction orthogonal to the plane at an irradiation

point of the light, and measuring position information of the

20 movable body in a direction orthogonal to the plane and in

a tilt direction with respect to the plane, and the surface

position detecting unit detecting surface position

information of a surface of the object at a plurality of

detection points by irradiating a detection beam to the ocbject

25 mounted on the movable body and receiving a reflected light

of the detection beam; and a second process of converting

detection results at the plurality of detection points by the

surface position detecting unit that have been obtained by

the simultaneous operation in the first process into data



detecting systemthat has a plurality of sensors having 20 detection
poi nts whose positions are different in at |east one of the first and
second directions and can neasure position information of a surface
of the novable body in a third direction _orthogonal to the plane at
each of the detection points, and a second detecting systemthat is
different from?25 the first detecting system and nmeasures position

| nformation afsie Q) Gl Nglhit the Jmvabl & Dody,d n et rdogsv:on

di rection. VVth Hﬁ" apparatus, position iInformation o%’the su%ﬁaoe
of the novabhkeRedyinigsgstbhr ehat nesid ercr bRedonRak b e shhane aakdus

position informati on of the object held by the 12

operation as a datum.
With this method, the surface position measuring system
5 and the surface position detecting unit are made to operate
simultaneously (the first process), and detection results at
the plurality of detection points by the surface position
detecting unit that have been obtained by the simultaneous
operation are converted into data assuming measurement
10 results of the surface position measuring system that have
been obtained by the simultaneocus operation as a datum (the
second process). Accordingly, by obtaining the converted
data in advance, afterward, surface position control of the
surface of the object can be performed by only measuring
15 position information of the movable body in a direction
orthogonal to the plane and in a tiit direction with respect
to the plane by the surface position measuring system, without
acquiring surface position information of the object surface.
The present invention can suitably be applied to an exposure
20 apparatus in which a working distance is short as described

above, or the like.

According to a thirteenth aspect of the present
invention, there is provided a device manufacturing method,
comprising: a process of forming a pattern on an object by

25 the processing method of the present invention in which a
processing of forming a pattern on the object is included:;
and a process of processing the object on which the pattern

has been formed.

According to a fourteenth aspect of the present



novabl e body in the third direction can be obtained using the first
detecting system and the second detecting system By nmeking use of a
rel ati on between the obtained information, afterward, surface
position control of the object can be 5 performed by only neasuring
position information of the novable body i%h the third direction and
inatilt direction with respect to the plane by the first detecting

system w t hoyl, ARGU] | @ae%.riﬁgﬁm%%etd Qngifl]i,]@r I Lhet B84P) 885 ch
surface. 10According to an eig aspect of the present 1nvention,

there is prowrlediacde]d eRpBBREHACEHIENNGH RS N OdanCOIP LInSHPYL cEX RIS,
an object using any one of the first and second exposure apparatuses
of the presenthd meantddromand sdexel epiptpdds epesettabiedhe object on
15According to a ninth aspect of the present invention, there is

provi ded a nmeasurviakg emétddod tiha twhiash g oeginfiage, i nfhoramtieaesofthe optical
movabl e body that noves within a predeterm ned plane is neasured, the
net hod cofpr iSiSTE™ &6 PBt PpF bces Shvfchhsagerntd ngosirepont i Mioraktddn is

of e Tovable bt yi LD, e 20, aie, US! 09 20 encoder, systemifial
o uralt o ety et eehotbLaghelsane LSk SPSlegl LS peocuring
each of the position information of the surface of the movable body in
a third direction orthogonal to the plane by a measuring unit
10 that has a plurality of sensors having detection points whose
positions are each different in at least one of the first and

second directions.

With this method, position information of the surface
of the movable body in a third direction orthogonal to the

15 plane is measured with high accuracy by the measuring unit,
being hardly affected by air fluctuations.

According to a fifteenth aspect of the present invention,
there is provided a second exposure method in which an object
is exposed with an energy beam via an optical system, the method

20 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 measuring position
information of a surface of the movable body and the object
in a thirddirection orthogonal to the plane, using a measuring

25 unit that includes a first detecting system that has a
rlurality of sensors having detection points whose positions
aredifferent in at least one of the first and second directions

and can measure position information of a surface of the

movable bedy in the third direction at each of the detection



gratings; and a second process of neasuring position 25 information
of the novable body in a direction orthogonal to the plane and in a
tilt direction with respect to the plane, using a surface position
measuri ng systemthat includes a pIuraIi%ﬁ of surface position
sensors that, by irradiating a light to tHe novable body froma
direction orthogonal to 13 the plane and receiving the reflected

l'ight, nmeasurg,pRY,thLeg Enéé’é&%ic?%iégtiéhgs'é&fs%%% gf‘laE,hfs pvadl & ROGY- oy

in a direction orthogonal to the plane at” an irradiation point of the

light. Wth tdtes fiRkRoget HO61hd WYy 4 tm0 bt he8s @fet e Sviad a nFefdt ion
within the plane is neasured wth high precision wthout being

af fect ed by aifr theusdimtt dreddulsynthd hevebtedesds st ehewtiosed direction.
measur enent val ues have favorable short-termstability, and al so

posi tion informati BAtdf tihes nmesbbd, body thea sgiqoest i pnoces hogeoslition
the plane_ is nmeasured with high 10 precision w thout_being affected,
by air floctdatiogHetdemeh Hdls iy PR t Fof %&@h#ﬁnaogysﬂaw third

hi , Si h th d dth f, , iti
th3 e e Tl s copedy gyt e SIS BELL R0 oo
body, sinple,and gLLect . pog! Li,on,SORLE QL1 Tp iy MPVAR! €19 632 3 on,

be perforned.
and arelation between the position information can be measured

using the measuring unit that includes the first detecting
10 system and the second detecting system.

According to a sixteenth aspect of the present invention,
there is provided a device manufacturing method, comprising:
exposing an object using any one of the first and second
exposure methods of the present invention; and developing the

15 exposed object.

BRIEF DESCRIPTION COF THE DRAWINGS
FIG. 1 is a view schematically showing a configuration
of an exposure apparatus related to an embodiment.

20 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 encocders, alignment systems,
a multipoint AF system, and Z sensors) that are equipped in
the exposure apparatus in FIG. 1.

25 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. 5Bis a schematic side view showing a partial cross section



According to a tenth aspect of the present invention, there is

provi ded a pattern form ng nethod, conprising: a process of neasuring
position information of the novable body in a state where an object
is mounted on the novabl e body, 20 using.the nmeasuring nethod of the
present invention; and a process of fornﬂﬁg a pattern on the object
by irradiating an energy beam Wth this nethod, since the position

within the planeghéhdhe sifdAacedepi tion of the novabl e body on
whi ch an object 25 is nounted, thus, of the object on the novable

body can be controliied @iitdhalpghspectivey iRy sh6wIRgiHd HecABE QM Ol he
the present invention, highly accurate pattern formation on the

obj ect can beXperifder medl \wdrit ifeewofatt-eri f erantdren sdefaect 81t Hat FaGe 2.
caused by position control error within the plane 14 and surface
position control eFd&E. ABcor dlhgreovieweliaashth expbeindihg lpperations

present invention, ,
5 of a stopper mechanism.

FIG. 8 is a block diagram showing a main configuration
of a control system of the exposure apparatus related to the
embodiment.

FIGS. SA and 9B are views used to explain position

10 measurement within an XY plane of a wafer table by a plurality
of encoders each including a plurality of heads placed in the
array arrangement, and the transfer of measurement wvalues
between the heads.

FIG. 10A is a view showing an example of a configuration

15 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 is used as a detection
light.

FIG. 11 is a view used to explain grating pitch

20 correction and grating deformation correction of scales
performed in the exposure apparatus related to the embodiment.

FIGS. 12A to 12C are views used to explain wafer
alignment performed in the exposure apparatus related to the
embodiment.

25 FIGS. 132 to 13C are views used to explaln simultaneous
detection of marks on a wafer by a plurality of alignment
systems performed while changing the Z-position of a wafer
table WTB (wafer W).

FIGS. 14A and 14B are views used to explain a baseline



there is provided a device manufacturing nethod, conprising: a
process of formng a pattern on an object by the pattern 5 form ng
net hod of the present invention; and a process of processing the

obj ect on which the pattern has been forned. According to a twelfth
aspect of the present invention, there |§fbrOV|ded a processing

nmet hod in which a predetermn ned processing is perforned to an obj ect

nounted on a
t he net hod conpri sing:

Vs%@a?né?locdy QE ﬁaotn ey V%:Lm A aal i necrm necd !ane’
I rs (ﬁ UI’%

pr ocess ace Ppositi on

measuring system apgaa SWé@CSnBOSl'StB' Oepréjetvgé{v‘sng: ULt Py N ab%tts%tleine

of a simultaneous operation, the surface position neasuring system

i ncluding a pledrstlddnenaf sebdBeei ROSI b 0NsdBoRBASYr S allRghmeBY systems
irradiating a light to the novable body from
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performed to a wafer at the head of a lot.

FIG. 16 is a view used to explain a baseline check
operation of the secondary alignment systems performed at
every wafer replacement.

FIGS. 17A and 17B are views used to explain a position
adjustment operation of the secondary alignment systems.

FIGS. 18A to 18C are views used to explain focus mapping
performed in the exposure apparatus related to the embodiment.

FIGS. 1S9A and 19B are views used to explain focus
calibration performed in the exposure apparatus related to
the embodiment.

FIGS. Z20A and 20B are views used to explain offset
correction among AF sensors performed in the exposure
apparatus related to the embodiment.

FIGS. 212 and 21B are views used to explain
traverse-Z-moving correction performed in the exposure
apparatus related to the embodiment.

FIG. 22 is a view showing a state of the wafer stage and
the measurement stage while exposure by a step-and-scan method
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
the measurement stage right after a state where both stages

are separate has been shifted to a state where both stages



a direction orthogonal to the plane and receiving the reflected

| i ght, neasure position information of a surface of the novabl e body
in a direction orthogonal to the plane at an irradiation point of the
| i ght, and neasuring position infornatior&éjof the 20 novabl e body in a

direction orthogonal to the plane and in

tilt direction with

respect to the plane, and the surface position detecting unit

det ecting surshace st Lt WiftQf EldrPHied sidace Yodde igact at

a plurality of detection points by irradi at'i ng a detection beamto

the obj ect 25 nountrad.onst he aovablkeshodyngnd seges WhdpatH efddedhen
| ight of the detection beam and a second process of converting
detection rediliet seasurhpept rtaldd ysofodist@dni onYpdi mest bhyn tnel shie flade r
position detecting unit that have been obtai ned by
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stage is moving toward an unloading position while keeping
apositional relationbetween the wafer table and a measurement
table in a Y-axis direction.

FIG. 26 is a view showing a state of the wafer stage and
the measurement stage when the measurement stage has reached
a position where a Sec-BCHK (interval) is performed.

FIG. 27 is a view showing a state of the wafer stage and
the measurement stage when the wafer stage has moved from the
unloading position to a loading position in parallel with the
Sec—-BCHK (interval} being performed.

FIG. 28 1s a view showing a state of the wafer stage and
the measurement stage when the measurement stage has moved
to an optimal scrumwaiting position and a wafer has been loaded
on the wafer table.

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

FIG. 30 is a view showing a state of the wafer stage and
the measurement stage when alignment marks arranged in three
first alignment shot areas are being simultaneously detected
using alignment systems ALl, ALZ2, and AL2;.

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

FIG. 32 is a view showing a state of the wafer stage and



t he sinultaneous operation in the first process into data 15

assum ng neasurenment results of the surface position neasuring system
t hat have been obtai ned by the sinmultaneous operation as a datum
Wth this nethod, the surface position neagsuring system5 and the
surface position detecting unit are nade 2?[0 oper at e sinul taneously
(the first process), and detection results at the plurality of

detection poiyHes nfds dltentidtf 3¢@ gROFHhENOR1 I§EREHE NFa HRL Lot PRl IRVE Five
been obt ai ned by the sinultaneous operation are converted into data

assum ng neasd@iRnblilgnmestl disotohrehe $1¢ bagegnoshtl oansBasuyidddected
system t hat have been obtained by the sinultaneous operation as a

datum (t he secuindy Erloicessnt Agcdrahanilyl, dnd diitai nion@Ilthe converted
data in advance, afterward, surface position control of the surface

of the object can B&GepBorhredvhbyworhgw ipasuptagel1st pdsi wiedar stage and
information of the novable body in a direction orthogonal to the

pl ane and?i n &% PPESHFFBERFORETHE Whedspedicas) PR df gﬁ@ Byltheik latter

; n & BECFOH e fESBECte AT Phe Bf ahe § e
nf or mat 1 on G 4HE O] Rct b o Face TheCBLBRERE L PRVARFI 6 PAR SarTAl y-°

be applied t - Qsdfr apparatus in which a working distance is
short as desgjrelq“glegg a over?ne(?)ér)' the |ike. According to a

thirteenth aspect efid.hgspf£sent ol Wiehli g REEE &8 UNO¥LEEY Scage and
devi ce manufacturing nethod, conprising: a process of formng a

pattern on artebjmecisunendhtt Be apkoeassi AULGEHBAY Mirkhes prased in five
invention in which a processing of formng a pattern on the object is
i ncl udediOand e pr edegamehtpsbocessiery tlre bbjiegtsiom it dod by ptteertred
has been fornmed. According to a fourteenth aspect of the present

using alignment systems ALl and ALZ2; to AL2,.

FIG. 35 is a view showing a state of the wafer stage and
the measurement stage when alignment marks arranged in three
fourth alignment shot areas are being simultaneously detected

15 using alignment systems ALl, ALZ; and ALZj.

FIG. 36 is a view showing a state of the wafer stage and
the measurement stage when the focus mapping has ended.

FIG. 37 is a view used to explain a modified example of
a head unit in which placement of Y heads and Z sensors is

20 different.

FIG. 38 is a view used to explain another modified
example ¢f a head unit in which placement of Y heads and Z
senscrs 1s different.

FIG. 39 is a flowchart used to explain an embodiment of

25 a device manufacturing method.

FIG. 40 is a flowchart used to explain a specific example

of step 204 in FIG. 39.



16 invention, there is provided a first exposure nethod in which an
object is exposed with an energy beamvia an optical system the

met hod conprising: a process of nounting the object on a novabl e body
that has a surface, which faces the optical 5 system and on part of
whi ch a nmounting area of the object is aﬁ?ﬁnged, and that is novable
in first and second directions within a predeterm ned plane; and a

process of MRS S AR N"CAREY i f t he
novabl e body |ngg ?ﬁ?@% iggc?lon 6$?Eb§§ﬁglm?%ft%§ﬁ%#§§£6 y a
nmeasuring unit 10 tAaémbesimeRt Wiathé prefscsfNsATEnhavhid 1debeGld=Atribed
poi nts whose positions are each different in at | east one of the

first and sedwailcbwdi meicth arsference tANRIGR.hils getdwd, position
information of the surface of the novable body in a third direction
orthogonal to the 3Gl ahe dchamssinadd wi sholeghe acomfdgyurby ithe of an
measuring unit, being hardly affected by air fluctuations. According
to a fifteentKPEPES aBPanFd s é@@nt‘feilﬁgéﬁti:@n’?h% hifeoqd EneRtoyi depogure

second exposure nethod in whi.ch an ob%ect is ex$osed wi th an ener

beam via an SPETATEYs R tfe AetfiS NBHEonpIPIPNGT LRRVRESS ofY @
mounting the s%@ﬁg—%v%ﬁf-@c%nnﬁ\é@ﬂl?% bgggttlh t a{%orl%\éﬁgleg 'sgaltnl'lrra%t a]f's(,j will

second directio hin a predeterm ned plane; process’ of

{rﬁgsgu ng POSid (RR IrhdmLikeR , Of nar RUrdAcEa Ahed be MyaP &hody B cal
system PL is arranged, and the following description will be
10 made assuming that a direction parallel to an optical axis
AX of projection optical system PL is a Z-axis direction, a
direction in which a reticle and a wafer are relatively scanned
within a plane orthogonal to the Z-axis direction is a Y-axis
direction and a direction that is orthogonal to a Z-axis and
15 aY-axis is an X-axisdirection, and rotation (tilt) directions
around the X-axis, the Y-axis and the Z-axis are 6x, 6y and
0z directions respectively.

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



inathird direction orthogonal to the plane, using a neasuring 25
unit that includes a first detecting systemthat has a plurality of
sensors having detection points whose positions are different in at
| east one of the first and second directions and can neasure position
information of a surface of the novable Bﬁhy in the third direction
at each of the detection 17 points, and a second detecting system

that is diff f sty qg% t ]
posi tion inf g{nﬁ;}h%ﬁ f %eldo ]] e %féj‘]@% ?ﬁlﬁ%ﬁg]vgib%ﬁ%?ﬁ% ﬁﬁlt rator
third directigmn tWet Dikbi sai@thedt iblet BeiSQCANY UNOEERE, @%étdpﬁbh@ch
information of the surface of the novable body in a thlrd direction

ort hogonal t@rchehplkane, aposs tdiytliddear ARt i 606roéxihel OP)estahglidpayese
t he novable body in the third direction, and a relation between the
posi tion i nf direetardm eciar? die e dgyrlaed agsiong Pulvd imeasiomi)nglouni2td OtLth&tl 3250
i ncl udes the flrst detecting 10 system and the second detecting
system ° t}qg‘c@qodrrﬁgspp@darg ¥t-&enthi tesiie SPPAfL caftd opr Feddtication No.

[venti on, (e RN ded @ dovi e mnulact i L0g TELAC e adg =
exposure met hs(id% C:)3fhat réed Biftslrﬁzr.llt‘la Eggngfe%nIAﬁnodn (Jj:g%lc(igiﬁ]%hg%els defined
by the reticle blind (masking system) is illuminated by
illumination light (exposure light) IL with substantially
10 uniform illuminance. In this case, as illumination light IL,
an ArF excimer laser light (wavelength: 193nm) is used as an
example. Further, as the optical integrator, for example, a
fly-eye lens, a rod integrator {internal reflection type
integrator), a diffraction optical element or the like can
15 Dbe used.

On reticle stage RST, reticle R having a pattern surface
(the lower surface in FIG. 1) on which a circuit pattern and
the like are formed is fixed by, for example, vacuum suction.
Reticle stage RST is finely drivable within an XY plane and
20 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,
25 Position information of reticle stage RST within the
moving plane (including rotation information in the 8z
direction}) is constantly detected at a resolution of, for

example, around 0.5 tol nmwith a reticle laser interferometer

(hereinafter, referred to as a “reticle interferometer”) 116



15 exposed object. BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 is
a view schematically show ng a configuration of an exposure appar at us
related to an enbodinent. 20FIG 2 is a plan view show ng a stage
unit in FIG 1. FIG 3 is a plan view showi ng the placenent of
vari ous neasuring apparatuses (such as erfdoders, ali gnnment systens, a
mul ti point AF system and Z sensors) that are equipped in the

exposur e appayiaf YSpbhPakl Smily r PG 14A LS

waf er stage,

and FIG 43 is a schenatic S|%%l€#€evagﬁg%oﬁggggg§ir%%ﬁ (or

cross section Qfet%fr@rfl%fc%%)v\ﬁzvin& a reFl&t PbniSuprfba MilRWonal to

show ng a neasurenent stage, and FI

5B is a schematic side view

showi ng a partheal Yearss sEiid@iorl8aall tdie Neassw£Est nStrage. HENE a
is a perspective view showing the vicinity of the +X side end portion
of X-axis st atedile@(and@ifdoe MG h&gor GSto 7he 0X7Bxake diirews iosedre
to expl aiQ t he operations
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arranged). The measurement values of reticle interferometer
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 6z direction based on the measurement
values of reticle interferometer 116, and controlling reticle
stage drive system 11 based on the computation results.
Incidentally, instead of movable mirror 15, the end surface
of reticle stage RST may be polished in order to form a
reflection surface (corresponding to the reflection surface
of movable mirror 15). Further, reticle interferometer 116
may be capable of measuring also position information of
reticle stage RST in at least one of the Z-axis, 8x and 8y
directions.

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
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,



5 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 enbodinent. FIGS. 9A and 9B are views used to explain
position 10 neasurenment within an XY plane of a wafer table by a
plurality of encoders each including a plzur’r ality of heads placed in
the array arrangenent, and the transfer of neasurenent val ues between

the heads. FlGe HA1S,R WL W iSHRN Hon s ?Xarfﬂfér%ﬂ%e% &Héﬂii%ir i@ ion
10 ere a

15 of the encoder, and FIG Is a view show ng the case

| aser beam LBrAavi ngra sectiilanali nghape bhatilisglndgad1iBhd IL from
periodic direction of a grating RGis used as a detection light. FIG
11 is a vi ewiddeshitnateixpl aiystgmatlongipltebn20ienrr eght orn arxdr igiatbaRGed
deformati on correction of scales perforned in the exposure apparatus
rel ated to tHharomghdi megiticle R FhGSe 12A&tteri2C suefacewsissegleced

expl ain wafer alignnment perfornmed in the exposure apparatus rel ated
to the endodis¥dittarssgplds esmneddanclyr wiihewd fdedtt osexpragn (object

21 gnment oy SUEHEpBATBETAACHATT CRBHTGN Y TR ZIpberTeoh Trupabiarae
L:ggfisz (m@&e% %ﬁrcﬁ&%spa%%%r%nqalﬁ% Q%dYH g%e“%%dp%%teéglgi%i%cuit
pattern) of reticle R within illumination area IAR on an area
(hereinafter, also referred to as an “exposure area”) IA that
10 is conjugate with illumination area IAR on wafer W, which is
placed on a second surface (image plane) side of projection
optical system PL and whose surface is coated with resist
(photosensitive agent), via projection optical system PL
(projection unit PU). Although not shown in the drawing,
15 projection unit PU is mounted on a barrel platform that is
supported 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
20 with respect to a member such as amain 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 1is
25 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



19 neasurenent operation of a primary alignnment system FI GS
15A and 15B are views to explain a baseline neasurenent operation of
secondary alignnment systens perfornmed to a wafer at the head of a
lot. 5FIG 16 is a view used to explain a baseline check operation of
t he secondary alignnent systens perforne&“ht every wafer replacenent.
FIGS. 17A and 17B are views used to explain a position adjustnent

operation of otﬂﬁ%h%eggegewishi %%E’f&'&l%@?é@é?ﬁ; %F%D%erlgé‘ 3 0o 8% AL an

views used to expla ocus nappl ng perforned in exposure
apparat us religladdse t he egbodi NNt the projebk&En apg1 198 e, a
views used to explain focus calibration perfornmed in the exposure
appar at us r elcatted ilop tirie: eybedmnent 1 uddit GG r 20/ and 28Bsasemyy eyiso be
used to explain offset correction anong AF sensors perfornmed in the
exposure apparatus Fekahed,tan whéeerhodomemtly photosensiELi@8S. 12¢dr @t
21B are views used to explain traverse-Z-noving correction perforned
in the expos@l&R20 fepararps o elcaira® tes tifye éring@’ui(mmc.oat ilm) ppGthe
22 is a vieMIshomﬁggta state of  the fer stage and the nmeasuyenent

stage while exXpEshPetHyr A St Ard¥acan MWethGaPN St BEFRGL bV FordurF B2y
a wafer on t@% Q%&%Edgtage.

Further, in exposure apparatus 100 of the embodiment,

in order to perform exposure applying the liquid immersion

10 method, anozzle unit 32 that constitutes part of a local liquid
immersion unit 8 is arranged so as to enclose the periphery

of the lower end portion of barrel 40 that holds an optical
element that is closest to an image plane side (wafer W side)
that constitutes projection optical system PL, which is a lens

15 (hereinafter, also referred to a “tip lens”) 191 in this case.
In the embodiment, as shown in TIG. 1, the lower end surface

of nozzle unit 32 is set to be substantially flush with the
lower end surface of tip lens 191. Further, nozzle unit 32

is equipped with a supply opening and a recovery opening of

20 liquid Lg, a 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 31A and

25 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



FIG 23 is a view showing a state of the wafer stage and 25 the
measur enent stage when exposure to wafer Whas ended on the wafer

st age WST si de. FIG 24 is a view showing a state of the
waf er stage and the neasurenent stage right after a state where both
stages are separate has been shifted to #’state where both stages 20
are in contact with each other, after exposure ends. FIG 25

is a view Shggﬂﬁéé} Pfprboth stages when the nmeasurenent stage
is noving in - irection and the wafer stage is noving toward an

unl oadi ng positionopai kedkeerianguppd Wwosill qral Leledtl)on shelwerntihe to
waf er table and a neasurenent tablé in"a Y-axis direction.

FIG 26 is aldigwdbapbny pist Bin ahitketnaf efhst agrl afidthdesupply pipe
measur enent stage when the neasurenent stage has reached a position

where a Sec- BGHEofinecerdak) & sl ppridramgehl ylnBEkGS 2fotsskkownewn FIG. 1,
showi ng a state of the wafer szage and the neasurenment stage when the
waf er stage FafomlredFifondt heaanmlwmdieng pdsatiorovera pigeali pt shown)

position in parallel with the Sec-BCHK (intenval% bei ng_ per fornmed.
FIG 28 is alfi ERNERGWFAGEE STAIE dtedNetiaPdPestagev ahbe 152 [ her end
measur ement sta

when t he nmeasurenent stage.has ved to an optimal |,
scrum wai tind pggﬁtFgﬁogﬁﬁyapﬁﬁ?e?sh%%n%%% e?&ﬁaéggﬂﬁﬁFﬁgrﬁﬁp FTy unit
tabl e. 6 (FoB ADurs 13 Vel SNOWRA,A 3l g Ofg)both stages when
e

the wafer stage has noved to a posi‘tion where t i"- BCHK
Liquid supply unit 5 includes a liquid tank, a

10 compression pump, a temperature controller, a valve for
controlling supply/stop of the liquid to ligquid supply pipe
31A, and the like. BAs the valve, for example, a flow rate
control wvalve 1is preferably used so that not only the
supply/stop of the liguid but also the adjustment of flow rate

15 can be performed. The temperature controller adjusts the
temperature of the liquid within the liquid 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

20 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.

25 Liquid 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 former processing is perfornmed while the neasurenent stage is
waiting at the optimal scrum waiting position. FIG 30 is a
view show ng a state of the wafer stage and the neasurenent stage
when alignment marks arranged in three first alignnment shot areas are
bei ng sinul taneously detected 25 using ald®nnent systems AL1, AL22
and AL22. FIG 31 is a view show ng a state of the wafer

stage and th%ebrgeo%tyiqgt}l_%estlg%%&“{%eEg%hguEQEHﬁe;\%@gﬂ%brﬁ%é.govnafvoé ”%rnéif the

processing i s bel ng perforne IS a vi owi'ng a stdte

the vafer stageeand ndl ailenapasiy 8EEOGu S1598 MeRpaLkLgRB. PRIKS 100,
arranged in five second alignnment shot "areas are being sinmultaneously

detected usi pgcaldtgnrentt ysteny AhkmrattAldbd ®Al2b s tHitGte3B His the
view showing a state of the wafer stage and 5 the neasurenent stage

when at | eastaunenmehtt hea Pl abBEHK Itakt pi apt odess agpandreheppacatsus 100
calibration latter processing is being perforned. FIG 34 is
a vi ew showi Ag arsitatldest. t he wafer stage and the neasurenent stage

when alignnment nmarks arranged jn five 10 third al icgnmanjt shot areas
are being sinultanddusly FeRetteRPusiafy taei dhAeht d5SceiReAlaP ARy pure

pr o e MER L (RGNS SR Y L
three fourth ald;ounepte le 385 HLE: PR AY 13 AULLANERYS! M AEtGehEHits
the ArF excimer laser light (light with a wavelength of 193

10 nm) is to be used. Pure water can be obtained in large
quantities at a semiconductor manufacturing plant or the like
without difficulty, and it alsoc has an advantage of having
no adverse effect on the photoresist on the wafer, to the
optical lenses or the like.

15 Refractive index n of the water with respect to the ArF
excimer laser light is around 1.44. In the water the
wavelength of illumination light IL is 193 nm x 1/n, shorted
to arcund 134 nm.

Liquid supply unit 5 and liquid recovery unit 6 each have

20 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 1iquid
supply unit 5 opens the valve connected to liquid supply pipe
31A to a predetermined degree to supply water to the space

25 Dbetween tip lens 191 and wafer W via liquid supply pipe 313,
the supply £low channel and the supply opening. Further, when
the water is 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



15 using alignnent systenms AL1l, AL22 and AL23. FIG 36 is a
view showing a state of the wafer stage and the neasurenent stage

when t he focus mappi ng has ended. FIG 37 is a viewused to
explain a nodified exanple of a head unit in which placenent of Y
heads and Z sensors is 20 different. 29 FIG 38 is a view used

to explain another nodified exanple of a head unit in which placenent

of Y heads ag:g:ezdesceerﬁrﬁrnseci %éggr%eegﬁf]trecoverzgzhae avatézﬂ Graif ok & Iancge

fl owmchart us to explaln an enbodi nment of evi ce manufactu

met hod. betWdda t4Q i1%res Fl AWGHRT tydtsad of A P8I i SRRV, unit
exanple of step 204 in FIG 39. 22 BEST MODE FOR CARRYI NG QUT THE

I NVENTION 6 (than ldmhedi meiik)ofvitshe Hyy estvd v dramgy ldheb@ecovery
descri bed below, with reference to FIGS. 1 to 36. FIG 1

schemati cal | yflshowsaanedrdnguriatuichretoarry ekposiBe appalagushd Gdipply
related to the enbodi ment. Exposure apparatus 100 is a scanning
exposur e appardt JL Ay e vs el ratd-oddan etthedn tiedtl 615 20y adoresaldogghand s
scanner. As will be described later, in the enbodinent, a projection

| . . J
optical systém PR LUTANGES Cdntt ek SHPPdW BT Bes epfpt H gl dinacpery
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
10 qguantity of liquid (water) Lg (refer to FIG. 1) is held in
the space between tip lens 121 and wafer W. In this case,
ligquid (water) Lg held in the space between tip lens 191 and
wafer W is constantly replaced.
As is obvious from the above description, in the
15 embodiment, local liquid immersion unit 8 is configured
includingnozzle unit 32, liguid supply unit 5, liquid recovery
unit 6, liquid supply pipe 312 and liquid recovery pipe 31B,
and the like. Incidentally, part of local liquid immersion
unit 8, for example, at least nozzle unit 32 may alsoc be
20 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
25 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. 1In

this case, projection unit PU does not have to be supported



10 made assuming that a direction parallel to an optical axis AX of
projection optical systemPL is a Z-axis direction, a direction in
which a reticle and a wafer are relatively scanned within a pl ane
orthogonal to the Z-axis direction is a Y-axis direction and a
direction that is orthogonal to a Z-axis #nhd 15 a Y-axis is an X-axis
di rection, and rotation (tilt) directions around the X-axis, the

Y-axis and the £E and & directions respecti veI y.
Exposur e appar at us fg)()eql{s e)(;slﬁa%ed with an illumnation system 10, a

reticle stage RST trhati oekds 18,8156 Rhkhahsethdasuddndfinatgdeys®n s
illumnpation |light for exposure (hereinafter, referred to as an

"il1um nati onddaghid’ blcaan ﬁ@ﬂﬁﬁﬁﬂdh!ddﬂﬂ"@U the space between a
I Lfrom | [ um nati onsystemlO, a projection unit PU that includes

proj ecti on opteiacairemestterna®l] & hidto preojdecstes iiddduiiartatr)omnld ghitp [lens 191
emtted fromreticle Ron a 25 wafer W a stage unit 50 that has a
waf er stage WBT Brdfalhedsutehemter dge theTsinhépr ventedlteyEiemanner
and the liKke. fer stage WBT, wafer Wis nounted.

1l umnati ondffsct\é\?ﬁ °fD 3993 udes a |ight source and an illunination

optical systemtha anlllumnane 3_uniform.t tical yst
cont ai ni ng an opti Eg FOEG At or lalné-‘%‘t Ehé vl?edegr?&lg)éf‘é)?‘l cloélebl i ld

and the |ike (| %?)'}S/pglg\g; A1&)S gl\égoneasil (H %.%lcg%qgug)l’lp];g{ zle)

exanpl e, Koka| exam ne at ent i cation

No. 2001-31325Q %o @eh%&%rﬁ(%%ip%%d'a@g elzlnq%al%at enbwaRRkl C@héoﬂresent
Publ i cati on No. 2003/002589 and the Iike. Inillum nation system

10, a slio- shapestildrnuiisnabt onimd ©ed [tARtAA s, ebhal £ Rrifiajur s daf hred ng
by the reticle blind (masking system) is illumnated by illum nation

| i ght (exposung tipglet hokzlz lwist hssdbsthnsedl iy, Mfourefaimphd | [the pampalet
In this case, as illumnation light IL, an ArF excinmer |aser |ight
(wavel engt h: 0ﬁ9§rﬁ1ﬁﬁef|n§td@@1a§’ isadrsine NoFUrAH&I5 0ds ey Gpisac &le
integrator, for exa l e, fly-eye lens, a rod integratqr (internal

reflection t FHeLiow r%ﬁldtﬂe Casa.%waewaﬁ%ﬁlﬁpéa}s @Péﬁéﬁtle&a]ﬁfég into

1k 15 b | RST |
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St on. TRet s 8 qEoRs AR R iﬂbéﬁﬂsa%%fﬁ#?ﬁx B 507 Dl ie A
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 International

20 Publication No. 2004/053955, or the ligquid immersion
mechanism disclosed in the EP Patent Application Publication
No. 1 420 298 can also be applied to the exposure apparatus
of the embodiment.
Referring back to FIG. 1, stage unit 50 is equipped with
25 wafer stage WST and measurement stage MST that are placed above
a base beoard 12, an interfercometer system 118 (refer to FIG.
8) including Y-axis interferometers 16 and 18 that measure
position information of stages WST and MST, an encoder system

(to be described later) that is used for measuring position



20 al so 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 showmn FIG 1, refer to FIG 8) including, for exanple, a |inear
nmotor or the like. 25Position informtiorflof reticle stage RST within
t he nmoving plane (including rotation information in the ez direction)

is constantl 'rfl%tzf?% I f | e, nd 0 t

1 nmwth a %Letl cle ﬁgasrg%fﬁ] er%%lrﬂghg?ﬂeﬁ Fﬁeé%lxgaé % _ero,% t%tg g;irk_%d ?o%taa%e
a "reticle inharfecomRbar i 16 rdé 0y @I@.W@raﬁl& BiRRE dBafkB wWsT and
actuality, a Y novable mirror (or a retroreflector) having a

reflection smdmcere tdpganate to the Y-axis direction and an X

novable mrror having a reflection surface orthogonal to the X-axis
direction are 5 arCangée) bothemeasdizere it \waldre ofwarfeln ctage WST and
interferoneter 116 are sent to a main controller 20 (not shown in

FIG 1, refemaasuHemers) stREenMEBnta dlansiort® dohersiadt feobodiqwmn, for

(and the velocit of reticle stage RST by conputing the position of
reticle st ag@xﬁ@%]ien tth &/ 3EUHR PIH itofPe t rﬂﬁt@g%ﬁ S Reas ey
and the ez directi.on hased on the asurenent, _val ue . reticle

. Of
i nt er f er omet e SR HHE oM Sy SPefPcPB sEahPH i Vel SyRtRYed at @

based on the t:at} S i L1, rd

mrror 15, R ha i PAS Spni B AL gt B e S AR Reaoe
order to formg Leef elip@elian SHrhagsnESALLEEPAREHEP $0: tA& 1 carance of
refl ection surface of novable mrror 15). Further, reticle

i nterferopet eyrclitel geychkelcanadbevelbaeasiyany 1al, spypesiati©bressure of
information of reticle stage RST in at |east one of the Z-axis, X

and ey directprmessurdtRrdpect Lhat urs folRun supl ficed tied ewrr et dct@vastdgde
RST in FIG 1. Projection unit PU includes a barrel 40 and projection
optical syst&WRrRr kaviiageacpl peaeikgand lopt i EartBesnentagehdfShrand MST

held in a predeterm ned positional relation within barrel _ ,
are independently drivable in two-dimensional directions,

which are the Y-axis direction (a horizontal direction of the
15 page surface of FIG. 1) and the X-axis direction (an orthogonal
direction to the page surface of FIG. 1), by stage drive system
124.
To be more specific, as shown in the plan view in FIG.
2, on a floor surface, a pair of Y-axis stators 86 and 87
20 extending in the Y-axis direction are respectively placed on
one side and the other side in the X-axis direction having
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
25 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-axls movers 83 and 85 are

respectively arranged in a noncontact engaged state. In other



40. As projection optical systemPL, for exanple, a dioptric 25
systemthat is conposed of a plurality of Ienses (lens elenents) that
are arrayed along an optical axis AX direction parallel to the Z-axis
direction is used. Projection optical systen1PL is, for exanple,

bot h-side tel ecentric and has a predetermned projection
magni fi cation (such as one quarter 25 one-fifth or one-eighth

tines) . Ther@ﬁt f‘ME%” ‘i@' RakL e gheagh ARy % aﬁéilf?%ﬂ L& odt:aPLya

illum nation ST TPum nat i on Systém unlna 1on |

I L having pa%s%qtehwulgglﬁgtiﬁé@r&a\mﬁ%@a&h%e §%£éé0@f 'xs-aqilasf:%%a%or
substantially coincidently with a first surface | ect plane)

proj ection omd eal 8ysherePkzf @éaﬁlana@dyﬁgﬂatmg@scaf La-lCJ!}{&l@Hape, and
pattern (a reduced imge of part of a circuit pattern) of reticle R

wthin il I umanat semeaaéhylst\@mrrm anwn(ahebaltaafttmnn@f sd ar efcdreaednce
to as an "exposure area") |A that 10 is conjugate with illum nation
area | AR an wdf,efowexiirke i s nsluacedevaral socynd ’s@efaac:ep@dnﬁget shown)
pl ane) side of projection optical system PL and whose surface |

coated with W@§FSFe@§ﬁ6F0§@n§PFF§§P8§@HP? YvﬁélﬁréF%E?Fo%6d%¥|Qﬁﬂ Each

o of oct i on. Uit TS A Zort & Eﬁrg%ﬁiréﬁﬁt SERRATRA Ofs S poRRELS:
by three supRor . akyIS KL 8 2nXLDIALioRoLselatl on, {@Qlaaqﬁg. A at

di scl osed in or exanmnp i oha i‘cation

No. 2006/ 038%5§re@@y\@yxﬁ£ne@ws%wc%nam@ thld YBYy 8l 89 rBetSHRPOT tR4: iR,
a suspended state 20 wth respect to a nenber such as amain frane

nmember (NOt showhe tddfodineitaCat ey endiedise @A QA4 Bde aip aHasR
menber on which reticle stage RST is pl aced.
armature units and Y-axis stator 86 made up of the magnetic
pole unit constitute moving coil type Y-axis linear motors
respectively. Similarly, Y-axis movers 83 and 85 and Y-axis
stator 87 constitute moving coil type Y-axis linear motors

15 respectively. 1In the following description, each of the four
Y-axis linear motors described above is referred to as a Y-axis
linear motor 82, a Y-axis linear motor 84, a Y-axis linear
motor 83 and a Y-axis linear motor B85 as needed, using the
same reference codes as their movers 82, 84, 83 and 85.

20 Movers 82 and 83 of two Y-axis linear motors 82 and 83
out of the four Y-axis linear motors are respectively fixed
to cne end and the other end in a longitudinal direction of
an X-axis stator 80 that extends in the X-axis direction.
Further, movers 84 and 85 of the remaining two Y-axis linear

25 motors 84 and 85 are fixed tc one end and the other end of
an X-axis stator 81 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 85 respectively.



Note that in exposure apparatus 100 of the enbodi nent, since exposure
applying the liquid imersion nethod is 25 performed, the aperture on
a reticle side becones | arger when the nunerical aperture NA of

proj ection optical system PL substantlalt¥ i ncreases. Therefore, in a
dioptric system nmade up of only |enses becones difficult to
satisfy the Petzval condition, which tends to |ead to an increase in

si ze 26 of the prajes! in onbiiGAls Systamed o A dr 0 Aypld e ano,
S cata

increase in size o e projection optical sy optr

system i ncl u@m;mer r Qs %em%l@w@tsqr%fp&%te@féﬁ@uur@ coils
wafer W not only photosen5|t|ve | ayers but 5 also, for exanple,

protective fidladddpteapréibopratf nthelildtdendhal opgaircksakhe dﬁ@'feQﬂ:lQ:rn.

t he photosensitive |ayers may be forned. Further, in exposure
appar atus 100 of t ReeeXbediiremsta tior,oderxitso spertfoar Mlexposuranged in a
applying the liquid imersion 10 nethod, a nozzle unit 32 that

constitut®s parteoPiabedeal insgquitadi imersi apeuing 819t Showmgdd st
to encl ose the erlpher¥'of the I gwer end portion of barrel 40 that
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opening of stage main section 91, for example, a magnetic pole
unit, which has a permanent magnet group that is made up of
10 plural pairs of a north pole magnet and a south pole magnet
placed at a predetermined distance and alternately along the
X~axis direction, is arranged. This magnetic pole unit and
X-axls stator 81 constitute a moving magnet type X-axis linear
motor that drives stagemain section 91 in the X—-axis direction.
15 Similarly, the other X-axis stator, X-axis stator 80 is
arranged in a state of being inserted in an opening formed
at a stagemain section 92 that constitutes part of measurement
stage MST. Inside the opening of stage main section 92, a
magnetic pole unit, which is similar to the magnetic pole unit
20 on the wafer stage WST side (stage main section 91 side), is
arranged. This magnetic pole unit and X-axis stator 80
constitute a moving magnet type X-axis linear motor that drives
measurement stage MST in the X-axis direction.
In the embodiment, each of the linear motors described
25 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.



15 (hereinafter, also referred to a "tip lens"”) 191 in this case. In
t he enbodi nent, as shown in FIG 1, the |lower end surface of nozzle
unit 32 is set to be substantially flush with the |ower end surface
of tip lens 191. Further, nozzle unit 32 is equipped with a supply
opening and a recovery opening of 20 |iquwW% Lg, a | ower surface to
whi ch wafer Wis placed facing and at which the recovery opening is

arranged, and a Su&ﬂcﬁ.dfelncﬁ\é(lq_ I’S% i g%r’%f% g_%gql\aéeﬁr Xfof .C%\g %@%'}%lll hat

are connected to a liquid sup i'quid’recovery pipe

316 respecti \(g%lrﬁér_a‘h%oﬁgﬂg)’\% gk i Gf 35— du10id RUOPIN6 RIAE S3LA RIS P e

liquid recovery pipe 3 re inclined at an angle of 45 degrees wth

respect to tha¢haxisddiffeekenen aadihbe(Yowad Solliireehic08zidb Bedd B9 of
vi ew (when viewed from above) and are symmetrically placed with

respect to awsthea ghtgkiWer [Odn betdentkakiead di rfeottiher,t batmgplagseshrust
through optical axis AX of projection 27 optical system PL.

One end o? afsuEsIsy spivpaalast gshenpFersby ehivediredft -2k 48 Wingppmptors
pi pe 31A while the er end of the supply pipe.is connected to a

li quid suppl ﬁ%uﬁpfi @5 Ebrbtslslr%\?a%x ALEfErent 5YpuiBe @5 MHagurynenhgtage
one end of a,fd over)%epic{)e t(n t sopown) is connected to liquid

recovery pipeée 18%hi1% THE “5tnéi® end of the recovery pipe is

ted t | i qupl it in.El g f
comected o || Madssecessy a8k ShaNA LA Gochsciet b o

conpressi on piFRr 8abEEPRTBL £ LL CON AN @IG of ¥%la¥@ h{n G E A 1910 v1 4
supply/stop of the liquid to liquid supply pipe 31A and the like. As

the val vie) f arzexeampl eng mefdhemiirsat en6ORoMn )Vabveh ias prefieieabbyl veedr)
so that not only the supply/stop of the liquid but also the

adj ust nent ofinf ow fael ¢ Sidarerbecjartfiioentd. s thhge trenpesatuien 91 in the
controller adjusts the tenperature of the liquid within the |iquid
tank to near byagié sdmeatdmper athdr % Iddrestamsl @ndadheh@ it ehiecatigne
wi thin the chanmher (not shown)_ where the exposure apparatus is

housed. | nci &é‘ﬁtlgielniﬂaltlﬁ’e Ik Hor Ssupiagieng e 1svqtiedn tdde i¥g shown

do mot al | naVEE RS SEiTheaa e eupedr Aok At 60 S AT dang
| east paIEF of hem;ean 159 ke suhstituted by the equipment or the
| i ke available in the plant where exposure apparatus 100 is
installed. 25Liqui @nrecovetypyBidT®, hNed H0e5 02 delrdih & LAk ) 3 iF4Chibals
wafer W by vacuum suction or the like is arranged. The wafer
holder may also be formed integrally with wafer table WTR,
but in the embodiment, the wafer holder and wafer table WIB
20 areseparately configured, and the wafer holder is fixed inside
a recessed portion of wafer table WIB, for example, by vacuum
suction or the like. Further, on the upper surface of wafer
table WIB, a plate (liquid repellent plate) 28 is arranged,
which has the surface (liquid repellent surface)
25 substantially flush with the surface of a wafer mounted on
the wafer holder to which liquid 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



punp, 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 simlar to the valve of liquid supply unit
5. Incidentally, the tank for 28 recovering the liquid, the suction
punp, the valve, and the like do not all ¥ave to be equi pped in
exposure apparatus 100, and at |east part of themcan al so be
substituted t equi . avai l abl e in_t nt r posur.e
S Y Ao e N BT et S P s o

apparatus 10 I's Ins he ' qu

described aboug,e P& B 2(Derebbattericht ¥ nSiPl Yo RIS &\ &hch
to as "water" besides the case when specifying is necessary) that

transmts thesAghaeseiser tasamnikkghbuthi gbtzatsdua vreyelwnitd ind93
10 nm) is to be used. Pure water can be obtained in large quantities

at a sem conduudicdrt @@nuRdedyr icng TalCant aad thetheksunfsébousf plate 28, a
difficulty, and it also has an advantage of having no adverse effect
on the phét orldsiwsitd paPehéenwaffddm 19 folraedy cabriedmusl or fiheringeesin
15Refractive index n of the water with respect to the ArF exci ner

| aser |ight PEtETd@IE 144001 RETiRerrasid) WMaf& gk gfch as

i |'I'uni nation |ight IL s 193 | /n, ted t 134

Li qui o suppl UM S R TSt 1 6 Dt AR & TR )
troller, Lyve g led . i,

cont ol | o1’ 20 Care: E3 B e BT LORStoPh ReTo R nety Let Pane Pk

controller 2Gy Athe Gonly g A ld gdiath SURR) Y URilred QRGNS WS V@lMer

connected to liquid supply pipe 31A'to a predeterm ned degree to
supply water stradgeh@sspace 256 betayeqn dta 2lsens s 19 1f gk Wwaif {1 Vrdip@ 1 lent
liquid supply pipe 31A the supply flow channel and the supply

openi ng. Fur elrer, 28haerhddre ondieer shapsupintediratsarek tghdwlar enclosing
instructions frommain controller 20, the controller of liquid
recovery uni @ Glggedsan ppendnge éowheéctsetong liiquild repeddeptpiepea32Bb

to a
that has a rectangular frame (annular) shape placed around

first liquid repellent area 28a. On first liquid repellent
15 area 28a, for example, at the time of an exposure operation,
at least part of a liquid immersion area 14 that is protruded
from the surface of the wafer is formed, and on second liguid
repellent area 28b, scales for an encoder system (to be
described later) are formed. Incidentally, at least part of
20 the surface of plate 28 does not have to be flush with 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
25 second liquid repellent plates that correspond to first liquid
repellent area 28a and second liquid repellent area 28b
respectively. In the embodiment, pure water is used as liquid
Lg as 1is described above, and therefore, hereinafter first

liquid repellent area 28a and second liquid repellent area



29 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 5 and recovery operations, nain
controller 20 gives commands to the contrdl lers of liquid supply unit
5 and liquid recovery unit 6 so that the quantity of water supplied

ot or A RN LR LR el R0 el SIEN! A SHIE IR duIE 20

quantity of wat'er recovere fomthe Space. CCO , d an

10 quantity Qfnd i<HHShd YRy ﬂébéﬂfgﬁ% g1%td Ggpl) is held in the

space between tip lens 191 and wafer In this case, liquid (water)

Lg held in the spage batweefsé| Redmisuddl iyt Waf €5 WisqLonsday Inirst
repl aced. As is obvious fromthe above description, in the 15

enbodi ment, etar lregeild enmmeldsiten268ai bn8the rondit guirded, iwhclludiengposure
nozzle unit 32, liquid supplyunit 5, liquid recovery unit 6, liquid
supply pipe 3iAhdndLligliegdlecoverngdipipd B13ecamd vheekikepellent plate
Incidentally, part of local liquid imersion unit 8, for exanple, at

| east nozzl e 4% PR3Bh AU S & I5te 20 Talipper EBHS| FAQL suxise Feas isteged Loy,
a main frame.(ipcluding .the barre] platfor th hol ds proj ection
unit PU, or r}%‘ygg?sed“hbcgj]é?%gé Ja]fgﬁﬁ"(?ttﬁgp}?]?% eﬂjérﬁﬁerff:ﬁa‘fh}%h water
separate fro i,n o i S rajection unit PU i.s
supported inqg&%ﬁggﬁﬁﬂg%gggg?g'é%spgfégggggﬁgﬁgggiIF%%?OH%§%?%uﬂﬁﬁﬁght

32 25 may al 59, ha ;$WRPAL @d vial Ars YSReREad 1Shate 'i%%grigllzltm\gﬂ' tHse) is

projection unit PU~ but 1n the enbodi nent, nozzle unit i's arrange

on a measgr e@@?ﬂ ifdan® fichaled 6n TWePSL L 8- B rar sHSPeRARE 5B Blent plate
i ndependently fromprojection unit PU. In this case, projection unit

PU does not R&we 41dkessuppdmtedr 36p¢hlansuuspendedhdicht@ater repellent
Incidentally, also in the case neasurenent stage MST is
coat having resistance to exposure light IL inferior to the
first water repellent area is applied is formed on the surface
of second water repellent plate 28b. 1In general, since it is
15 difficult to apply water repellent coat having sufficient
resistance to exposure light IL (light in a vacuum ultraviolet
region, in this case) to a glass plate, it is effective to
separate the water repellent plate into two sections in this
manner, i.e, first water repellent plate 28a and second water
20 repellent plate 28b around it. Incidentally, the present
inventicn is not limited to this, and two types of water
repellent coat that have different resistance to exposure
light IL may also be applied on the upper surface of the same
plate in order to form the first water repellent area and the
25 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. 4A, at the end portion



| ocat ed bel ow projection unit PU, the space between a neasurenent
table (to be described later) and tip lens 191 5 can be filled with
water in the simlar manner to the manner 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 10 invention is not Iimted to this,

and a config 1 i i ] in,. faQr

g o Cont L aunaLhan heyion il 1 plie R0zl A% ILaskgsnl | B gy ar
al so be enpl yaGbut NsthB RS en THN AR E RGN $n RSk DAL § KRG tion,
into consideration a relation with adjacéent nenbers. The point is 15

t hat any confarglaahéaureayehe Qalogodi asnbadas theibbothd et bQular
supplied in the space between an optical nenber in the | owest end

(tip lens) 1%basmndtinsatienghpropecttbnlopt iicaknsyssem P dnel awetfeart Ahd
For exnpale, the liquid imersion nechani smdisclosed in the panphl et
of | nternati GRECTEDWELST ire@sildieTNoe 1 20946053955 1dncittHema rjdiMiis formed
i mrer si on mechani sm di scl osed in the EP Patent Application

Publ i cation NG "RSe56F dan thesd opegidpsiingd 4 rerd ieppsdufgasurenent
t f th iment. Referring.b ta FIG nit 50,
Pl hoed RS B8 Pl o Sl P Rt Pae o bt S et T Fais
I d ; , i.nt enf. t 1. er
FH G RN ROY G Bhadt S SRR M Ll
posi tion infei@hi@meeft Pardes T Aand Moo @ £NGPd8e S ShHRPAilR1be

described later) that is used for measuring position

10 placement with respect to the center of the fiducial mark on
one side and the other side in the X-axis direction of the
fiducial mark. As each of aerial image measurement slit
patterns SL, an L-shaped slit pattern having sides along the
Y-axis direction and X-axis direction, or two linear slit

15 patterns extending in the X-axis and Y-axis directions
respectively can be used, as an example.

Further, as shown in FIG. 4B, inside wafer stage WST
below each of aerial image measurement slit patterns SL, an
L-shaped housing 36 in which an optical system containing an

20 objective lens, a mirror, a relay lens and the like is housed
is attached in a partially embedded state penetrating through
part of the inside of wafer table WIB and stage main section
91. Housing 36 is arranged in pairs corresponding to the pair
of aerial image measurement slit patterns SL, although omitted

25 in the drawing.

The optical system inside housing 36 guides illumination
light IL that 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



31 informati on 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 5
measur enent stage MST, a noncontact bearing (not shown), for exanple,
a vacuum prel oad type hydrostatic air beating (hereinafter, referred
to as an "air pad") is arranged at a plurality of points, and wafer

stage VST anddPasiiRiils ALaaa MOT (3leoBURRAL! €. 033 NONGON AL ing 36

manner via a clearance o arourd seve pm abové base

by static pressuedofi e esubi 2ednaltrbhhahiksiBhowWpseuh 569 the f fthe
pad toward the upper surface of base board 12. Furiher, stages W5

and MST are isuwepesdenthyedtddallsehbiisimg-34 FeRSt 0Nk K § L@EIBRRHience.
which are the Y-axis direction (a horizontal direction of the 15 page
surface of FIG 1) Monrgaviee , Xemxihe dpper tsivort a(cano drdetaganab t dr megte ldrent
to the page surface of FIG 1), by stage drive system 124. To
be nore sgeciprliad:,e #Sbsh WA §ip isha s tamavildwesh arleGdizeddnva fdmwmd in a
surface, a pair of Y-axis stators 86 and 87 20 extending in the

Y-axi s di r ecH ST ES SGeI3L PSS biPlode s del gt ¢ HOT6t her

side in the X axi.sfi%iarleicti aon having base board et ween.

S 12 iﬂ b ha w{-axizh

stators 86 and 87 are each ‘CofpGEEdCBFONT otk AR EleaChRghet ep]]tcﬂ €
i h i that. ]

uni t that lnwaqarsatoqﬁse%tﬁ%mw_ﬁ@e@g{]g%&%;rogg&elpgﬁ J1ade URolboth

plural 25 pairs of a north pole mag e nagne

are placed atsiddy adet REMhHed-ghshangerandi gh tH] natel Magl 0895t hees 39v,
Y-axis direction. At Y-axis stators 86 and 87, two Y-axi s novers 82

and 84, add tamel ¥9axi sraviersedradsh 85w By F egRect iseelly sannangesdi 1oy,
a noncontact engaged state. In other
are each composed of a reflective grating (e.g. diffraction
grating) having a periodic direction in the Y-axis direction
in which grating lines 38 having the longitudinal direction
in the X-axis direction are formed in a predetermined pitch
15 along a direction parallel to the Y-axis (Y-axis direction).
Similarly, in areas on one side and the other side in
the Y-axis direction of second water repellent plate 28b (both
sides in the vertical direction in FIG. 4A), X scales 39X; and
39%2 are formed respectively, and X scales 39X; and 39X, are
20 each composed of a reflective grating (e.g. diffraction
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).
25 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



32 words, four Y-axis novers 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 nmanner via a clearance 5 of, for exanple, around
several pmvia the air pad (not shown) with respect to corresponding
Y-axis stator 86 or 87. Each of Y-axi snovers 82, 84, 83 and 85 is
conposed of, I - It i NG r a t.ure
coils placed aJcartsg E‘%g%?ggea&e? n%ﬁﬁl}neghgf%gg%ﬁe{#&gﬁ@ %IE?%C O}’u(r)gr%:.lons'
That is, 10 ithd he,emiodi s ot @l S mvel$ L&%@%@%é@f’%é&]@fié Hot
armature units and Y-axis stator 86 nmade up of the nmagnetic pole unit
constitute mavinigedi larty peotY-aixiy H QR f i & Sorl epReciny elade up of
Simlarly, Y-axis novers 83 and 85 and Y-axis stator 87 constitute

novi ng coi | tgpensdrs thienéakenbhetsatd meshpecicyely. fédimdéde but also,
foll owi ng description, each of the four Y-axis linear notors

descri bedabdRx iexamsfle r ddha olidsf zaotind grdtHay Hottori 8L reatedds

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

85 as needed,SARITG'S N TSI didd T s AaPhHEFefodris gesigy may
83 and 85. 2?? Nbvee;f( 8% and 83 of }lwo Y- axi,s Iingsr tors 82 ang 83
out of the folt WSki s PIFEEF  nbE5Hs S5 Sr éSpECEATERY P¥i PEF X 6% RS
end and the ' I ' ' [ ion -axi s, t.Qr
50 that ext eneq s So L L DBLoflarBEng) £ BRaf T 53 3
the renai ni NG ol Aghrl 1HaLAL25 B0t OksnBfednd B5:ahCof i EH 40 H1in
end and the other end of an X-axis stator 81 fhat extends in the

X-axis dioectdleite Ahaped qUiys. X-mdse stalessaBd WVé @l aLenhdihyan quid
along the Y-axis by a pair of Y-axis linear notors 82 and 83 and a

pai r of Y-axirsddlieart notlor (w84 eand g% rlespediiel ydes@3ibed aboueach
of X-axis stators 80 and 81 is conposed of, for exanple, an armature
unit that i ndovqisteatasl lar.mdther @ idein © pltdce @ ratt inPpried sthewn megth wider
di stance along the X-axis direction.. One X-axis stator, X-axis stator
81 is arrangéd FhCa B &aretbe ardivry PASERy efioT thghsshemmhgomysnience.

shown) forne a _stage .main secti.on e(lgo shown in FIG 2, refer
t

t
to FIG 1) t &t% ok | tterfélep S Cof* et W Inside the
openi ng 9§ stage n%lnntﬁ?tcét fg?ﬂa?%hpgﬁrtﬁé%%c?%irﬁlenr@ppsejtflﬁcep%oéce n%'t«}a’ter

whi ch has a pernmanént "'nagn hat "i'S made up o I"ural pairs
of a north pqleguierm@?ﬁt ARG A 5L Al RIS RIACRY AlsAles, a glass

predet er m ned stance and alternately along the X-axis direction is
arranged. ThipS aRgREethCl Go! ehdbthd]l argaXsavnsi st Be FHeL£aRsidd @ vater

novi ng magnet type X-axis |inear notor that drives stage main section
91 in the X-adpeldiergctplane 28b. However, the present invention is not
limited to this, and a scale member made up of a glass plate
20 or the like with low-thermal expansion on which a grating is
formed may also be fixed on the upper surface of wafer table
WTB, for example, by a plate spring (or wvacuum suction) or
the like so as to prevent local shrinkage/expansion. In this
case, a water repellent plate to which the same water repellent
25 coat is applied on the entire surface may be used instead of
plate 28. Or, wafer table WIB may also be formed by materials
with a low coefficient of thermal expansion, and in such a

case, a pair of Y scales and a pair of X scales may be directly

formed on the upper surface of wafer table WTB.



15 Simlarly, the other X-axis stator, X-axis stator 80 is arranged

in a state of being inserted in an opening formed at a stage nmain
section 92 that constitutes part of neasurenent stage MST. Inside the
openi ng of stage main section 92, a nagnetic pole unit, which is
similar to the magnetic pole unit 20 on tHe wafer stage WST side
(stage main section 91 side), is arranged. This magnetic pole unit

and X-axis stator I vin gnet. t -axi sl i near

notor that drives iﬁn@gs%ﬁorg%h#%gt%gg%%fgﬂ‘ﬁt?r%pl_)&éa/@i%s?%]i"?e?t PR S4rface
the e”bOd'”EQﬁKi%%@'Jﬁ:é%@ﬁshk@%%%_B?t95§egeF8%i%69Tg§ Ap9VE Ad¥lection

constitute stage drive system 124 is controlle y main controller

shown in Fl Gsirddildentald ¥, reatdctifauMies 175 RObwhl Thtdct @ are
ei ther one of the noving nagnet type or the noving coil type, and the

types can appfamddit eBy Beveeladdtedras caeddedan 3dhterferometer beam
I ncidental ly, by making thrust forces severally generated by a pair
of Y-axi s3li newaswianent8beand 8% befdkcghvhysdirféeeehla arahinmflection
(rotation in the & direction) of wafer stage WST can be contraoll ed.

Further, by maiifFe Rrilstans feReelsy g ot afe il et atisthhyofa g kgam,
Y-axi s |inear, notors, 82 d 83 be slightly different, yaw ng of

measur ement &"ﬁd@%‘ﬁtcea%n%@“beoﬁﬁl? ojiééHIA an x-a elrn%et"a%ee“gq}‘@lter 126
i ncl udes sta j s ti 9 f.er ble WIB,1h i s, mount ed
on stage nai %&s_e%?ﬁ%oﬁgglé r\%% a %%geqﬂzﬁlz\éésél%i Hé%mssg ghi %[En ]?);%t howiS: tO

(such as a vaige 69idr MRLRMrFcaRghdtS A Eggjc%{ﬂglrlg(/?gelf@kaéé ﬁGt.SBftﬁrga%%}Jre

main section 91 in the Z-axis directio irection an

directiong | rcidepl abbent R Fd&xh &eralerde odf s YOE SYSERBIZ4at SnPW ion
i ncluding each of the linear notors and the Z-|eveling 15 nechani sm

descri bed aboymnerally, @ flafcer miabklbe YEBplacwdfen tiod deidd noirface of
shown) that holds wafer Wby vacuum suction or the like is arranged.
The waf er holrder] awdyi il ¥oibe U, oanedhiensenfate y swisdd nafaedatablsinfEBe) ,

but in the enbodi nent, the wafer holder and wafer table WB
that is, position information of wafer stage WST within the

XY plane, and the measurement values are supplied to main
15 controller 20. In the embodiment, as both of Y-axis
interferometer 16 and X-axis interferometer 126, a multiaxial
interferometer having a plurality of optical axes is used,
and based on the measurement values of Y-axis interferometer
16 and X-axis interferometer 126, main controller 20 can
20 measure rotation information in the 8x direction (i.e.
pitching), rotation information in the 8y direction (i.e.
rolling}, and rotation information in the 8z direction (i.e.
vawing) of wafer table WIB in addition to the X-position and
Y-position of wafer table WTB. In the embodiment, however,
25 position information within the XY plane (including the
rotation information in the 8z direction) of wafer stage WST
(wafer table WIB) is mainly measured by an encoder system (to
be described later) that includes the ¥ scales and the X scales

described above and the like, and the measurement values of



20 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 pl ate) 28 is arranged, which has the surface
(liquid repellent surface) 25 substantial4ly flush with the surface of
a wafer nmounted on the wafer holder to V\:hl ch l'iquid repellent

processi ng V“tﬂiééﬁﬁggﬂeﬁ l%ybﬂdLﬂ2E éH&H3$r1E§Su%e&efﬁﬂgﬁg“éases

out er shape (cont as a circul ar openi ng 't f or

the center pofidPRsaRHehs1Shd o4y 418181 HiRAD otehen wad &L sy Aomdod dﬁarlues
(a nounting area of the wafer). Plate 28 is nade of materials with a

| ow coefficiert tofe heorrr eygaas Q8. gSUaheabo JEBSERa O 0K &5Vl GSime of
(such as Zerodur (the brand nane) of Schott AG Al 203, or TiC), and

on the surfaddcobcplate @8.the bikepuisdcoepekitedt (¢albistéady medrunther,
for exarrpl e, fluorine resin materials, fluorine series resin

mat eri al s suéﬁi‘raa%lspép??étfﬁéprﬂ@éﬁéé %Wseﬁée@'lfefrlf agapuaghstehed-position

e ) S SRR i TR P B riesen
B Staie v e o B 2y o vl 1 R s
openi ng, a“dfx%gﬁ%%%rl q”?ﬁr%ﬁ@?' ! Taniﬁam&?%n%I €9 Laer stage WST,

rect angul ar (‘annul'ar) shape'placed aroun

repel l ent ar 6@ 283 anld, sdtWdediid TaReldeHputaign a%ﬁia’arf CHllgnment

exanple, at the time of an exposure operation, at |east part of

li qui d i borer siperraaries lharidyatr st tgdecbﬁgdynﬁéﬁeap%ﬂa‘tal@u aind f‘tﬁh
wafer is formed, and on second liquid repellent area 28b, scales for
an encoder systleadirg padedcirdrhe ndastuaremearte ifrdraredhtilarciadent al |y,

at | east part of 20 the surface of plate 28 does not have to be flush
with the surfiaderdfenometimef eystemal 1fs, thay ifavataldrsterratoh@ioghttion
fromthat of .the surface of the wafer. Further, plate 28 may be a

single plat e lMHQETFt e EhisHdisRiCRDId & 15% (dCTHFS glfréfcrewﬂom (the

conbining a urallt of pl ates, for I.rst and 25 second
liquid repel Feft™yr at e At Eor s &?G%{% Cﬁrrecttﬁq i &5 &F8% ent

area 28a; and 1$eqend 4 qﬁg aﬁqgﬁitﬁﬁgr@rgatgggrf§§ 8£é¥%3%§ hgli@QSuch

enmbodi rrent pure water use as |s €esScCri
and therefore,s herghpakthers %sféﬁl |rhé1§'“}:§13 rae&ehlg%@t aereee?r%ﬁ%aﬁfec%%t

liquid repellent area 36 2 are also referred to as first water
repel | ent pl &g d28prandcseeandnyaten, repekhent spliesé eard8hged integrally
with projection unit PU that is supported in a suspended state
as 1s described above, but, in the embodiment, interferometer
20 system 118 is to be arranged at the measurement frame described
above.

Incidentally, in the embodiment, wafer stage 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

25 section 91 and is finely drivable relative to stage main
section 91 in the Z-axis direction, the 8x direction and the
By 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 alsoc be employed as wafer stage



In this case, exposure light IL is irradiated to first water

repell ent plate 28a on the inner side, while exposure 5 light IL is
hardly irradiated to second water repellent plate 28b on the outer
side. Taking this fact into consideration, in the enbodinent, a first
wat er repellent area to which water repeﬂﬁent coat having suffrcrent
resistance to exposure light IL (light in a vacuunrultravrolet

region, in this e) e %ﬁp'd&fkgé f%[l glegn EP% %%erg%l [’Eh

wat er repellent pl ate a, and a second ma Fépé area to

wat er repel | ejrGRat 1haviRg ﬂ&%é&ﬁ%ﬁshgfgé@%% ed rne%bh!e rhi‘f:%f Hade
to the first water repellent area is applied is orned on the surface

of second watgy oFepelllgnir pkaterdBy d1sOpseidtanedet Whfes tdble WTB.
difficult to apply water repellent coat having sufficient resistance
to exposure Mcgeovier, ( [deghtt diom a nfaoumerhilint roefv el fetr rsegigen WS itshite be
case) to a glass plate, it is effective to separate the water

repel | ent 3 pl &ea sunes tugd Nee dhicome fileathion mmface iofe thy rsxashmirrror
repellent plate 28a and second water 20 re ellent plate 28b ar ound

it. Incident&95A"A55e aﬁ}ré’sréﬁteqtﬁ‘\%ht‘-ﬁndﬁ ity @6t A iGRHE Sug e, Pafd the

two t f vat, || t.th . diff t t to
expostre 1 gRE I ik VGG BRSapI B B 197 ASpBOPCEth | Sck ofl T 0 to

N e Pt (R e g8 A

second wat er ent area. e sane

repel | ent coarsmaeaeloadoarwegstrwéﬁeofbé flkad0d c86CONL WASE 1 £ &P 'r%t
areas. For exanple, only one water repellent area nmay al so be forned

on the sape pl at e. rFhwthier,, ias the ebbioadmchtompblsGt i4A iatforhetesd of
portion 37 on the +Y side of first water repellent plate 28a, a

rect angul ar wuﬁ@utstsgboWﬁEdnéaBmﬁnxi¢enﬁememdetbmetbm bhetXmakl® is not
direction, and a neasurenent plate 30 is enbedded inside the

rectangul ar $pabe {sedildeanhexpesont ondration enckosed dynartie opgragtion
and 5 second mater repellent plate 28b. A fiducial mark FMis fornmed
in the centertionPen&essrgibesuiladierdi Fatk |1é°’nt(9f Bife #eurdnems el dife 830

(on a centerline,LL of wafer

f |
SISl = bﬁattl@rhgprgrhogﬁafp%%m% Hﬁtﬁﬁrriféé%aéﬁgagimn
for med 1t he SYTely el 10 BLASSTE Wid h fespegt, o, he, sentet. g

t he fldu0|al on one si er ' side in thé X-
direction of :Ltntf%rﬁ'da@li(ana'of@ﬁl&er'ﬁ%r%ﬁ\@ﬂe?f %@Eéﬁl 116Rge, ém‘%tsly"l‘aerﬁ‘?":ﬁt one

slit patterns SL, an L-shaped slit pattern having sides along t
Y-axi s di rectifopcanad i¥naxing otda@Gldroln @i dewd ildmeayt Hiivle degrees of
freedom) may also be used in operations such as the exposure
operation and/or the alignment operation. In the embodiment,
20 the encoder system measures position information of wafer
stage WST in directions of three degrees of freedom, that is,
position information in the X-axis, Y-axis and 6z directions.
Then, in the exposure operation or the like, out of measurement
information of interferometer system 118, only position
25 information related to different directions from measurement
directions (the X-axis, Y-axis and Bz 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



15 patterns extending in the X-axis and Y-axis directions
respectively can be used, as an exanpl e. Further, as shown in
FIG 4B, inside wafer stage WST bel ow each of aerial inage
measurenent slit patterns SL, an L-shaped housing 36 in which an
optical system containing an 20 objectiveéddens, a nmirror, a relay

|l ens and the like is housed is attached in a partially enbedded state

e o 10 il P8I Fod et hPBLAL 8ho ALl 1 £ r%phan 38 ted

mai n section I'S" arrange I'm’ pairrs Corres
§Qﬁgthe

pair of aerial, Ltmggaﬁa%aa%%%%nél a%trﬁéé‘s?—u
nsi ou5|n9336 gui des

25 in the draw ng. he optlca system |

i I'lumi nati on drcghte d |5yts|‘lt@'fm has ehean léaaﬁ%ﬁée@ftm@myﬁ%l al-dg@nd
nmeasurenent slit pattern SL along an L-shaped route and em'ts the

i ght toward 6z - rdictactrisgn.mayna ldenttad lwsed.n Fhethdd, f ahkewragometer
description, the optical systeminside housing 36 is described as a

| i ght -t r ahsmistvisitiegn ik @my36 Une b g paidl es anfe mesfsarainee pm‘:dé:iam
housi ng 36 for the sake of conveni ence. Mbreover, on the uppe

surface of sdEdRIMALIER Pépé@f@ﬁt skagPalaT 28B, thel 135 6s gilam%lqn nedn
are directly farnmed in gégdeternlne gltch al o each of four sides.

More speci fi dAINSy CaSK - aPB 6ﬁnoﬁ8f8F? taRa T%et I a§?§n1ﬁqi?qﬁ9n may
X- di f t at th sides in
Fhehor | zont B B, Aro R WA AP Sl S (AR Sovs ar 6
fornmed respectivel Mea§EQe?ﬁe%%aé@§ Sk ﬂ@glégg§ s%; eerﬁ‘é;fn Cs%@ﬁ?.?%%? and

a reflective grating (e.g. |ffract|on grating ing a periodi

di rectionoi nat Aea¥udemend teEilic0MTH mMflirdRORE istthdd MRS B RAMIdRY 92.
the longitudinal direction in the X-axis direction are fornmed in a

predet er m nedepisticlentEmtat ebyea!Th teatownthoal sehge mdires¥caXxba 92 also
(Y-axis direction).
via a Z-leveling mechanism (not shown). However, the present
invention is not limited to this, and, for example, measurement
stage MST having a so-called coarse/fine motion structure in
15 which measurement table MTB is configured finely movable with
respect to stage main section 92 in the X-axis direction, the
¥Y-axis direction and the 6z direction may also be employed,
or a configuration may also be employed in which measurement
table MTB is fixed on stage main section 92 and stage main
20 section 92 including measurement table MTB is drivable in
directions of six degrees of freedom.

Various types of measurement members are arranged at
measurement table MTB (and stage main section 92). For
example, as shown in FIGS. 2 and 5A, measurement members such

25 asanirregular illuminance sensor 94 that has a pinhole-shaped
light-receiving section that receives illumination light IL
on an image plane of projection optical system PL, an aerial

image measuring instrument 96 that measures an aerial image

(projected image) of a pattern that is projected by projection



Simlarly, in areas on one side and the other side in the Y-axis
direction of second water repellent plate 28b (both sides in the
vertical direction in FIG 4A), X scales 39X1 and 39X2 are forned
respectively, and X scales 39X1 and 39X2 are 20 each conposed of a
reflective grating (e.g. diffraction gratd®hg) having a periodic
direction in the X-axi s d| rectl on in which grating |lines 37 havi ng

t he | ongi tudiﬁgﬂé RE gﬁ; f g [1_

predet erm ne I tcdfih ong a | re I Oaﬁ)ﬁ}pa;vredﬁﬁf tg{%%rees%og.ﬁr(lrﬁgda( ~axl
direction). %§uﬁ§ﬂﬁﬁ9h:@@ E@etﬁ%abﬁﬁcktﬁgrﬁﬁﬁhemQ@HGdU@héﬁ f% disclosed
reflective diffraction grating RG ( 10A) that i1s created by, for

exanpl e, hol agr,aniqy dhendlike e tgaenpsureftaczﬁf afn teeeeid dMilerrublication
repellent plate 28b is used. In this case, each scale has gratings

made up of na¥a.oW MM (&% 2fyraoal gsheorl ke dnkendlaiyeB9 asewamekednat a
predeterm ned distance (pitch) as graduations. The type of
di ffracti en Ganuaf ivenepspréachiseanangnt 96 thaiaeddissdosed bml for

the diffraction grati gg}made up of grooves or the like that are
mechani cal | y ef’@t“%;ét? e Raphlet Gt é{é}?ﬁqr@tﬂtwhuﬁwﬁl&&qwr@%ﬂ ing

e e Lo B A 0, AL

graduati ons t he ti qexanple, in a pitch
bet ween 138n(rﬁoto 4p0(r17|ngf fjﬁ)exéayr}riplg{elagdar% t%ﬁ%‘ro | pmon a thin 10 plate

shaped gl ass. ThesgsSGahegake GAMSHEM NN slhe dr @i, d o eReld et altli IR
(water repellent film described above. Incidentally, the pitch of

the grating issinshewn tauehewbder thatFl & dAdcibead the, ardnalxpidld), KoXai
the sake of conveni ence. The sanme is true also in other drawi ngs.

151 n thi s manleEpanase lmesrdmmidiarerita tesin fgrsleceid omtierb Irieqed dcenit No.
plate 28b itself constitutes the scales, a glass plate with

| ow-t her mal &xipddsiZa® i ($heochsraspandingeBofid Ratent repeld Aftd [l &ftle and
28b. However, the present invention_is not limted to this, and a

scal e menber Tgdd ihe &M éJs%ede afBribesr F‘ﬁealeirkélv\nlf“ﬁg?ow@taﬁélrﬁfﬁg

SulTace of waP BT e, b ST L, S e St G W

. /
PRI LSRR R o AR A s
25 coat is am@plelfé&qotrh@u%mlua%l%wfﬁee By2 be1 vees 1%% %%@r%fsp%@tﬁg

28. O, wafer table WIB may al so be formed by materials with a 'ow
coefficient af. d.hpsapehteaAnsd BMoraPdbil AcSHEBNNEASO 02200211379 Ahd the

scales and a pair of X scales may be directly fornmed on the upper
surface of wdfigre tabbe Yd481. Incidentally, three measurement members (94,
96 and 98) are to be arranged at measurement stage MST in the
20 embodiment, however, the types and/or the number of
measurement members are/is not limited to them. As the
measurement members, for example, measurement members such
as a transmittance measuring instrument that measures a
transmittance of projection optical system PL, and/or a
25 measuring instrument that observes local liquid immersion
unit 8, for example, nozzle unit 32 (or tip lens 191) or the
like may also be used. Furthermore, members different from

the measurement members such as a cleaning member that cleans

nezzle unit 32, tip lens 191 or the like may alsoc be mounted



40 Mrror finish is severally applied to the -Y end surface
and the -X end surface of wafer table WIB, and a reflection surface
17a and a reflection surface 17b shown in FIG 2 are formed. By
severally projecting an interferometer beam 5 (neasurenent beam to
reflection surface 17a and reflection surface 17b and receiving a
reflected light of each beam Y-axis interferonmeter 16 and an X-axis

i nterferoneter (X-axis interf Lret er 126 is not showmn in FIG 1,
refer to FI Gonzirr%%fsérﬁ%{e(eﬂ%ersgﬁa eer(ﬂsy'stem 118 (refer to FIG 8)

measure 10 a di spl acepal ol RARRST LECI0N LAUAGe dlamiddlalm cne
position (generally, a fixed mrror'is placed on the side surfacé o
proj ection unidnddds angttHdie §Hé{;{§§ﬁtl§ s Ash & JaF HEYSUEF 80Q)uminance
that is, position information of wafer stage WST within the XY pl ane,
and the neasuresrsent 9¢adnd s earialsStuppheated ourdhd ibs teaniand bera2d pllaked
t he enmbodi nent, as both of Y-axis interferoneter 16 and X-axi s
i nterferobet en B2egerdanllineaxilal (Y-reers erameitngy thavduyh ahel weadtieny} off
optical axes is used, and based on the neasurenent values of Y-axis
i nt er f er onet ELEFHIETETN- HHYY MSSrf eFBREEEPrE261NnENG eBhrdameak, 20
can 20 neasure rotation inf,orrrgh:eon in the Ox direction (i.e,

o

pi tching), r Ao PetiPonPRethEcByCgRr 8RR E(‘?r.%?(rr?ecﬂ IR¥hgPving
d rotation_jnf tion_in th di,r ect f waf.
RRbl e oW | n TS e o SR IS g S d e Fadiro diorkideat Ve Reut

B In the SRRAGIRMe ARt RO LN oY ALl O MY A he

XY plane (including the rotation information In rection) of

waf er stage WST (wahesgliablenWB)eddh 8 Rhy BASHFEHOY-AHENGIUSSe, an
system (to be described later) that includes the Y scales and the X

scal es descriilédmdbewecandni ber |ttt haad thehteasueerenly yedtiesn 6hving
41 interferoneters 16 and 126 are secondarily used in the cases such
as when | ong<t pmedeitesmiaidomrefe tsHe envdsur eveeti veal déd vwofingid on light
encoder system (e.g. due to deformation over tine of the scales, or
the like) isIdopRddiedmpgsl Phratad) Prriechépn eotlexl $Yishear PEroreedso

16 is used for neasuring the Y-position of wafer table WIB or _t he .
| i ke near thg)eur?lmé’jﬁ’lyﬁéi'pé@ilﬁ ﬁsofjltst’?gquﬁéjdilﬁ’g FOS S%6HRlee Bekal

d ib | at 1 f .epl t. .Further,. al i A f
Nafer stae VETPoTSEoe et el Rehery Ao st SRR o e
al i gnnent 10 ﬂn%rl%te'l%n,(tmd/c%rrfg%itp\r@‘ffl?}@? R0 Q:%n%p?%?ﬁ'i%tﬂ%ql an

unl oadi ng operation, measurenment ion of inter oneter system

118, that ispudh il-@@3bnoRs. ofoPPAHE 6 P69 NfRIdTRIhEODN: k8, difRCtihaRgiBhnce
five degrees of freedom (the X-axis, Y-axis, ex, Oy and Oz

directions) mendsed. ikbalre gertfaldaplvatpllaerst opartheofcdniearfiersqnet er
system 118 (such as an optical systen) may be arranged at the main
frame that hol ds pZopedentaliyi,t iRUther embpdalnsothe lanuadgeédmersion
integrally with projection unit PU that is supported in a suspended
state asﬁ/ s GEPORIBER APGFECTHEC, 11 Whillsh wxbrd fnbw exDioseer ¥ Bt lo pepesure

light (illumination light) IL via projection optical system
PL and liquid {(water) Lg, and accordingly irregular
illuminance sensor 94 (and the illuminance monitocr), aerial
image measuring instrument 96 and wavefront aberration

25 measuring instrument 98 that are used in measurement using
illumination light IL receive illumination light IL wvia
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 system 118 is to be arranged at the neasurenment franme descri bed
above. Incidentally, in the enbodi nent, wafer stage WST is to
i nclude stage main section 91 that is freely novable within the XY

pl ane and wafer table WIB that is nounted on stage nain 25 section 91
and is finely drivable relative to stageqrf‘;ain section 91 in the
Z-axis direction, the O direction and the Oy direction. However, the

present inve ] t éaaﬂag: i

novabl e in dlr%decﬁéoﬁgﬂg% %P%%gbrleacebsé&;?ﬁfm ree O%H%ar{}gg ks)%é%gl%egrpﬁ %ge
as wafer staggirtZzMRias gpynmtter of course. Further, instead of
reflection surface 17a and reflection surface 17b, a movabl e nirror
made up of a pl anamsmishoen tAYFAGS0SBE arfedgedsipdpadfert dcatten WkBmber
Mor eover, position information of wafer stage WBT is to be 5 neasured
using the refd%edts drixsgr tacshef enteshirtedendnrone ar¥ amigbel @ff stage main
projection unit PU as a datum surface, but the position where the

dat um sur Pac@9%E ignacd 9% Hifﬁﬁsqli‘fﬁlietré'd stags ofEet | Eurther, POo &hg end

position infor i on of wafer sta T does not al ways have to be
measured usi Mgt ‘?l%&hrﬁ rrorst SIS T Tt e riBa Yfentd pair of

position inf t| fer t age ure |nterfero ter
system 118 i % Q;BE[ Cfér{ Cé:luse R rsic é‘ﬁs e%oasr re 15{5 d‘ﬂy “or’ & Al gr?rFerlfthe
operation (t i I 15ed.. |

ol brat i on GRerAtt Beoat The Bndbaer Byt ohrer e et SE e bnins of

measur ement \saltieSnedlt teddke 2 Hawewale pIRRASHRIE MagdaM1Q Bt ifgRify =
interferonmeter system 118 (i.e. at |east one of position information

i n directdonpadfr fdfvd idggr-eesrmmifitdedp )y stnalsn beagsedfi n
operations such as the exposure operation and/or the alignnent

oper ati on. | whchedsrrsodiimentsy 2@ rtshel 4e rico dempsisside mfmeas wipes qads istyiseem
information of wafer stage WST in directions of three degrees of
freedom thatsycd}, aﬁos‘}‘i ] yi Afedsmatd dri ah tHReeivabiiss e Demptits sitdh @5 a

measur enont PREGKRETICR =Y CEEF oR Biet dio Sy i ErahoBRFy pBeRt i i 1s
Gi'rect i one. (PREREEEELEP AR e@ B 0T T 2%0”%202&”#?%%”5 far, in
i nformation g naf frr%"od%?e%et b by ’3&1%3.%’
rel ated to the ex direction and/or e ey |rect|on ma aI o) be used
O, in addi th@&sﬁﬁeﬁﬂé@ltp%%atgeomdswfa@é@lid&er together within a
predetermined distance in the Y-axis direction (including a
contact state), illumination light IL that has been
transmitted through each aerial image measurement slit
20 pattern SL of measurement plate 30 is guided by each
light-transmitting system 36 and received by the
light-receiving element of each photodetection system 44.
That is, measurement plate 30, light-transmitting systems 36
and photodetection systems 44 constitute an aerial image
25 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.



43 related to different directions, position information related to
the sanme directions as the neasurenent directions of the encoder
system (i.e. at |east one of the X-axis, Y-axis and Oz directions)
may al so be used. Further, interferonmeter 5 system 118 nay al so be
capabl e of measuring position informatiorf’of wafer stage WST in the
Z-axis direction. In this case, position information in the Z-axis

direction may be u%da{@ar%%l‘se@lﬁ(ﬁl%ﬁlﬁre% LPeLAld N QUL dNg %E%g('haereinafter,

Measurenment stage MST Inc es stage main section 92 an

nmeasur enent  tsallre INTB-dunted 1N = age drighsecti@ndd iINRHILRNbE a
table MIB is nounted on stage main section 92 also via a Z-leveling

mechani sm ( ndtarstehaped kiewdsar hahiengre serdt anmmantyd eredtsi ol |shideednd
to this, and, for exanple, neasurenent stage MST having a so-called
coarse/ fine MmeHVET St vctngfe temcks mwhitetr neasuremgdd teatilendi®y il the
configured finely novable with respect to stage main section 92 in
the X-axi3 di¥éctiofinssdivaxi §PdPrectbohsakdnepatdeadilyestpprriigy on

al so be enpl oyed, or a .configuration al so be enpl oyed in which
measur enent PR S sfncl%%db&i g’[yagr%}/ Tﬂpseér@ttijgnp T P ISigerre -
main 20 section 92 iig%leu%iDn%arre%%urs%r}%réts taasbl e '\r/lg%oitir %r is\£aatbl earidn
directions of six dégrees o f'r eeddm RV RS 1pypes 0

t r t - t ' t
measur ement nehens e 1ardanead At ﬁqﬂ%ésg@aeﬁrc#}@%s( NG BRIy

mai n section 92). For exanple, as sho

neasur enent REFEITiEHN 025t RErAdl | BE Bdn | |dUsH BBNEErS€A50(t 14 brand
that has a pinhol e-shaped |ight-receiving section that receives

i 11um nat® on naimght of ISch tanA G rageemd hovge @l spriog eetieaiagpt.i cahe Hstes s
PL, an aerial image neasuring instrument 96 that neasures an aeri al

i mge (proj ectead demagelhefuppgratsteriacehdthiessprbpeel exf 9P proj éctiomet
44 optical system PL, and a wavefront aberration nmeasuring instrunent
98 by the Shi‘él@h%ﬂ REnckeLREdthRasang HP¥el a9 Jarl ek amiium plpae

parhl et ‘of lternat Lonal,_Publi catlon Noy 0005428 and the Ll ke are

diffraction grating) 52 whose periodic direction is the Y-axis

15 direction is respectively formed in the vicinity of the end
portions on one side and the other side in the longitudinal
direction of CD bar 46. The pair of reference gratings 52 are
formed apart at a predetermined distance (which is to be “L*)
in the symmetrical placement with respect to the center in

20 the X-axis direction of CD bar 46, that is, centerline CL
described above.

Further, on the upper surface of CD bar 46, a plurality
of reference marks M are formed in the placement zs shown in
FIG. 5A. The plurality of reference marks M are formed in

25 three-row arrays in the Y-axis direction in the same pitch,
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 a2 primary alignment system and



5 aberration neasuring instrument 98, the one disclosed in, for
exanpl e, the panphlet of International Publication No. 99/60361 (the
correspondi ng EP Patent Application Publication No. 1 079 223) can

al so be used. As irregular illumnance sensor 94, a configuration 10
similar to the one that is disclosed in, %br exanple, Kokai (Japanese
Unexam ned Patent Application Publication) No. 57-117238 (the

CorreSpondin%é%éﬁd%%%ggﬁﬁgﬁen%zég§t§ﬁ?)(984x§g%sEEﬁ%e%aTapgrffggused.

Further, as aeri suring Irastrunent a“configura
simlar to theqnedddhakk Maadl éPé&%%ddif‘fefé’ﬁtﬁ)ﬁagﬁél\ge KfRltirutio
(Japanese Unexam ned Patent Application Publication) . 2002- 014005
(the correspadmdidusizRaimefk APPIH CatimoRhBUBhbEAl @At Noreference mark
2002/ 0041377) and the like can be used. Incidentally, three

measur enent irerdyet s£i(d@%;1296 mendck IB) herves tthebes aarer arrgext iatu teas wreheriiso
stage MST in the 20 enbodi nent, however, the types and/or the nunber

of neasur enertharehBErstke same poRstihitean v tthehet At ahea hbarmeraar k
menbers, for exanpl e, neasurepment nmenbers such as a transnittance

measuri ng i n&tfr URERE Fhat Iiekdtnedl &Y 1 rldh &hier erRed1BeNpy of ket Wpface of
i | L d/ 25 i i t t that

Phcar 1 gt o iers B g2 SR B A SHATE. GrbteadTEoritsgn may

| - | SyedTEAD

ens 191) or 1%&?.ﬁfdé<etﬁgi¥nea45ﬁ.%c%ger{t€%nﬂé%§ rbeerMJ]%e .ngo r?é are ahl o

different fro e neasur ene rs such as a cleani nber” tha

cl eans nozzl @ diide Bith B h@aﬁia9ﬁe§é11@§tlffﬁnwa@ééofe%lm &d 1m)
45 on neasurenent stage MST. n the enbodi nent, as can be seen
from Fl G 05Aseeragdnsors that are frequently used such as irregular

il lum nance sensor 94 and aerial inmage neasuring instrunment 96 are

pl aced 5 on a cent &llsiocnenCitheY-+axiesidpassifiaget Rnoughet X eent e faice of
measur enment stage MST. Therefore, in the enbodi nent, neasurenent

usi ng t heses Me@FIGTEEEN tHd Ise MG, neg e arvim g undasigseidat ascadé@bVBEe
only in the Y-axis direction w thout npving the neasurenent stage in
the X-axi s difca@ietom g ot LRAUAEPENt £B1 8RB ot (HROGkRRS $RREE risd @

b , il i i th h i ght- I Vi ti
having a predét Ehaiied 2rih Bze PHapPAGEraBd Pi GRFRALFOATEEGH: PREM
on the i {Rrge (Pr{?%%% frn tobggltﬂ? ?]réfghbgﬁlif%ébe.%oqflatior@é/fféé’gigg surfaces

enpl oyed, which i's di sclose or “exanp
1%9a and 19b and receiving a reflected light of each

n)

interfercmeter beam, Y-axis interferometer 18 and an X-axis
interferometer 130 (X-axis interferometer 130 is not shown
in FIG. 1, refer to FIG. 2) of interferometer system 118 (refer
20 to FIG. 8) measure a displacement of each reflection surface
from a datum position, that is, position information of
measurement stage MST (e.g. including at least position
information in the X-axis and Y-axis directions and rotation
information in the 6z direction), and the measurement values
25 are supplied to main controller 20.
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,



15(Japanese Unexam ned Patent Application Publication) No. 11-016816
(the corresponding U. S. Patent Application Publication No.

2002/ 0061469) and the like. The illum nance nonitor is also

preferably placed on the centerline. Incidentally, in the enbodi nent,
liquid imersion 20 exposure is perfornedqn which wafer Wis exposed
wi th exposure light (illumnation light) IL via projection optical
system PL_andd iy d et iert G000 cR660EAENOhYC T LSO 478 serving
il lum nance sensor 94 (an fhe i'ITum nance nonitor), AGrT Al | mage

measuring i nsld HNBRE£86 ANt wakel { onfr ARRIdALE0N- 251 SRAHHINI1 and made
instrument 98 that are used in measurenment using illumnation |ight

| L receive ihdpupitnatbenstdmghle | larvbalpdoneet ] arhdpt bhaktay s @nrangkd
water. Further, only part of each sensor such as the optical system
may be nount ed en pesdsucendirhet ablkde sMEBatandnsthge-Yas ids exf i tore 92) end
or the 46 entire sensor may be placed on neasurenent table MIB ( and
stage mai A s@QHteP2)en X-axis Asaspewhli Bhit Fasss shelarmsshgirad 47A.
attachment nmenber 42 is fixed to the end surface on _the -Y side of

St age i n 5 detiFoROSEE LPF AT PENEnE LSE Qe MBRA THEREREr PO ARSaTRET

surface on t -Y side of. st mai n. section 92, a pair of
. Q%As’ysat%er?gje&f'naq’ éﬂ% 1S qforrrfeﬁje.

phot odet ecti an I Xed imn vicinity of the center

position in the X-axi sygif 8¢t +o8 i6qsél?1§‘%@5'rQl@%ni%g:qu_fva%lteaflf?'&r}tections
eo acing a f

nmenber 42, in the placement capabl “pair o _
l'i ght -t ransmdst iang s tzemmBe Eachafs phaledatgpt illn 5 ¥tiens rdHahism

conposed of an optical systemsuch as a relay lens, a light-receiving
el ement 30ich 38%. ahphotenattaphearot ubtes -andigchedsopgningts IMUSRSNed in
them As is obvious fromFIGS. 4B and 5B and the description so far,
in 15 the enBodixientstatora8dt and whetedeaf efostagenVBY, aamd air cylinder
nmeasur ement ;%ggehNBT,%rg closer together within a Ergdetgquqgg )
di stance in ¥haxi sxai r RFUFAYRREY udig et dPPasansgnake)opening 51A
iIIuninationgg qgtakLo%g%%dhg%aggegr a closed state. The opened/closed
state of opening 51A by shutter 492 is detected by an
15 opening/closing sensor 101 (not shown in FIG. 6, refer to FIG,.
8) that is arranged in the vicinity of shutter 492, and the
detection results are sent to main controller 20.
Stopper mechanism 48B has a configuration similar to
stopper mechanism 48A. In other words, as shown in FIG. 2,
20 stopper mechanism 48B includes a shock absorber 47B that is
arranged in the vicinity of the -X end portion of X-axis stator
81, and a shutter 49B arranged &t 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
25 1is formed.
Herein, the operations of stopper mechanisms 48A and 48B
will be explained based on FIGS. 7A to 7D, focusing on stopper

mechanism 48A as a representative.

In the case shutter 492 is in a state of closing opening



transmtted through each aerial imge nmeasurenent slit 20 pattern SL
of neasurenent plate 30 is guided by each light-transmtting system
36 and received by the |light-receiving el enent of each phot odetection
system 44. That is, measurenent plate 30, light-transmtting systens
36 and phot odet ecti on systens 44 constitw an aerial i mge 25
measuring unit 45 (refer to FIG 8), which is simlar to the one

di scl osed i nokak {Hapaneserhexamagg, Eﬁéfjﬂk—é@é 1¢ald N1 and X-axis
Publ i cati on) No. 2002-014005 (the corresponding U S. Patent

Application Rbldgatdmoedie AEY QAALINAr rf eyHAG Lt FRY ous! Kk-=80d
the like. 47 On attachnment nmenber 42, a confidential bar

(herei nafter statmmd B 1Ir efrer 88d damrag acheD dvar 'Qlokert et shodrmed sdFber
of a bar-shaped nenber having a rectangul ar sectional shape and

serves as a rigfeprdciuidirbed SAscemihdod cexeretait hegyiith {benBadt axgs each
direction. CD bar 46_is kinematically supported on nmeasurenent stage
MBT by fuPl - A& Fat | ENnbhAf SEeGet ar EOnEiguEatbopait s46mpepyes a8 yhich
prot ot ype standard as ment . st andard), . opti cal ass ceramcs
with a | ow c8& it mieow SR MBI, &R é@EZ odGit (g 1nto
brand 10 na f _SC re..enpl d.as e terials. .The .

fl at ness degr%Zaoéﬁgf tﬁgkhpég?ﬁsoﬁcr éz;gég %ﬁhégs%}ﬁ%]accaens?e & e%ﬁ %ar}e%siescuon

set high to hegfeyndd ke %arfelg Q¥ela 23 53 30+ ll%qad%tfugzqralcq{n%bsorber
pl ate. Further, as shown in FlI 5A, a reference grating (e.qg.
diffraction grat nBgsS2o Wesaoper+pdiiddi(iest i ON tise LhReYwBXES a spring
10 {not shown) of shock absorber 47A contracts mest, and the
cverall length becomes shortest) as shown in FIG. 7B.

On the other hand, when shutter 4824 is driven downward
via drive mechanism 34A as shown in FIG. 7C, opening 51A is
in an opened state. In this case, when X-axis stators 81 and

15 80 come close to each other, at least part of a tip portion
of piston rod 104a of shock absorber 47A can be inserted into
opening 51A as shown in FIG. 7D, which makes it possible to
make X-axis stators 81 and 80 come closer to each other than
the state shown in FIG. 7B. In such a state where X-axis

20 stators 81 and 80 are closest to each other, wafer table WTB
and measurement table MTB (CD bar 46) can be made to come into
contact with each other (or, to come closer together at a
distance of around 300um)} (refer to FIG. 14B and the like).

As shown in FIG. 7D, the depth of opening 51A may be set

25 so that a gap is formed between shock absorber 47A and a
termination portion (a pertion 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 of piston rod 104a of shock absorber 47A touches the



15 direction is respectively fornmed in the vicinity of the end
portions on one side and the other side in the longitudinal direction
of CD bar 46. The pair of reference gratings 52 are fornmed apart at a
predet erm ned di stance (which is to be "L") in the synmetrical
pl acenent with respect to the center in 20 the X-axis direction of CD
bar 46, that is, centerline CL described above. Further, on the upper

surface of CR hats 46 & Rardldty %{%rt%fe? eaﬁeo@@regs Y g&%&%ﬁ%ﬁf@%

t he placenent as shown In FIG bHA e pldrality of reférence ma

are formed i mdpAidueerTOWMR ra%E 11 ddie 6rd s FidBGld oA reddie &AM
pitch, and the array of each rowis fornmed being shifteed fromeach

ot her by a priedei ecnitred dishasgehidtlide oXraaxiisn dheectson-Asi cadntefrs
reference marks M a two-di nensional mark having a size that can be
det ect ed by @Ipranvhrd0 aldlgriniertls ystwmiandhel&-sedendbime cliignnmentwidth
systens (to be described later) is used. Reference nmarkM may al so be
di f ferent i n ¥hhpE RIHSII PAEFIRN MaDmIEORRISEL haekdvRpC el dapauence
ggﬁg? : {Tﬁ? ;[ bnrugﬁ{ %ngﬁzar}lacrikcy'vloa{'dtl'fé druecllae%:livna—:arnk(ovlfe'\lﬂnehne%:v.e the same
Incidentally, in the embodiment, a pair of stopper
mechanism 48A and 48B are to be arranged at X-axls stator 81
and X-axis stator 80. However, only one of stopper mechanisms
10 48A and 48Bmay also be arranged, or a stopper mechanism similar
to the one described above may also be arranged at wafer stage
WST and measurement stage MST.
Referring back to FIG. 2, a clearance detection sensor
43A and a collision detection sensor 43B are arranged at the
15 +X end portion of X-axis stator 80, and a plate-shaped member
41A that is elongate in the Y-axis direction is arranged
protruding to the +Y¥ side at the +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
20 -X end portion of X~axis stator 80, and a plate-shaped member
41B that is elongate in the Y-axis direction is arranged
protruding to the +Y side at the -X end portion of X-axis stator
81.
Clearance detection sensor 43A is composed of, for
25 example, a transmissive photosensor (e.g. LED~PTr
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,



5 they have the sane constitution with that of an alignnment mark of
wafer W Incidentally, in the enbodi nent, the surface of CD bar 46
and the surface of neasurenent table MIB (which may include the

measur enent nenbers descri bed above) are al so covered with a liquid
repellent film(water repellent film 10 Feveral | y. Al so on
the +Y end surface and the -X end surface of neasurenent table MIB,

flecti 1 19b f | oy MT
e dosor i bed have (T ol er o Bl Gh T Shae6R By e oAbt n e SN e

i nterferonet ethdbearBel X (das Wamit dleaila B:shoWtdth Flf3 dond Q:lose
reflection surfaces 19a and 19b and receiving a reflected |ight of

each interf erfarmiterr beamthé axaseidtt PLEergnpl ete18hapdd aembeXi $A comes
interferoneter 130 (X-axis interferoneter 130 is not shown in FIG 1,
refer to Fl Gbewash jlnitgrf-erearmsitvemae ystamdi 8l {4k fard 20 gld -EnG t8)ng
measur e a di spl acenent of each reflection surface froma datum

posi ti on, Ot h&eGsompddidty andi fifer khghbnt bem nekgf ekt tageqgon 144
(e.g. i ncl udi,n | east §SSI'[I n inforpation in the X-axis and

Y-axi s direct] ﬁgEﬁﬁﬁePG? b¥ R LRAFEFnRE %rPCiWJtoﬁ"eogszcﬁF%c@F%ﬁ’ﬁd meRgper
h | 2 dt t | 20
Meanwhi | 6, ag M%‘Hai St g 5”? %gﬁecr%glc%ednﬁgnﬁni%ﬁ Lece g pgction

arranged at X-saq g @I}Q WY |
t hat shows the vi CI nity o]Tﬁthe +X si de eoﬁ port n of % ax| sjs}ié:c{u(()éflsﬁ

80 and 81 i npRdRleEIsmbilYErYi eiccANISIPRPEha MBI SN ASA2iDNEh NERST: 2+
shock absorber 47A serving as a buffer unit that is arranged at

X-axi s statorthdt aheé naderapcef beteeecaxmnpkes abatblsd@pald ENdexomes
shutter 49A arranged at a position (the end surface on the -Y side of

the +X end 5espatli 6r) conlXsaxtbagt atwredot ¢ tatndcdcbis tshook absetserting
47A. At the position on X-axis stator 80 that faces shock absorber

47A, an openith§ SPADUE fOGRERT . As shown in FIG 6, shutter 49A
is drivable in dlrectl ns of arrows A (Z-axis direction) by a

and
drive mechani sm 10284&PCHR: 1P's FdFraky &O&rlrltsﬁt?n desieqs ion 8 &CRg 4§§A
formed in X-al at qQr dlnclu for. exa n air_ cylinder
and the Iike’” ?core(? nglf>8/l, (ﬂlﬂet er” 4?9{21 A}?Vﬁﬂge NEJe é)eslﬁnéjgai n an
opened siate q _ e n |0
SA by shut  on GRS Ger S sy by o 2o eI H v UM don

145B that are respectively arranged on a pair of surfaces
facing each other of fixed member 143, 1In this case, as shown
in FIG. 6, light-emitting section 145A is placed at a slightly
higher position than light-emitting section 144A of clearance
20 detection sensor 43A, and light-receiving section 145B is
placed at a slightly higher position than light-receiving
section 144B of clearance detection sensor 43A so as to
correspond to light-emitting section 145A.
With collision detection sensor 43B, at the stage where
25 X-axis stators 80 and 81 further come close to each other and
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 um), the position of the upper



15 opening/cl osi ng sensor 101 (not shown in FIG 6, refer to FIG 8)
that is arranged in the vicinity of shutter 49A, and the detection
results are sent to main controller 20. St opper nmechani sm 48B
has a configuration simlar to stopper nechani sm48A. I n other words,
as shown in FIG 2, 20 stopper mechani sm¥BB incl udes a shock
absorber 47B that is arranged in the vicinity of the -X end portion

f X-axis st - tdes- POsid
R NS e TR

X-axis stator 80 that faces s ! _ _
side portion 101fgrs&ugxﬁiecrtﬂ996s@f:txoaxzn@ﬁhﬁh@ig&&—@bmmgwgeééﬁoaid@@,

f or med. Herein, the operations of stopper nechani sns 48A an

48B wi || be expl aihred frasedhen 1IEGES. f7Amt Di.dhx -&aCuBing SScSiOPPRISA is
mechani sm 48A as a representative. In the case shutter 49Ais in a
state of cl ogiafy iowdsieng oB0lsgAtaseshownngnsEEGioT Al 4 Ben Aslwerirdingly,
X-axis stator 81 and X-axis stator 80 come close together as shown in

FIG 7B, X af&tiiregenm sondfiacledmatabpel dsgrlay ahkinto

b b 47A and shutt 49A conming,into contact with (contacting
e B bt or A s R B o Oy B e At eyt Peance

ualer Leble WP S0Py STENe) LS MIBIL IO GOTE L0L0 SAAS,

wi th each ot her even 1 ere a secti

tip of a pi sthrgnrftadfe]&%iq{g M&Pﬁwﬁgboféﬁi%%%é& the most -¥

side (i.e. in tthe case where a spring 10( of 'shock absor ber

47A contracts nost Noardthhe @VesBdhcd entdrdieaPrRe s$RoL beSind @S 13NAWdN
in FIG 76. On the other hand, when shutter 49A is driven

downwar d19@i a ddriece inec banssm 83D tdmtshewnarpaky&d ACthepencngibifof The
in an opened state. In this case, when X-axis stators 81 and
—X end portion of X-axis stator 80 are also configqured similar
to clearance detection sensor 43A and collision detection
sensor 43B described above, and plate-shaped member 41B is
also configured similar to plate-shaped member 41A described
15 above.

In exposure apparatus 100 of the embodiment, in
actuality, a primary alignment systemALl is placed on straight
line LV passing through the center of projection unit PU
(optical axis AX of projection optical system PL, which also

20 coincides with the center of exposure area IA in the
embodiment) and being parallel to the Y-axis, and has a
detection center at a position that is spaced apart from the
optical axis at a predetermined distance on the -Y side as
shown in FIG. 3, although omitted in FIG. 1 from the viewpoint

25 of avoiding intricacy of the drawing. Primary alignment
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 AL2,, and AL2s



15 80 cone close to each other, at least part of a tip portion of

pi ston rod 104a of shock absorber 47A can be inserted into opening
51A as shown in FIG 7D, which nakes it possible to nake X-axis
stators 81 and 80 conme closer to each other than the state shown in
FIG 7B. In such a state where X-axis 20 ¥tators 81 and 80 are

cl osest to each other, wafer table WIB and neasurenent table MIB (CD

bar 46) can hg made ! QheQre dbRke+Gent %gh%%%%ﬁ%g@Pgtsfa%t&grl,lyt0 come

cl oser together at a distance of aroun efer to FIG "14B and
the like). Asah@mridelAlyGpldded he wdeptdssictopani g1 Skt tray e $etare
25 so that a gap is forned between shock absorber 47A and a

t erm nati on pevdrrll(yaapaaniged .coThespondifigd alaghachany yeotenpeRingnd
51A even in a state where X-axis stators 81 and 80 are closest to

each ot her, @&L2ralyo bRL3etarso pliagiechead thedt itheir04etetpiost crnteds are
104a of shock absorber 47A touches the 51 term nation portion.
Further, Pn &d&ed ¢tprddEREeahobRSAbIBRBeN 47e ek il St I rgsdritaron thet

openi ng 51A f.rom_com hg i.nto ntact wth each .other even in the case
X-axis stat or]ss’8i°(EL5‘r§:cf3 G?‘JTOé’Iga?clg\?el Fove PS4 % -axi s direction, a

width 5 of the Opeﬂ%”&sp %bg%@F %t%b%&yb%h%%% %@h%%%%%%%r&nalignment

accordance with a quanti e relatirve nove

I ncidental | y gyt dhh@reybodi fende . daly a@‘ig%ﬁ&qﬁers})ﬁ%ﬁ-@ﬁh§g‘ gr%ﬁal anf 4

48B are to be arranged at X-axis stator 81 and X-axis stator

However, onl ysofiexeti sboppeip Neehaling end) 48Aantk 88, may=als® Hethat
arranged, or a stopper nechanismsimlar to the one descri bed above

may al solbe @amargeth atronafcera fcage IWET cand areds wemdid cxtrage: NBl.a
Referring back to FIG 2, a clearance detection sensor 43A and a
col | i si on dePeediehersdmssy ARB carargie dmged catkwilse BSidXndrid Joorkviiee
of X-axis St%E%%c%gbn%n%naF%E?tgjsr§%n¥%énggggaiment a partial section
’
of each secondary alignment system AL2, (e.g. including at
least an optical system that irradiates an alignment light
15 to a detection area and also leads the light that is generated
from a subject mark within the detection area to a
light-receiving element) is fixed to arm 56, and the remaining
section is arranged at the main frame that holds projection
unit PU. The X-positions of secondary alignment systems AL2q,
20 AL2;, AL23 and AL2, are severally adjusted by turning around
rotation center O as the center. In other words, the detection
areas (or the detection centers) of secondary alignment
systems ALZ;, AL2;, AL2; and ALZ4 are independently movable in
the X-axis direction. Accordingly, the relative positions of
25 the detection areas of primary alignment system ALl and
secondary alignment systems ALZ2;, AL2;, AL23; and ALZ, are
adjustable in the X-axis direction. Incidentally, in the

embodiment, the X-positions of secondary alignment systems

AL2,, AL2;, AL23 and AL2,; are to be adjusted by the turning of



41A that is elongate in the Y-axis direction is arranged protruding
to the +Y side at the +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 20 -X end portion of X-axis
stator 80, and a pl ate-shaped nenber 41Bthat is elongate in the
Y-axis direction is arranged protruding to the +Y side at the -X end

portion of X+ % ,8{At Ofo@dvel e@ﬁé”%feQ@ﬁ@%ﬁ@éh@f&ﬁofs ?ie%gilsjﬂg&elgrrto

conposed of, for 25 exanple, a transm ssive phot osensor

transm ssi ve {phiof,08erSer iri@8dnkBELHUES Bhit Xk vedhad e NAW NG rdhent
U-shape, and a light-emtting section 144A and a |ight-receiving

section 1448 syisterey ALLes FEG2H, VRLY ; aartchRged eacla gpai FoethsinfateX-axis
faci ng each other of fixed nmenber 142, 52 as shown in FIG 6. Wth

cl earance detdoreddniwensy a3k be athmangssb XFaxitbest, agor 18@sandne of
X-axis stator 81 cone close further fromthe state of FIG 6,

pl at e- shaped SFEFEIR AL & IdGREE e SHSERTS §hL1r k?ai g 2seabflobligsBy be
and light-em tting 5 section,144A gnd the Jight fromlight-emtting .
section 144ATYAHEPOEREY BY ST GREFLRAFT For LRS! prade. Sheyadxis
menber 41A, l.i ght At eiy y_ Light-receiving section
144B gr adual I%;Lq: Zcé:rleogls'esﬂggggfeh}e{agggpu?§gﬁrgrBﬁfgngdgngysﬁggf}ﬁégy

smal | er. Accondiigeht §BkPemrX ol d ﬁBv%g Wﬁrﬂ%ﬁgtp&QJ.%f@ﬂ irnrf%lréngé:ion

cl earance between X-axis stators 80 and 81 becones ‘equal to or

than a predetogr ghaesk €t HAce sbyideteed iaith 5B iGURBHEUGHPN MLy a sensor
As shown in FIG 6, collision detection sensor 43B includes a fixed

menber 1¥3 haviotg shodrshapeh and s i e rfliroamitietyd, ng rseat icoreclddA ande
a light-receiving section 145B that are respectively arranged on a
pair of surf @e@scfragiayg cgdoh neelserreopdsibtédmenierme43.onl dnt he Xaseis
as shown in FIG 6, light-emtting section 145A is placed at a
slightly hi gRéressdion oh seirandairght 1 banrenth g vs&er drea4apmgly be capable
cl earance 20 %et ection _sensor  43A, ,agd I iﬁht-r,ecei ving section 145B

is placed at °d SFPGHELPINPGREFLBBsHET SRR haA" | 1y HANGEE WitgLd@n ofor

|1i43rE?t of & f?%%%@%&%ﬁgﬁﬁ%hg%%%‘sg{rélg’@iér? 20} 8 GHL SR P i rection
15 (including at least one of the 8x and 8y directions).
On the upper surface of each arm 56,, a vacuum pad 58,
(n=1 to 4} that is composed of a differential evacuation type
air bearing is arranged. Further, arm 56, can be turned by
a rotation drive mechanism 60, (n=1 to 4, not shown in FIG.
20 3, refer to FIG. 8) that includes, for example, a motor or
the like, in response to instructions of main controller 20.
Main controller 20 activates each vacuum pad 58, to fix each
arm 56, to a main frame (not shown) by suction after rotation
adjustment of arm 56,. Thus, the state of each arm 56, after
25 rotation angle adjustment, that is, a desired positional
relation between primary alignment system ALl and four
secondary alignment systems AL2; to AL2,; is maintained.

Incidentally, specific rotation adjustment of each arm, that

is, an adjusting method of relative positions of four secondary



Wth collision detection sensor 43B, at the stage where 25 X-axis
stators 80 and 81 further come close to each other and wafer table
WB and CD bar 46 (neasurenent table MIB) cone into contact with each
other (or at the stage where wafer table WIB and CD bar 46
(measurenent table MIB) come cl oser togetEhGer at a distance of around
300 pm), the position of the upper 53 half portion of plate-shaped

renber 414 | S selnbet el hatues (4] 39,3661 LON-A458c000, orinary

| i ght-receiving section 1455, and therefore t

light-eni tting ispeddan skASAR KIMOt, i NCiKie e QI 1H Dt r41QCLT Vi ng

section 1456. Accordingly, 5 main controller 20 can detect that both
tabl es cone into camicdelentiall ygadlh ehberaber aCcoaet CbRSEf ftogetdier fatame
a distance of around 300 pm by detecting the output current from

| i ght -r ecei vilegigertairon 54565 ke oegined izebodyNoge ¢hett coreagmecaenay also
detection_sensor 43C and collision 10 detection sensor 43D that are
arranged Pn tife SERIMaY igrstigrsd -of e psr thash 3. X-axis stator 80

are al so confi gure&ngi hngl ar. to, cl earance detection sensor, 43A and

col l'ision detectio o?TRRBIHRRE | b §AB0PE, PRHEE BY 4 LI EHIgIEg System

gggg?ir bgéﬁ i %&LalI Sa%ac%rgdxgusreecdonscjarE} %trlitg%rrpeln‘%:t es_yss & mesd Aﬁb%g ﬁ}é}, for
example, an FIA (Field Image Alignment) system by an image
processing method is used that irradiates a broadband

10 detection beam that does not expose resist on a wafer to a
subject mark, and picks up an image of the subject mark formed
on a light-receiving plane by the reflected light from the
subject mark and an image of an index (an index pattern on
an index plate arranged within each alignment system) (not

15 shown), using an imaging device (such as CCD}, and then outputs
their imaging signals. The imaging signal from each of
primary alignment system ALl and four secondary alignment
systems ALZ2; to AL2, is supplied to main controller 20 in FIG.
8.

20 Incidentally, each of the alignment systems described
above is not limited to the FIA system, and for example, an
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

25 lights (e.g. diffracted lights of the same order or diffracted
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 AL2; are to



15 above. I n exposure apparatus 100 of the enbodinent, in
actuality, a primary alignnment system ALl is placed on straight line
LV passing through the center of projection unit PU (optical axis AX
of projection optical systemPL, which also 20 coincides with the
center of exposure area |A in the enbodi mht) and being parallel to
the Y-axis, and has a detection center at a position that is spaced
apart fromt i i in i,stan 0 -

side as shommt}ﬁai %%I%%ﬁjesc?)&a t oeuangf)cﬁlﬁﬁeg{jﬂq n%%%lv%tf'f r%gr% 'E{#Een%%r bt

vi ewpoi nt 25 0fi gt BgskBhki CaeY t0f i s @R Nge, RuitRiy 12 88 RRAber
system AL1 is fixed to the |ower surface of a main frame (not shown)
via a suppor tequaibern b4 mOpeotkasi theo aftttl tdweiadt her ogi Uessntiide fowxi Sr
direction with primary alignment system AL1 i n between, secondary

al i gnment sy gStagiTeR A2 anvan &2 E quanld tAL 22 nBdreartthadl 24 sphage may be the
detection_centers are substantially symetrically placed with respect
to straight 199 E\Mﬂla?érmre?ﬂaﬁlqﬂ%mlalﬁ@éd. Mpaeoyar . finyghe|smpadEment,

systens ALl d AL21 to AL24 are placed so, that thejr_detectio ,
centers are %nld’iea BT S5k 12k Al he %%\%(i%editroegﬁ drtxed

that is, placed.alo e_X-axi irectian, IS . .
representati \3% &ﬁghg\%ﬁggység%%%a&y tgjel grgnr?r%élnFrgg/ﬂgt%%%Lrﬁll,ése&rﬁjecitlon
secondary al ihgneniy SysiLem t(?n:ejlrr%;éq: g 1S ublxed L Orfel bRELIEN NG

end) of an arm56n (n=1 to 4) tha can turn around a rotation

center 0 as tike GRS iis_nn@tp!l?cﬁ@ﬁ:@ﬂni:ﬂeghﬁgﬁ'@ndﬁaﬂ%? d g REKWIRE five
and anticlockwi se directions in FIG 3. In the enbodi nent, a parti al

section b0 eadh gecondayytahs gayenl ss pet & ildsd ba.tthe mogkudengnatf rame
| east an optical systemthat irradiates an alignnent light 15 to a
detection ar éesad@ldseddddyr the |ight that is generated froma
subject mark within the detection area to a light-receiving el ement)

is fixed to arm 56ATaR#PPREIEeABPAFA§USeEP P onl i Bharsmirfbidnent 4 fes pdioyn

frame that haqld rojection unit PU, Th -positions of secondary
l gnment  sySteliCA 31, T9BTARBSY KESSSaRAh LD A S eV ANGPURE et

by Tur i ng. arQund .okl 190 CNLET. QA% LHe GELEr o D0t Sl iordo, o)

. C
t he detection areas (or ectioncenters second al’1g

systems £L21.r AL22, jAL23 fx@%%@gf hRdepgRdent ¥ %Vg%gait:ﬁefﬂ?ed to

X-axis direction. Accordingly, the r€lative positions o

detection arexe horRgoTRy maindRrERAE SMSteRb Ml BRGH SeePpdalyit PU in a
al i gnnment systenms AL21, AL22, AL23 and AL24 are adjustable in the

X-axi s directsusperideei deatal¥ya a supperemathaentsl dheigh pastteansn ahe
secondary alignnment systens AL21, AL22, AL23 and AL24 are to be
adj ust ed by thewiuwgs mpaf as FIG. 3 from the viewpoint of avoiding
intricacy of the drawings. Incidentally, for example, in the
20 case projection unit PU is supported in a suspended state,
head units 62A to 62D may be supported in a suspended state
integrally with projection unit PU, or may be arranged at the
measurement frame described above.
Head units 62A and 62C are respectively placed on the
25 +X side and -X side of projection unit PU having the
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 of projection optical system PL.



55 the arnms. However, the present invention is not limted to this,
and a drive nmechanismthat drives secondary alignment systens AL21,
AL22, AL23 and AL24 back and forth in the X-axis direction nay al so
be arranged Further, at least one of 5 secondary alignnent systens
AL21, AL22, AL23 and AL24 may be novabl e Fot only in the X-axis

di rectl on but also in the Y-axis direction. Incidentally, since part

of each secondafohel,i HURNL S @Bl g mMed R AIPiRRT, gﬂ%rctéoo%n

i nformation of the part that is fixe to armb56, Is rreasura

sensor 10 (natheshomw)iEIGhdsS-ansidd efff ef il ordurdiit EPIPQQBflngT%e
sensor may only neasure position information in the X-axis direction

of secondary lalriggrinehinasly stiemcAlidn iar thayYbextapabtecof omeasdird g also
position information in another direction, for exanple, the Y-axis
direction andﬂ@cet%élpraéﬂ'—a@tm@tmﬁi@kﬂﬂmméam&i agshanteastornmp tdfcal

the ex and ey directions). t he upper surface of each arm
56,, a va%uurﬁ"‘da‘"'dpg%r?f( rPrPJte(S:tA‘r)ont H’é%tjrcsa SIS B¢+ a di fferentl al
evacuation type air ring. |s ra ge Furt her,

turned by a rot at| %1\‘?’8 H‘Qc gl (in”fjt(? ﬁ dsﬁ%% arg ePEh

2.0 3, refer t %eoS)w gthruc QJrLéci y Oqir %)S_ ’thai gg:t %ﬁaor'f theads 64

like, in respo to in ons o mai n con 5 1%y

control l er 2Qagt hyétﬁ%@@&atvaw&%%ﬂ%e& elétén@@% arﬂ@l%ﬂ@ 13ne

main frame (not shown) by suction after rotation adjustnent of

56". Thus, thes ShatEpaé s€8Cth s ptafdar a28 sf Akadf Pr et t€ion optical
adjustnent, that is, a desired positional relation between primary

al i gnnment0 sy$tyesmeN_PIaraad1d dur peeedriddr ytalihgnirertxisy stammAlide th-axis
AL24 is maintained. Incidentally, specific rotation adjustnent of
each arm thé&tnestism.adflasti ngirepRddcofistékatieseapnsiltiphs-denkour

secondary 56 ) ) , _
(six-lens in this case) Y linear encoder (hereinafter, shortly

referred to as a “W¥ encoder” or an “encoder” as needed) 70A
(refer to FIG. 8) that measures the position in the Y-axis
15 direction (the Y-position) of wafer stage WST (wafer table
WTB) using Y scale 39Y;. Similarly, head unit 62C constitutes
amultiple~lens (six-lens, in this case) Y linear encoder 70C
(refer to FIG. 8) that measures the Y-position of wafer stage
WST (wafer table WTB) using Y scale 39Y,. In this case, a
20 distance between adjacent Y heads 64 (i.e. measurement beams)
equipped in head units 62A and 62C is set shorter than a width
in the X-axis direction of Y scales 39Y; and 39Y; (to be more
accurate, a length of grating line 38). Further, out of a
plurality of Y heads 64 that are equipped in each of head units
25 62A and 62C, Y head 64 located innermost is fixed to the lower
end portion of barrel 40 of projection optical system PL (to
be more accurate, to the side of nozzle unit 32 enclosing tip
lens 191) so as to be placed as close as possible to the optical

axis of projection optical system PL.



al i gnment systens AL21 to AL24 with respect to primary alignnent
system AL1 will be described |ater. I ncidentally, in the
case a portion of the main frame facing arm56n is a nmagnetic body,
an el ectromagnet may al so 5 be enpl oyed i nstead of vacuum pad 58.

In the enmbodinent, as each of primary alifhnent system AL1 and four
secondary alignnment systens AL21 to AL24, for exanple, an FIA (Field

| mage Alignment) s%\% ?ﬂo% an, igrage ﬁr%%%%ﬁg{?g&fr%%ogtsi Ze)gfpﬁ%g:%écp%{istth a

irradi ates a broad 10 dét ection Beamt oes n res

on a wafer tgiarsibiteet fMEkyeandnPiigks Ak AN ¥ MREGSObt Hga SUDEE G aced
mark formed on a light-receiving plane by the reflected light from

t he subj ect rar kstarul gt ilage 10f 4N d eddmiitex ataide Qldaly the

i ndex plate arranged within each alignnent system (not 15 shown),

usi ng an i magi-@xidedicectswoh aBuCDpr, anebd hemitowlputs ¢dpeippéedugitiy a
signals. The imaging signal fromeach of primary alignnment system ALl

and four ZecEIdEALIAY gHmelftl esiest difs tALIE qap Al 20t s pdmviesd ¥ digrdn

controller 20 in FIG g ZOIQ{:id ntally, each of the alignnment

systems descriBEY HooTerFE RAACITHUWEF CTSEREPFPAIEFEY éif L HHEHosystem

| e, |Li t whi j di t detecti
T Gnt b o SOBOCLI BH Brut e Saart ORE (NETGE 470 FrAGEe8”
|'i ght fi t j ect ' -
i Ohts (o, 0 TITTIARt G SRS o PERe e e e h PP T akrea T o2e

bei ng di f fracieddit Jhe PRI AN Jensrat-addd,omd hasubjec x
mark interfere and detects an interference |light,

10 linear encoder (hereinafter, shortly referred to as an “X
encoder” or an “encoder” as needed) 70B (refer to FIG. 8) that
measures the position in the X~axis direction {the X-position)
of wafer stage WST (wafer table WIB) using X scale 39X;.
Further, head unit 62D constitutes a multiple-lens

15 {eleven—lens, in this case) X linear encoder 70D (refer to
FIG. 8) that measures the X-position of wafer stage WST (wafer
table WTB) using X scale 39¥;. Further, in the embodiment,
for example, at the time of alignment (to be described later)
or the like, two X heads 66 out of eleven X heads 66 that are

20 equipped in head unit 62D simultaneously face X scale 39X%; and
X scale 39X%X; respectively in some cases. In these cases, X
scale 39X; and X head 66 facing X scale 39¥; constitute X linear
encoder 70B, and X scale 39%; and X head 66 facing X scale 39%;
constitute X linear encoder 70D.

25 Herein, some of eleven X heads 66, in this case, three
X heads are attached below support member 54 of primary
alignment 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



can naturally be used by itself or in conbination as needed. Further,
five alignment systens AL1 and AL21 to AL24 are to 57 be arranged in
t he enbodi nent. However, the nunber of alignnent systens is not
limted to five, but may be the nunber equal to or nore than two and
equal to or less than four, or may be the%hunber equal to or nore
than six, or may be the 5 even nunber, not the odd nunmber. Mbreover,

in the enmbodi is H!’L¥@c§?59r3??tstc§§éiséseg@XfAla%da@QXéA‘l('g%ategrgg‘kg%ca&}%att%,

be fixed to the lower surface o mai n frame 1 hat projection

unit PU, via supfydn mnteradihg Howavers) thegpregent xi neent isgn1bsaRel
limted to this, and for exanple, the five 10 alignnent systens nmay

al so be arrangetrmdtheurafukeptarafiiayecdesciédes eardiLef .are quipped
I n exposure apparatus 100 of the enmbodi nent, as shown in FIG 3, four

head units 62A ted2bioherkle uventsdéfBsystiefar £s pf aced o tEhestlatverofend
surroundi ng nozzle unit 32 on all 15 four sides. In actuality, head

uni ts 62A°t o Fe2U-igye offi kBg barrae Joregoiant ivdl ertises thatehoPHs(to be
projection unit PUin a suspeng@d state via a support memnber,

al though omi {1 A7 e Fratihds' S i P FIg2 23§ Mt he FEFsRI AP
20 case_pr o] GETTORSOhITo PO 1S LS URBHTIoaS S GERNAE bt Lo &R col
units 62A to 821 I&y&%j%%& diLA ssé;%%?r?eﬁh_state integrally
with projection unit PU~ or may be arranged at the measurenent franme
?ﬁ:cri bed above. Hea@edrichs B3ARAM62CRN 81 §65654A ¥E! 3 PBtat Wstem
10 ALZ; and on the +X side of secondary alignment system AL2,,
Y heads 64y; and 64y, are respectively arranged, whose
detection points are placed on a straight line parallel to
the X-axis that passes through the detection center of primary
alignment system ALl and are substantially symmetrically
15 placed with respect tc the detection center. The distance
between Y heads 64y; and 64y, is set substantially egual to
distance L described previously. Y heads 64y; and 64y, face
Y scales 39Y,; and 39Y; respectively in a state where the center
of wafer W on wafer stage WST is on straight line LV as shown
20 in FIG. 3. On an alignment operation (to be described later)
or the like, Y scales 39Y, and 39Y; are placed facing Y heads
64y, and 64y, respectively, and the Y-position (and the 6z
rotation) of wafer stage WST is measured by Y heads 64y; and
64y, (i.e. Y encoders 70C and 70A composed of Y heads 64y; and
25  64vy,).
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



25 +X side and -X side of projection unit PU having the | ongitudinal
direction in the X-axis direction, and are also placed apart at
substantially the sane distance fromoptical axis AX of projection
optical system PL symmetrically with respect to optical axis AX of
projection optical systemPL. 58 Furt her®! head units 62B and 62D are
respectively placed on the +Y side and -Y side of projection unit PU

having the | qn@i twdinalt 34 e6 ich vt the 1% %ﬁ;{a%ﬂeroe%tﬂ %eag;qﬁsgg-]%n of

al so placed apart at substantially the sane stance fromo

axis AX of pregjcectf areftdmedl gsysieH B2 by Y head A% 45h smﬁé@j f3cing
head units 62A and 62C are each equipped wth a plurality of (six in

this case) Yrefader®t tdwatt largs (H2acednatha fineédewvénn nedcdiptanae on

a straight line LH that passes through optical axis AX of projection
optical 10 syEiceders aidht sysarcnpgsad athd Xeadss,64honagdt ké yX- Bx¢sng
direction. Head unit 62A constitutes a nultiple-lens (six-lens in

this casey anfﬁéﬁ%aéeéﬂn@ﬁe?%ilﬁ%?fﬁ%?tl%& Ane referred 9 as Ygarys

der” d d). 7 to F t hat
measur es the &seeat@f?.eﬁoraﬂwﬁeﬁﬁ%r@ 7t (Ir%c%ro 2 1 v Hosi tion) o

unit 62C constituteés ens x Iens hIS

l'i near enCOd%rre7Q;Gp§;ﬂqfle tfoo rrFal‘% c@nttr*&tle&"e%ur%%& l&%l‘ﬁ F&%?ﬂt&'o‘i’ie‘}f 20
waf er stage WST (wafer table WIB) using Y scalé 39Y2. In this case,

20 di stance henween sadhacpskiYibgafstfn (ihe XYMBaAsHECHENa ReAEb]1 e WTB
equi pped in head units 62A and 620 is set shorter than a width in the

X-axi s di® echieeredodn XistakesulddMEnands BOYR offt bibeanvrrecabaty d0R,t@ 70D,

| ength of grating line 38). Further, out of a plurality of Y heads 64
that are equidpgedlisn eashrolshebe natiatsl @5 160 Ahenfz6@0re ¥t hemdo B4D bar
| ocated innernost is fixed to the | ower end portion of barrel 40 of
proj ection oft Baped\n éhcprepesrsBeRtr €2 hets <t é 1neg rt pRcaflgEes ofOE and
nozzl e unit %ﬁ enclosing tip lens 191) so as to be placed as cl ose as
possible to t optical axis of projection optical systemPL. 59

As shown in FIG 3 h%ﬁ%wﬂnﬁk g% ha? equggggsggghagpglgrallH%o OEVthe

(seven in this case eadS 6 are p ralg I"i"'ne

at a preget elémb%@qn@nsct a%c %luq'tqrg;gu he £5canl o8 At ferithiersy diegd
unit 62D i s equi pped w't

(herelnafter,shortlyreferredtx>asa‘&mﬂt1p01ntAFsystem”)
by an oblique incident method is arranged, which is composed
of an irradiation system 90a and a photodetection system 20b,
and has a configuration similar to the one disclosed in, for
20 example, Kokail (Japanese Unexamined Patent Application
Publication) No. 06-283403 (the corresponding U.3. Patent No.
5,448, 332) and the like. In the embodiment, as an example,
irradiation system 90a is placed on the -Y side of the -X end
portion of head unit 62C and photodetection system 90b is
25 placed on the -Y side of the +X end portion of head unit 622
in a state of opposing irradiation system 90a.
A plurality 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



5 plurality of (eleven in this case, out of eleven X heads, however,
three X heads that overlap primary alignnment system AL1 are not shown
in FIG 3) X heads 66 that are placed on straight line LV at a
predet erm ned di stance. Head unit 62B constitutes a nultiple-Ilens
(seven-lens, in this case) X 10 linear erffoder (hereinafter, shortly
referred to as an "X encoder” or an "encoder" as needed) 70B (refer

to FIG 8) t S {4 i=n - axi s .qdi I

X- posi tion) % wa ﬂtﬁaaég%i évé%@otfa %g@ﬁ?ﬁ@ﬂ%ﬁiﬁ%%ﬁé%@%l-for
Further, headid1 H2BrCamst iat et UL BNk 1 A SlBMeRy 8RS row
in this case) X I'inear encoder 70D (refer to FIG 8) that neasures

the X-positi amdiM wallemrst age i\W6h (wafar ruaplee \VEBdettSictd ok $edhes) or
39X2. Further, in the enbodinment, for exanple, at the tine of

al i gnment (t dayvendeseri beds| aner) arlunmes | (Mkes swbaXf hefids 8 adutuober
el even X heads 66 that are 20 equi pped in head unit 62D

si mul t aneduslof fgéeckisnapeindxi .- arﬂg’l XI$oaPe BOXP heepkity v getgction

some cases. |n . these caﬁes, X scal e 39X1 and, X head 66 facing X scale
39X1 constit BPETES FReYRIBRADAGTATECThRG AR §8 a1 2VR03bl Gnd SR HSHEBE TS

f aci X |l e,39X2. i X i d 70D. Her ei n, .
of el ven x FOLIL ab! RRct by STsity. PRRE XARERAE ahe L TdRHo b arhom
support menmber. .34 a¢f R 't”%%% (e?lldesg et S XCS—tag{rI'sﬁ‘Hl lFe)lﬂ:rtttj'.h%g‘{ b E_ﬂeracgv%'e%t ance

bet ween adj acent X heads measur enent” beans

equi pped i n eaghdaktheadsyBibs $2B ARdpBdPoleteet 18R0ELSEehMib 2 since
width in the 60 Y-axis direction of X scales 39X1 and 39X2 (to be

mor e accll at ehea lleenghh odf dgratttign iateadRF ihurhkexk-aX%ikead r6&tion is
| ocated i nnernbost out of a plurality of X heads 66 that are qui pped

in each of head tri 30628 &hd 620ei asfilkedliandter |loverafend W postitdon
of the barrel of projection optical systemPL (to be nore accurate,

to the side éRfggRaltd ounilsuTLagkcPesiltg o gnfewsatdpn sdnagheo Jpaxis
pl aced as cl ose as .possible to the ogtical axi s of Erojection opti cal

system PL. MOrEEFERCTORCTHRS DS FRELSE ScHHRAF %rfghTbRANRR MeRsTged
AL21 d he + id f dar i t t JAL24, Y head
6ay1 and oayPIaelY SERORRPITS e Mot e e SLEBELEOR i o Lareher,
pl aced ofx a %%%'eg@tet'e'fcr&%oplaa eae}AEt Q4 %%aézeaxao%tkggh Rg%@% threuah o
the detection center of primary alignment system ACT an re

substanti al | y rgymyat r(iea?stxlrleS alHleaC %gwa%'&l k@D REl @ 11 He HREECTIORhe
center. The distance between Y heads 64yl and 64y2 is set

subst anti al | glegualknt-os gssémncalll ,deses, bed, previcus] ¥1.2Y heatise §4%Lis
and 64y2 face Y scales 39Y2 and 39Y1 respectively in a state where

t he center ofliwafcérn oW, omheafdertesttage WSErias iomsstorfaitdlet muild plod nas AF

shown system and the alignment systems can be performed in parallel.

20 Themultipoint AF systemmay also be arranged on the main frame

that holds projection unit PU or the like, but is to be arranged

on the measurement frame described earlier in the embodiment.

Incidentally, the plurality of detection points are to

be placed in one row and M columns, or two rows and N columns,

25 Dbut 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-axis direction of detection

points are preferably made to be different even between the

different rows. Moreover, the plurality of detection points



20 in FIG 3. On an alignnent operation (to be described later) or
the like, Y scales 39Y2 and 39Y1 are placed facing Y heads 64yi and
64y2 respectively, and the Y-position (and the ez rotation) of wafer
stage WST is neasured by Y heads 64yl and 64y2 (i.e. Y encoders 700
and 70A conposed of Y heads 64yl and 256472). Further, in the

enbodi nent, at the tine of baseline neasurenent of the secondary

al i gnment systemg rd l.at er)_.QJ. i ke, a pai

reference gra%ti ngso( %7% %?a%%%géajrl%% ftg}cee &aﬁc&%%ﬁéﬁy&ﬁgﬁd 6%99‘39&:’ the
respectivel y prandntbintRatYoposkt hon OfnGRPaG 46iisS HRASHT B Alot Reme
position of each of reference gratings 52 by Y heads 64171 and 64y2

and facing reffetleaqd ugf=atitigst 2R t dat itdrepd Oht OviaROhd @S Gldept 401 fferent
encoders that are conposed of Y heads 64yl and 64y2 facing 5

reference graoisigs B3 irshecytaely directebar.r efot @xampl<axilse bilneal ity
encoders 70E and 70F (refer to FIG 8). The measurenent val ues
of six |ihearfesedgats oroRAIG TR Magt &es ldpidesd aleneian ddamatdiane thzg,

and nain controller 20 g)onﬁ?rol s the_position within the XY plane of
vaf er tabl e WSSFGWISeGO5H PhetrBadtrdrdntndarlesy 01%15 nedihddndsdelrse

70A to 70D, and.al.so contrpls the rotation,in the ez direction of CD
bar 46 based OV THO eqeur BRoRL LbaIGed BF 19 TEET. Uhdstdle FOR REYe o
70F. AS Show@é Qi@féné%t I éﬂgﬁyﬁﬁlq@ﬁ@&@%&?slgngEGJgﬁ.15Further, a
enbodi nent, a multipoint focal position detecting system

(hereinaf t er gesheitilon HREAr Hed thP RS idrafildteoitdt thle Pty b @an
oblique incident nethod is arranged, which is conposed of an
irradi ation sisteemidPapatdta phofiesengeldiaensy,sbem 90k tedti heoaam may

configuration simlar to the one disclosed in, for 20 exanpl e, Kokai

(Japanese Unexdam hed iRateiia tAgblticcatiicon eRanipleat ithe) eNd.ir@6--283403

(the corresponding U S. Patent No. 5,448,332) and the like. In the

embodi nent, &etastaranprea Aks aduathesmeysr crh9fenappictatant tdre area

side of the -X end ﬂoorti on of head,unit 62C and phot odetecti on system

90b is AF 1n the X-axls direction does not have to be nearly the same
as the diameter of wafer W.

15 In exposure apparatus 100 of the embodiment, in the
vicinity of detection points located at both ends out of a
plurality of detection points of the multipoint AF system,
that is, in the wvicinity of both end portions of detection
area AF, one each pair of surface position sensors for Z

20 position measurement (hereinafter, shortly referred to as “Z
sensors”), that is, a pair of Z sensors 72a and 72b and a pair
of Z 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).

25 As Z sensors 72a to 72d, a sensor that irradiates a light to
wafer table WTB 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



25 placed on the -Y side of the +X end portion of head unit 62A in a
state of opposing irradiation system 90a. A plurality of
detection points of the nultipoint AF system (90a, 90b) are placed at
a predeterm ned di stance along the X-axis direction on the surface to
be detected. In the 62 enmbodinent, the pldurality of detection points
are placed, for exanple, in the arrangenent of a row matri x having

one row and M. l!{?}ﬁ i o] ofdetection poi.nts), or
havi ng two ron%/s(Haln egzrgé: E%EO%NE%H%&%% %o Dz?ltco &l m%f{ g‘?’S"}%JfCh has

detection poinEghfibfrkl Sondi ddgnRigt Ald 1 iéig%uge&&&i Hﬂf‘ag | 9F 8y I%;?it’

whi ch a detection beamis severally irradi at re not i ndividua

shown, but arg skewn asnaideheavay§ Zleiatdd N 7aeacA28hidy od ardsriged
the X-axis direction between irradi ati on system 90a and

phot odet ect i @m st ema@trensinmc e rHhd e dcanigtdd efardeteactdrorar da k-
in the X-axis direction is set to around the sane as the di aneter of
waf er W position Meteewetionedduntidc & 2808k t¢wniprddmithi arp)irelihey of
Z-axis direction across the entire surface of wafer Wcan be measured
by only scandiSig GafBr NSl Ethdrvtakas, ditt ébisorrdnL & SERFPREr7 4115 (1=1,
si nce detection .arear?AF is pl acgﬁ tween liquid jmersion area 14

d [

(exposure ar &4 PA’afd the déte aly 84€ ' a8 &4 Gnidrcehrdmemed
AL1, AL21, Al 22, Al 24) _i - axi i i t egti
( A28 SQUARML LR Lo ot s dlcectian, hs delestion..

operations of the mul'ti syst ém an nient - systens ca

be performeddnn paralile) a0 tHae JaHdd Ry HAR 1955 L8PS tallﬁﬁleebl%inéLn

arranged on the main franme that holds projection"unit PU or t

but is togberatwargednothé he-Awas Wiewrili di aratdesshebed £yl ity of
t he enbodi nent . Incidentally, the plurality of detection

poi nts are tJd beags ddedndmmnearavlandtdIstaladnghs, 1brie than r onstlads clse,
colums, 25 but the nunber(s) of rows and/or columms is/are not
linmited to tHesensenders,; Bodeltr; makingea casie ahe miaed syhmedwd ciad 1y
two or nore, the positions in the X-axis direction of detection .
poi nts are pMefér ABFPeRadeC tF Tel dhl fléneniHey et siRtr ¢ he Il papes

) reover,, the . plurali of detection points 6
rows. M %six palgs, %n %%15 case? of % %ensors %4Lj and 74,5 and a

15 plurality of Y heads 64 are placed alternately in the X-axis
direction. As each Z sensor 74;,5, for example, a sensor by
a CD pickup method similar to Z sensors 72a to 72d is used.
Herein, a distance between each pair of Z sensors 74,,;
and 74, 3 that are located symmetrically with respect to
20 straight line LH is set to be the same distance as a distance
between Z sensors 74c and 74d. Further, a pair of Z sensors
741,¢ and 74,,4 are located on the 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
25 (twelve in this case) Z sensors 76p,q (p=1, 2andg=1, 2, «+++-
6) that are placed symmetrically to a plurality of Z sensors
743,53 with respect to straight line LV. As each Z sensor 76
p,ar @ sSensor by a CD pickup method similar to Z sensors 72a

to 72d is used, for example. Further, a pair of Z sensors 76,3



are to be placed along the X-axis direction. However, the present
invention is not limted to this, and all of or sone of the plurality
of detection points may be placed at different positions in the

Y-axis direction. For exanple, the plurality 5 of detection points

may be placed along a direction that inté3ects both of the X-axis

and the Y-axis. That is, the positions of the plurality of detection
points only b i i.n - X4 i | OR__ s
Further, a dgﬁﬁggkgﬁ %ggn$§§£?%&5§§ﬁ#&i%%gkéaEggléﬂg % %géﬁfﬁ§k%? Io+s
detection poidiiedtidmhe £MBad eHenddils detped iTon beam may al so be
irradiated to, for exanple, the entire area of detection area AF.
Furthernore, the | @ngtibledftadetectinomriar.ea, AnecaluifdmeXtaxitsge Meat ii@n
does not have to be nearly the sanme as the dianmeter of wafer W 15In
exposur e appamtiiedi@ddot fhguenbbuineeaieni arehetvatiis tioroded by water
detection_points |ocated at both ends out of a plurality of detection
poi nts of °t hédmileliddinnft har sPpice e tesn msa siug emea by isgiagier YISGF apek [1ip
end portions of dg& ction area AF, one each pair of surface position

sensors for 293¢ posi tiSoR R¥AsBY efrehtL ERENEF naPE®r L4 shdat STef éfy &dC-
to as "Z sensors )fffter%%tnée?fd’%aefzfag Dfﬁé& %i%rS]%{ ﬁéjcz and __Z:Z%(ﬁrﬁo%ing

pair of Z sensors c —an ri

placement W iy fteaPeth:l @ILAIGN JiMGble £648R301% 623 ol 328 (/L £o

fixed to the "'ower surface o not

Sensors 72a t0 piadiet@ HERSR rathad alesnd hiighhikq waf ar eahl fath
WB from above, receives the reflected |light and neasures position
information off tthe wafleridodblite ANTB yswehac®da) e )Z1axi Todi reaeinipae,
orthogonal to the XI plane at an irradiation point of the light, as

an exanpl e, aowodtliocads 1641 o 5@k bed byntuskisad afcsemsarn PYGa D puckbher,
met hod), which has a configuration |ike an optical pickup used in a

CD drive uni & redegsage Pﬁg?dﬁﬁthﬂlqiwa'ze%e@&d#%loﬁzhlﬁm OoEd i) ibiere a

arranged on the neasurenent frame described earlier or the like. 5
Nbr over . hedid ST OTB YIRS SGUTIEnEA Bnith LR LRGeS, | Bpdof FeffTEacR code

twelve in toi@ inﬁﬂc%@%% %aﬁ%£d§n%e%%%ﬁ i%%lw%e&%:%’wafer is loaded on

15 wafer table WTB. In the embodiment, unloading position UP and
loading position LP are set symmetrically with respect to
straight line LV. Incidentally, unloading position UP and
loading position LP may be the same position.

FIG. 8 shows a main configuration of the control system

20 of exposure apparatus 100. The control system is mainly
configured of main controller 20 composed of a microcomputer
(or workstation) that performs overall control of the entire
apparatus. Incidentally, in FIG. 8, various sensors such as
irregular illuminance sensor 94, aerial image measuring

25 instrument 96 and wavefront aberration measuring instrument
88 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



2, j=1, 2, , 6) that are placed at a predeterm ned distance, along
each of two straight lines that are | ocated on one side and the other
side having straight line LHin 10 between in the X-axis direction
that connects a plurality of Y heads 64 and are parallel to straight
line LH. In this case, Z sensors 741,3 arf® 742, making a pair are
placed symretrically with respect to straight | ine LH Furthernore,

plural pairs 1>i=-,s°§ bSy écfh Gimcﬁéf)e a%lé%ﬁ%’%% 54%(’;1':1@%‘% o éand

and a 15 pIur |tyo Yhea arep al'ter nat er n

direction. Af’ch%a‘g'ﬂa%e%@@l%o'bﬂﬂhef QI h8XA8Phed @ 1§@a(t§é3ra§lﬁe%cg§b@cplé%ve
method simlar to Z sensors 72a to 72d i s used. Herein, a

di stance bet waen eg@dloyeal,r xofscdleensoxs add, jorncthinMhedd fmattlt%r &2B and
| ocated symmetrically with respect to 20 straight line LHis set to
be the sane &2$t décbeaslsaci straspechitvetenfaZcs epma ot armhd/Adscales
Further, a pair of Z sensors 741,4 and 742,4 are | ocated on the sane
straight $iné 9t¥ar%}4 §I9Ytz@Q%@eﬁda&n%tﬁlﬁ%ﬁﬂ@rﬁ%% (Wi hpads Sdnserst heads

and 72b. Furt unit 62A i s ed with a plurality of 25
(el ve i 't 0g: HGyb o BREBP et 1ERTY TR oo g1 phott 651 haim an

Rt S B A S s o
i AP 2 s T L6 8 B
on the same sijedia@hionl,i Ne ithd téﬂtb\scaﬁesltql I e@t iign eaént@ntltflécﬁ@@ls%%
72c and 72d. | nci dent al | y, in FIG 3, neasurenent stage MST is
om tted Bhd arkiwduiod s0ERr&8EONIES £BX hald ©8.f ormeddéyt Bl €l in FIGS. 9A
and 9B, the heads that face the corresponding X scales or Y
scales are indicated by being circled.
Therefore, in the effective stroke range of wafer stage
WST described above, main controller 20 can control position
15 information (including rotation information in the ©z
direction) within the XY plane of wafer stage WST with high
precision by controlling each motor constituting stage drive
system 124, based on the measurement values of at least three
of encoders 70A to 70D. Since the influence of air
20 fluctuations that the measurement values of encoders 70A to
70D receive is small enough to be ignored when comparing with
the interferometer, the short-term stability of the
measurement values that is affected by air fluctuations is
remarkably better than that of the interferometerz.
25 1Incidentally, 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, the sizes (i.e. the formation

range of diffraction gratings) of the scales, and the like.



5 Lg held in the space between neasurenent stage MST and tip lens 191
is shown by a reference code 14. Further, in FIG 3, a reference code
78 indicates a local air-conditioning systemthat blows dry air whose
tenperature is adjusted to a predetermned tenperature to the
vicinity of a beampath 10 of the nultipdiht AF system (90a, 90b) by,
for exanple, downflow as is |nd| cat ed by outI i ned arrows |n FIG 3.

Further, a referg g&ﬁﬁlg@é& 193—_1{ gg%@ﬁ qla[ﬂ pc??' rpsm@aetég V\%T

wafer on wafer t S un are eérerice co

i ndi cates a lgadigig RRS ts'c%'le‘é’“@@ﬁla w@izer igy,| gadedqon fla%éﬂafe%rd units
table WIB. I n the enbodi ment, unloading position UP and 1oadi ng

position LP &o®,selrsymreat éneab'lw WebPetesPELY, tIBustd Bl dte |48 lWales
I nci dental ly, unloading position UP and | oading position LP may be

t he sane posidd oot hEvE t8 felm@\/\sharmimee@tmﬁdgwgaméMunﬁttshe Eorttemtmple,
system 20 of exposure apparatus 100. The control systemis mainly
confi gured ofen®aick 50%@@5?5@93213 apshg8¥e rwi/ @r ey odoipacatefopdY: and
wor kst at i on) that perfornms overall caontrol of the entire apgarat us.

| nci dent al | y,23%a ‘i‘t’%io%s Rek itsre $enésre shrmerd iunddgul &p the case one

waver ont Cibfeff”%ﬁ%%fﬂaaﬁﬁt B et OranbgBt thaFeare ArTanpeadgrs does
reasur orent Si40% VST caencoll AR Lyely-shou, 75 2 SRS, AP H-ce 1o

I n exposure apparatus e~ ehbodi ment “havi n iguration

described abewg, eefeeeltaes@t@@@%rﬂgeotftt@f& s@:@g%Cﬁb@S a%tttit}ée%“e%%%

on wafer table WIB as descri bed above and the placenent of th

heads ant0 Y heads ias daserhbedoabor e egpbeviesr iX ﬁﬁalanaﬁﬁéﬁ YaReis
39X2 and head units 62B and 62D (X heads 66) respectively face each

ot her, and Yasda$eslixe3d2rendalPhsrahtipadeumndd su6RA amtirG?@ r(, Yin the
heads 64) or Y heads 64yl and 64y2 respectively face each ot her
wi t hout fail Caseangf odcii veadiersokdXnanye oPXmadred eneagef WBBddlaes 3PV
range in which wafer stage WST noves for the alignnment_and the
exposure opef&d 8rz i fivé éﬁﬁ@d?%rﬁ?ad a@%tssre%é’ﬁpﬁi:ﬂéﬁ face Hhe bead

d h FI.GS, . 9A | | Fl A
Cho hoads L harisce nbSost Pechanal norRcarade of viasss el agm st and
 ndi cat ef; by g gid oLty i on 1neDELELGR S, L e Liechixes siske,

range of wafer stage be OVEé, min con can
control posiiyi@Rction cannot constantly be measured, but position

information in the X-axis and Y-axis directions can constantly

be measured. 1In this case, position control of wafer stage

WST may also be performed using position information in the

20 0z direction 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 outlined arrow in FIG. 94, Y head

64 that measures the position in the Y-axis direction of wafer

25 stage WST is sequentially switched to adjacent Y head 64 as

indicated by arrows e; and e; in the drawing. For example,

Y head 64 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. 1In other



15 information (including rotation information in the ez direction)

wi thin the XY plane of wafer stage WST with hi gh precision by
controlling each notor constituting stage drive system 124, based on

t he neasurenment val ues of at |east three of encoders 70A to 70D.

Since the influence of air 20 fluctuation® that the nmeasurenent

val ues of encoders 70A to 70D receive is small enough to be ignored
when compari igWd h ih@HNLebbaL AEBILET 4 nl B2ashors Lot sk Atd 14 ¥hing
the measurenent val des that 1s affected by air ctuations 1s
remarkably beift er Hdwds tdatardf dme s fer etiafe wddcd et ald Mes
in the enbodi ment, the sizes (e.g. the nunber of heads and/or the

di st ance bet weerntitiey heads)stoindedsk tinddrs £/ chH2AD, Y G2ABNGH2ha ere
set in accordance with the effective stork range of wafer stage WST,
the sizes (i .ssiuitdped donnutddnnidsge?dfardl fECact set maatdwes hefn & he.dth
scales, and the like. 67 Accordingly, in the effective stroke range
of wafer 3tagd KBECHIGS ot foandsdiesinokie Xox@is0neghionoyasfage
head units 6%{3, 62%66162A and 620 respectively, but all the four

scal es do not“HaFe 1 I AW dor r espondi ng head units. For exanpl e,
5 one of X scal es nd X2.and/or._gne of Y.scales 39YLl and,39Y2
do/ does not have tg%;éatl:%rt’hg%hég ani gcpmﬁnt%ﬁe SCASE (‘jtlnéﬁo% csecgﬁez: een

39X1 and 39Xg Ll 8 & hga%l%a%%stﬁgp'a?Qde%ﬁ%@%??efn NoLad qﬁ%k'égl%ﬁ%qld

unit, three scales tace the head units In ective stroke range

of wafer stagep\BE, sandnbpeseberenad® pAZitH oF knfesmati sk obnwabex, in
stage WST in the X-axis, Y-axis and 8z directions can constantly be

measur edl0 Furtthleeiy-aixr st Heé rease oanesoi s Xdssat tise 3 Pde-aisi SOX2 wiigh alager
of Y scales 39Y1 and 39Y2 do not face the head units, two scal es face

t he head uni tsfaige #1838 eff detiives shrbke Yaages ofined erostageniBatatd by
15 therefore, position information of wafer stage WST in the 8z

di rection caffotCuddridteshtany Be ifedsimedBhit hsosl tdrkhalf sramrutss ithe

the X-axis and Y-axis di rei\%;i ons .can, const ant l%ﬁ be nmeasured. In this

case, positi &SP ol ot haferXdage \RSE Y i Y8 i %t e dsi ng
position infaormatiqn i-n.the.20.8z direction of fer age W5
nmeasur ed by Cter %rloar%e yerswslslcscthéa% %fSa:éHaggﬁgi ﬁ:ﬁ?%ﬁ.éé ge'g‘ &ﬁrbter“liéjr ,66

when waf f%i f];cgg_%l\éﬁ-rb!ys adE.gYEQAELQQEhESXé@Ei:?]%g&r@&t)& LA dhdGated by

by an out arrow irn Fl head at neasures the position

in the Y-axi g digte@ld anrf) WafRr tZe ${R08 WREAS ANt ltkansferred
switched to adjacent Y head 64 as i ndicated by arrows el and e2 in

the draw ng. bedorexane eftéhead Ghiddicired bying 1stlivd 4d nd S
switched to Y head 64 circled by a dotted line. Therefore, the
measur enent \wdloves darse titetk faerseed hef dremdnddafter the switching. In
other Next, a configuration and the like of encoders 702 to
20 70F will be described, focusing on Y encoder 702 that is
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
25 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,



68 words, in the enbodinent, in order to performthe switching of Y
heads 64 and the transfer of the neasurenent values snoothly, a

di stance between adjacent Y heads 64 that are equipped in head units
62A and 620 is set narrower than a width 5 of Y scales 39Y1 and 39Y2
in the X-axis direction, as is described %%eviously. Furt her,
in the enbodi ment, since a distance between adjacent X heads 66 t hat

are equi pped 4 Bcheadndmits 62§20, 620 {5 asgénga][.i M rigaﬂégc%d%rg&:he

of X scales 39XI and 39X2 in 10 the Y-axis direction as is descr
previously, wWiaiiow patatcgea¥sT bSafitinveni t fed Fe oft 8XhScOhABELHON Ak r
indicated by an outlined arrowin FIG 96, X head 66 that neasures

the positionIin the X-axis direction of wafer stage WST is
sequentially switched to adjacent X head 66 (e.g. X head 66 15

circled by a solidOptdgalssyatenhetb i ahepde86vidil el pdl byi aadbon deam
line), and the nmeasurenent values are transferred before and after

the switchi ngPLitHIRFPY Wy shechpsabigeRlanseds pada ldrelyt aedulZ gd.ane,
Next, a configuratiop and the |ike of encoders 70A tq 20 70F will he
oschi bed. | f GobBRHGo b & KiftoHul MR R LF e R e dfy SeRowAS | 1 EIED

10A, as a reg%l%ﬁzetrg?wagggeeggﬁ‘gnﬂi?%ﬁgo egglengf@ee dr%%rﬁofcﬁe%e$% ggié A4

62A that irradiates a . . neasur enent’ bea 1o scale
39Y1. . pla¥tdeag184ahg BRI ¥ceampesed At L LOLe& SO ORS,, W Ehhe
25 are an irradi ation system 64a, an optical system 64b and a

phot odet ecti Qi ksy.st em 64c. Irradiati on system 64a includes a

| i ght source that emts a laser beam LB in a direction inclined at an
angel ofld@5 degree®hwitichietespdch tsystther ¥daxiisicAndied- axips lafrdrzer
exanple, 69

(analyzer), a photodetector, and the like.

In Y encoder 70A, laser beam LB emitted from
semiconductor laser LD i1s incident on polarization beam
splitter PBS via lens L1, and is split by polarization into

15 two beams LB; and LBz;. BeamLB; having been transmitted through
polarization beam splitter PBS reaches reflective diffraction
grating RG that is formed on Y scale 39Y;, via reflectionmirror
Rla, and beam LB; reflected off polarization beam splitter PBS
reaches reflective diffraction grating RG via reflection

20 mirror Rlb. Incidentally, “split by polarization” in this
case means the splitting of an incident beam into a
P-polarization component and an S-polarization component.

Predetermined-order diffraction beams that are
generated from diffraction grating RG due to irradiation of

25 beams LB:; and 1B;, for example, the first-order diffraction
beams are severally converted inte a circular polarized light
by A/4 plates WPlb and WPla via lenses L2b and L2a, and

reflected by reflection mirrors R2b and RZa and then the beams

pass through A/4 plates WPlb and WPla again and reach



a sem conductor laser LD, and a lens LI that is placed on the optical
path of |aser beam LB emitted from sem conductor |aser LD. Optical
system 64b is equi pped with a polarization beam5 splitter PBS whose
separation plane is parallel to an XZ plane, a pair of reflection
mrrors Rla and Ri b, |enses L2a and L2b, 7(ﬂ)uarter wavel engt h pl ates
(hereinafter, referred to as a A/4 plate) WPl a and WPlb, reflection

mrrors RRa apd fbatang they iéﬁﬂ-itjt%@h%l(iﬁ??}f‘%tﬂa@l t%?}%”}s%%% optical

i ncludes a pol ari zer (analyzer), a phot ector, an

In Y encoder pAdA ilrasele heaadsl eMitteed ifforom sem conductor | aser LD
is incident on polarization beamsplitter PBS via lens LI, and is

split by pol ari zat Eaghi of ah&pd Ve hestisorl Bi randibB2 of Beamwdbebayithgt
been transmtted through pol arization beam splitter PBS reaches

refl ective dibfefviecagebohegr aplagiRE: i batbean fsgrlgd con FBSstal eo39ad ati an
reflection mrror R a, and beam LB2 reflected off polarization beam
splitter PBS3@dEned PAf ARETFOE With reRIPIRL grathinfy qdadingly edirestiion -

20 m R Incidentally, "split b i zation" in thi
A L
i e LR R T T

to irradiati epof 252930 Blor 2R 16837 Qb re xR %g 14he i pgly ander

diffraction beams are severally converted into a circular polarize
light by A 4iplcaiestWBHD parg JMBtaatian eisten 22 Gndridlal siNdhe

reflected by reflection mrrors R2b and R2a and then the beans pass

t hrough X 4 gliatseésowBEy dndfYBkaiagabeaansf esoh LBQ that was previously
reflected off polarization beam splitter PBS is transmitted
through peolarization beam splitter PBS and is synthesized
concentrically with the first-order diffraction beam of beam
LB; and is incident on photodetection system 64c.

15 Then, thepolarizationdirections of the twe first-order
diffraction beams described above are uniformly arranged by
the analyzer inside photodetection system 64c and the beams
interfere with each other to be an interference light, and
the interference light is detected by the photodetector and

20 is converted into an electric signal in accordance with the
intensity of the interference light.

As i1s obvious from the above description, in Y encoder
70A, since the optical path lengths of two beams to be
interfered are extremely short and also are almost equal to

25 each other, the influence by air fluctuations can mostly be
ignored. Then, when ¥ 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



pol ari zati on beam splitter PBS by tracing the same optical path in

t he reversed direction. Each of the polarization directions of
the two beans that have reached pol arization beamsplitter PBS is
rotated at an 5 angle of 90 degrees with respect to the original
direction. Therefore, the first-order diffraction beam of beam LB

that was previously transmtted through polarization beamsplitter

PBS is reflect f; J1:zat : i i s dhed daery

on phot odet ecqtrfgcnk%ylsrﬁcegnﬁh%f dafl(rjtk%lezlomt efél%&'gﬁé:?tsi%{;%elréﬁ%% act | obnY
beam of beampgHzA ddwate oI 1| au o efdRe trrdh iof forp ol rprd Zadd 14 bigam
splitter PBSis transmtted through polarization beamsplitter PBS

and i s synt hesicedlaarec ettt adld i ntidrts itthe dHarsje drgdeyutbdtf reacttihen
beam of beam LB' and is incident on photodetection system 64c. 15
Then, the polradstaansntdvedei ohs! efictHert WoR f i dthesr derodettraeli gfC,
beans described above are, uniformy arranged by the analyzer inside
phot odet et i P ¢&CehB4tl baP 1h& IsareNracBresr 8 1L LA bR IERAIHRRT (10A .

be an interference light, and the interference light is detected b

Phe Dhot odot o Bac A "Sni Gty hat oA g B LT boearof dhp e,
accordance w.t i it f, the | f ce. light. i S

obvi ous frovn\:Eltl%taf{.r‘rz}g(g)l\/'gtn e?gr %Sggén,P?%fﬁﬁé%%%ggf %k&ésiennﬁézoq%res of the

optical path degpgtihef, 0 AN it M 1 Nty f qrae&@rk?eagr}(tﬂgarﬁl%bnf a

short and al so are al nost equal to 25 each other, the i1nfluence

air fluctuatiseisicaalneslpe Beakgner eondledd hethe! (pseqaﬂcﬁii%gfélix@otqon
waf er stage WST) noves in the neasurenent direction (the Y-axis

directioh) imfthrattagelG maheapbase: afseegchsaf detedtiorbeaghtchangegs.
and thus the intensity of the interference |ight changes. This change
71 in the intlédsi bpanf LB Hes iemlerioeddiycehbiwvghexaggere bedby dynpared with
phot odet ecti on system 64c, and position information in accordance

with the int &f§%y'THéhge is output as the nmeasurenent val ue of Y

encoder 70A CIherI%n%%%e&%a% ?hezoghe scales of the encoder lack the

long-term mechanical stability, because the diffraction
15 grating is deformed due to thermal expansion or other reasons,
the pitch of the diffraction grating partially or entirely
changes, or the like along with lapse of operating time.
Therefore, since the errors included in the measurement values
become larger along with lapse of operating time, the errors
20 need to be corrected. In the following description, grating
pitch correction and grating deformation correction of scales
that are performed in exposure apparatus 100 of the embodiment
will be described referring to FIG. 11.
In FIG. 11, reference codes IBY1l and IBY2 indicate
25 nmeasurement beams of two optical axes out of multiple axes
that are irradiated to reflection surface 17a of wafer table
WTB from Y-axis interferometer 16, and reference codes IBX1
and IBX2 indicate measurement beams of two optical axes out

of multiple axes that are irradiated to reflection surface



5 70D and the |ike are also configured simlar to encoder 70A. As
each encoder, an encoder having a resolution of, for exanple, around
0.1nmis used. Incidentally, in the encoders of the enbodi nent, as
shown in FIG 10B, |aser beam LB having a sectional shape that is
elongated in the periodic direction 10 of’?grating RG nay al so be
used, as a detection light. In FIG 10B, beam LB is enlargedly shown

exagger at edl 1 i i 2 hog, t .
scal es of t hgﬁﬁ%%ﬁ%f&i@%gﬁﬁoﬁg-ﬁ %x%gcjh%%%fa&%ﬁgél]ﬁt fl?% ﬂ?thls
because the diddd,aathonrdret ¥dane 18y 0ehQr B QYR L0 LO8 et rically
expansi on or other reasons, the pitch of the diffraction grating
partially or want rrelgpeditangesst rori ghte liinke 181 aRgiwWH RediaRseiedf with a
operating tine. Therefore, since the errors included in the

measur enent \ingdghietdne danysrt alonygevwdmt éaped afplopexldttingftx eads
the errors 20 need to be corrected. In the follow ng description,
grating p?tcl®or et ithe &vdpsheatilnd deReursnient exasestf drasfisscal es
that are pertorne&_in exposure apparatus 100 of the_enbodi nent will

be descri bed &S SEGSE I B COficyde BLED straiditelafed \todddergore,
d I BY2 indicate 25 t b ft i [ t

o e o s Tp e e by T Tl s EhE LR 068 Dnparer
bl f - A% i .

tabl e WIB from.Y-axirg § Die J@rﬁr&; %;r#s.anglqafi§£f§'cg%ecagsrdf§%@f%%aﬁs

| BX2 i ndi cate measurenent beans o optical axes’ o

axes that arepixnrachabsd 4.2 pehkeatd Qmaswfane v ¢ 2t i e Qe Waf 8 th-ahlbdt
WB from X-axis interferometer 126. In this case, neasurenment beans

| BY1 andl0 3Y2iakeLpl acletlclsyrotidided btk Bhst espght Instdanir@ytiligiehe
LV (which coincides with a straight |line connecting the centers of a
plurality of cknfeadsos H@)Lumid tthhefslilistaid i6dl) rhasupzseas tdxesigf the
Y-axis interferometer 16 coincide with straight line LV. Therefore,
Y-axi s inter PEtamatlerxis AP TR EON NPT OsdsBis6RMOPLWei@ris Rbirellel
WIB wi t hout Abbe errors. Simlarly, measurenent beans |BX1 and | 3X2

are placed syfnebfiadis wetd FRspatts 1 sk hmgRE IS IEN e KBS (thKcRR1S
i ncid i t.h ight i t , t, f. i

of Y heads. G4 CRIE QISEEE MAPo GO ERE gt b LRt anar 14) Lt PareLiel

optical pystel BheafdaldPaald Blaskds AR KA 1nA0bdife SUbsiany a

nmeasurenment axes of X-axis inte Fer oneter ¥ Ccoi nc 5e Wt h straight

line LB parableheldibe bbei%axisydihat ppassegetbrgugh §heoptical
axis of projection optical systemPL. Therefore, X-axis

i nterferonet ehtk26ceametasuLe ¢he mePasid ikbe Rip¥wsieiohabt &R table
wi t hout Abbe errors.
WTB without Abbe errors.
First, deformation of grating lines (warp of grating
20 lines) of the X scales and correction of pitch of grating lines
of the Y scales will be described. Herein, reflection surface
17k is assumed to be an ideal plane, for the sake of
simplification of the description.
First of all, main controller 20 drives wafer stage WST
25 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



First, deformation of grating lines (warp of grating 20 lines) of the
X scal es and correction of pitch of grating lines of the Y scales

W Il be described. Herein, reflection surface 17b is assuned to be an
i deal plane, for the sake of sinplificatign of the description. First
of all, main controller 20 drives wafer éF%ge WST 25 based on the

measur enent val ues of Y-axis interferoneter 16 and X-axi s

i nterferonet 2845394 3% shownyi I t It § £y Mg
stage WST is%g§% atsa positiongaﬁ%ﬁaﬁﬁf%ﬁ%%egcgggggégY§ggﬁgC%%%%%gFéon

pl aced just helawrme)r espaeddBgw heRtaiid Sp&ddi mNtheBCuhat sl 628tarN&2C
head) respectively, and also 73 one ends on the +Y side of Y scales

39Y1 and 39YZg«hiddtriaretlivan grati ngs) coincide with correspondi ng head
units 62A and 620 respectively. Next, main controller 20 noves wafer
stage WBT in the 5Nextdi madni opnagoilseirndP caveels bya taw aattaye MITh il Ghe
11 at a | ow speed at a level in which short-term fluctuation of the
nmeasur ement Val FEISCTCIkiES it diCEiCERRCe PYLEc @F I8¢ iFgrhdr €& Gand lwigtth a

t he measurenent value of X-axis.interferoneter 126 being fixed to
pr edet er mi ned VaFEESAII 8 ﬂﬁVﬂ%a?%iVEﬁ%ﬁls oTt-term fluttuation 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
10 of the pitching amount, the rolling amount and the yawing
amount to zero based on the measurement values of Y-axis
interferometer 16 and Z sensors 74i1,s, 742,4, 761,53 and 76,3,
until, for example, the other ends (the ends on the -Y side)
of Y scales 39Y; and 39Y; coincide with corresponding head units
15 62A and 62C respectively (in the effective stroke range
described above). During the movement, main controller 20
loads the measurement values of Y linear encoders 70A and 70C
and the measurement values of Y-axis interferometer 16 (the
measurement values by measurement beams IBY1l and IBY2) at
20 predetermined sampling intervals, and obtains a relation
between the measurement values of Y linear encoders 70A and
70C and the measurement values of Y-axis interferometer 16
based on the loaded measurement values. That is, main
controller 20 obtains a grating pitch {a distance between
25 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



10 of the pitching anount, the rolling anobunt and the yaw ng anount
to zero based on the neasurenent values of Y-axis interferoneter 16
and Z sensors 741,4, 742,4, 761,3 and 762,3, until, for exanple, the
ot her ends (the ends on the -Y side) of Y scales 39Y1 and 39Y2

coi ncide with correspondi ng head units 15%2A and 620 respectively
(in the effective stroke range descri bed above). During the novenent,

mai n contr ol |r%3.a%@.o|noﬂg§w%@% Hséﬁgf@é@ﬂ?a{@w%ﬂesnw Qe@ﬁr@@&ql‘ Sin

70A and 700 and the neasurenent val ues of Y-axis Interferoneter

(the neasurergrt cualeues Hoy iRATWICHRAs heR% akBY] tARd mkeB¥dk e?fendOvalue
predeterm ned sanpling intervals, and obtains a relation between the

measur enent vdl ude dhtédiereatetenceder & A tHARG 7@ iand ddieates the
measur enent val ues of Y-axis interferonmeter 16 based on the | oaded
measur enent wEasegenengt visdugraiof ddrt roldosier20 obt dihes ld kgr.at Thg
pitch (a distance between 25 adjacent grating lines) of Y scales 39Y1
and 39Y2 ?hafleacere8Gienraley pfaéedxiaci RECheaEcneies BRAmAd igRgase
according to the st age T and caqrrection

venment of wafer
"hfor mat fon Gt ABCBERECnY LR BRANTRRO CERTBELS bHOS M ikt T e Temely
obt ai ned, for e, . car.r i.on t.hat _ shows 74 rel ation
bet ween bothlﬁggggggﬁeﬁggsg %gg ?ﬁgggbugggdtW?ﬂ% Tho1 He éﬁgbpf %hought

horizontal axing i {dh GaLeS Ihe Jreas UL eae. gehusapé mq%éﬁwﬂm%&%r

and a vertical axis indicates the neasurenent values o e encoders,

or the like. chhend iBRIWENBAEaMaLURS 6h1¥-AXbsglntenf eremmieri I eichor
this case are obtained when scanning wafer stage WST at the extrenely

| ow speeld dedarti badocakhowvtorand errerféfuateatiitonc @t e tdaisglt Hhhatirt he
measur enent val ues are accurate values in which error can be ignored,
because not dilugtaattdrgster whel Licdteiaredemiinoindbuded ial sloe measurement
short-termfluctuation error caused by air fluctuations or the |ike
are hardly i F@LUY&6d i Anchechbaslyenenfrahlngspitaki dendapryncyg between

ratin itch (.a distance between adjiacent.  grating lines) of Y scales
Jov1 nod"30v2 A T HEEHOh LA REG) ok PP hEa Aavp Pae TRt forRg et fon
al so be obtai, iLn.t.he 15 ocedures si.mpl.ar to_the .abo b vin
waf er stage ﬁ%fﬁr?gfcﬁgm- %nd?}ﬁ%cﬁ%%l% tpnlingncq A&y 3;188 %%saét%iablﬂv]egg&%ge
as is infhcaped Ry 3R2EHaW1Er ] EhG ablvelehs RoviRhel 3hage:

| L LS
to be driven'in the Y-axis direction across thg range “where bot%éengs

of Y scal es 39Yinandy39YZebrawer @ t6ak esrondinag head r28eunibevB2As is
and 62C. However, the drive range is not limtéd to this, and wafer

stage WST nayndlisated Hyiaemrdcr FexanmWes. il .t hRerange waoféhestERXWST

direction in which wafer stage WST is noved at the time of exposure
operation of i& wafter driven in the Y-axis direction across the range where
both ends of Y scales 39Y; and 39Y; traverse corresponding head
20 units 62A and 62C. However, the drive range is not limited
to this, and wafer stage WST may also be driven, for example,
in the range in the Y-axis direction in which wafer stage WST

is moved at the time of exposure operation of a wafer.
Further, during the above-described movement of wafer

25 stage WST, main controller 20 alsc obtains correction

information on deformation (warp) of grating lines 37 that
have sequentially faced a plurality of ¥ heads 66 by performing

a predetermined statistical computation, using the

measurement values obtained from the plurality of X heads 66



Further, during the above-described novenent of wafer 25 stage WST,
main controller 20 al so obtains correction information on deformation
(warp) of grating lines 37 that have sequentially faced a plurality

of X heads 66 by performng a predeterm ned statistical conputation,
usi ng the neasurement val ues obtained fromthe plurality of X heads

66 75 of head units 62B and 620 that are sequentially placed facing
X scal es 39X], sand,d9X2; fECIHILAG & Dtélf‘aﬁf%‘f%ggégu%ti@ifg AT Y%%E%ng

and the neasurenent val ue of interferoneter orrespontdi‘ng to éac

of the neasureseale¥ad 3esSan@BIheades ald PRe MBI dNGANLEOL L £Er 2@ age
conputes, for exanple, the measurenent values (or arithnetic weighte

mean) of theWsTurald thheomdwadenehthead umnids 1623 anrd 2@ drhats ar e
sequentially placed facing X scales 39X1 and 39X2 and the |ike, as

t he correcti o@rinefspomatiingn ten egicdt iofy tier medBhirenientl FlecmuseOnhehe
sane variation pattern should repeatedly appear in the process where
waf er stage WOTPU WD MF ihEork rgildéat i2on compues- Y t@irr eeempa si:n the
the case reflection surface 17b is an .ideal plane, and therefore,

correction i AFGEHETER orf e Gt 1 o Sy Meieids °F7 thfat
have 15 sequgﬂgr%llg_%%cfeq’etaraes Rlunalify af Xé@a%adg%g a?}ih%g:d 3¢ t he

accur at el y obtaine averaging 't he “measurene

plurality of _s%ql&%%qsiaqq’y ﬁia{:Q& ﬂa’é&‘?’rr? f(dsecaa[lep% @@k?%@ﬁaﬁb% =hB {de like,

case reflection surface™17b 1s not a ane; the unevenness
(bendi ng) of atsheheeldogetdc@n 20 19k lioh MRASWed AN G .r e9LigN; 5
data of the bending is obtained in advance. Then, on the novenent of
waf er stbh@e WSEauset haetYaderestionion pdietedh dheald arpdesediiedppear
above, wafer stage WST nay accurately be noved in the Y-axis

di rection by igofteoplriong stsherhxneo siatfiean stfaaea ST StsagevAST ibasded oY
the 25 correction data instead of fixing the neasurenent val ue of

X-axi s interferertion erethe = slegatdon aadthal ¢rse mafsleatdrorestirdace
i nformation gratin itch_of the scal es and correct,ion, )
D b e A

in the same g%n%%%o%%a %%%rwg%%pgb%%egrating lines 37 that have

15 sequentially faced the plurality of X heads 66 can be
accurately obtained by averaging the measurement data
obtained by the plurality of X heads 66, or the like.

Incidentally, in the case reflection surface 17b is not
an ideal plane, the unevenness (bending) of the reflection

20 surface is measured and correction data of the bending is
obtained 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

25 correction data instead of fixing the measurement value of
¥-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 zbove.



76 Incidentally, neasurenment data obtained by a plurality of X heads
66 is data in plural on the basis of different areas on reflection
surface 17b, and the heads each neasure deformation (warp) of the
sanme grating line, and therefore, 5 there is an incidental effect
that the residual error after bending corf®ction of the reflection
surface is averaged to be approximate to the true value by the

aver agi ng de i frwﬁpe j i_n S -
i nfl ugncg of ﬁd@%ﬂ@ﬁ%ﬁr&&% ual ﬂgrﬁﬁgggnoggggéaﬁgég_ %yéggrea}%lg%%g()f %
the neasuremgpladed ghatias (ada il o AhORlding df REDr QRiAl Redas

by the plurality of heads). Next, deformation of grating |ines
(warp of gratdmgdfinas)iaf dhfatescaigs and e reeidoeaih pdauef
grating lines of the X scales will be described. Herein, reflection

surface 15 17=ficmdsioredwsahe cdnthdeabmel gnetifgrlite, sake téferefore,
sinplification of the description. In this case, the processing that
needs to Pe pP&YILS fdd ans inRédeptracefdactetleat beie aboviedwik tendwer after
X-axis di recii:)i on .and Y-axis direction interchanged. 20That is, first

of all, mainPEWTE COFTBE AV eS TareFe st aghl MBTSUBFRCE etS a¥RFaged to
iti f f t T, at Ay i t.h ich X I oX1 ,

Pd 30x2 ar e Thi 20ed e e B Bor FELPORaH g Mead G s h i S3nped
t | east ively, . +X._Si .

Lor - X s doy o dn T kg o A B 2E 1 BAn b T peaing

coi nci de wi t keGaieSPNdidyy eathdiniddf2B axd a@%fearg%@eczth!emeﬁé-suw%gﬁ({ent

mai n controller 20 noves wafer stage WST in'the +X direction (or -
direction) atlaas owaspedch fairmadiexelon rypshtiiely shards)t epodilneet wat itor
of the nmeasurenment value of X-axis interferoneter

plurality of heads).

Next, deformation of grating lines (warp of grating
lines) of the Y scales and correction of pitch of grating lines
of the X scales will be described. Herein, reflection surface

15 17a is assumed to be an ideal plane, for the sake of
simplification 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.

20 That is, first of all, main controller 20 drives wafer
stage WST, and sets the position of wafer stage WST at a
position with which X scales 39X; and 39X; 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)

25 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



77 126 can be ignored and with the neasurenent value of Y-axis
interferoneter 16 being fixed to a predeterm ned value, while

mai ntai ning all of the pitching anobunt, the rolling anount and the
yawi ng anount to zero based on the neasurenent values 5 of X-axis
interferometer 126 and the like, until, fior exanple, the other ends
(the ends on the -X side (or +X side)) of X scales 39X1 and 39X2

col nci de wit h Gord:espRNdLAG @eagngeg&tgovegf}ﬁe?%&érﬁérﬁl@%f@é Yoi flaxis

the effective stroke range descri During the novenen

mai n cont r ol liert 24 d raseis: dih e 616 MRa FULRIERD a/elreeete&mxnbun\eﬂue, while
encoders 70B and 70D and t he neasurenent val ues of X-axis

i nt erferonet eraitita i(tirey ndds wrerned phs A PemEasyr enentrdigans laBlint
and | BX2) at predeterm ned sanpling intervals and may obtain a
rel ati on bet wawhthkeyavagarammntt tal sesodiased iomeahe encosier snds vaddies

15 70D and the neasurenent values of X-axis interferoneter 126 based
on the | oade®Badut&rgHie Wi RIet oth A€ 6 and frtienl Bt MBtdr DOr sreairds

Bl Sced T aci ng et i FEB2E it B2 AT gk 0 dehd Hodemareeg of X
waf er stage d i_nf.or ma nonthe at | itch
The correcti \oé? . o?%& |§1(r§jt gggz %%l Ctlgien"e#gfcoc}rres rﬁ%ln%ﬂggaﬁé b 62B

that shows a g ééb%%&é’\?ﬁb @w%ke%&%ﬂd}é%%rlbed

line in the case a horizontal a |s |n cates t e neasurenent val ue of

the interferemien .anduaivngr ftheafno@émenltndmeaheéohlaeon@ewQ@nﬁabd%the
val ues of the encoders or the |ike. The neasurenent val ues of X-axis

i nt er f er bbret elea.‘rsZ:ﬁ:elrrrertthw&lmeo&rﬁ bbhhakpednubéarscadmi gl vieferand the
stage WST at the extrenely | ow speed descri bed above, and therefore,

it can be t howgisursment e lvess rie @t el lndss rifree carshigmatle valties i n
whi ch error can be ignored, 78 because not only a long-term
fluctuation EFPEUISTEI G lateshdrt I‘te@rsfﬁrfqntﬁé"t%&tqa@?ﬁ difdr avelislEX Py at

air fluctuations he |j ke are har.dl | uded i n the neasuremnment
Tl ues. Fuct KA ath S e BRI SRR & Sdehgen

WST, mai n contr | 0 alnscrrect nformatlon on
def ormati on et(;')'}e)e %%rgl i%%&r Iﬁgéc §§ ave lsne% en cacfcilef% gcogd%ld

pl uralitysof ﬂsﬂe%estﬁé Y= PeLHERLAL NG fu@éoﬁz?tfr fggﬁeﬁ] gz 126

conput ation, usi ng t he measur enent va ues t al ne ura 1ty
of Y heads 64ased on the loaded measurement values. That 15, main

controller 20 ocbtains a grating pitch of X scales 39X%; and 39X,
that are sequentially placed facing head units 62B and 62D
according to the movement of wafer stage WST and correction
20 information on the grating pitch. The correction information
can be obtained, for example, as a map that shows a 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
25 wvalues 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 wvalues in which error can be ignored,



10 of head units 62A and 62C that are sequentially placed facing Y
scal es 39Y1 and 39Y2 according to the novenment of wafer stage WST and
t he nmeasurenent value of interferonmeter 126 corresponding to each of
t he neasurenent values. On the conputatiaqn, main controller 20
conputes, for exanple, the 15 measur ement’ Sval ues (or arithnetic

wei ghted nean) of the plurality of heads of head units 62A and 62C

that are sequenidiald nd¥ asad, f@ﬂ:ﬂd?ﬂ;%é%'ﬁﬁ;&%\élti%?{iﬁ}%@ %ﬂﬁc th&o a

| i ke, as the correction information on grating warp. S I's because

the same varisHdrantRaint efluahe b epeaiedanppes 24¢ If ddiRHiRERSSr
where wafer stage WST is noved in the +X direction or the -X

di rection in thee lcdse aref [heotdlon iswolfatel Hifa tile atedsdeadmepltane 1 wad
therefore, correction informati on on deformation (warp) of grating
lines 38 that haveEsaghenti dhiryngatkd 2hevetdeadiiyedimordnens 4 veder
be 25 accurately obtained by averaging the nmeasurenent data obtained
by the plralSHPSMSE hakdd! 634?211’3(%0%{1@@ 14k & 19h Qs IGPrEas e

inevennose (BEHAHTE 6 (e CRE-BRTAN SUFERYe Ofs Theseaied g 30 that
Che. movenont "o ver drear Lok i ¢ BB R R AR B Py b ecHhing

direction degcrjhed rahqueedafielt 154208 IVELMIRN ASOH 2Ll hPeHpved in
the X-axis direction by controlling the Y-position of wafer stage WST

5 based on t heaeeirceintoRadaka bPsheaddof rdér XiHW phihe aTeasubeneHeads 64
val ue of Y-axis interferoneter 16 to a predeterm ned val ue. Thus,

correctibh i nffohaatian on dpFabnngepl tittatobreheeusoai eslandlaced facing
correction information on deformation (warp) of grating |lines 38 can
be obt ai ned i¥nscadesaf inanderdYasacesedibedcabovaiovement of wafer stage

WST and the measurement value of interferometer 126
corresponding to each of the measurement values. On the
computation, main controller 20 computes, for example, the

15 measurement values (or arithmetic weighted mean) of the
plurality of heads of head units 62A and 62C that are
sequentially placed facing Y scales 39Y; and 39Y; and the like,
as the correction information on grating warp. This is
because the same variation pattern should repeatedly appear

20 1in the process where wafer stage WST i1s moved in the +X
direction or the -X direction in the case reflection surface
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

25 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 i1s measured and correction data of the



10 As is described above, main controller 20 obtains correction
information on grating pitch of the Y scales and correction
informati on on deformation (warp) of grating lines 37, and correction
information on grating pitch of the X scales and correction

i nformation on deformation (warp) of grat7|9r1g 15 lines 38 at each
predeterm ned timng, for exanple, with respect to each lot, or the

li ke. b-g}ﬁﬂ.’ngd%icﬁﬂ:éiﬁ‘?ec?%ﬁ%%{fa%o@.oc?ﬁéh?f}orpﬁh@@{cﬁkﬁné&{% 8slAlrer

or the like, while correcting the neasurenent val ues obtai ne rom

head units 62%Aad weaCifl tBe WRedMeasHi BAEHE Vi Ues Dfredlt AL Fibed
70A and 70C) based on the correction information on grating pitch of

t he Y scal es andr g, heafenrr ecbgenwsnfms yratd canr-adre ldeber matreanif weig )X -Gfxis
grating lines 38, main controller 20 perforns position control of

waf er stage WBT€atitdre b sdrs: mhilldotd dine Thum)siiti drecohes fros sitbige ST
perform position 25 control of wafer stage WST in the Y-axis

di recti on®wi R SFsbaNdIFETSGEilRG OB 15 AB S caRcoE ik ingat hp deporement

i t hout bei ffect by .ch ti ' ti itch of the Y
Scal os and waFg 5 oG SrPRGS THEE=SBEORGEERel© Hrd 11 RN SHIpRed daLie.
[ f [ . 80, | i ile. | t h
Teasur omont VAl bée CaBE B RAG T Fom RE i SE3R AREHOD (O Bherh¢Lales

measur enent g} f d 0 t r ' -
i nformation on dér%z’tr?ﬁg‘:%g?’?lc%@P@%E@E%sé% %%Pgﬁlgg%%gncgﬁ%g{ i%ltdSr%ncmg

information anrdef 8sraid ba dyedMedhindf1ad isBgel hi@SeBbs dBEAribed above.
controller 20 perforns position control of wafer stage WST in the

X-axis dibection. Fsuds ideshedbees apoysi,bira iho geertfrarlmepo il iockitains
control of wafer stage WBT in the X-axis direction with good accuracy
usi ng X |i neaorassddans indR ravwd irGDon gkebingorberhgoaftheteddnles and
change over tine in grating pitch of the X scales and warp of grating

| i nes 37. corrgGidiFe AR APFJat L AntHe A8ESERRBE PEN itk O fcoF 2 eERY di nes

ol om0 o5 91204 BIL L 200, OrRLL0 e YRLE 15 ., BF 9 P05
and correction information on deformation (warp) of grating
15 1lines 38 at each predetermined timing, for example, with
respect to each lot, or the like.

Then, during the exposure processing of wafers in a lot
or the 1ike, while correcting the measurement values obtained
from head units 62A and 62C (i.e. the measurement values of

20 encoders 70A and 70C) based on the correction information on
grating pitch of the Y scales and the correction information
on deformation {warp) of grating lines 38, main controller
20 performs position control of wafer stage WST in the Y-axis
direction. Thus, it becomes possible to perform position

25 contrel 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



15 and 39X2. However, the present inventionis not limted to this,
and correction information on grating pitch and grating |ine warp may
be obtained for either one of Y scales 39Y1 and 39Y2 or X scal es 39X1
and 39X2, or the correction information on either one of grating
pitch or grating line warp nmay be 20 obt &i%ed for both of Y scales
39Y1 and 39Y2 and X scal es 39X1 and 39X2. For exanple, in the case

only correctiQp igy ‘%h?tl' q{éhorl:l'ﬂrl%t rlééﬁn‘ééartglaéSan S eﬁrf'eq‘ft WAQle s

stage WST nay be nove e Y-axis directl

measur enent wtiase@f £¥dn MRAId enGEees R/ QARRD /G W t kot m‘é%'s'?&ement
Y-axis 25 interferoneter 16, or wafer stage WST may be noved in the

X-axi s directiagdmezasad corcddra Sreasurgire mo Djalnigsse DfonX dhanemr reradder S
70B and 700 without using X-axis interferoneter 126. Next ,

vaf er al i gnmemif qrawetdomedn igr addpaspi eclhppgat be ss¢@lepknchehewbodiemeion
wll be brlefly descri bed using FIGS. 81 12A to 120. Incidentally,
the detaiPs wWinfcmatdescrnpegfpgmation (warphepfidrating dﬂé‘k@ﬁ |3&n g in

t he case where f coI red ot areas AS, on waf Won wh
plurality of CQ%F rlgés SFFe @Ot tig |Cé%&t°ej( %otwaﬁf&ﬁ) S§ﬁ8ﬁ1WST

in FIG 120, jare 1g sery dflgeélc GRTPHn G005 e HELS L HasdG 59850 bRS T rm

I nci dental |y, neasdr enent T i's oM

It is assUWE%O%Q%HoBQ%bEEQ%lagEU§£§EPt%£Q% hﬂ% Q¥H§m%%l%&r%FBhQ%c%10n

secondary al irgnment systens AL21 to AL een per

bef or ehand i iizecgsdanceuddy h@@ngl}aqqm@tr 8ficalié g8MBIH afROIoBERRBout
AS. Incidentally, a specific nethod of the position adjustnent of

secondary0 al bgiment fSesitens bl 2hangeAlo24 rwitlinebeé ndegeartibed pliglcer of the
15First, main controller 20 noves wafer stages WST, on
X scales and warp of grating lines 37.

Incidentally, in the descripticn above, correction
information on grating pitch and grating line warp is to be
obtained for all cof Y scales 39Y; and 39Y; and X scales 39X,

15 and 39X;. However, the present invention is not limited to
this, and correction information on grating pitch and grating
line warp may be obtained for either one of Y scales 39Y; and
39Y, or X scales 39X; and 39X,, or the correction information
on either one of grating pitch or grating line warp may be

20 obtained for both of Y scales 39Y; and 39Y; and X scales 39%X;
and 39X,. For example, in the case only correction 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

25 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.



whi ch the position of the wafer Wcenter is set at |oading position

LP, toward an obliquely upper left direction in FIG 12A, and sets

the position of wafer stage WST at a predeterm ned position

(alignnment starting position to be describhed later) 20 at which the
center of wafer Wis |located on straightq% ne LV. The novenent of

waf er stage WST in this case is perfornmed by main controller 20
driving each 1mnf ol afocst ag8cHHEVRa3Y S €Fhi2dePa38d QR 18hB"RASHLEREAL
val ue of X encoder 70D and t he neasufenent value of Y-axis
interferonetaratky:. In a state 25 where the position of wafer stage

WST is set at the alignment starting position, control of the

position (includi nfetdednQr thet apeea)innt hhnthhecade prlaarss dfé wef erolored
table WIB on which wafer Wis nounted is performed based on the

measur ement Elafegrghs AS, on wafer W on which a plurality of shot areas

5

10

15

20

25

are formed in the layout (shot map) shown in FIG. 12C, are
to serve as alignment shot areas will be described.
Incidentally, measurement stage MST is omitted in FIGS. 122
and 12B.

It is assumed that position adjustment in the X-axis
direction of secondary alignment systems AL2; to AL2, has been
performed beforehand in accordance with the placement of
alignment shot areas AS. Incidentally, a specific method of
the position adjustment of secondary alignment systems AL2;
to ALZ; will be described later.

First, main controller 20 moves wafer stages WST, on
which the position of the wafer W center is set at loading
position LP, toward an obliquely upper left direction in FIG.
12A, and sets the position of wafer stage WST at a predetermined
position {alignment starting position to be described later)
at which the center of wafer W is located on straight line
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
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



two X heads 66 that are equi pped in head unit 62D and face 82 X
scal es 39X1 and 39X2 respectively, and Y heads 64y2 and 64yl t hat
face Y scale 39Y1 ad 39Y2 respectively (four encoders). Next, main
controller 20 noves wafer stage WBT in tg@ +Y direction by a

- predet erm ned di stance based on the 5 nmeasurenent val ues of the
above-descri bed four encoders, and sets the position of wafer stage

WET at the paskbheBsSHOWN and 59@; redde ANre TR %n@OQt}H@éc%@%t}?ﬂ éﬁHDéAIyl

si mul t aneously and individually detects ali gnment nark r ef er

star marks i rhaltGrat2Ay acaasgeslyj adt Beyt wasdduSte ) i @mﬁnten&f@@b&s) .
areas 10 AS using primary alignment system AL1 and secondary

al i gnnent systens HRe22,amdiAl28ntantlleink8 tidrecsletaetdr ort a@s WIS iof the
three alignment systens ALl1l, AL22 and AL23 and the neasurenent val ues
of the four encedaestdescivbed patrsies eamitiesl Wit aofcet e st vt itdre and
stores themin a nmenory (not shown). 15 Incidentally, secondar

al i gnment sygﬁéﬁélrﬁﬂlﬂltd 6l}&E§4°%ﬁ%FHO§Pd§§SFﬁ&Pe§o POF AR Fhend

| t k th t t t .t di at
et octi on 11 GRES, 6 kB Tabe Wt Er SRdeelTl G Ry BERasT §hown

irr ad! ate a qﬁt %g%' OTZh' gh]&nd Fl‘hrlé ercoﬂﬂélwoﬁratl%! 's%nﬁglhlltgnte%%sly

enbodi nment position of wa axi s

di rection Isa%@tlﬁglwaaam Bl d gmﬁeﬂ;ﬂeaﬁ%&§mﬂ@réﬁm£@%pﬁarks
the centerline of wafer table WIB, and prinmary alignnent system AL1

detects the ahi gn@eqtzmaakraﬂgéhelraltmnﬂnﬁée sfiglstakeaghhahti shdtocateds
on a neridian of the wafer. Incidentally, the 25 alignnment mark may

al so be Tor mdé ﬁlﬂ‘shgl@ﬂauatryshdxﬁ.gameatomysﬂaéremw abdtsdapridery alignment
enbodi ment the alignment mark is to be formed outside each shot area,
that is, on §Y§fc|e@étAL2nén(is%Ip23beamirie)nhamhediaﬁem@threspllésmtthree

areas on wafer. W Next, main controller 20 noves wafer stage WST in
t he alignment systems AL1, AL2; and ALZ24 and the measurement values

of the four encoders described above at the time of the
detection and stores them in a memory (not shown).

15 1Incidentally, secondary alignment systems AL2; and AL2,; on both
sides that do not detect the alignment marks at this point
in time may be made not to irradiate a detection light to wafer
table WTB (or a wafer), or may be made to irradiate a detection
light. Further, in the wafer alignment in the embodiment, the

20 position of wafer stage WST in the X-axis direction is set
so that primary alignment system ALl is placed on the
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

25 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 1line (scribe
line) that divides multiple shot areas on wafer W.

Next, main controller 20 moves wafer stage WST in the



83 +Y direction by a predeterm ned distance based on the neasurenent
val ues of the four encoders, and sets the position of wafer stage WST
at a position at which five alignnment systens ALl and AL21 to AL24
can al nost sinultaneously and individuaké%tS detect the alignnent

mar ks arranged in the five second align shot areas AS on wafer W
and al nost sinultaneously and individually detects the five alignnent

mar ks usi ng f#w%i@éc&'lwtbfﬁstﬂ@e@%mﬁ%dﬁdzﬂsﬁa%d@-%%sieqf'ag)(;\t 2:%%1 to

links the detection results of five alignnment systens A

10 AL24 and tke seasidmeal u¥aldeshefrdlie chedbeeBtoded ol tHE ddsT® ion
of the detection and stores themin a nenory (not shown) . Next, main

control |l er 2@fhoytsrwakerc BSRge A\BOsinivheatt¥hitheftiviecoal byn@ent systems
predet erm ned di stance based on the neasurenent val ues of the four
encoders, andldeardtfig1goshtroansa biiosmbsemudtagecnsT vaznd ipadiviidoally
at which five alignnment systenms ALl and AL21 to AL24 can_ al nost

si nul t anedusId¢ ithE Fildeamentddtaedts e aadegh ien tthea idy earsenaged
inthe five thi,rd align t shot eas on wafer W and al nost

i mul t aneous Py RETHAP UPATSE Aot BBL4 10 Mri 989 A iRie ft ThapRgeousLy
(refer to star 2 I I S| five,allgnpen st ens ALl
bnd A 21 1o ArsainBRyt ey Gectl offt dlveonts BobPREE B TR Bive
al i gnment syghens il a4 Al A1q Akft i3] thenfBasuleienieya ofp

t he four encodegg1 at t%le%ti me of the det gti on and stores ?rxemf&?]?lsa ©

nmenory (not sl@wr)ion23Nexillt sMeitn ree8t Eok heheR0 8P¥ESmWaiEl Shage MBEo
in the +Y direction by a predeterm ned di stance based on the

measur eneht wal2yesndf thdend asuremsodersl uan b Sailse thmpesidddyrofat the
waf er stage WST at a position at which the alignnent nmarks arranged
in the threetfiogreoh tdld getrent iohotndrsdasy sAStbamwat er memory (not shown) .

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

15 ofwafer stage WST at a position at which five alignment systems
ALl and ALZ; to AL24 can almost simultaneously and individually
detect the alignment marks arranged in the five third alignment
shot areas AS on wafer W, and almost simultaneously and
individually detects the five alignment marks (refer to star

20 marks in FIG. 12B) using five alignment systems ALl and AL2;
to ALZs, and then links the detection results of five alignment
systems ALl and AL2Z2; to AL2, and the measurement values of the
four encoders at the time of the detection and stores them
in a memory (not shown).

25 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
of wafer stage WST at a position at which the alignment marks

arranged in the three fourth alignment shot areas AS on wafer



84 Wcan be al nost simnultaneously and individually detected using
primary alignment system AL1 and secondary alignnent systens AL22 and
AL23, and al nost sinultaneously and individually detects the three

al i gnnment marks using three alignment 5 systens AL1, AL22 and AL23,
and then links the detection results of ttree alignnent systems AL1,
AL22 and AL23 and the neasurenent values of the four encoders at the

time of the qetgstdon) And: Stiofas ANemd 1y, %Hi%i@%ll%}‘&&‘@écteéﬂh%&ng

mai n controller 20 conputes an array of a?? the 10 shot "areas on

waf er Won aaoefdiynate geaxshens {ecom AN XNCO8EEhARLY SYSIERRMSIAGtems
the optical axis of projection optical systemPL as its origin) that

is set by thalfgasutlen®dt, axed almbse §buileacedes Sy (dodriheddidnil sy

, by performng a statistical conputation by the EGA nethod, which is
di scl osed 15 datedte tharjirse Kokgnmeldparedes Wnesikegritiet Patlegnment
Application Publication) No. 61-044429 (the corresponding U S. Patent
No. 4, 789, otAtesifdrbhe Alideend LAy fRE twretinks hesdetschion nesdits

of 16 alignne rks and the corresponding neasurenent val ues of the
four encoder$ 157e @i P T et ep% crpilg’édaﬁ 0\1/\‘@,23a‘?|%§t%e

e " Ot A A VIR R encodner BF (e Tyte 2 the

above, in the € n novi ng wWafer “stage

di rection anche3Qidiiing ther RASIAdON il Waf &f th\/t%ﬁtatsﬁo%{) poi nt s
e a

on the noving route, position 25 infornmation o i gnment’ ‘mar ks

in alignment shot aheas ASiat cdAtpeilnts po &@@ﬁﬁté@%r@%ﬂvﬁid@%ﬂn the
remar kably shorter period of tinme, conpared with the case ere a

si ngl e al®gnménrtt syst-emeequaidn at lon detecirslitraa caldygroent (gar ksmixy
16 points. In this case, for exanple, as is understandable in

particul ar 8%omddmatensyseenng iald ghewpt iopdt @nts Aflpref @2t how opttidal
each of alignnent systens ALl, AL22 and AL23 detects a plurality of

al i gnment nacKS &N §§"e65a3r1€-ﬁlg3lﬂfémﬂ- $hiat disr setily Hratnesgirement axes

sequentiall yo@ %%eed fgutrhie?lc:[o%eerdset(efcc}dro%e%rde%n(iet'sq', by performing a

statistical computation by the EGA method, which is disclosed

15 in, for example, Kokai (Japanese Unexamined Patent
Application Publication) No. 61-044429 (the corresponding U.S.
Patent No. 4,780,617) and the 1like, using the detection results
of a total of 16 alignment marks and the corresponding
measurement values of the four encoders obtained in the manner

20 described above, and the baseline of secondary alignment
system ALZ2,.

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 peoints on the moving route, position

25 information of the alignment marks in alignment shot areas
AS at 16 points in total can be obtained in a remarkably shorter
pericd 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



5 corresponding to the irradiation area of the detection light),
associated wth the operation of noving wafer stage WST descri bed
above. Therefore, on the foregoi ng neasurenent of the alignnent
marks, it is not necessary to nove wafer stage WST in the X-axis
direction. 10Further, in this case, the fitber of detection poi nt's
(the nunber of measurenent points) of alignment marks on wafer Wthat

are al most siyRYA aneeUr19Rf eatiefhnrhtd RlsWedld ty,10f @blzgm@nzms, each
systems differs depending on the position within the XY plane of

waf er stage AT HtiRgméroSiidteimd RI1pgr Wieyl and 181,24 idésedthe aA¢0RES ity
degree of wafer Wto a plurality of alignnment systens)). Therefore,
when novi ng wef erl istrage WA\BR s tarer ayreakissl adia edta Oirabhiat dixection that
orthogonal to the array direction (X-axis direction) of a plurality

of alignment aigsts@msierntthia Ingt ksl amedosithiighsthdi fdadrasyird ory cmqecme(e g.
anot her 05 waf er Wcan 20 be detected si mul t aneousl y usi ng

requi r ed uni?é’rrrc?fs%riddﬁ‘r‘ﬁeﬁ Rt erd1rhlaR redanE & 'fl%t?ﬁEl%éJ{qh&ﬁ
of wafer sta rds accordance mnth hot y
on wafer W SSO a\tEd t"ﬁe%éd: eorfanf\/@eqrer TG * qrde'S agpeigfﬁréra
25 and nor ”H'de\ééﬁ%e%o%o%eveﬂ?&?é ofEF chﬁﬂlt@%' ¥oré§om§t&£§&£aﬁem of

si nul t aneous neasurenent by a ura nmen

descri bed abawr tail@%fegrtnﬁgrgsl yi@li & el hakrsRas! tter}né%tdhefezr BtlaYe
direction (direction parallel to optical axis AX of projection

optical systemTPlin afhavaf-erxitsalklieedB.orit 86 is highly probable that
at | east one alignnent system perforns detection of an alignnment mark
in a defbCused stattertFeus, innthhe eabedi neatnumesas urfe detteeriror pofints
positions of alignnent marks, which is caused by detection of

al i gnment mar R:élesn\alebeérqﬁameaﬁuaemeﬁeme@t%)t aﬁfealienwpﬁomeﬁedom wafer
t he manner desc i bed bel ow. That is, main controller

controls stade® raltvér§y§i-@ﬁi5EZ%lIP‘ZlF%Q%PPﬁ%Yn%%%%W%%k@hd’t Fe]ﬁkﬁﬁﬂ-)l)ty of
d | | { d, AL21 tq AL24 t hat

cach of al | GRTEINER AR 5 S??@&ef%fr ﬁéep%'g’ﬁlﬂgor?élt boed TioF apein

from one anothery Q?ﬂpmgroé/\{d'a%e céle_I ttﬁ'%e?uérﬁgkgf{%ﬁmr?%a@ﬁ:L%Qﬁt%r

al i gnnent system correspondi ng nmen
15 {i.e. the access degree of wafer Wto a plurality of alignment
systems)). Therefore, when moving wafer stage WST in the

Y-axis direction that is orthogonal to the array direction
(X-axis direction) of a plurality of alignment systems, the
marks at positions different from one another on wafer W can
20 be detected 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
25 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



changing a relative positional relation in the Z-axis direction

(focus direction) perpendicular to the XY plane 15 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 ition at which the

position of wafer stage WST is set for detecting the alignnent marks
in the 20 respegt h}yad U tﬁQQta@'l%éét%&%'l?%n% ®VEystem performs
FIGS. 13A to 13C Show'a status where detection of ‘marks o ma? r- Wis
perforned by ddtwa-taldrgrent sysiensnAlda and rAlz2defochbéd sPatle stahg,
shown in FIG 12B where the position of wafer stage WST is set at the
det ecti on posirt tha exbcaliingmmtenhe25unam&st iaxr tdreo £ Iporsd. talangnae il imaient
areas described above. Each of FIGS. 13A to 13C shows a status where
waf er tabl e WEBXSwafdylaly diss daysatedyatdeateetdidf erferstl IZmpeeitt im@rkend
different_alignnment narks are al nost sinultaneously being detected

usi ng al i gnmERE IQFASE NAR19ghACAESS BbaAER4LS | FURPRESTed 6in ghefmanner
FIG 13A alggpnen&ﬁ%yigﬁgy AL22 and AL24 on both sides are in a
focused stat &-and t &mai i ng al i gnment systens are in a defocused

state. In the stataal LG, I35, cALLANTRD!, SYSLATE 22 300 AYD Yk or

in a focused state an e remainin systens“dre Tn a

defocused stata (7115t GeRhafiGn 130t Uk WD EYstanAlbs:

in the center is in a focused state and the remaining alignnment

systems are igliaraeimCcygetent @M. ahA AT, ScRNDE 5o BYa PRELAr & BY i gnment
si mul t aneous neasurenent 10 of alignnment marks by alignnent systens
AL1 and W22 mag kAl Zhnveid etc Hdnegipog i ircelsattihag posl tdidifalrared didoon dre
the Z-axis direction (focus direction) between a plurality of

al i gnment sy@nerhen enavdiar M itso aAnps tapdmwat enevimbyrdete ofedvdfeeach
table WIB (wafer stage WST) by changiqg,the Z-position of wafer table
15 WIB (waf e@LWgn BYSERE GPTERTRMALYS ttensachna hbaReRt ik, while

o TN TRk 0ShaNA Dot Laeusa S, Aeortiagy
iti di £ . f . f Wt bei
et 1on O Hgiaht NG SR ) WS MANBY D pyene

di fferenge a'E‘é'%gle%np|a‘1ri%]|nirﬁéﬁt0fsy%ltieg%rr%'ltl SY=f S, Py Rfgf egr?@tsvi{@féy W

using the detection result of the mark, for exanple, in the no
favorabl e foegissedest aine weff ceaaitdld GIMMENtvaFEst &Pager Wde hisk@g the

Zz-leveling mechanism that constitutes part of stage drive

system 124, at each position at which the position of wafer

stage WST is set for detecting the alignment marks in the
20 respective alignment shot areas described above.

FIGS. 13A to 13C show a status where detection of marks
on wafer W is performed by five alignment systems ALl and AL2;
to ALZ2, in the state shown in FIG. 12B where the position of
wafer stage WST is set at the detection position of alignment

25 marks in the third alignment shot areas described above. Each
of FIGS. 13A to 13C shows a status where wafer table WIB (wafer
W) is located at the different Z-position and different
alignment marks are almost simultaneously being detected

using alignment systems ALl and ALZ; to AL2;. In the state



Incidentally, in the description above, for exanple, the 25 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 d’so usi ng the detection
results of the marks 88 in a defocused state. In this case, the

detection reyd F5c0f 1508 By &ksnd it 3 debacuaed %h%ltﬁLﬂi%ebH%ﬁdsﬂ%’ s are

mul ti plying the detection results by the melght I n accordance w

the def ocusedrstat®cusdd hefatd htrdetRCtiahiBsly talafgride thestens are
the defocused state is sometines better than that in the best focused

state, for exand elefeperst regadre.nater taks sabteayér §Ior 088, oaltihament
wafer, or the like. In this case, with regard to each of the

al i gnment systv@rhensddildetarsh Ao s tdie dar Rstosugrd iséamedand the rfepadsing
state with which the nost favorable 10 result can be obtained, that

is, in a def GlisBIEatyStane posi +1 oh dafixsiurad S age -t hen bk sStafie of

be obt ai ned ysi h det ect.i, | ts. Furt : b

seen 1 rom FI GC19R vo T3¢, HHSTHE o™ &ids ot 9 THESH 1'gnridhe
n fron T Top B ] IHE ignrid

(Faxis direcrianrt et AbF % Yb IR AT R SR G i

(tel ecentriCidapoMsdde1@utd cal axes with respect to the Z-axis, the
detection results of positions of the alignnent marks coul d incl ude

error. AccordinglyInithis Iﬁrﬁfeeﬂ‘,a@yef)éhﬂbrﬁﬂﬂﬁgtéirﬁulzlfhﬂlédﬁb rRSReGenkat
the Z-axis of the optical axes of all the alignnent systens is

measur edl®n advaddegnmand thekdebgcil dbonmestl4gsidmpasilt izors 20l the AL2,
al ignment marks are corrected based on the nmeasurement results. Next,
basel i ne neastrideeshafgisgl eneeéhbtky pbspriomay relation in the Z-axis

direction (focus direction) between a plurality of alignment
systems ALl and ALZ: to ALZ2, and wafer W meounted on wafer tabkle
WTB (wafer stage WST) by changing the Z-position of wafer table
15 WTB (wafer W), any of the alignment systems can measure the
alignment marks in a substantially best focused state.
Accordingly, main controller 20 can accurately detect the
marks formed at positions different from one another on wafer
W without being affected by unevenness of the wafer W surface
20 or the best focus difference among a plurality of alignment
systems, by preferentially using the detection result of the
mark, for example, in the most favorable focused state of each
alignment system, or the like.
Incidentally, in the description above, for example, the
25 detection result of the mark in the most faverable 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



25 alignnment system AL1 will be described. Herein, the baseline of
primary alignment system AL1 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 system PL
and a detection center of primary align 89 system ALI _ a.
At the point in time when baseline neasurenent of primary alignnment

systemALl is s§f Qréggoc§§e%@t‘,’ﬁé.n hG nidAad0zzhe H?%EC@%OB aln%s of

liquid imersion area 14 between 5 projection optical system

at | east one t9fc AE2%E eRBNadrARIBMIBrand £, b 1464 Thatul Sip WS the
stage WST and neasurenent stage MST are in a state of Sseparating from

each other. Qeteassldmedmdsiy enerthofwgirgnmrin aldgriiices wsittemAlsl |
10 first of all, as shown in FIG 14A, main controller 20 detects
(observes) fidhfcicalsarthrskafEM .| o€arebeirn the denéetion memsur emferithe mark
plate 30 with primary alignnment systemALl (refer to a star mark in
FIG 14A)2 ThHéhtheadefosnees sépteoimafeset Hecadrektpprtras Uihatofin the
primary alignment stem AL1 15 correspond to the neasurenent val ues
of encoders FSR% f%’lﬁ‘% FHE i e Yo AP et SRS 18 PP (66 1eHeme
in a menory. reinafter, . thi rocessing i.s referred_to_as a .
Pri - BCHK forr%éal e%rso%éjtggller?g?nf g?gtvﬁ%g%%keoqfoft%ceog\}z(ﬁi'en@é.t}&ns 48 with

Pri - BCHK for %rgam&es%egg?gg?%agggm@ﬂt \@ytil'tihe'?nst hg%ég?g%gﬂ%fzghggnarks

wafer table WIB1s contr on two eads ndi cat e

bei ng circl edd peFkGrmédAit hate FaeasXstsatb a8 B39 ¥hiande 38X enerdeidle
70B and 70D), and two Y heads 64y2 and 64Y1l indicated by being

circled id Flr@sul4Adamtbd ateal reehl ehad39¥k,and 39 feencederss af@d and
and 70C). 25b. Next, as shown in FIG 14B, main controller 20 starts
movenent of wefsért isirage fwBTaitn omhef +Yhelinsadtd owmysbet diata ivead urssimentsuch
plate 30 is | ocated directly bel ow projection optical system PL.

After starti f¢tEREiPvefEitlisy the +Y direction of wafer stage WBT,

main controller 20 _detects the
Furt%er, as can be seen from FIGS. 134 to 13C, all the

optical axes of all the alignment systems do not always

15 coincide with the same ideal direction (Z-axis direction)
accurately, and due to the influence of this tilt
(telecentricity) of the optical axes with respect to the z-axis,
the detection results of positions of the alignment marks could
include error. Accordingly, it is preferable that the tilt

20 with respect to the Z-axis of the optical axes of all the
alignment systems is measured in advance, and the detection
results of positions of the alignment marks are corrected based
on the measurement results.

Next, baseline measurement (baseline check) of primary

25 alignment systenlALl 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



90 approaching of wafer stage WST and neasurenent stage MST based on
the outputs of clearance detection sensors 43A and 43C. Before and
after that, that is, during the novenent in the +Y direction of wafer
stage WST, main controller 20 starts 5 to _open shutters 49A and 49B
via drive nechani sns 34A and 34B, and perarﬁts t he further approaching
of wafer stage WST and neasurenent stage MST by opening the shutters.
Further, mainy alflier 20 confirns the opening of shutters 49A and
49B based on detection results of opening/closing sensor 101. 10 c.
Next, immediately aftet deleglding tihatt inRf ehest ag@WBheadasurement of
measur enent stage MST cone into contact with each other (or cone

cl oser toget lperimraadigharoe ofstendid 39GH™rteasedsarhdwre iaur pait 444,
of collision detection sensors 43B and 43D, main controller 20 stops
waf er stage WORZ1Af taritt i  fowmian B wichtimsdeaicro Fuga Hek hegwesen
nmeasur ement sta%e MST and waf er stage WST integrally in the +Y

di r ect i on® whifTEIESEPiNY PR teGRlaY SEERL BL Ginreds hr@fEn? 8 (Ag &SR rengnt
waf er stage or, eepj di st.ance. of around 300 T ,

the middle o?Q%thle ryg\/%rﬁ{ﬁ %h %’cﬂﬁ cftéf‘m@}l?itoﬁsar ¥atex gg)aaa %Er 888
from20 CD b f b - e naf

st age WST reg%ﬁéggl I’Ee%lé%%ogirtta }g%nhgﬂﬁ\é%-ﬁeilnn &taﬁijB&n’%?%g\%%Pnijr{%I er 26 ch
stops both stages WST and MST, and neasures projected inmages (aerial

i mages) of a pair of measurenment marks on reticle R that are proj
ected by proj ecti on Zbsopin€akasystashllof peingraellgnndByeystem ALL,
measuring unit 45 including nmeasurenent plate 30. The aerial 1 nmages

of measut@nerdtinsdr & all paisr shawe igevéGal 14A peasiur ednirof herasd idaltects
i mage neasurenment operation by a slit-scan nmethod using a pair of
aerial image (wdssuv@santt islual gamaarm Ml omitEd dm ttde ment@Er st hod
that is disclosed in, for exag_g(%g},i@Kokai_ (Japanese Unexam ned Pat ent

Appl i cati on PERISUCERIET) PABES PO E e s foRdPRgMP S (refer
E?;S?;uéfsl;%%F%ﬁgtggaéég %%9&%2%’1%%8%/08ﬂ%%?7 aigfgg£€¥%ffgr 20 makes
the detection result of primary alignment system ALl
15 correspond to the measurement values of encoders 70A to 70D
at the time of the detection, and stores them in a memory.
Hereinafter, this processing is referred to as a Pri-BCHK
former processing, for the sake of convenience. On the
Pri-BCEK former processing, the position within the XY plane
20 of wafer table WTB is controlled based on two X heads 66
indicated by being circled in FIG. 14A that face X scales 39X%;
and 39X, (encoders 70B and 70D), and two Y heads 64y; and 64y,
indicated by being circled in FIG. 14A that face Y scales 39Y,
and 39Y, {encoders 70A and 70C).
25 b. Next, as shown in FIG. 14B, main controller 20 starts
movement of wafer stage WST in the +Y direction so that
measurement plate 30 1s located directly below projection

optical system PL. After starting the movement in the +Y

direction of wafer stage WST, main controller 20 detects the



5 stores the neasurenment results (aerial inmage intensity in
accordance with the XY position of wafer table WIB) in a nenory .
Hereinafter, this neasurenent processing of aerial imges of
measurenent marks in pairs on reticle Ris referred to as a Pri-BCHK
| atter processing for the sake of conveni®hce. On 10 the Pri-BCHK

| atter processing, the position within the XY plane of wafer table

WIB is contreldfdhasied 8R e Xshaadsy$h ahadhead ehin P&IRg Clisfeled
in FIG 143 that face scal es 39X1 and 39X2 (encoders 70B and 70D),

and two Y heags thk icudipaaied HyIReimthdd rddedtdinFlsGnskAR twat dacea 3¢,
scal es 39Y1 15 and 39Y2 (encoders 70A and 70C). Then, main
control |l er 2@edomzutees] tafe dragdlatme tafa tpriisyardn ralnggoentmcsiassdesm Alnl the
based on the results of the Pri-BCHK forner processing and the

results of tH& RHireREHKN &ft e faocdsgangJosadibedcaiowd. ler 20 starts
201 nci denéal ly, at the point in tinme when the baseline nmeasurenent of
primary aPi giPeAPeByT et S 480dandi4 LB VilRed i Ve Bogadismesy 34A and 348,

Rafer st age VAP BEETIAF % Tt B A RO L VR O e i i @nd
from each Ota%%éﬁié%é%i gk??%ﬁﬁg¥?gbgéﬁﬂfg%%%%pg%utt rgys?gﬁéa&g%,nmin

basel i ne measurenent opera ar I gnren

(n=1 to 4), wain&hdis NRerfoidRE TN Iohd pd MRf & ahthe Readofi@ 493
lot) right before the processing to wafers inthe lot Is started,

will be descuiabed drereidecti®d theshaseld Mephisryndaing@ldgiymntion.
system AL2" neans a relative position of (a detection center of )

each secbhdary al i gnnpktsystmmedAuRelwi &htét hde tdeteing drhaenteferofsthge
primary alignment system AL1 as a datum Incidentally, the position 5
in the X-axi ¥5di are tiegs ugernsgdontagy MAT gome nn toysrrba At M thnedch other
is assuned to be set by being driven by rotation drive nmechani sm 60",
for exanple, (©F SE®8r F MY R dfkot Hea- alkden odf 2aFpendattn) pased

the lot. on the outputs of collision detection sensors 43B and 43D,

main controller 20 stops wafer stage WST. After that, main
15 controller 20 further moves measurement stage MST and wafer

stage WST integrally in the +Y direction while keeping a

contact state of measurement stage MST and wafer stage WST

(or, keeping a distance of around 300um). Then, in the middle

of the movement, liguid immersion area 14 is delivered from
20 CD bar 46 to wafer table WTB.

d. Then, when wafer stage WST reaches the position shown
in FIG. 14B, main controller 20 stops both stages WST and MST,
and measures projected images (aerial images) of a pair of
measurement marks on reticle R that are projected by projection

25 optical system PL, using aerial image measuring unit 45
including measurement plate 30. The aerial images of
measurement marks inpairs are severally measured in the aerial
image measurement operation by a slit-scan method using a pair

of aerial image measurement slit patterns SL, similar to the



e. On the baseline neasurenent of the secondary 10 alignment system
performed to the wafer at the head of a |ot (hereinafter, also
referred to as "Sec-BCHK' as needed) , first of all, as showmn in FIG
15A, main controller 20 detects a specific alignnment mark on wafer W
(process wafer) at the head of a lot witHlprimary alignment system
ALl (refer to a star 15 mark in FIG 15A) . Then, main controller 20

makes the detestin Jigsul;t rsrcg_%gcggﬂ it0 e NBas Iu(?]% f
encoders 70A to 700 at thles ;alqne of t el detection, aﬁégegook%s h %nleﬁn’e

a nenory. |numgastiadi ofatkn®G i dahte ROTII1aR AW 1) N Mohe 2¥¥2rl0an@ o s
of wafer table WIB is controlled by main controller 20 20 based on

two X heads G&Heacorge$pecalies; 39XL dnd a3IXAanceddrs PABlaRE tiQ6) No.
and two Y heads 64y2 and 64yl facing Y scal es 39Y1 and 39Y2 (encoders
70A and 70C) 2002/0041377%), rRéetrredaicn poaviohbéy 20dnovesl e erarst agen
WET in the -X direction by a predeterm ned di stance, and as shown in
FIG 25 13B, s§éuss $hen@sgsediomentalbapidm (Renid adi tifagec didanpity in
alignment system AL21 (refer to a star mark_ in _FIG 156 nd nmakes
e et oct | 5f EOECEST T e et T BOPRG RBAShPaRBh( ARk LB ren dtery -
70A to 70D a Q. hem i.n nenory.. ln the state of FIG . 15B, the
posi €1 on i ¢ RUH CEREDXP 6 ibs B BhL e HRmee R P8 26htbiTEpes of

based on two X Reads 68 Hachkag:x ﬁﬁ?k@soﬁgggggggegﬁé%%g%%ﬁﬂﬂﬁk§ PBs &

and 70D) and two Y heads 64 facing Y sca 9 (encoders

70A and 700) pri-BCHK Jat8kf E@bbéssﬁabnf_@enthélwme?&fsﬁﬂuﬂe*ﬁiiéﬁdé/. On
noves 5 wafer stage WST in the +X direction and sequentially detects

t he speclli c talel Gared®CHRANK twietrh pirive esatmigni ngespoeiddoy alitgpimerhe XY
systens AL22, AL23 and AL24, and then sequentially nmakes the

det ecti on repdlnse obr vefpontdabdet WEBnkastwrement L edlhasedforericad&r eads
70A to 70D at__the tinme of the detection 10 and stores themin a

menory. 66 pndfrafednay e rolnere R0 ncEAput b4BtHea balsaas de seples
cach, Secondactydl LARTERL SYSLEMALZ, frser o e Brocess gL ooyl ig
indicated by being circled in FIG. 14B that face Y scales 39Y,
15 and 39Y, (encoders 70& and 70C).
Then, main controller 20 computes the baseline of
primary alignment system ALl based on the results of the
Pri-BCHK former processing and the results of the Pri-BCHK
latter processing described above.
20 Incidentally, 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
25 distance of around 300um).
Next, a baseline measurement operation of secondary
alignment system AL2, (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,



151 n this manner, since the baseline of each secondary alignnment
system AL2, is obtained using wafer W (process wafer) at the head of
a lot, by detecting the sane alignnment mark on the wafer Wwith
primary alignment system AL1 and each secgndary alignnent system
AL2", the difference in detection 20 of f Sét anong the alignnment
systens caused by the process can also be corrected by this
processing as e isitind 06 ARdaly RASEIIHIEEASIATRNAL Ohegn

secondary alignment system AL2, nay also be perforne using a atum
mar k on waf erredtzagere\bbsaf iBRASHr eaeakt S¢a06n Mdnt éPd©ad Lfh tsfée:ondary
alignment 25 mark on the wafer. In this case, fiducial mark FM of
nmeasur enent pllaten@htusedtiem AhEHNHSEiumhenéasacementc@mt@ruﬂﬂrprlmary
al i gnment system AL1 may be used, that is, fiducial mark FM may al so
be nmeasur ed Wl@ame@eéaﬁaamyﬂhh@mdatwst ehal@entrly f drheemﬁprt@on
the "n" nunber of datum marks are 94 arranged on wafer stage WST or
measur enent  Stable KERX¥LS dhesShhD aéﬁwwry énlafzrlalﬁnassm%ﬁm Bi2n

secondary ali nt oS stem A and .detection of,the datu

secondary aI|% %?%%?%HﬁhhﬁhfeﬁegngEbP3b$E9¥ﬁ?nR¥ SERATGE dr%ve
si mul t aneous e d o] L8NG

of CD bar 46%%§hé§ﬁ§%lg§“02£d91%%g§%%%? {? gg%?%éﬁﬁ#ﬁﬂ éﬁ asgﬁ'map
measur enment ght%eggnq%@yw%k@&@nqgtt%gquE]ALZn may be arranged on

waf er stage WST in a predeterm ned positional relation with fiducial

mark FM for baseliae mrasueergitlehepmeaBluYetleh@nENt hd0 seyshamAL L,
and detection of the datum marks by secondary alignnment system AL2n

may be ek@cuEabb@m@mMDsyssbmmp&aﬁenmeﬁytwwﬁHt:@aﬁegthmnthé feddio@Ala 1ot
mar k FM by prlnary alignment system ALl _ In this case, the nunber of
dat um mar ks fldersadselfites, n@h@@ur@rf@mre@lft@@@o‘?ﬂ@w%fﬂﬁigﬁme@g@temrst
AL2n may be one, or 15 the datum marks may be arranged_in plural, for
exanpl e, t he %Lafe lnuMSeshaen: A8 Alfber 566 @éé@n&&ﬂﬁrQﬂlﬁﬁn@ﬁtd@%@?éﬁla

AL2n. Furth nbodi
Syatem ALL afBEaonaat yoon PO R RS Pt o eare R v s S Hhe nead
Keaxi's and (AS o aetewat Bt italP {Plannlll SPEPADER el Bo e, stax

X-axis and the ¥-axis I ONs Leondar i gnirent 5

can be opt ai pedsiiRulF@Nequslhy byheﬁ' nﬂamecgﬂergwsesmnagkggr Kfeat
the time of baseline neasurenent of Secondary alignment system AL2n.

In the enbodideerict ibindueisall tmaide d ref eheneRIRidencMe ard ke of
al i gnnment marks on the 25 wafer include, for exanple, the

one- di nensi oralcodemrar K0ante Y/ rde ithewhick af pthws addtactoford | reidstkses
are periodically arrayed in the X-axis and Y-axis directions

respectivel ythemin a megxty. a Teeth 8GR tepef atlicon] Sknitdle pes Petdnmitdin

at predetermned timng during the processing of wafers in a |ot,
theXYplaneofwafertableWTB1scontrolladbymalncmntroller

20 20 based on two X heads 66 facing X scales 39¥%; and 39¥%; {(encoders
70B and 70D) and two Y heads 64y, and 64y; facing Y scales 39Y,
and 39Y; (encoders 70A and 70C).

f. Next, main controller 20 moves wafer stage WST in the
-X direction by a predetermined distance, and as shown in FIG.

25 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



95 for exanple, a period fromwhen exposure of a wafer ends until
when the | oading of the next wafer on wafer table WIB i s conpl eted,
that is, during wafer replacenent, will be described. In this case,
because the Sec-BCHK is performed 5 at intervals of each wafer

repl acenent, hereinafter the Sec-BCHK i s 4 so referred to as the
Sec-BCHK (interval). On this Sec-BCHK (interval), as shown in

FIG 16, mai npcopkeeld a1 2Qm0ves masinerephsehage t¥BTk $iealhabs racing
straight line LV on which the detection center of primary alignnment

10 system ALK issapleacadxsulisd @ux,al dycc@bnei TES aMd hocenkadl £ e Clheads
and al so CD bar 46 faces primary alignnent system AL1 and secondary

al i gnment systlerfisfliyg YTherglemidPYooandoBREr 26nadfess s70keapad 70C) .
rotation of CD bar 46 based on the nmeasurenent val ues of a pair of
reference gratings92SdRi¢BMBanr 4eiangons reliesds lepprugnd iy moves
i ndi cat ed_by bei ng %i rcleg in FLG 16 that face th(eﬁ_ﬁpai r of reference
gratings 2 % SrGaryWe Y- 1itdhg TRedl TEREOABr NG B RN AP LY &ifFects
al so adj usts . the XY- itiagn of bar .46,. for_.exanpl e, .using the
measur ement  Valcué e(%.ioffce aﬁﬁtgélﬁeglrl%oﬁ@tr&ﬂlt@ast&? I?W%ss%rc&?éjrﬁry
val ues 20 of _pgrsi | t st L1 _i:ndi gat i I Gl

h G 16 tRat Bark o PETER AL AR A e T S PR g Ly

neasurenent btalded MR @etidb it Wity ddere@@fond to thel Mbsurltment
this state, main controller 20 obtains each of the baselines of four

secondary al ivgrinest ofy sinetRicA=? T 0ro tAL24D 2% MheSitime aifeaus! Wetection
measuring reference mark Mon CD bar 46 that is |ocated wthin the
field ofleaclnsf sttveeseddwdariyy & imgmoent. systens using four secondary
al i gnment systens AL21 to AL24. Then, on the subsequent processing,

drift of the basel Prnedh &, Mahn wueodarsr aPiqpmmie syBe dpscAlizE ebeach

AL24 is corrected . 96 by .usi n% t he new )ﬁ measur ed basel i nes. .
secondary alignment system ALZ, based on the processing

results of the above “e”, and the processing results of the
above “f” or “g”.

15 In this manner, since the baseline of each secondary
alignment system AL2, is obtained using wafer W (process wafer)
at the head of a lot, by detecting the same alignment mark
on the wafer W with primary alignment system ALl and each
secondary alignment system ALZ2,, the difference in detection

20 offset among the alignment systems caused by the process can
also be corrected by this processing as a result.
Incidentally, baseline measurement of secondary alignment
system ALZ, may also be performed using a datum mark on wafer
stage WST or measurement stage MST, instead of the alignment

25 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

ALZ2,. Or, for example, the “n” number of datum marks are



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. 5 However, the present
invention is not limted to this, and ea%ﬂaof t he basel i nes of four
secondary alignnment systens AL21 to AL24 “may al so be obtai ned by
sequentially (nonsinmultaneously) nmeasuring the sane reference mark M

on CD bar 46 swiddhg@dPlod abicky @Eaggcwgﬂ%y Red SMPBNEN SYSL LIS MO in the
Next, the operation of position adjustnent of secondary alignnent

system AL2r, swirld pbeibibrél yredesdidrbes thasedf erdon@S.r yIZA gfle A7 Bystem
It is assuned that a positional relation between primary alignnment
system AL1 ardd.Zheund ebdredariyorabif ghine ia wys memk sAb P Isddortadn AL 24 iigament
the positional relation showmn in FIG 17A, before the adjustnment. As
shown in Fl GSYFIBIN A&Ln Tt o ErecuLebley esnash st Brbhineeagey MSRsdhe

that primary alignnent system AL1 and four secondary alignnent
syst ens AD 21 G U BATYSe FOEaT SANREF abiteE (9P Bamakks MegE, CPrPahd 6 may

simlar manner, to.the case gf the Sec:BCHK (interval) _described
g fPeePEothotly Faruli SABP E5Fohr H6 Based

. us
above, mai n cont r(?lel er Jus

on the neasu e f. Y-.axi } E

heads 64yl a#%g%%tfze)@ngngf%Iego%r%%s%htﬂﬁgﬁ%@?% Sl te?noégg‘f ﬂ%% }%%rarggnged
based on 25 Uﬁ%eﬂ?@ﬁlért%@z‘:nﬁs‘!'aﬂ#g%ﬁd@défﬂﬂe@FbGE%EBhaQY%ﬁﬂf&.’aﬂ-with
that detects reference mark Ml ocated on centerline CL of neasurenent

tabl e MIB or fiidudi@lvhet BiFMyE s hezeefl.inSi ek & anenerst Y Wi tnd By 211ignment
adj ustnent, main controller 20 rotates each of arns 56 at the tip of
whi ch eath segeridar ZL197 aald gigrremit ioys todmalh2n dag uar marrded byarseawhdary
each rotation center as indicated by arrows in FIG_17B, by driving
rotation dri¢elgegRaT SHEteD Az B Dsassacohabheta st slouigenesusly
i ncl udi ng infqrrtrlaéi on on size agd pl acem%(nt of alignnent_shot areas
on with detection of fiduclal mark FM by prilmary alignment system
ALl. In this case, the number of datum marks for baseline
measurement of secondary alignment system AL2, may be one, or
15 the datum marks may be arranged in plural, for example, the
same number as the number of secondary alignment system ALZ2;.
Further, in the embodiment, since each of primary alignment
system ALl and secondary alignment system AL2, can detect
two-dimensional marks (X and ¥ marks), the baselines in the
20 X-axis and the Y-axis directions of secondary alignment system
ALZ, can be obtained simultaneocusly by using the
two-dimensional marks at the time of baseline measurement of
secondary alignment system AL2,. In the embodiment, fiducial
mark FM and reference marks M, and the alignment marks on the
25 wafer include, for example, the one-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,



5 a wafer to be exposed next (i.e. placenment of alignnment marks on
the wafer). In this case, main controller 20 stops the rotation of
each arm 56 at the position where a desired reference mark Mon CD
bar 46 is located in the field (detectio rea) of each secondary
alignment system AL2fl, while 10 nonitoriTig detection results of each
secondary alignnment systemAL2n. Thus, the baseline of secondary

alignment systameRhapies 2¢dusiRdrtehangsdledods2Ge0hdange reht nddintil

pl acenent of alignnent marks arranged in the alignnment shot areas to
be detected. Wherptdter Madisg tde Hositd:an wdfdthenX-waxdisr kalid ety ark
of the detection area of secondary alignnment system AL2n i s changed.
Thus, only byampligigedyaftBratWiiay tcheriVrgawiast bt regiliagrementpl widll thye

al i gnment mar ks whose positions in the X-axis direction are

subst anti al | yaseriRafe afd #hésecposi thonsusd e SeerdEHireaardvwrned

are different on wafer W20 can be sequentially detected by each
secondar yE al ignrerhe Kt R asarh M?ﬁeﬂé ISRHGRRSIE iheasidiafdier the

al i gnnent operati t.hat s, inthe tecti oper at of, t.he

al i gnnent nag?sc oér%{ﬁﬁ]elswaaflesrd By Pri e %Oalalsgg%e%t%ees%/sét% A R -
secondary ali gnmenty, Syst 28, I 0 .he ; :
one-di nensi onal |y %végagﬁ%i %mﬂg\g{%%%%gl(j)it’r eabs(ét isglg),wnaéan?' b1e6’ fath

described | atnt Adovemero éddid e R8It QhaddfrstetR iR aned ight
at | east one secondary alignnment systemAL2n and wafer Wnay be

relatively mides iDv ardiwrgett amediddtesaiton cemtdie of pdismadiy' eQliig@ment
(e.g. inthe X-axis direction). In 98 this case, the position of the
det ect i oh0 ar ey sreyn Bé latls ystasrkdpublse ambvieddyt coinsiédeadar yh aldngmrdrine
system AL2n, or only wafer Wnmaybe noved in view of the adjustnent
period of tif éndchafgeCPrPahd hisaicisnerisFhgnal agneent hey baegelAlile and

of secondary alignnent @ﬁLy‘Stem AL2n isnhg{ usted in this, manner, pain
control l er 265 Taé AHSEn 10 & Thdilrf=f r afREEndte Showy Lyl ler 20

suct 1 on by, S YS9LE%D JACMDPAL 65 nT0U 8 BLELS Ol SRS Aene
values of a pair of reference gratings 52 on CD bar 46 and
15 Y heads 64y; and 64y, indicated by being circled in FIG. 16

that face the pair of reference gratings 52 respectively
(Y-axis linear encoders 70E and 70F), and alsc adjusts the
XY-position of CD bar 46, for example, using the measurement
values of the interfercometers, based on the measurement values
20 of primary alignment system ALl indicated by being circled
in FIG. 16 that detects reference mark M located on centerline

CL of measurement table MTB or in the wvicinity thereof.

Then, in this state, main controller 20 obtains each of
the baselines of four secondary alignment systems AL2; to AL2,,
25 by simultaneously measuring reference mark M on CD bar 46 that
is located within the field of each of the secondary alignment
systems using four secondary alignment systems ALZ2; to AL2,.
Then, on the subsequent processing, drift of the baselines

of four secondary alignment systems AL2; to AL2, is corrected



10l ncidental ly, in the above description, reference marks Mforned at
different positions on CD bar 46 are to be sinultaneously and
individually detected with five alignnent systens ALl and AL21 to
AL24. However, the present invention is not limted to this, and the
basel i ne of secondary alignnent 15 system%L2n can al so be adj usted,
for exanple, by simultaneously and individually detecting alignnment

mar ks fornedaf differgn ﬁgﬁ%ﬁiﬂgg%dgb&%gégel Jyocess wafer) with
five alignment” systens AL1 and AL21 to AL24 and adjusting the

rotation of each armd@entWIlIREr thiensthepenRog] fedtval heddh based i ve
(the position of the detection area) of secondary alignnment system

AL2n is to bd=adjoubkedeusongetieher ehael tan&sud mda S dien ¥ Orditfferent
| i ke. However, the adjustnment operation is not limted to this, and

for exanpl e, redcomimreymakkgireatelsystlam b 2 aanindaasal bgbeenb\eeh ttems .
a target Eosition while 25 nmeasuring its position with the sensor
descri bed? abS\REVST # Hihe assent inyesfipmdee dxdy L imd tashItey ttHes, and
sequence in which the baseline thal has been asured before the
rovenent |5 CHTLREAT D AREE ARGt FOLT POROBREL e LAsUBRH: SHRBERE AH2:
secondary al lanmenl, syt emab2B meRsUred by e senser, \or the 99
basel i ne neasur émert 1S xécuted agai n af &r °CHE oV meRt, or at

| east the basgldma BasH LR Of SRAAN Yl i FANSHRE Abaek b
per f or med afts(ng t he novenent. yI\)Ieﬁ etg‘gion 0 posr]%etlon information

(surface 5 pasi tWzan daharmtd @urefl itthe Jmafeic UL 308 drihdite oLrs®ens .
direction (hereinafter, referred to as focus mapping) that is
perfornmetldi n expostikxtappas atpss: atA®rob figes erdmdiaagnis twehit 2 secondary
described. On the focus mapping, as shown in FIG 18A, main 10

control |l er 2@ldgmmesits syhtepdslidi ohl hikchbniefdyXe ptmiieedbawatieon FIGS.
table WIB based on X head 66 facing X scale 39X2 (X |linear encoder

70D) and two I¥2héads 1682 and 64yl facing Y scal es 39Y1 and 39Y2

respectively (Y linear encoders 70A and 70C). ] n the state of FIG,
1BA  Stralght |1 NG (R eRHREI )T DA e PET 9ba B oRE (raRFEr e pRPEinary

PSS o o] RS E5Bh A oAl MIPLUVA AL B g e
LV. 15 to ALZ,; is the positional relation shown in FIG. 172, before
the adjustment.

As shown in FIG. 17B, malin controller 20 moves
measurement stage MST so that primary alignment system ALL
and four secondary alignment systems ALZ2; to AL2; are located

20 above CD bar 46. Next, in the similar manner to the case of
the Sec~BCHK (interval) described above, main controller 20
adjusts the 8z rotation of CD bar 46 based on the measurement
values of Y-axis linear encoders 70E and 70F (Y heads 64y; and
64y,), and also adjust the XY-position of CD bar 46 based on

25 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



Then, in this state, main controller 20 starts scanni ng of wafer
stage WST in the +Y direction, and after starting 20 the scanning,
activates (turns ON) both Z sensors 72a to 72d and the nultipoint AF
system (90a, 90b) by the tine when detectipn beans of the multipoint
AF system (90a, 90b) begin to be irradi ated on wafer Wdue to
novenent of wafer stage WST in the +Y direction. 25Then, in a state

where Z sensqfisi grdwerito s (3€ et 2 Nes MHARRAIN 2 AFu SN UM £908t1i88R)enter

si mul t aneously operate, "as shown in FIG 18B, position information
(surface posidd andirbakedabi ayrois tikernat er7s ayedWBisyrf@€£tion drive
(surface of plate 28) in the Z-axis direction that is neasured by Z
sensors 72a mk@tharol el edndt pddlst based nfrosmetti nap (Suf $ @zt posiiicduding
information) of the wafer Wsurface in the Z-axis direction at a
plurality of ideiaEatiPp@es zehandilaraeeite@hy lihamentt fhor mress on
system (90a, 90b). are | oaded at predeterm ned 5 sanpling intervals

during a perifol3#FEnt AL LXELsGE RFTI 5L pf o &dEdiSHF it ot el gnment marks
di tion, d l.caded th i .of i nf tion, i.e. .t i nds _of
the | oaded <Ot A0l ST /o AT GPis: £ anche CRELEaAERen b ATGES ghe
Y linear encodgrs ;[)A @f"dehaquca?ztm ageh samp 'rﬁtgsti"Br{"guk?é MRde.diQ.cq
correspond 10 tO one another, and are sequentl ally stored ih a nenory

(not shown). referencd'®@BrkWEH dﬁ‘@ageﬂi@ﬁgil%abt%@n@chet bee Pl IdRQIdH: on
AF system (90a, 90b) nove off fromwafer W main controller 20 ends

the sanpl i ng adesgr idfedadiowe arion\edricghdie sdirdaae 2 poshtiinen
informati on at each detection point of the nultipoint AF system (90a,
90b) i nt b0datmnidsimiqid e tmafiaoe qroesittisormf rfarhmedamdary? sldrgorent
72a to 72d that has_been | oaded sinultaneously, as a datum More
speci fi cal | y,S¥5dsE0AbAn ¢ h&haver Blge bpgledd nef of ive crl degiasat bainen b slviggsm
of Z sensors _72a and 72b, syrface positjon information at a

t‘é‘ﬁrﬁ%@

predet er mi nedifoi AF #EI4S PRATT hgl ® P S G hitY bt videh Rlfeement
respective measur.enent oi ntq{of Z sensd;;r.s 72a aazLd 72b

_.that is, a
poi nt on subStartiAF thdEdite RIENE QST e BFRF 53‘05 areas to
plurality OftQ@Hf&Eéé%%dyj MSother words, the position in the X-axis
15 direction of the detection area of secondary alignment system
ALZ, is changed. Thus, only by moving wafer W in the Y-axis
direction, a plurality alignment marks whose positions in the
X-axis direction are substantially the same and whose
positions in the Y-axis direction are different on wafer W
20 can be sequentially detected by each secondary alignment
system ALZ,;. In the embodiment, 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 ALZ,, wafer W is to be
25 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). 1In



25 of thenultipoint AF system (90a, 90b): hereinafter, this point is
referred to as a left measurenent point) on an area (area where Y
scale 39Y2 is forned) in the vicinity of the -X side end portion of
plate 28 is obtained. Further, based on the average val ue of the
measur enent val ues of Z sensors 72c and 101 72d, surface position
information at a predeterm ned point (e.g. corresponding to a

m dpoi nt bet weeins theel, e8REGHd VEL IR EABNe ROk &n Qfred H8PSIOE %d7jﬁfsted

and 72d, that is, a point on substantially the sanme X-axis as wt
the array of kv Ehd uraddantentoiofdekeohiderypailiysamehtt Bgstuht APRL NtorANly
system (90a, 90b): hereinafter, this point is referred to as a right
measur ement p@iffy) Womasnbarmew disaviheref Yhsraldd uddyenitspéniog8d)f itime
the vicinity of the +X side end portion of plate 28 is obtained.

Then, as shoWf iG13A%s HBEhGriaPbiitd-ol | er 10 20 converts the

f iti i nf ti 1 h t ti i nt f th
L ree P st B O R S A e b B BOL e Yt Hspents ssetem
i 1 i i . 1 iti | ef t
moasar enent - P PR s SEURRS e eyl BAE I A ma st b et
poi nt P2 as & Qatym +d5, Maim Cflci:&trr{em(h%rt gﬁowﬁﬁf%%c:yf& Cbcg,n%%rgfﬁ%ging

to the information | oaded at a the sanpling ti

the foregoi ngaonveciues gatasss. obhaisned &HaedVeNca @s airk 9858 the
above, afterward, for exanple, on exposure or the like, the

Z- posi ti on anctdtd dn langlrmaiad judtrer?0 By matraddiorgdd W th respect to
the XY plane of wafer table WIB are conputed, by neasuring the wafer
tabl e WIB surface (acpdientadd v hin dheaclntres cle¥ cgdalte 089 Yeeferéncaperks
and a point on the area where Y scale 39Y1 is formed) with Z sensors

741d and 7423 foame et §lidde sy emy Wity ah&ER Sigutddd s dst theon
and tilt 25 wi,th _respect .to the. XY pl ane. of wafer table B and .
surface posi troMid: Oi’ISltyan‘E Hégjc‘%r%é"i‘ilja%&?&e HLED gV jAgr gnment
control of t r f W can.. be perfornmed w thout :
actual |y obt %S’ﬁ:t%g“%;ﬁ? a%:lggg%%lt ?%nﬁlizrﬁ'orrﬁrg ggﬁgbftrﬁ%@l{/\%‘c’fe&F %ﬁl_rvfeggé‘.on
Accor dingly, igi fge 1heRed 8o %i&r,ogkgmh%\/@@séiiﬁ@%f &Q@oﬁ'&l’%f:' eﬁ'ig&m(é%t
systemis placed at a position away from projection optica %yst m

PL, the f®cusyrep 2g.2Qf chheaerbogenBAtugaRdsUicbabkyahglapphbi,ed al so

to an exposure apparatus whose working distance is short, or the
i ke. simultaneously and individually detecting alignment marks
formed at different positions on wafer W (process wafer) with
five alignment systems ALl and AL2; to AL24 and adjusting the
rotation of each arm 56,. Further, in the embodiment, the
20 baseline (the position of the detection area} of secondary
alignment system AL2, is to be adjusted using reference marks
M of CD bar 46 or the 1like. HKowever, the adjustment operation
is not limited to this, and for example, secondary alignment
system ALZ, only has to be moved to a target position while
25 measuring its position with the sensor described above. 1In
this case, it is only necessary to employ the sequence 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



5 Incidentally, in the description above, the surface 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 10 a 72d respectively. However,
the present inventionis not limted to this, and the surface

posi tion i nfadediion aleRAGhMaHeGd QRRQUTYY Agdile SrHdy &%@%g%%ment,
system (90a, 90b) may al so be converted into surface position data,

for exanpl e, aisiatglaastr ahghbakébént hadéa conaeshs dhessadiRee, alignment
positions 15 measured by Z sensors 72a and 72c, as a datum In this
case, the di fsfvertemc it Weepetrlio rmeds afeérentheahveeofnZ .sensor 72a

and the neasurenent val ue of Z sensor 72b obtai ned at each sanpling
timng, and the di fe&tende tsaitiean otth®osdadwne e nig@itdenof{ sardawsor
72c and the neasurenent val ue of Z sensor 20 72d_obtai ned at each ,
sanmpl i ng ?i MRS Ere oS HEE QR 85 yheh Wit de sutiéce vferhe z-axis
perform ng suy.face .positiqn.contraol at the tj of osure or, the

li ke, by neasf{Jlrr?er?gcj’[ e Kt/}\}aefréerl aa qeer'vﬁéeu?rfeéicge%at%%xf%élé:’n%p?l?ﬂd that
and 742,), a v C L t - Lt .
tilt (not onlq% %%%fggﬁgg lrlcfgt%a i%ﬂu%ﬁuggggééegﬁe@%rfg?gh%n%]od;‘mﬂ?%ﬁ@%lll
respect to the X¢lanmapf wafer table WIB, surface position control

of wafer Wcan be performed using the conputed Z-position and tilt
with respect to thenX¥hel dneuvef mapbengt ablse sWbRn and rgar.f ase,pasiihi on
data zl to zk described above and the differences described 103
above, W & howordetaldldry 26btcainvtingg ss iihfeape spadicn e tihiforohet Xon pdfaniche £
waf er surface. The description so far is made assum ng that
unevenness d¥éserotaleke NTBohashd amKdreadblbef 3B ¥ sagbe 39Kz (X linear

actuality, 5 hovvever,7 ai shown in FIG 18C, there is_unevenness_on
the surface &PAR&EE 'PH |%11C\8\7Fg,o R39S PR Fiye f 710 fj P les 39T,

i al 28b Y le 3 is f d,, th f
Cacond par 1 &1 ooy 34 SRBBERRGVE Y Ldard ooV TeoP B 2B TRG) 1| Kk the
[ ' f f
Labl o WD fa e Goour | ba Shaver o ob poal i G el e 2o

extrenel y5 hi ghepreaikssopnsaL IS PEHHIIR 3heacBAEBL 9B v MBS tdAR Qs
wafer W(a straight line parallel to the Y-axis that passes through

the wafer ceniweikh B®stumftded 180Sciin@ldeenifigh &hea cRoitdlr F thAger W)
nmeridian 15 will be described bel ow.
coincides with straight line LV.
Then, in this state, main controller 20 starts scanning
of wafer stage WST in the +Y direction, and after starting
20 the scanning, activates (turns ON) both Z sensors 72a to 724
and the multipoint AF system (90a, 90b) by the time when
detection beams of the multipoint AF system (90a, 90b) begin
to be irradiated on wafer W due to movement of wafer stage
WST in the +Y direction.
25 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 WIB surface (surface of plate

28) in the Z-axis direction that is measured by Z sensors 72a



When the focus mapping is perforned, Z sensors 72a to 72d that serve
as datuns when perform ng the mappi ng detect surface position
information of certain positions (XY coordinate positions) on the
waf er table WIB surface. Then, 20 as is obvious fromthe description
above, the focus mapping is perforned flipﬂg the X-position of wafer
stage WST whil e noving wafer stage WST stralght in the +Y direction.

In other words, fhe dddesdondDe seutface @qpp%% f&pel | ent
plate 28b) on which Z sglsriosolrs 72a to 72d det ect t eéé\ﬁﬁrface 25

posi tion i nf aradrnet WiON qrerher wafigrt feshpesse MepPing A0 PeEH®tion
straight lines parallel to the Y-axis. When the focus mappi ng

i s being per fair reecb(untean twyafcelr dettager MBI posi iy ithgeti g hietelted by the
direction), the shot area |located on the neridian of the wafer is to
be placed at T tebpsisir &F s09tgosi(Plen Pbel cawrpripated ot gptededlermined
system PLé wi t hout, novi ng wafer stage WST in the X—aX|s di rection.

Wien the ShotS3Fdd"¢h %%W@A%%lr%a@ﬁw &hsas e o sitiaasn WSE is
air of Z sensors 741,4 and 742, 4 that are on t S straig ne

E paral l el t&THENHAG smaq:% H lsreer‘i?stdrqélﬁfdl%ﬁc?a% nﬁélfis

Z sensors 762, 3 it hat t I| e al.l. el

to the Y-axis asaﬂ@rg[th(%%i seln'rsédrs rhc}dsh?thzetgr%eslto c?(yt'1 rfsrglur lt%on

posi tion i nfqrymld@n idin %%bﬂ%%etﬂégsﬁigméﬁﬁ §§ﬂ§e§sofr¥3ﬂ%ﬂégfséﬂaoders
wafer table WIB at which Z sensors 72a 10 and 72b, and Z sensors

and 72d have mespeet Mg yrdelH ednpiriiRc e iRASid 0 mfafd@rrf@tlc@h@tspond
the time of focus mapping. That is, the datum surface neasured by the
Z sensor$0t hdto seevesotbea, datdmia demmetetiedtliyos tolesiul fiag engpasdt i (@t
information by the nultipoint AF system (90a, 90b) is the sane at the
time 15 of f@&O@Mapping and at the time of exposure. Therefore, when

exposi ng the shot area on_the neridian, even if unevenness,

undul ation or the [Tpﬁé‘fo&’@l?lns t@ﬁ” s estiirac Oegmsuaifet NeaBiud tipg int AF
focus control_ of th rogn osurg gan be ﬁerf rmed, using t
Z-position obt: gtﬁ“gﬂ 3 hé n@o £ POEUST MR BT HYT \Xﬁ“—‘llﬁblﬂm%ﬁéﬂé@? 20
wi t hout taki ré%dtshghléher gq?}or eﬁ% dé%] i 1%[ 'CP%b%rvet Q:l%d c%%\}er}:t Q the t%.u:face

consi deration accurate focCus contro

per f or negs pos1t1WﬁeﬂnP€§PrQ§t98ntarfee§Bthe% £33 A HSInt r&%nt}tiggmﬁ_@‘?#:oz.nt

area on the nmeridian, in the case there I's no unevenness
AF system (90a, 90b) into data, using the surface position

information by Z sensors 72a to 72d that has been loaded
simultaneously, as a datum.
More specifically, based on the average value of the
20 measurement values of Z sensors 72a and 72b, surface position
information at a predetermined point (e.g. corresponding to
a midpoint between the respective measurement points of Z
sensors 7Za and 72b, that is, a point on substantially the
same X-axis as with the array of a plurality of detection points
25 of themultipoint AF system (90a, 90b) : hereinafter, this 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 is obtained. Further, based on the

average value of the measurement values of Z sensors 72c and



25 or the like on the surface of wafer table WIB, focus control
accuracy of the same |evel as the case of the shot area on the
nmeridian can be secured. In the case there is unevenness, undul ation
or the Iike on the surface of wafer tablg B, however, focus control
accuracy depends on accuracy of 105 tra &t se- Z- movi ng correction (to
be described later). Further, in the cases such as when novi ng wafer
stage VBT, forgxamplmicd bhddie raXint HidRGtdPRkd i Yrdele Q8RR Soint
the shot areas other than the one on the neridian, main controller 5
20 perforns the d.r angfrerspaindihey measumeigidi malgeasedea! VBRN respective
plurality of Z sensors along wth the novenent of wafer stage WST.
Next, focus cslaswrament wolihtbeo ek crinzeds The 4ot Galthbrtalspm point
means the operation in which the processing (focus 10 calibration
former proces$Si fgosdarghitadi i fdie sanati -tk retafe ol urtfhec @ posl tdform
information at. end ,portions on one sjde and the other side of wafer

tabl e WIB’i n Bl 2¢ldw QF iStection Potar e ottiamaat dRPSRALY anatem (902,
detect i on 15 9Bt T PRE eur St i & S0 SR O Tne o
mul ti poi nt Aﬁ\e%tr%'iﬂe(n%o o.i% )’o q1 tat}eeaor(%q;ee S'hﬁ'}%r(ef LU a1e 39Y; is

calibration l[atter processing) of obtalning surface position

information &b reRd)Pakt kpeSveBiaReyShderpd % e & ety e 1 Waf @iate
table WIB in the X-axis direction %(hat corresponds to the best focCus
20 position of8 peopbeeihed. opihed =yshemnPindetect Bt Usidith aemicabller
i mage nmeasuring unit 45, in a state simlar to the datum state

descri betll ab@egonyer perther sedf aangdzddednonn £ henpt boe si ageh estletcsion
the processing of obtaining an offset at the representative detection
poi nt of thepPodnt gdi ritheAmUGsehts ARGy St80b)( 9%hat90ks, itrte surface
devi ati on between the best focus position of prqgjection optical

system PL an®OShé 188t féttitort lotidgiat &1 e amiitEirdGintt 1Apesré@dmeognects
the like is

Lo VK0 T B QLB possei i bica' PEEE SELLOLALLON S8 SIALAY o

plane of 106, race position of a right measurement point P2 as a datum.

15 Main controller 20 performs such conversion to the information
lcaded at all the sampling timings.

Since the foregoing converted data is obtained in
advance as is described above, afterward, for example, on
exposure or the like, the Z-position and the tilt (mainly the

20 Oy rotation) with respect to the XY plane of wafer table WTB
are computed, by measuring the wafer table WTB surface (a point
on the area where Y scale 39Y; is formed and a point on the
area where Y scale 39Y; is formed) with Z sensors 74;,5 and 745,54,
and 761, 2and 762,4. By using the computed Z-position and tilt

25 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



waf er table WIB based on two X heads 66 facing X scales 39X1 and 39X2
respectively (X linear encoders 706 and 70D) and two Y heads 64y2 and
64yl facing Y scales 39Y1 and 39Y2 respectively (Y linear encoders
70A and 70C). In the state of FIG 19A, Ehe centerline of wafer
table WIB coincides with straight line LV:“Further, in the state of
FIG 19A, wafer table WIB is |located at a position in the Y-axis

di rection w thiwhigeh detrectd o heans ﬁlraCHEcI ha @Jéids%ﬂ}n AR Sy L1

(90a, 906) are irradiated to neasurenent plate 3 Furt her, aIt ough

10 omitted i prdiedtriam rght 1dMEr 6yisk dfeagyr eRNtE siagendph ren dihea heY
side of wafer table WIB (wafer stage WS5T) and water is held in the

space bet weernCbdiarem6 card swefterb ltyalidee MR, 1eanch s deerms EXbaafure
projection optical systemPL (refer to FIG 31). (a) In this state,
mai n cont r ol 2APaZE tyer MAYOES W MiguSirs agwle rsatsheirtf,orarerthe like.
processi ng as follows. That .is, while detecti ng surface position

i nformation of thelBRddFSEEldNs 3R SHE SledeTdRdioRe 3bONEr $h@e syrface

Toa. 72, ?zggﬁé%ﬁdorﬁﬁaﬁ%ﬁs?%?ﬁ%g P PG BeL W ot REG1 L 1on
that are | ocqed: 20cap bal b sod: RAULORS oL othe eLegtl g0 % e glod 15

mul ti poi nt sys mai n” contr ol es the Surface

position i nf w@ralg%nvaiua Qgtfﬂ@mméeﬂ@wc&aﬁ@égfo%cg QQI%&QWZa and 72b
information of thée surface of neasurenment plate 30 (refer to FIG 3)

usi ng the nulghidpehst a AErsystem (O nRRBureldt, validssr et at is¥hsors 72¢
bet ween t he neasurenment val ues of Z sensors 72a, 72b, 72c¢c and 72d

(surfacelposianicon2dnfespattdnedy . erftbwrordd ,onhieoprenensi tdeveamdiomel s not
other side of wafer table WIB in the X-axis direction) and the
det ection reddimd tesuk e adel posind bheisHoiame Pow) tdonaldéeroet danmil wach
(the detecti on point located 107 in_the center or the vicinity

thereof out GFT&FLFaFCLP o tdétéciiUdh ly?@ilﬁ}tts)z\FoﬁYtSﬁémwée?@@r'er?@ﬁt may
pQi nt AF stem a state

Whor e the' ceRISA e G RATEF RabPe WEBHE6, RACASLoR ERCGrr AognE Erpde:
using a straight line that connects the surface positions

15 measured by Z sensors 72a and 72c¢, as a datum. In this case,
the difference between the measurement value of Z sensor 72a

and the measurement value of Z sensor 72b obtained at each
sampling timing, and the difference between the measurement
value of Z sensor 72c¢ and the measurement value of Z sensor

20 72d obtained at each sampling timing are obtained severally
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 742,45, and 76;,4 and
762,4 and computing the Z-position and the tilt (not only the

25 6By 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 WIB, and surface position

data zl1 to zk described above and the differences described



5 LV, is obtained. (b) Next, main controller 20 noves wafer
stage WST in the +Y direction by a predeterm ned di stance, and stops
waf er stage WST at a position with which nmeasurenent plate 30 is

| ocated directly bel ow projection optical system PL. Then, 10 main
controller 20 perforns the focus calibratPdn latter processing as
follows. That is, as shown in FIG 196, while controlling the

position int ti g i I reGt] . Droj i jcal stem
PL (Z-positi Oa'nB)% v(%?’ n@?shu%n:an({%%ﬁqalt%%%ot%{lm%% %ﬁiafbgeb%sﬁaéulsﬁg
surface posi HirE b ArfHtargratd O hd wasrd daiifacavhi ch is nmeasured by a
pair of Z sensors 741,4 and 742,4, and a pair of Z sensors 761,3 and
762, 3 that measur e Ther faserppsidh o ifakof gaiddan aakuinhagetith pamidventhess
on one side and the other side in the X-axis direction of wafer table
WIB, nmin comlaed het 2Qiskagutde wafaeriadle Mdfesoffacaeasinm emgntality,
mark 20 formed on a mark plate (not shm on reticle Ror reticle

st age RST® by "@v§viar,s &dn Shstwiod ru ity ralthafsy d sneRsuisnaig hian 48e

and based on the neasurenent results, neasures the best focus ,
bosi tion of POECE Gt JLRCarabyst BRPPLEARR Thi stRa T bACK IRfud G st
FIG 19B, si l.i_qui_d i sion _area 14 Ls,far bet ween

proj ection ogjt%%écaa sf%tegﬁﬁlaﬁgeﬁ%agu?%%%%té%‘f%tlesmé%rﬂﬁéjf’e?c eaﬁ‘lugface

WB), th il i I e i e, i rmed A
) e aeljrly iSHRYS Measirenent.d %@5&%9%9@05\! é%%%’g:fé%mq{%t ﬁrﬁﬁd,

projection optical system PL and water. Further, alt

FIG 196, sinpgetmeasikenentiopbate, 30veh 2ot dJRITRASHHLN dlitls on
45 and 108 the like are nounted on wafer stage WST (wafer table WB)

and the 10 ghttheeser¥ang ef eeidr andleheThidke iar @esbunbed abbve, surface
measur enent stage MST, the aerial inage neasurenent described above
i s perf or med pwisitite ote @girig odafvert hs teade BT varhd B reEsUissmENtcast dge
MST in a contact state (or a proximty state) (refer to FIG 33). By
t he neasur en®SE IRETES BER A9V, OF e MiekdsiieaneRtvake ds (afstZ slefisolgne
741, 4 and 742, 4, ngn761,3 and 762, 3 gi.e. surface posjtion
i nf or mat i on &BTPHE enbOpdit ToRETontBAE RATRE 2t TN Tt Rg M te SRR tERE -
X-axis direction of,wafer 10 tabl.e WIB) in_a.state where tkkL v
centerline of waf el;rhfea%]llref%ﬁ'% pcoosllﬁccliO(PegOvlelittrlgfls‘fl ar Eﬁ)tmlti Re eh\? gegidian
obt ai ned; 5 Thesq 1MpAS W.LNMENL ahigs,correspond to the best focus
position of projection optical systemPL. (c) Thus, main controller
20 can obtain the @hksethat focus mapping is performed, Z sensors 72a to
12d that serve as datums when performing the mapping detect
surface position information cf certain positions (XY
coordinate positions) on the wafer table WTB surface. Then,
20 as 1s obvious from the description above, the focus mapping
is performed f£ixing the X-position of wafer stage WST while
moving wafer stage WST straight in the +Y direction. In other
words, the lines (on the surface of second water repellent
plate 28b) on which Z sensors 72a to 72d detect the surface
25 position information when performing the focus mapping also
become straight lines parallel toc 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



15 the representative detection point of the nmultipoint AF system
(90a, 90b), that is, the deviation between the best focus position of
projection optical system PL and the detection origin of the

mul ti point AF system based on the relation between the nmeasurenent
val ues of Z sensors 72a and 72b, and 20 ¥%& and 72d (surface position
information at the end portions on one side and the other side in the

X-axi s di i f F - i .
(surt ace posttid o 3Hel ka0 oAb e L VBT ROPLY Rilove movin
the nul ti poi Ria Afr SYSl@MIEP08n 0D )xthats kashesrobt ghBgdchd dHhs: 23 ea

focus calibration former processing in the above (a), and based on

the nmeasurenment ttad ues iefiah sensllss thb 4:a0tbuid? phsiaidbml,.a3 it of 7
76213 (i.e. surface position information at the end portions on one
side and the s®rtrrssie, i mriche 4%, axireWiamctarontef searfeers sl gh WWIB)ne
correspondi ng to the best focus position of 109 projection optical
syst em PLOt h&21fehiee hden thist Iragdsi ast Netholuserabrradd oind atdter and a
processing in th diment, the representative

b b). Inth
det ecti on poipr"i't“ﬁ'eg,% ?‘Q\ge"éﬁé?ﬁlﬂilr% Eé‘%gggééﬁl}fﬁc BdienPn ke mane it ight
th | lity. f t ti i i th jcinit t f
e Plran ! L FePbaggh 98! 00 Aol B slls LR (PEpY) Yt oL eRle Bl oo
control | er 2@&9&%@&%@9%&?@ ﬁ?ektio fort Eﬁfg%ﬁe&bﬂnaegenmsofchgleeare the

mul ti point AF systemso t fset at the repre ative

detection poigdindbegofBs BeiRts ol wxawlen1 0 wirhe s ad)HSENeNts FBYRE 722
performed optically by perform ng angl e adjustnent of a plane

par al | el L@l ataend AAb, séveaM?) sehsbde photdetieet hate sysd w901 piddtke ted
detection offset may be electrically adjusted. Alternatively, the

of f set may beuwstfarced positthom ipdicrmatiing adj tStendrimeofo fi He alet eeippdng .
origin. 15 Herein, adjustnent of the detection originis to be
performed i nTHRE bpt itdSl depenedrfarermneas e dbiidie FRisatrethotgserves

calibration of the nmultipojnt AF system (90a, 90b) ends., , ,
| nci dental ' y2Si gﬁgugpfﬁcﬁyeaﬁﬁiﬁ¥%%9ﬁ OF W afst Ao By iigitprmation

i it i.fficul K f l 1. the_ .20 L ni .
det ecti on poriit 5 GtNGH RS RE FepFEleridin Vo et B TOR 00 AL HE time
Zero, thfSOfkﬁefécag%%%nHgﬁggﬁhhﬁ?hh%gffﬁéqg@&xﬁbshgg.reﬁ@éf@f@ke, when

detection points are p y stored.
exposing the shot area on the meridian, even if unevenness,

undulation or the like occurs on the surface of wafer table
WTB, focus control of the wafer on exposure can be performed
using the Z-position obtained at the time of focus mapping
20 without change, without taking the unevenness, undulation or
the like into consideration, and therefore highly accurate
focus control can be performed.
When exposing the shot areas other than the shot area
on themeridian, in the case there is no unevenness, undulation
25 or 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 WTR,

however, focus control accuracy depends on accuracy of



Next, offset correction of detection values anong a 25 plurality of

i ght-receiving el enents (sensors) that individually correspond to a
plurality of detection points of the nultipoint AF system (90a, 90Db)
(hereinafter, referred to as offset corrﬁgtion anong AF sensors) wl |
be described. On the offset correction a ﬁg AF sensors, as shown in
110 FIG 20A, main controller 20 nmakes irradiation system 90a of the
mul ti poi nt AR Sysd {(A0a,v90b)d J i %@d t bar

46 equi pped VF\E th aleé[;gr edet erl%e%d%%%nﬁfaﬁ% qg%ld&%]soa S out%ui’tg}) ]

si gnal s frommheiroget eiat itk sy AN ofs therd Wl iliPaidte Al BT,
(90a, 90b) that receives the reflected lights fromthe CD bar 4
surface (dat umplegagple, in thenXthikdscdseectiohhbnCGhrbar %46 esipdacehe
is set parallel to the XY plane, nain controller 20 can performthe

of f set corredidnagreaE RS ehesr Sheywrsbeai Hianges idékat i palamemf ndider
10 detectjion val ues (nmeasurenment values) of a plurality of sensors

that indivi dédl IBREGHTES foid e inued ithe srearetéaaron pdiuass bsisegn

on the output_ signals.lo d in the nner, descri bed above and
o or e oo B e Sk S s S ATBN G 1o 2 AGTe Ry e Phger stage
detection off of each sensor 15 so that the detection val ues of

all the sensors becone, for exanple, the sanme value as the detection

value of a sensor fak cebtasrendspkarliba LERieseNyaltveLd8t eatHOnocus
poi nt on the focus calibration described above. In the enbodi nent,

however, as sfavwbratifdrGne20A tH@bpe20t eONtITOWheEh 2D Oete6sssangi(flocus
of the CD bar 46 surface using Z sensors 72a, 72b, 72c and 72d when

| oadi ng 1he @atlpuiradiigmal & freom ppivetecceitrent iodh cdytstiem @0 ofe tdteion
mul tipoint AF system (90a, 90b) , and therefore, the CD bar 46
surface does bediwesinngys flagee Po6 Lhé ogetnparmptébnt att ¢red XYoo Mt kores dm one

ot her words, as ,
side and the other side of wafer table WTB in the X-axis

direction in a certain datum state and a detection result
(surface position information} at a representative detection
15 point on the measurement plate 30 surface of the multipoint
AF system (90a, 90b), and the processing {(focus calibration
latter processing) of obtaining surface position information
at end portions on one side and the other side of wafer table
WIB in the X-axis direction that corresponds to the best focus
20 position of projection optical system PL detected using aerial
image measuring unit 45, in a state similar to the datum state
described above, are performed, and based on the processing
results, the processing of obtaining an offset at the
representative detection point of the multipoint AF system
25 {90a, 90b), that is, the deviation 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 focus calibration, as shown in FIG. 192, main

controller 20 controls the position within the XY plane of



25 nodeled in FIG 206, when it is assunmed that the detection val ue
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 val ues has unevenness as shown_in a dotted line in the
drawi ng, each detection value only 111 h3% to be adj usted so that
the line that connects the upper ends of the detection values becones

a line shown ygred 2@ lirBephBebngn @ N Ge JX 66 Eé@ﬁgsﬁgééﬂgé’i%l

correction, in which 5 information used to correct i nf nce o

unevenness relraf 89Xt a-ddieotiand Sy dixr eehban dicddervafes shabyepWiBhd two
surface, to be nore accurate, of the second water repellent plate 28b

surface i s obtheadd, 64y indhesidestacihery seabésn 30%vheand 39Y, respectively
traverse-z--noving correction is perforned by sinultaneously 10

| oadi ng t he Mdaddnemenengadeas dOA Radz78€hsorbn tthe slettectoPdG.i GPA,
information of either side areas in a horizontal direction on the

surface of s&dGnBcHAEELIPRR FahEriahe ¥BB pinpddss takhes Ysl gl Line
the detecti | f surf i tion.i i f th fer by,
the ml t1 pot A -AF- S LRERY at 1655 SUBEE, AN ayals niorRtorahne IR &s
moving waf er tahl.@ WIR in 118 X-axis difeGlion.o 4i,e thi%“ tWN&h which
traverse-Z- novi ng correcat| on, sIm I"ar 0 the case of ct enfocus

mappi ng desciihedtaRAVBeaRs BROMNAL rfthi® 1Rl BB By 6Bk péégr ) are
controls the position wthin the XY plane 20 of wafer table WB base

on two X heads r@@lifaadd @ oXntaheenddtl Ard S0 r egpeskiryehYth¥ugh
| i near encoders 70B and 70D) and two Y heads 64y2 and 64yl facing Y

scal es 3B¥1 amdt3e¥2ineshpecrnardng,( thereens rerccndesns=nt0Atane MST)on khe
the state of FIG 21A, the centerline of wafer table WIB is | ocated

on 25 the +XtJi dedefosmeadieghtabladiTR/, (vadematagedid? olaner wa2fer is held
measures surface position information of the points in the vicinity
of the -X si @& ERG PBACPoRSTBESRNEDPPRFet b sAe WAkl e in & Tiy tip

o Sooong el SRS Pt Bl aie 200 of uef o Lol 6, WL ¥SL g Fc. ).
(a) In this state, main controller 20 performs the focus
15 calibration former processing as follows. That is, while
detecting surface position information of the end portions
on one side and the other side of wafer table WIB in the X-axis
direction that is detected by Z sensors 72a, 72b, 72c and 72d
in the vicinity of each of detection points that are located
20 at both end portions of the detection area of the multipoint
AF system (90a, 920b), main controller 20 uses the surface
position information as a datum and detects surface position
information of the surface of measurement plate 30 (refer to
FIG. 3) using the multipoint AF system (90a, %0b). Thus, a
25 relation between the measurement values of Z sensors 72a, 72b,
12c 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



112 and at the same tine, detects surface position information of the
waf er using the nmultipoint AF system (90a, 90b). Subsequent |y,
mai n controller 20 noves wafer stage WST in the -X direction at a
predeterm ned speed as is indicated 5 by_an outlined arrowin FIG
21A. During the novenent, main controllet%20 repeatedly executes

si mul t aneous | oadi ng of the neasurenent val ues of Z sensors 72a and

72b and Z senspr$, e/ 2634 Z)%dt?@dvﬁB?nggsreﬂ:ﬂie?@o}fa&ﬁl@sof)fa. Qirali Y of

mul ti poi nt AF system (90a, 90b) at pre erm ned sanpling irnterva

Then, as 10 showrdibdbeinZhh, oft thdendoiutendht iDTRHNED thBface of the
si mul t aneous | oadi ng descri bed above in a state where Z sensors 72a

and 72b and Zudengerint’ 2ZF angted e tdob)poiint s istdtdre wHeianitdhe of
the +X end portions of the either side areas on the surface of second
wat er repel | ey Htisne8if ofafgaf draktlah WEBAES iins itke sc onilhe tseecha iggtitn Line
controller 20 _ends the operation. Then, main controller 20
obt ai ns a’r elldt:i drf &GRSR d-he surface position information at each

detection point of %he nultigoint AF s%iien1 80a, 90b) and the ,
surface position idPdr Ratton™ByzCeBhEB! $7240 (1B°72% H:RT i Bedifdn
si mul t aneousl.y | oaded, Then iLn_controller 20 .cQmputes_unevenness

Tl ated Lo { O AT S TEC: Foncor The St aed U elissia 2 ke grope vafer

repel I ent pl ag 28k d p 3 Rldgialidy Afef hatdons sty Sl‘r!é?l\r{]:e HR2 30 is

obtained at different sanpling timngs. In other wor

since the of flgristarDEd re@RIY Be0bw2prbhechubhi ot Dba AR $¥SERML 90&hen,
90b) has been adjusted, the detection val ues of the sensors

correspohdi ngration ayntdetldetd @0 peirfc-rshatled foerdshe aSdmeatdlare 1as tear
as the same point on the surface of second water repellent plate 28b

i s detected. pAvcEsdiimg ps €héldivst erBreesi snmesgshhenden etG ol 9Bl wed le
113 obtai ned when detecting the sanme point on the surface of second
wat er repel | &MRtEICAH nEgE ey Do tdews dits tder apdeadi ek itso ddidefcdriem of
detection points are directk%g;eflected by unevenness of_ the surface

of second waPerIFée e i SYE B it (FoS AT Adr iodt {1 ST RSt
2 s Gl oo olgtis el bt o[ g e otomEn | T0 B

maki ng use o i's Felation; ‘uneven

gior ecti o of atshﬁ & ﬁrﬁ?%ﬁcl’??%oﬁga\éﬁE%H Bﬁpgl A ogl §t§e%§gr:i> 574, 4 and
nputed fromthe plurality of relations that "have been obtal ned a
di fferent 742,4, and a pair of Z sensors 76;,3 and 763,53 that measure surface
position information at the end portions on one side and the
other side in the X-axis direction of wafer table WTB, main
controller 20 measures an aerial image of a measurement mark
20 formed on a mark plate (not shown) on reticle R or reticle
stage RST by a slit-scan method using aerial image measuring
unit 45, and based on the measurement results, measures the
best focus position of projection optical system PL. In this
case, as shown in FIG. 19B, since liquid immersion area 14
25 1is formed between projection optical system PL and measurement
plate 30 (wafer table WTIB), 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



10 sanpling timngs. In this manner, main controller 20
obtains information on position variation in the Z-axis direction of
the wafer table WIB surface that occurs when wafer table WIB (waf er
stage WST) noves in the X-axis direction éis | ocated at different 15
X-positions), based on the results that h8%e been sequentially
detected using the nmultipoint AF systen1(90a 90b) whil e noving wafer

table WB (V\ng?er 1%%%%&‘@@@&:{1 %W%Ecssgé Cv&éf"}Wa'E‘%' angﬂgr@fé and

20 perforns focus control le a thrsin ornatlon

a correction @HOUNtgh 1Oy EXPOSH el?e(}né}wtan@ M%ﬂﬂ]@é ORI TYE on
operation using mafer stage WST and neasurenent stage MST I n exposure

appar at us 10Geafsudwmeardbedbgentsm khebge 8ESTHREE RESEEr et GRsFA bed
to 36. Incidentally, during the operation described bel ow, min

control |l er 2&hwerd dravgeapeymngl ottaslien geamgmitrrg |lwadfe reacia gea lWBT 2 df
l'iquid suEpIy unit 5 and |liquid recovery unit 6 of local I|iquid
i mrer si on2uniteB LN Yesagp T ead fentaghdidie $pacervoxinety state)

out goi ng surface si de of t;g | ens 191 of projection optical system PL
is constanuyrﬁﬁ%&%ﬂﬁ ter. BlowbFePeaglpPERALI 3RS FEHAPY| EH@'Wer the

| of d 5 114
o ory 1 ou | AR R i B e RS £ b ler S50 Bl Tl %83 b
o e T N R aandbSe s FYEhN A colEe LOL | Ol R 303 Ui

regardi ng the operatlon Wi usi

reference codgscAt dihe: sare: HEMeLT §{§e§r}9%e'}f‘-e§;9ﬁ§ dQE@Wt@%% é“f‘%afer
not shown in the other drawi ngs. That is, the reference codes shown

are diffeoentdolceuth)of nthetdravingse bt ddirss IdaNoEgsa SEOVEABTE: WTB
sanme configuration regardl ess of existence or non-exi stence of the

ref erence codes.nchiltessanehl G tirs itghte ldirso Tivh e lobdfa itrfeel .dr &hesgs
used in the description above. FIG 22 shows a state where
exposure by &Fessey-eamedils vad uest Redresphadngopehe deart faocwamfrers Widm of

this case, to be a md wafer of a certain lot (one |ot containing 25
or 50 mafersPr°ﬂ§9$§9¥1QB&%ﬁﬂ FYeTSRardr- stage WST. At this point in

t t st NST f t WET I
ceopi ng . prodet er M nodUPst HLE HRUDERALEReR) SHor g E: ife CLAREL ot
di st 1 f

ot ance18? 1he PLEAELERDLRE0e Bt AR SoRHL LIS MAT BT 06 cysten
the contact stat-g () pr%arﬂ tis Stt@%ee)dewlta*hw HetSiRGE t\ﬁ%Tb%%S&rfoQ%

above after the exposure ends.
position of projection optical system PL and the detection

origin of the multipoint AF system, based on the relation
between the measurement values of Z sensors 72a and 72b, and
20 72c and 72d (surface position information at the end portions
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
multipeoint AF system (90a, 90b) that has been obtained in the
25 focus calibration former processing in the above (a), and based
on the measurement values of 7 sensors 74;,4 and 74,4, and 76,3
and 763,3 (i1.e. surface position information at the end portions
on one side and the cther side in the X~axis direction of wafer

table WTB) corresponding to the best focus position of



During the exposure, main controller 20 controls the position
(including the ez rotation) within the XY plane of wafer table WB
(waf er stage WST) based on the neasurenent 25 val ues of two X heads
66 indicated by being circled in FIG 22_that face X scales 39X1 and
39X2 respectively (X encoders 70B and 708f%and two Y heads 64

i ndi cated by being circled in FIG 22 that face Y scales 39Y1 and

39Y2 1 espect ighel 46 I SRS 17 W A, %%C}:haguflgggrbegﬁi&ﬁ%ﬂ%&glilr?rthe

20 controls "115 the position in“the Z-axis direction, and y

rotation (roldddig) candprhe iex IQt@éf%c_(cFBstélih{Zd"gh ohe WA Sfe YBDle WBhe
based on the neasurenent values of a pair of sensors 741, 3 and

742, 3, and a gp@adiofent ,serisormsepitels e tantdi vid A« ddtatorb peispecitd veddr
face the end portions on one side and the other side in the X-axis
direction of exeapdef ert ealsled oWrB csupbacs. innthderert ¢y, of Hhepadivtadn ty
in the Z-axis direction and the ey rotation (rolling) of wafer table
WIB nay be céii F8FPE81pRIN Bhs Chelddwuié iRl tyaiieseof, Pusehispmyimber

741, 3 and 742,3,,10 and 761,q and 762,q and the ex rotation ,
(pitchi ng) naRHETIMT HITH Bt o At Fdagt et Saidesase, main
Y-axis interf t.8r I i r h ntrol, of the position
in ;(Ihe IZ axi SC%rél%c]t%ieorr%?ot ngggﬁfg%taa qa%%tr%%ﬁgeo%oF%Fa??gﬁcg%o%?@rgm of

table WIB (f Qas o AMEId J16h«C Q¥ T} s tQUm V&S ef.rk‘balé £ dee%f.%‘g:dt fheosure

is perfornmed based on'the result’s of the above-descri ocus

nmappi ng per f e Refrerehandietection piMehe Bid NG dNE XBESUKEmple,
shutters 49A and 49B are set in a state of closing openings 51A and

51B, in bddercheoagiesentnwafizey et agefVfied b neasiinebgnie stageiMbEngle
fromcom ng 20 cl oser together than a predeterm ned di stance.
adjustment of a plane parallel plate (not shown) inside
photodetection system 90b, or the detection offset may be
electrically adjusted. Alternatively, the offset may be
stored, without performing adjustment of the detection origin.
15 Herein, adjustment of the detection origin is to be performed
in the optical method referred to above. Thus, the focus
calibration of the multipoint AF system (90a, 90b) ends.
Incidentally, in the optical adjustment of the detection
origin, since it is difficult to make the offsets at all the
20 remaining detection points other than the representative
detection point be zero, the offsets after the optical
adjustment at the remaining detection points are preferably
stored.
Next, offset correction of detection values among a
25 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



The foregoi ng exposure operation is perfornmed by nmain controller 20
repeating a noving operation between shots in which wafer stage WST

is nmoved to a scanning starting position (accelerating starting
position) for exposure of each shot 25 area on wafer Wbased on the
result of the above-described wafer ali gllliLr%nt (EGA) perforned

bef orehand, the | atest baselines of alignnment systens AL1 and AL21 to
AL24, and thﬁ‘:‘(}‘d.kQOA",i,nﬂ?iinS&&ﬁ‘E‘f@ﬂlg%F?H)SH{gq’te%pﬁEﬁhagﬁtﬁ.env@%gg(?/ﬂa9Oa of

pattern fprma on retlceRlstrans erre to eac ot are )
116 scanni ng 1@xpASUE epBEhRQR shReiedenbal] Yaodhe rexpogubesOpet et b Beams

descri bed above is perforned in a state where water is held in the
space betweend iCp bems4t9dgabgdpwafeithiVa grgddesrmited exqsuid ane, and
operation is perfornmed in the order fromthe shot 5 area | ocated on
the -Y side tloadse cshigptutarségnadcatieprophottedeY esitden syEit€m 20 of the
Further, main contraoller 20 may al so accunul ate the measur enent

val ues of ° ené¥ddéri®oigh A5 ?gptaAd (PRa, nB8BLridnntrarg ies gthe reflected

interferoneters_ 16 d 1 during exposure and update 10 the
correction dg@éfc?fir}ﬁéh%gﬁr I%{De %is e Sierdace (d%tuf‘h&jjr,ané‘s) ‘shown in
FI G 23, before expgs t fer-\W.en for,ex e, before the

| ast shot area is ggpgéga %é‘% dllgftehreegrq:tQD }S"ﬁgtdlgr%g}é%%%evﬁasf ésreef\/\PgFgllel

sequenti al | y texpesesy RN CORLNQ| 'c%rnﬁ%%_l%%f %@A%*aaﬁl y &%ggfoirgﬁ 5@1@ % Qb ¢

shutters 49A and 15 49B via'drive nechani sns sets
openi ngs 51AcRitdeetB onNa@bn§Ren @ nsldtsehy A1 1 ey 1ol Pb N8t 8Atamong the
shutters 49A and 49B are in a fully opened state via opening/cl osing
sensor 104, rietectdotr olaler s2(0 mEses-creatu verterts )Sttdga M3hirality of
(measurenent table MIB) to the position shown in FIG 24 by 20

control li ng seagerdr ithetsyisdédmitizvg 13as exb rane spoloe chisas wr griwnta Malyue fof
Y-axis interferonmeter 18 while maintaining the measurenent val ue of
X-axi s inter FELEFRELON PRANLS HaeeHsCanttheauePust sinnglsoileaded dnmshe
t he end surface on the -Y side of (%)é)ar 46 (neasurepent taple MIB)
and the end &@Ff'&CedBR°E5PERARIVE | G AfdfEr thgLF 8L 9FECR P jhmemory,

contact with _ea her. nci dent.al | t he_noncont a st at
(proximty stoé:t% err%f/l(é?%%ybae %uesptilr@}:h o‘?e%(?(%%?%,o(%trﬁ)srﬁtt SEi“:habCl} REmSer

measur ergnt  yal Hﬁétofchtegge't@&@& A7 QBLEE @f A1 8NC e J Ak IRARUT @5 1

the position of each table In the Y-axis direction and separating
example, the same value as the detection value of a sensor

that corresponds to the representative detection point on the
focus calibration described above.
In the embodiment, however, as shown in FIG. 202, main
20 controller 20 detects a tilt of the CD bar 46 surface using
Z sensors 72a, 72b, 72c and 72d when loading the output signals
from photodetection system 90b of the multipoint AF system
(90a, 90b), and therefore, the CDbar 46 surface does not always
have to be set parallel to the XY plane. In other words, as
25 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 value only



117 measurenent table MIB and wafer table WIB in the Y-axis direction
at a distance of around 300pm Subsequently, as shown in FIG
25, while keeping the positional relation in the Y-axis direction

bet ween wafer 5 table WIB and neasurenent table MIB, nain controller
20 starts an operation of driving neasuréhent stage MST in the -Y
direction and also starts an operation of driving wafer stage WST

toward unl oading ROsi! 89 uYRedVBENhUESEREPELALT ANS: A A oo ibper

t_he enbodl ment, mneasureneént stage MST i S nove only in
di rection, anth aaabar tBbaget ¥&Tibs xﬂ@y@éislbbdc_h@es\é dihecthennand g Xo01id
direction. When main controller 20 drives wafer stage WST and

measur enent dtiage iIMSErs rdddwainepusly as i s descri bed above, water

that is held in the space between tip Il ens 191 of 15 projection unit
PU and wafer W (wailexti,n tlriaqn@ir@eiﬁmosvii@rg avexetA) oggquentwhdldhy noves
fromwafer Wto plate 28, CD bar 46, and neasurenent table MIB,

accordi ng°t o lrﬁﬁ\%ﬁ"é‘fﬁl%“f %@rﬂefwsﬁaaéev@n%ﬁhu%%m%mveﬁr&fes WSt ated

the -Y side. I al .y, ur| I egoi ny t he cont act
state (or prd¥i }22(5”‘5‘[ “at e é# a\ﬁ%%%ﬁg’qﬂ%eé@ o Sgrrace, to
table MIB isy cji de |1 25 .shows a .state r.ight

ln quI é:dc .T_JEH', onrI AHeY s o%d ter rep lslent IE al[%ce2§8b

bef ore wat er ‘Mfergi on ar ea iVered Trom P
to CO bar 465 \MhenRafelortlAgh A/BT md H@%%g d.St ggs-zeM%T 25
si mul taneousl’y and slightly driven further |nt e- Irection from

the state of tilfGerdl- PeRiWi) coRaSLLEFRNt s Ofe MBS Bfie SURDS INBT thPRIRI 1y
table WIB) by Y encoders 70A and 70C cannot be perforned. Therefore,

ri ght befor e lichatingmahe seatuakhent2@adwetchésthder comigats afhdtheletect
Y-position and the ez rotation 118 of wafer stage WST (wafer table
WIB) from t h@osamlcsl isfsathadn drhe hresdireenssitdey @ngss dfin ¥ drnondemsal
70A and 70C to the control_ based on the neasurenent value of Y-axis

i nterferonet ATECiPReRN SRACEIEFI@? of sredeferatAEdpRY] bent plate 28b

of wafer table WTB and the detection values of surface position
information of the wafer by the multipoint AF system at

15 predetermined sampling intervals while moving wafer table WTB
in the X-axis direction.

On the traverse-Z-moving correction, similar to the case
of the focus mapping described above, as shown in FIG. 21A,
main controller 20 controls the position within the XY plane

20 of wafer table WTB based on two X heads 66 facing X scales
39X; 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 70A and 70C). In the state
of FIG. 2134, the centerline of wafer table WIB is located on

25 the t+X side of straight 1ine LV, andmain contreoller 20 measures
surface position 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 72d,



5 of time, measurenment stage MST reaches a position where the
Sec-BCHK (interval) described earlier is perforned as shown in FIG
26, main controller 20 stops neasurenent stage MST at the position,
and al so drives further wafer stage WST toward unl oadi ng position UP
whil e neasuring the X-position of wafer 182stage WST by X head 66
i ndi cated by being circled in FIG 26 that faces X scale 39X1
(X-linear en I/ i t Y- i.tl.o : Z . i
and the i ke%glslle \?—ta%@se %Ir%tqnee?& g?‘térrfe?%rterl&%,s asﬁlg%écloep Ov%? grO%stlggté)%qon
at unl oadi ng gyosiHd QuAd? JdigidaMtaldunt ighthe A5t atest@in Fd8a 280y, .
water is 15 held in the space between neasurenent table B and tip
| ens 191. Sgheegurrhityy , asashoven t fo Fl 5.2 Rhoadd WdfefBitthge WST
controller 20 performs the Sec-BCHK (interval) in which relative
posi tions of imhéhtouK decendary &l isgpmenetsystiers 20ewiltds ries pechi chaed
primary alignment system ALl are neasured in the procedures described
previ ousl Y, ®3 A§ oBtbapedes B oveds WiléredtlAst agler MBT. the mparegiand], main
with the Sec- BCHK (i.nt e%ale), mai n controller 20 gives the command

TR BHAACUH 28Rt Whe

and makes a FORFE VSt BER RRfHoA8*&FHEBAGTE
25 on wafer stage WST that.stops unl oadi positiQn UR, _and al so
drives vaf er SERTE TERY RoLRESIC df PEAEToR (8oHBVE 122 £BY hati s 72¢
position LP with % i vene i o] hM 4

refer to FI G%t%)?,%dw%lﬁ%hg as been dri \%Igﬁuugpgw%?d&\}\%en peﬁ}éﬁrln@r%ggtgpfgtem

unl oadi ng, keploaupwaid at bkRdutedeligdd RRGhAMRNLn IS cagen,ths
unl oadi ng of the wafer is perfornmed as follows: "vertical novenent pin
CT supports whicem YWfFDem elmwaandhéipssnt e waherwvhandideivnlleadeous
arm proceeds to below wafer W and then vertical novenent pin 5 CT is
slightly | onerediog desamlead adome dnsla ghielty whiesed Zosenlserisi K€a and
and the wafer is delivered fromvertical novement pin CT to the

unl oad arm 720 anflektsengphowe PRAFT G £83:e dienpedntFolh b lvdndsy

measur enent stage MST to an optinmal_waiting position
of ghe +X end portEons of the eighgr side areas on the surface

of second water repellent plate 28b of wafer table WTB is
15 completed, main controller 20 ends the operation.

Then, main controller 20 obtains a relation between the
surface position information at each detection point of the
multipoint AF system (90a, 90b) and the surface position
information by Z sensors 72a to 72d that has been

20 simultaneously loaded. Then, main controller 20 computes
unevenness related to the X-axis direction of the surface of
second water repellent plate 28b from a plurality of relations
that have been obtained at different sampling timings. 1In
other words, in this case, since the offset among sensors of

25 the multipoint AF system (90a, 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



10 (hereinafter, referred to as an "optimal scrum waiting position")
used to shift a state of neasurenent stage MST froma state of being
away fromwafer stage WST to the contact state (or proximty state)
wi th wafer stage WST descri bed previousIX and cl oses shutters 49A
and 49B in the foregoing procedures. 15 Iﬂ3parallel with this
operation, main controller 20 gives the command and nakes a drive

system of a |9ad a{dn (ALK Miﬂf@ﬁer@%é"@gﬁﬁt\é{rfﬁﬁgéwﬁcé églseecond

WIB. The | oading of wafer Wis pertornmed in the foll ow ng procedures:

waf er W hel d dyrdherdmad eiimpg sael dsiened fhondhentvashaFdBgdhding to
vertical novenent 20 pin CT whose state of being raised upward a

pr edet er m nedlianfurdnt slatedattimmeashirarel afd eiidde: 1ack flraatiesd by

wi t hdrawn, wafer Wis nounted onto the wafer hol der by vertical
movement pi n WRYWEINRPY ovietled sunfadre ovaserond walckedebyplaendcolate 28b
chuck (not shown). In this case, since the state where vertical 25
nmovement Bi n 38R ROSIGHIOE Vékkatd o8 prel8Bfefnihitd AnbeRELIPR of the wafer

g?iné‘f atgﬁ;i’ar &2&%“??4@5%2@%%%‘%%%& | (B openarii o uee PE dhivon
URALRS et i
howe the. St e WA VEFER TR oansa™ THorBR hetoroi Gt ic el of the

In the enmbodigiefacd be teESHAI H: OPLIIBE 1 BHUP WAL bBY POSELRAN & from
measur enent stage MST is appropriately set 1 n"accordance wth the

Y- coordi nat exhef pl headl t gITeRE 1 81 KSs S harlangedeen diies ald DaaRMitr feheint
areas on the wafer. Wth this setting, an operation of noving

measur eneft staagel IMST ttionitrtges .opti mal scrum waiting position becones
unnecessary when the state of neasurenment stage MST shifts to the
contact state (or pProkhiBtyarner emalasconbedldsave) ek imerdeifmmation
the 10 nunber of novenent of neasurenment stage MST can be decreased

by one conpar®t RASH 1He s Mgt & ddisurderreris SHepeon iof e weder

3 AR R R B e
t 4 t {

Dot so that e ISROPEY §n hHB BRELIR APERUELER PRI IR dl frrent

descri begls abgue,£an b PeroLped, Atha rré%ﬁjfﬂsoﬂh%?fa%ev‘@égﬁ SRR M1y

stops for the wafer alignnent described above. Next, as shown in FIG
29, main contdedldfe LQs DYy esavih Bf 1 2O 5t ages Yilerh 100w, 0B )NGh RS infd Qg
LP to a position with which the position of fiducial mark FM on

measur enent pladieer 3GH1se $EB Wikdfiar tdtedd elaf)( det etid O sariea)diofection.
primary alignment system ALl (i.e. the position where the foregoing

Pri - BCHK f or Maimprasudssilder £ hadmand) fdaus memind! efofwatfse W while

adding this information as a correction amount, on exposure.
20 Next, a parallel processing operation using wafer stage
WST and measurement stage MST in exposure apparatus 100 of
the embodiment will be described based on FIGS. 22 to 36.
Incidentally, during the operation described below, main
controller 20 performs opening/closing control of each valve
25 of liquid supply unit 5 and liquid recovery unit 6 of local
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



25 nmovenent, main controller 20 switches control of the position
within the XY plane of wafer table WIB fromthe control based on the
nmeasur enent val ue of encoder 70B regarding the X-axis direction and
t he neasurenent val ue of Y-axis interferggﬁter 16 regarding the
Y-axis direction and the Oz rotation, to e 121 control based on

t he measurenment val ues of two X heads 66 indicated by being circled

in FIG 29 thatgfiaceotsrd eun®Xl and BYL2 {enaderss, 19R and 1 )rggy

and the neasurenent val ues 'of two Y heads 64y2 and 64yl | ndicate

being circl edldgrHfBidn, 29t htddraee hSealtese IELAt I 2Lngoder s
70A and 700). Then, main controller 20 perforns the Pri-BCHK
former processideystandakdle .fi dbEcrahenpr khEMb31ldelrgt edplishagipni mary
al i gnment system ALI. At this point in time, measurenment stage MST is
wai ting at tHFewEEdimg therems vl iomy igdsbeinidd Msdescmpbpdimbolegs, but
Next, maip controller 20 starts novenent of wafer stage WST in the +Y
di recti on’t od¥ed B8 E5FENGSOIFSHTST €% Hd Salsagtnatareask S 56 SARgEd it some

th first ' t _shot AS, Fl 120 det ect
Whi 16 cont r ol 1TG e T80 RS BB of PwaPer °Pahe VT BiSed Hifk e the
reasur orent valies ol. LBACLOUEogASOAETE ARAGLIDAY BBOKC < Al PTurauings,

starting the novenent of wafer stage Irection, main

control l er 2@, @peRssshitiflsgd M and A98afa é&ffg%@fgéy&ﬁsfég%%ﬂ&%dof

earlier, and permts the further approaching o waf er stage WST

and measur emesdi ssleage: MbTnofruekhetensmidr aont relfkeen2e €68&s [ MBrHd1&ame
openi ng of shutters 49A and 49B based on the detection result of

openi ng/ P osiimgtsersaisd0in each of Thendrakéngwatsed siragh\SE scedphasn
the position showmn in FIG 30, main controller 20 detects that wafer
stage WST 25ape¥eneasur enent stage MST cone into contact with each
other (or cone closer together at a distance of around 300pn), based
on the outputs of Egﬁpi%gdﬂuagiéC%F%EE§€H§6%§XE@§u§ﬁﬁbngnﬁtep—and-scan

method is being performed to wafer W (in this case, to be a

mid wafer of a certain lot (one lot containing 25 or 50 wafers),

15 as an example) on wafer stage WST. At this point in time,

measurement stage MST ismoving following wafer stage WST while

keeping a predetermined distance between them. Therefore,

the same distance as the predetermined distance is sufficient

as a moving distance of measurement stage MST that is needed

20 when geing into the contact state (or proximity state) with
wafer stage WST described above after the exposure ends.

During the exposure, main controcller 20 controls the

pesition (including the 6z rotation) within the XY plane of

wafer table WTB (wafer stage WST) based on the measurement

25 wvalues 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



and i nmmedi ately stops wafer stage WST. Prior to this operation, main
controller 20 activates (turns ON) Z sensors 122 72a to 72d and
starts neasurenent of the Z-position and the tilt (the Gy rotation
and the Ox rotation) of wafer table WB the point in tinme when al
of or part of Z sensors 72a to 72d face( §5mafer table WIB, or before
that point intime. 5 After the stop of wafer stage WST, main

control ler 2Qy nRsdi tsidpldranapust ya.and dndivi dyal |ah deteets, thd ar1on
alignnment marks arranged in the three first alignnent shot areas AS

(refer to starrdmriksy)i Bnkdl Ghe30) tsd G dH | (FERENEINQNBEN 2 sy StEM AL WTR,
and secondary alignnment systens AL22 and AL23, and links 10 the
detection resddesi o tthicemealugement sydtesscAld, pAl 2208l sdrisdbrand 4, ;
the measurenent val ues of the four encoders at the tine of the
detection, afdi&tidres tH@d Pl herprdy JaTctosholh) ¢ dmtien diHat the
sinultanegus detection of the alignnment marks arranged in the three

first alignnémSRATTL v leadass FRe18NE ML s i) FBFf 8 ABE MR e other
h . he r g S relati oot S . ti

(focds di roctiiclt "BebhBon &5 (THA T 1o U1 o FhRnERL oLyt et "Rl Sdace-

AL21 AL24 f \naf I . i

Z- posit '?i on of wa deg?lt{%;lbﬁ\%% %g)ssq‘lncsl eg@r %%d%ﬁ%%%ﬁéq%%&g a|tnrs("lie the

descri bed abeverdidtliRe eRadiimRnt o4 He Y ila e the et 3t Shal®11ed

(or proximty state) of neasurerfent stage MST and wafer “stage WST is
conpl eted at bahedesi thenmsheueeiehectaliesf ot he sdhgsrents Nprks i3, ;,

the first alignnment shot areas AS is perfornmed, and fromthe

posi ti onl0t hemtbvérpntarb 7@, 4 lend-Yhadi rfec triadra t(istre ol mithcénierdt) tmawarked: a

posi ti on where
controlled based on the measurement values of Y-axis
interferometer 16. In either case, the contrcl of the
position in the Z-axis direction, the 6y rotation and 6x
rotation of wafer table WIB (focus leveling control of wafer

15 W) during the exposure is performed based on the results of

the above-described focus mapping performed beforehand.

Further, during the exposure, shutters 49A and 49B are
set in a state of closing openings 512 and 51B, in order to
prevent wafer stage WST and measurement stage MST from coming

20 closer together than a predetermined distance.

The foregoing exposure operation is performed by main
controller 20 repeating a moving operation between shots in
which wafer stage WST is moved to a scanning starting position
(accelerating starting position}) for exposure of each shot

25 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



the alignment nmarks arranged in the five second alignnment shot areas
AS are detected as described previously) of both stages WST and MST
in the contact state (or proximty state) is started by main
controller 20. Prior to the start of novepent in the 123 +Y
direction of both stages WST and MST, astdhown in FIG 30, main
controller 20 starts irradiation of detection beans of the nultipoint

AF system (90a,a 300 to ¥l eFe LRI I B1 Wil nicRing Pl 08 St e
flOI)DI'T'Eg on \%E)fo

detection area of the multipoint AF systemb5 iIs er table

WI'B. BiRtka it B sidie bdevepsné 1of phetrb ricages A\BT 2ROy e ivhiter
the +Y direction, when both stages WST and MST reach the position

shown in Fl GisBkelduimthenipaaid bet28epariffol @bstite ¢ us feal W br airaher,
former processing described above, and 10 obtains a relation between

t he neasur endrte eaboey refoesenton s s7par fFebed 7z thrd Fdelr (fswnf e shot
position information at the end portions on one side and the other
side in the R%8a dWHFTES iBn the Wt 8ideabPet WrByhahR¥er Hraaked om the

result (surf osition infa tion) of the neasurenent plate 30
surface by 1%3fﬁ§' Pfi&gék éé?éysten1(90a, 90b) in a state where
the centerline of fer bl e . i.nGi.des straight_ lin V. At
this point in ti rretﬁ%lrietth?}rg im%mml\ﬁfgogl%rgﬁel%%lf\q S orar%eS fear uﬁealte the

boundary bet ween, (RRafe 48 1a0d Yaf&l-Jal£7WEB. o T aha %h% measurement
wat erinliquidi mersionareald is in a state just before 2 el ng

delivered framidar 146 draonintit drabl € aWEBL 26 duringBgibsyheanBoidiate
stages WST and MST further nove in the +Y direction while keeping

t hei r coh®actthst atoer Heart iprroxiap tdesstraitte)d arat Irieachad heequizsd t i on shown
in FIG 32, main controller 20 al nost sinultaneously and individually
detects the Then, as shown in FIG. 23, before exposure to wafer W
ends, for example, before the last shot area is exposed when
different shot areas on wafer W are sequentially exposed, main
controller 20 starts the lowering drive of shutters 49A and
15 49B via drive mechanisms 34A and 34B, and sets openings 51A
and 51B in an opened state. After confirming that shutters
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
20 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
Qf CD bar 46 (measurement table MTB) and the end surface on
25 the +Y side of wafer table WIB 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



25 alignment marks arranged in the five second alignnment shot areas
AS (refer to star marks in FIG 32) using five alignnent systens AL
and AL21 to AL24, links the detection results of five alignnent
systens ALi and AL21 to AL24 and the neasurenent val ues of the four
encoders at the time of the detection, and’ 124 stores themin a
menory (not shown). Incidentally, the sinultaneous detection of the

al i gnment  Margs, AFaaed 4 b idarfs i $esond. ald B STl 1 G\Tasaﬁf%
(0] war er

in this case is also perforned while changing the Z-position

table WB, 5 dirdscidescit hedjedi® .of aroundWdhes, at this point
intime, since the X head that faces X scale 39X1 and is |ocated on
straight line LV déedsratuesntilst,, amighcontinolBHes. 25 ,comtirled kddreing the
position within the XY plane of wafer table WIB based on the

measur ement \RfSUdst IR lofrod #Halmh 681 fded N3¢ ist el ler 8o Yea tiween wafer
encoder 70D) and Y |linear encoders 70A and 700. As is

descri bed®abdP 1§ HIBHRNSAEESFEREN tperl +¢ 8 B nhdt pnggndiFoller 20 starts

ri bed”abdie < HTPIRP CREOGHERER pst 1 ? 81 Hrifat o 20
Lot al can be oBRE! KU (o oINS A9 T ottt T QBT o e e
o et _ _ t
hi o Stage, NG CoRtT 81 Lot 3D Ctanar fRokad IS BrEP Ry JUFL: Hage

magni fi cati ofystok owaher uMM BYdi herpSxprpbe . umer {WREH PleBeStdisti & are
conput ati on by the EGA net hod déescri bed above using the position

information, sanrdt2Q, baseden dnte GomEHt,ethaedirafat fdtGajd MBT MR hoved
controller 20 may al so adjust optical properties of projection

optical %§stemlRL infbheexamplrecttite, prodevtfon stegme fiITatiisomovéd ihehe
enbodi nent, optical properties of projection optical systemPL are

adj ust ed by contgladtigpradingstithgindatiegi(refer to 25 FIG 8) that
adjusts the optical_properties of projection optical system PL, by
driving a specific"hePaBrdn epateoddEn ¢l A Yyes eefiesn sdpgec ST and

TP o L B B Shu BRI F, o A Bove,
opti cal SySt%@ng that is held in the space between tip lens 191 of
15 projection unit PU and wafer W {water in liquid immersion area
14) sequentially moves from wafer W to plate 28, CD bar 46,
and measurement table MTB, according to movement of wafer stage
WST and measurement stage MST to the -Y side. Incidentally,
during the foregoing movement, the contact state (or proximity
20 state) of wafer table WTB and measurement 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
25 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 6z rotation



125 or the like. That is, at the stage where alignnment systens ALl
and AL21 to AL24 have ended detection of the predeterm ned nunber
(eight, in this case) of the marks on wafer W main controller 20 may
al so control adjusting unit 68 so that 5 _adjusting unit 68 adjusts
the optical properties of projection optﬂ? | system PL based on the
detection results. Incidentally, the nunber of marks is not imted

to eight, or & RalfeOf:thhe watral,auaber g MRFKS £ -eﬁﬁetébntﬁf%(?ased

detection, but only has to be the nunber, for exanple, require r

10 conputi ng drhehsc aldaigdmdte waAheys At therdddesrs 70A arfdUrtdterto the
after the sinultaneous detection of the alignment marks arranged in

the five secawhtatdlgrives®d shottler eesa A areds, waiue conty-aeddier 20
starts again novenment in the +Y direction of both stages WST and MST
in the contadntExrfqrametadr LoroxTheny sirme pftanda predetesamoned meriod
starts tng focus mappi ng described earlier using Z sensors 72a to 72d
and the milt iFoittCaAFMEFSUERMEIGaSt06) MSEsrenelnsid dxg tigzn where the

Then, wh baot h st MET T h th iti i fh which

Then, uhen, DS 3iages T 50 VAT ool L 1e POSL LS MARALED, o
t PL sh i Fi a J t | f Pri.-B

Prsiem L Shaun e P8, S5 p SIS LT 20, Rl Al P B

processi ng desCihbem8anldrer andhao HBL Pe § PPl e 2 2Oy GRIRM RS T tHhGiard
baseline of 25 primary alignnment system AL1 based on the result of

the Pri-BCHKunaomeIingy peessiog @nehtihe nesshting dHexPpbsBEHKnl 8 Welfer
processing. Along with this operation, based on a rel ation between

t he nmeasli® enerageaWG&sbef X hesmhsif Snidaaté2bby78eiagdc7Pdlésuid aRIes. 26
position informati on at the end portions 126
that faces X scale 38X; (X-linear encoder 70B) and measuring
the ¥Y-position, the 8z rotation and the like by Y-axis
interferometer 16, and stops wafer stage WST at unloading
position UP. Incidentally, in the state of FIG. 26, water is
15> held in the space between measurement table MTB and tip lens
191.

Subsequently, as shown in FIGS. 26 and 27, main
controller 20 performs the Sec~BCHK (interwval) in which
relative positions of the four secondary alignment systems

20 with respect to primary alignment system ALl are measured in
the procedures described previously, using CD bar 46 of
measurement stage MST. In parallel with the Sec-BCHK
(interval), main controller 20 gives the command and makes
a drive system of an unload arm (not shown) unload wafer W

25 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 driwven

upward when performing the unloading, kept upward a



on one side and the other side in the X-axis direction of wafer table
WIB) and the detection result (surface position information) of the
nmeasurenment plate 30 surface by the nultipoint AF system (90a, 90b)
that has been obtained in the 5 focus calibration former processing,
and based on the measurement val ues of Zzl&@nsors 741,4, 742,4, 761,3
and 762,3 (i.e. surface position information at the end portions on

one side and ﬁﬂ%ﬁjéﬁéﬁﬁirﬁédjeaﬂdhr%ﬂe Xnaxhs sdibeet i (Eﬂeptm%fa%l"inga.glfethe

WIB) corresponding to the best focus position of projection optical

10 system PL drair hayedremirmdy ainetblirbidie JaeusLalhdiraidmn diat ter
processing, main controller 20 obtains the offset at a representative
det ecti on poisntprafritsheafuktW febntbeFows uatie f199ahe9%0hier aAnchdathesind oad
the detection origin of the nultipoint AF systemin the optical

met hod descr igy@ppeeeedasty olavharfes Therod tden berbheslzervement pin

In this case, fromthe viemgoint of throughput, only one of the .
Fri-BCHK Pat & 15r 6¢e98itdy anyerRe Pochlecanrtpr@atdwn Jatxldightly raised

D ocossi ng wiOOE PeiS oA HE BoTH SEhes ORI HhS o0 et A mh s ot
course, int C he.Fri - | atter processing is not perforned,
t he Fri-BCE-%ﬁ gﬁﬁé%’ﬁ?ﬁ%égggﬁgiégég not need to be perforned

either. And, in thiygyx¢asgs MRANCAA #0520 0nky c@%{%_rBQl@V% MG s
stage WST from | oading position LP to a position at ich the

al i gnment naides: stideegRd s2% den MITe Hd 5 disHIERia iH0ly Y RAT RS are
det ect ed. Incidentally, in the state of FIG 33, the focus
mappi ng 18 bdihrgedontfiitugd.referredMen asafer “siragemalSEdreac hes. tilg
position shown in FIG 34 by novenent in the +Y direction of both
stages WBT amp@sifStonf27useadttive sbédtaztstsitat ef (magpruenarnt gregatdyT from
descri bed above, main controller 20 stops wafer stage WST at that

position, buf EbAERMicEeiRg iR FERT Wi Iabad@aeBRT < Aje MBTLA Gt shate

+Y dir ion w.th . ing it., Then, in controller 20 )
directio (ortpgg£1§£€$%ta e)tw1th%afer£astage WST descrj?bedprev1ously,

and closes shutters 49A and 49B in the foregoing procedures.
15 1In parallel with this operation, main controller 20 gives the
command and makes a drive system of a load arm (not shown)
load new wafer W onto wafer table WTB. The loading of wafer
W is performed in the following procedures: wafer W held by
the load armis delivered fromthe load arm to vertical movement
20 pin CT whose state of being raised upward a predetermined
amount is maintained, and after the load 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
25 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



5 al nost sinmultaneously and individually detects the alignnment marks
arranged in the five third alignnent shot areas AS (refer to star
marks in FIG 34) using five alignnment systens AL1 and AL21 to AL24,
links the detection results of five alignnment systens AL1 and AL21
and AL24 and the neasurement val ues of 1b2% he four encoders at the
time of the detection and stores themin a nenory (not shown).

I ncidental ly, . th iyl eth% detection of the alignnent marks
arranged in tne“%'lf\?e taltb;i% al'ignment shot areas AS in this case is

al so performed while ghandhnigdihénd ReS beByBh nWabsF i haP! & MiBwad% ing
is described 15 previously. Further, also at "this point in tine, the
focus mappi ngdss Hein® f*afdsiRthent stagdVBBWHIY eppfdfiadely set in
predeterm ned period of time fromthe stop of wafer stage WST

descri bed abeveorsiaode atisdr héres Y404 card rdit2: swictth dihaew Sflrigmmepen inzgscs
51A and 513 forned at X-axis 20 stator 80, and the state of

measur emeft SEAGEIIETLanh svafldrorsteiye sBT an¢ds ©1f tos vhaberontilicth this
state (or proximty state) to the separation state. After the shift

to the separ &G SrafB, ORBF AL LBRL DI B TEEEE T6PERIN§E28E AlShd S tBe

02,9220 SRR 08, PO Sh 400, 209,008, I o S,

exposur € St il Al LGNS I A MIRLE TFAFULETRN $LAGRMBL AL o1 ate
until exposure i's started, nmain cont Sirer 2 St ops neasur enent stsage
MST at the pQgirt iaRxiMeXt, s’E%'t%&?Qiétsrc&Iilbeerd 20 AT EH IR, the
waf er stage 128 WST in the +Y direction toward a position at which
the al i gnorentufibieks o@riangeent ot hedduremdmuesthgal mgnnent shekcaeeasd
AS are detected. At this point in tine, the focus mapping is being
conti nued. Mbanuohel epmpeasdreitenttist ageeMiliers madsungmaht tdeade MST is
exposure start waiting position described above. Then, when
waf er stage WsTerbactiest Bffea powditiiom shewnl frawaGLres, thaigptimal scrum
controller 20 imedi ately, stops wafer stage WST, and al nost ,

si nul t aneous M3 1&A& Y RHF#HG%P | ettt s Thehaahareme rar RS e gRgdaal

in the three fourth alti. nnent .sﬁlhot %10 are%sﬁéﬁsbon waf er W (r.ef <ir to
star marks i A°FME "85 0S &S Sirer v RS EP S e AL PPAfFe- scrum

secondaryr al | n , L Lnks; d ctian
secondaryeal LAY, s¥ol erB, ALZ2eand, Ak L A0S CEL e Mot srace
measur ement vahuesoafintihe Lok sneRdensradly thevl Mnohet Be ¢etRek AR, &
and stores them

position where wafer stage WST stops for the wafer alignment

described above.
Next, as shown in FIG. 298, main controller 20 moves wafer
20 stege WST from loading position LP to a position with which
the position of fiducial mark FM on measurement pleate 30 is
set within the field (detection area) of primary alignment
system ALl (i.e. the position where the foregoing Pri-BCHK
former processing is performed). In the middle of the
25 movement, main controller 20 switches control of the position
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 0z rotation, to the



15 in a menory (not shown). Incidentally, the sinultaneous detection
of the alignnment marks arranged in the three fourth alignnment shot
areas ASin this case is also perfornmed while changing the Z-position
of wafer table WIB, as is described previogusly. Also at this point in
time, the focus mapping is 20 being cont rAted, and neasur ement st age
MST is still waiting at the exposure start waiting position. Then,

mai n control | &n2Q L HRUL LSRN dd QU AN fLaprdidats, yal ugs)yOfee

all the shot areas on wafer Won the Xl coordi nate systemthat 1s set

by the neasurierBifataxedyobetg &0tE18MCo0eTS. bortexan@® x28chYes 39x;
perform ng a statistical conputation by the EGA nethod descri bed

earlier, usirnd BéXdetsotoders OH hadoT00p ald gheentasar&scht ol wds of
obtained as is described above and the correspondi ng nmeasur enent

val ues of th&wodr hergsdérny. arekt6dymiindéoated berbebng ontioles Irhd'IG.
focus mapgi n%\ﬁnlzg whil e rr[)vicg’gr waf er stgge WST in the +Y direction
agai n. Then, Athdhathd s dctSiCon SFe e r 3Rt RBY muianigrsiais AR pdemOC) -
(90a, 90b) noves o from_the wafer surface, _as shawn in Fl G _ 36,

mai n control | er 20](T ds TRéTs 6l r%i\/ﬁi‘fng& W?%‘Prrf‘?la@}e Fased B o mer
result of th i.ng ' I t | .at est, neasur ement
asul ts of tRE Baaa i ReLt e S AT A b LSt R TR Ry

AL24, and t he 1liidhedrRidY, G 1211l er a20+ReLf QLAR EXROSYRE , P¥eBsurement
step-and-scan nethod in"a liquid inmersion exposure nethod anS

sequenti al | y dyagyesiveyms ia MAiratifle pald gt it 1a lrurakialitt iofg $PeRtition
areas on wafer W Afterwards, the simlar operations are repeatedly
per f or metl0t o delse midreal mbgyenaf ers within the |ot. As is
described so far, according to the enbodi nent, the encoder system

whi ch incl udes encde&ts MOAN MO Mirys @ 015t arelhs mroammsinty alf uesf drawe age
good short-termstability, and the |ike, neasures position .

i nformati on &FTwaferhe eﬁﬁ/ 8ippPBtirPnt AWEF@ XPOosi&Ae WAL RitgHe alignment

e e S S S g D ) i
;ggi :ioode’ T4 eL 2UP P2, 856016 L 0L 1R 0% &, 3d the dHike 1TRasYhes
15 position of wafer stage WST based on the measurement values
of the four encoders described above. After starting the
movement of wafer stage WST in the +Y direction, main
controller 20 opens shutters 492 and 49B in the procedures
described earlier, and permits the further approaching of
20 wafer stage WST and measurement stage MST. Further, main
controller 20 confirms the opening of shutters 49A and 49B
based on the detection result of opening/closing sensor 101.
Then, when wafer stage WST reaches the position shown
in FIG. 30, main controller 20 detects that wafer stage WST
25 and measurement stage MST come into contact with each other
(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} 2 sensors



information of wafer table WIB in the Z-axis direction orthogonal to
the XY plane with high precision wi thout being affected by air
fluctuations or the like. In this case, since both of the encoder
system and the surface position neasuring_25 systemdirectly neasure
t he upper surface of wafer table WB, sigﬁ e and direct position
control of wafer table WIB, and therefore, of wafer Wcan be

performed. 725 tdunidhend 8eaekdi fﬂaEQrEF%nE@?%H@%*p%E%H&ﬁ?he

mappi ng descri bed previously, main controller 20 130 si t aneo

activates theisiy flaee posStdtHNidRATH tRe SY SEERBIh ) bE FHFELpEinte TR
system (90a, 90b), and converts the detection results of the

mul ti poi nt ARtsydtcepoi@a®ain9Bbmei witon dal b, ofusimn@atrhecieasskes®ns 72a to
results of the surface 5 position nmeasuring system as dat uns.

Accor di ngl y, 1&g datcd (singrafier dohver (B datm baf by g, ddirdedongsime.
possi bl e go perform surface position control of wafer Wby only
measur i ng°posi t i onAEhesT FRE §508f OhaVaf et abF IS T n Baien Zopgzoller 20

di ti d it L nf t f waf.er, l.e WB i 10 tilt

i recti on wi AARRLacRs oPRanRy on dnd Bl ek tts BEEepbs o R onment
i ft Wt t t aini f it

o or mmt Lo’ SEAR G AR UL it v e e s PR St dge s

wor ki ng di st aneediet waan 4 hprkens #94. and ﬁanWﬁhaWysgiiﬂﬁlﬁeeh{? system

short, focus-leveling control 15 of wafer Won exposure ca

execut ed witaIgoaddaseubady ryWal hgtient OBy €08ms AL2, ankNatbe, and links
enbodi nent, as is obvious fromthe explanation of the parallel

processi hy opératiebacusongremilars sifager MG E langhmeeassy etens AilgALMSEnd
descri bed above, in the process in 20 which wafer Wnoves fromthe

posi tion (| oddiZagapdsth¢oncaPyrement walees W stloarfdud arncoskfesy at the
stage WST to the position where predeterm ned processing to wafer W
for exanpl e, TafsoRtitdie fat EeFhONoraRet PERY SRSt BraBEMOFY; fnot shown) .

cont {0l |1 20;pSLLRIn e L neaus Speralion o e UL A% g
and the data,GoRveLting BLOFESSALLHLQCYS /IRPRY 09 B3 CLLBES ALOYSs 1y
15 this case is performed while changing the relative positional
relation in the Z-axis direction (focus direction) between
a plurality of alignment systems AL1 and AL2; to BL2, and wafer
W mounted on wafer table WTB by changing the Z-position of
wafer table WTB, as is described previously.
20 As 1s described above, in the embodiment, the shift to
the contact state (or proximity state) of measurement stage
MST and wafer stage WST is completed at the position where
detection of the alignment marks in the first alignment shot
areas AS is performed, and from the position, the movement
25 in the +Y direction {step movement toward a position where
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



131 of a plurality of marks to be detected (e.g. the wafer alignnent
operation described above) is started until when the detection
operation of a plurality of marks is conpleted, main controller 20
starts the sinultaneous operation of the_surface position 5 measuring
system and the nultipoint AF system (90al430b) and also starts the
data converting processing. Further, according to the

embodi ment, as; g 4 %%hbsf't%gpﬂestasjergc%strhsnatﬁéwgp%sogfﬁ%%nOf{)IeG. 30,

waf er table WIB, and thus, surface position of" waf can

control | ed Wi rhic@iht3d10eeCh9i 8Rartt DEEOAESE POS S P! St P8 YdBms of
hi ghly accurate exposure hardly having exposure defect caused by

surface posi tthenmadnt pelinerabrsyatdnch otakes0bt fossiflret EB1EAITE ANWith
i mge of a pattern on wafer Ww thout image blur. Further, according
to the enbodithemst opévateganpihe dptieoti®bs areaepfoshe aultkpwiadnkF elyiseen
20 neasures surface position information of wafer Wusing the

det ect i on® valliFed EHess rerdfien f1akds "iB+t he nul ti poi nt AF system

(90a, 90b), with syrface positian information at _end portiaons of ,
vafer table WIB on 88 sAHBIARE haCHIME s PAeOPH (e GendEd and MST in

direction 2%, 43 Ui 20450 A OIS JI BLOULONES 20 cr cne

perfornms position a ment ‘of waf er i rection para

optical axis /A%i0f; B ARGk a% %&fd.c%'l,skﬁ%ti‘?{“fo'nt%ﬁl%&fxiz'ot ULRGHOR e

with respect to the plane orthogonal to optical axis wi'th surface

posi tion inf@owis @21 rerd POrAdrars Hrowafyi dplleds 38 PAB HbwWe and
side and the other side in the X-axis direction, as a datum

Accordi ngty, chltizHowsgh ralrsftdee pesivkeartianfrensatrenanafvabies oW T Sensors
measured prior to exposure, surface position control of wafer Wcan
be perf ormed Miath 7Ricgh 7@cecinsli 017 dorl saigtfsale @opdgdoe. inf32mation at the

end portions on one side and the other side in the X-axis
direction of wafer table WTB) and the detection result {surface
pesition information) of the measurement plate 30 surface by
15 the multipoint AF system (90a, 90b) in a state where the
centerline of wafer table WIB coincides with straight line
LV. At this point in time, liquid immersion area 14 is formed
near the boundary between CD bar 46 and wafer table WTB. That
is, water in liquid immersion area 14 is in a state just before
20 being delivered from CD bar 46 to wafer table WTB,

Then, when both stages WST and M3ST further move in the
+Y direction while keeping their contact state (or proximity
state) and reach the position shown in FIG. 32, main controller
20 almost simultanecusly and individually detects the

25 alignment marks arranged in the five second alignment shot
areas A8 (refer to star marks in FIG. 32) using five alignment
systems AL; and ALZ2; to ALZ,, links the detection results of
five alignment systems AL; and AL2; to ALZ24 and the measurement

values of the four encoders at the time of the detection, and



Further, according to the enbodinent, a partial section of aerial

i mage neasuring unit 45 is arranged at wafer table WIB (wafer stage
WET) and part of the remaining section is arranged at neasurenent
stage MST, and aerial inage neasuring 5 unit 45 neasures an aeri al

i mge of a measurement mark forned by prdféction optical system PL.
Therefore, for exanple, at the tinme of the focus calibration

descri bed prempus ! Il i i\ng it ur

t he best focﬁés“d poSI %lhihoérlll\{@orh Saféj&égll(l:?l‘:%ﬁggopti ca I{s)y'stg%CEL, %tt%§§’ the
nmeasurenent camdie aH:qey bekeed 1usi 68 tHeaposhhibae mfrvaker shaklkei Wi e
(wafer stage WST), at which a partial section of aerial inmage

measuri ng unifiivkb dexdrd arigiefhmarnt ashbi ectd=0n Amrial [id acdde optd oead
axis of projection optical systemPL as a datum of the best focus

posi tion. Acgmufiargied whtidre ekpogiing dhwafepowithotbof|vamenatdloe WTB,
light IL, the position of wafer table WIB (wafer stage WST) in a

di recti on®parsdl 1id d& e shtsadlissi s of projection optical system

PL is adjusted with high precision based on the neasurenent result of

the best focus posititdnCrRuPthEPLSSPREB oAy EaMpar 813FC sEet i iiead that
aerial imge SUL 1t_45 is.arranged at, waf er. table

(waf er stage %s &wg(?%ggt%g‘#lea{}\%é's_(vﬁ e?%egjt gﬁe’s%ﬁ?% < Pﬂ&%eass@@t
in size and the NOSid 0 LARALIADIA] 136 RA0 TAUNAR K 118 FEGHMEAR the
I nci dental ly, the whole remaining section of aerial "I mage nmeasuring

unit 45 does xoiplhaee olfowb€ear tapyedwal PEISH &ieiHe e hadendYRT vdlles
the remai ning section may al so be arranged partially at neasurenent

st age MsI0andfot siedel tlbe faedaugr ¥menklst agE, MY, 1 iespedriaeiar 70D) and
Further, according to the enbodinment, Y-axis interferonmeter 18 and
X-axi s i nter flelldmetzer I3@deams W 188 [usi tion i nformation of

measur ement stage MST, and four |inear encoders 70A to 70D nmeasure
position infornati &% F REEEX P& aDEFE /(i@ dhesECaPeMEERL, Renrdition

| i near encoders 70A to 70D are refl ective encoders,that include a .
plurality of ‘gr&iligs A (EWOs NIEOFLOL2390PS YRR OFRa 5 Qb s e1ght
39X1 and 39X2), .t hat ar aced o fer table WIB an ch_have a _.
grating vvhosé)lﬁL rn?ng&%cﬁalghcgc%?otno%a‘;faca& %’80‘??%%0%%35}% gﬁet %OH]ig in time

Y- axi t he Ayl : I it (_h 4 .
£ TS e AN gl PRSP e

Therefore, 1QnHot hiregar nenseder s THA t @t7@Ri st Bea9et i kad n R Agnath 20
of the beamirradi ated from each head to the faci ng scale (grating)

i's much shor bertaicomaecedcaltihgt hehetohadnafisat hbry fef oreter W gndor
X-axis interferonmeter 130, and thus, the beamis
example, performing a statistical computation by the EGA
method described above using the position information, and
20 based on the computed shot magnification, main controller 20
may also adjust optical properties of projection optical
system PL, for example, the projection magnification. In the
embodiment, optical properties of projection optical system
PL are adjusted by controlling adjusting unit 68 (refer to
25 FIG. 8) that adjusts 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,



difficult to be affected by air fluctuations, and short-term 15
stability of the neasurenent values is superior to those of Y-axis
interferonmeter 18 and X-axis interferonmeter 130. Accordingly, it
beconmes possible to stably perform position control of wafer table
WIB (waf er stage WST) holding a wafer. F&fPher, according to the
enbodi ment, the placenent 20 distance in the X-axis direction between
a plurality e 64 e. peasyur n I i IS the Y-axi
direction i sqg;lra?ér%mgg%eﬁan}fgg\?\j é?ﬁ fﬁﬁ ﬁ[;]féef %2:%% gﬂdérsé;céf]il&n%%nw S
39Y1 or 39Y2arandnkihgr p| @6EAEN hdive! 8NGEq I 2l 16 A%rSc il IBUdedR rmined
between a plurality of heads 66 whose neasurenent direction 25 1s
the X-axis didig@ddon disgHEr rionah tdhadh s )Wt R Hen mdtesY-aaXings flr @Gt i@ n
of X scale 39X1 or 39X2. Therefore, when noving wafer table WB

(waf er stage AMBPOrglltdre 20 pesi tdloro aforvafcel ddajl st MEB ynviatf 48 sdaagehat
WET) can be neasured based on the neasurenent values of Y |linear
encoder 7DA &dIZGU iraunik rtddadi est ddthecopbhcal Prdraytitie s b are)] ead ivn
scal e 39Y1 or 39Y2, while sequentially switching a plurality of Y
heads 64, an®RtS5r a?}isé'ie%ﬁ%h Rafied gpertdts sittedelon pesitliten of

vafer Labl o VIg il 5 aas, L) can e megsind 9SSt NS o e,
setect on'| g5 (oeane) 4 LaoAl 0Kk o ghig, L el

switching a plura ccording to t

embodi ment, when JIP% ML d e MIB dMaf®)r 33,8068 BT ddh iRy for

Y-axis direction for 10 obtaining the correction informtion on
grating pitckoaipitiesaalesgdaserd ked takova ramidy o rialdeer 20
obtains correction information (correction information on grating

war p) used to corrécirthaerp aff teachhgr atimug tlanee u37 det@ic tdons oift dhes X
scal es 39X1 and 39X2, in the procedures descri bed previously. Then,

15 whi | e cor rddgnTgnth@ankss wramerge v dinuddieofilaien e dorsmaldggmenitt shot
62B and 620 based on the Y-position information of wafer table WIB

(waf er stage SRS & WS rc Heridc GoBYT TGl St 38Tt SyreaiEiing TRyEpest Xn
| 39X1 d 2., dth ti i nf ti . i

ot chy . mai n Eontro T er 0 o B ot P g b S nrier i RoNRST
f in.t - axi i i i X | es. 39X1

862" and: head e S S5oRERRETRED S ESt it v Br S Sl e S e g g

accurately peifidmdthe, idfd W Abpfir1tah! &g (zW%fe%rsosgsa@%%V\%D 72d

in the X-axis direction using head units 626 and 62D t hat use
scal es 39Xl and the multipoint AF system (90a, 90b), as shown in FIG. 32.
Then, when both stages WST and MST reach the position
with which measurement plate 30 is located directly below
20 projection optical system PL shown in FIG. 33, main controller
20 performs the Pri-BCHK latter processing described earlier
and the focus calibration latter processing described
earlier.
Then, main controller 20 computes the baseline of
25 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



25 and 39X2 (encoders 70B and 700), w thout being affected by the
warp of each grating constituting X scales 39X1 and 39X2. Further, by
performng the simlar operation to the above operation also with
respect to the Y-axis direction, the driving of wafer table WIB
(waf er stage WST) in the Y-axis 135 dirééfion can also be perforned
W th good accuracy. Further, according to the enbodi nment ,

while wafer spggeWalid %n@%’l‘lé‘%tl drear by i sy Yz axi %il%'ec%(ﬂa'no Ew fer

surface pOSItIOﬂ information of the wafer Wsur ace is detected

the multipoi abAle s¥s)emr{Plhe UDedBHN G5 WIUT @A sk &S ;Q;a.atle-_cltdrpn
points that are set at a predeterm ned distance in the X-axis

di rection, andfamsettie)aldrrhentmamrdeemdias e lpast t3onsumie«idy egtant
from one another on wafer Ware detected by a plurality of alignnment
systens AL1 awd tAloRi rttoAT0s As RemhiBldang H0ke teéedidDivemneabtehatdaie the
arrayed in a I|ne alon%mﬁ.e X-axis direction. In other words, only by

waf er stage WASF B afe I PadHian IHah Et%hiﬂslﬂchlql‘tyﬂ‘tﬁ

det ect t det ect F f th It AF

(508, 906) "o e?fbetelﬁ%;{’ggﬁgrﬁreogaés)@f“%&rpﬁ (i o1 %“Zmﬁéﬁ% 25 (1.e.
systems ALl and Ale. %%tlA&%ﬁ ﬁ%?ﬁ% 00,00 SY{d 2 &gskt' &?anla one side

information on't antrally en |re surface O

det ection of sald thb.eo@iéﬂ@%@ 1Hﬂfﬁi§xt~9x?;% &'ffé’&ﬁfgn% WQESE: élgkﬁfe %TE)

the alignment marks in the alignment shot areas in

finished, an¢drhesgfaidnd be iy BeghEdcGapo 20t bén '@ﬁ@&f@ctﬁ@ﬁ%@k@@al

with the case where a detection operation of alignnment marks and

det ect i ohO opervattieon BAf tduantf deerep tsden @b taihedret ahe ffocus Callbratlon
information) are independently (separately) performed. In the

embodi nent, dgtiteoproses siingm mhénesphtnallon 26 gbtatms parealdfdfiset at
processi ng operations using wafer stage WST and neasurenent stage MST
descri bed abéVéepFﬁS?ﬁéaﬁﬂHGI@e6$Cﬁ%9%ﬁﬁﬁﬂﬂbFﬁMﬁhérm%%EQEOVEﬁ1¥ Gmstem

(he loading RaplLl Bl CumrglLhe pxpgune BOSILLon Lerpostre, 2(5R M
direction), 'ﬂ%’ gys%é% in the optical method described previously so that
15 the offset becomes zero.

In this case, from the viewpoint of throughput, only one
of the Pri-BCHK latter processing and the focus calibration
latter processing may be performed, or the procedure may shift
to the next processing without performing both the processings.

20 As a matter of course, in the case the Pri-BCHK latter
processing is not performed, the Pri-BCHK former processing
does not need to be performed either. 2And, in this case, main
controller 20 only has to move wafer stage WST from loading
position LP to a position at which the alignment marks arranged

25 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



controller 20 makes a plurality of alignnment systens AL1 and AL21 to
AL24 simultaneously detect a plurality of the marks (alignment marks

in the alignnment shot areas) whose positions in the X-axis direction
are different on wafer W and also 5 nakﬁg the nulti point AF system

(90a, 90B) detect surface position infor {ion of wafer Wt hat passes
t hrough the detection areas of the plurality of alignnment systens

according to jtrheHDveRtctofs aler (it 3088 d 48 o W AIHLEHRVe,

Therefore, the throughput can be inproved, 10 conpared wth the case
where a det eqtdian capeiaililay of0 adPyreRifdmids@ndisr el etdtOhosition,
operation of surface position information (focus information) are

i ndependent | youygerdoredied ridicdemtvadlrant iaf ke sereodinme ittt ageheidmoddi nde
position and the exposure position are to be different in the X-axis
direction, 15Yhgtnaesisesiiithesiti stoppiRgakts dihrewt itonimegpriferoller 20
substantigl ly the sane. In this_case, wafer, stage WST can be npved

subst ant i &l | WIMGfdaPLPuLEBREOHE LY AR Ag JioEiducan 1t 8etRetact e ildgnment
f th i t t. dt , | ti.poi nt AF t

Burther ¢ he T RE PBaEROhE AR LIt bt D BE BuPY s akgS e e ter

th [ . Fyr t , i Q1 . i , il

masuri gt he ponis Jenke AR AOGUEA it S RS e Y Bt

(yawi ng) of wafesrbabbeaMB (wakert it agecWBlbnbasgsth 00 Meive alignment
measur enent values of a pair of Y heads 64y2 and 64yl facing 25 a

pai r of Y scalyes <3l A1 1artd39Y2,r e68€ett.2 yeind (theP@ida frefret SrallReAlL
encoders 70A and 70C), wafer table WIB (wafer stage WST) can be noved
in the Yi@xi $£hdi Feuriemodans la¢r thert ine sfcalse detiarts ameadestonds them
wafer table WIB (wafer stage WST) in the Y-axis direction can be
realized i n &hsEafenier dndte shpamir.el dnckdepdsiilvonshensihelRaarpss
direction of secondary alignment systenms AL24 to AL24 with respect to
primary ali gMeemCtapet & E\gf at e 9RUFNEL BYL K cRFERAMELE ol He sarfigie third

(such as the aS_LiiZg%)rne(:?lft tspl%tsggteagrfgsir}c (%rhr{%dcgge\/\?g earlsyg E;[ehrefo%:lnile%ﬁ%q e

changing the Z-position of wafer table WTB, as is described

15 previously. Further, also at this point in time, the focus
mapping is being continued.

Meanwhile, after a predetermined period of time from the
stop of wafer stage WST described above, shock absorbers 47A
and 47B withdraw from openings 51A and 5iB formed at X-axis

20 stator 80, and the state of 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

25 mechanisms 34A and 34B, and when measurement stage MST reaches
an exposure start walting 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



5 marks in a plurality of shot areas (e.g. alignnment shot areas)
whose positions in the Y-axis direction are the sane and whose
positions in the X-axis direction are different on wafer Wcan be
measured sinultaneously by a plurality oi | i gnment systens AL1 and
AL21 to AL24. 10Further, according to th 2 nbodi ment, main controller
20 detects the alignnment marks on wafer Wusing alignnment systens ALl

and AL24 to Ajs¥d;n Whd ey @Al @lildnngod e Basdd i 1005 c WA 18t £AR1A WHBent

(waf er stage WST) based on the neasurenent val ues by the encoder
system (Y |i nearksenrcedeiced A ant 1Gecl Foudtmear ghcedelshotOB rand s
700). In other words, the alignment nmarks on wafer Wcan be detected
usi ng al i gnnmerte dgséensd AL Rtanhdi AlrA ritoi Ait2dewhihe foonsmddpingy L Adeing
position of wafer table WIB (wafer stage WST) wi th high precision
based on t he dfsdsur@sent Meanbd lef medrmumpnert shapadISor sealass i3@yat the
and 39Y2 20 respecti velty Y linear encoders 70A and 70C) and X heads
66 faci ng”X sed‘ézlloe‘sélrﬁ)?l WAL Y Rt AR PSR ikfch R Soder s 70B

ot ection poi nt's (RS SuNBER OF RESEHARRINGT JOT LSS ing AP DRTen shown
' points u

[ . i mal
ol Snment sy<toraCa DA H A R g PR YeTE! £E08 Pter stage

position withjgr,t Q%dXXlﬁlt@Ees%u!‘@gﬁéoﬁ?Ege?maﬂdwﬂu§iﬁgﬁe%-@ts the

Therefore, for exanple, at the tinme of or egoi ng waf er” al i gnnment
or the like, alHemmmn g rwaf arrbabkd 138t MW S K ved efosttdge MEDndrit &hot
direction intersecting the X-axis, for exanple, in the Y-axis

directi oh} i tareecomss opossifldre W d reifierd ttanedus] ywaddtsedin FIES.al3isgnmeing
mar ks whose positions _are different fromone another on wafer Wusing
t he required¥ifsay 8lapnapngnweptenydileand sacandardancenmiant slystems
position of wafer table WIB, (wafer stage WST) in the Y-axis

direction, ifrleerRe WBris, LiRkacdt deteetuiorhreRelhragrdhieg rayeament
g{ tﬂg :Pg;eas\rxﬁ? fegl%nAmf,eE-‘sL% aFﬁJcE tArLezg’ aggcglrlglnq astL?rénrl]eengn\Pa ddenéeigf’ the
four encoders at the time of the detection, and stores them
15 in a memory {(not shown). Incidentally, the simultaneous
detection of the alignment marks arranged in the three fourth
alignment shot areas AS in this case is also performed while
changing the Z-position of wafer table WTB, as is described
previously. Also at this point in time, the focus mapping is
20 being continued, and measurement stage MST is still waiting
at the exposure start waitingposition. Then, main controller
20 computes array information (coordinate 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,
2> by 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 encocders.

Next, main controller 20 continues the focus mapping



10 the alignnment marks on wafer Wto be detected by the alignnent
systens remain (e.g. at the point in tinme when detection of the

al i gnnent marks arranged in the second alignnent shot areas AS ends),
in sone cases, main controller 20 controHa adjusting unit 68 so that
adjusting unit 68 adjusts the optical 15 p?operties of projection
optical system PL based on the detection results of a plurality of
(e.g. 8) aligmmEn meeiks warsafadW ibatithaye been rdekachesdqhynt herhen,
al i gnnent systenms by then. In such cases, for exanple, in t%e case an
operati on sucthess thet ectticart ioh deammagemotha pittepetnt el system (90a,
measurenent 20 mark (or pattern) by projection optical systemPL is
perforned af tHolt mevadj a§tnenem dfhe we fept Weair froperdd ebowh in FIG. 36,
proj ection optical systemPL, even if the inage of the neasurenent
mark shifts ddn 6onkheoddpdst heritds the faage BIPRINS meadteanthat magsed

after the_shift i.s measured d a consequence, the 25 shjft of

the i mage>of Cf%écq?earsetﬁ%ﬁarﬁf %?%qcbl9$g”ad%%§tjrﬁﬂm%t t ffR) , the
opti cal properti I i.0 i cal tem PL. _does .npt. becane a
measur enent gﬁ%ﬁ‘sscf grg (%P %Eéﬁt h%?é,)@is%gh%ef ?ﬁ% it Ut Reht faes BY idgegment
above is star, 0 tegti r t fiat | GNERN

mar ks t hat ha%?%c{t?gﬁ@%é g&d;am%? teﬁe%ﬂgi%gé%%ftg}é; X e}{%’cﬁdolgpof a ﬁoner
the al i gnnent2omgees drndegrifctiedhy @ fdtpshed-dhe adsider LanPed
performed in parallel wth the detection operation of the remaining

al i gnment marksnerBiatn iexpdaunchenearitratliarehtsequepariaid yoft ddneEfers a
required for the 5 adjustnment can be overlapped with a period of tinme
f r om wheh0 dettedtiicde ¢fattieermaltigmarituneriksy iaf tdhett ek saldgnesTar W.
shot areasASis started until when detection of the alignnent marks in
the fourth aPifFRRTShother 8481ABY| SPeralned. amhuerededhy Aegpamed

can be inprovyed, .conpared with the conventional 10 art in which the
adj ust nent i C0& g‘%wgd& LN 90 1M e Hrarks is fini shed.

Fur ther | accor di ngxLo, L g LMOUITENte. SULLNG 84 ST 00, GRS A0, che

operation (e.g. the ornmer prdcessing

posi tional reRidat REIMREN & HAQ qcﬁgélgme]é RRYdd AN R 2&;1 iW%Hgs&‘E

pattern (e.g. a pattern of reticle y projection opti system

and a detgct imeasteRihtofvaalicgnmeie Yol Bmrt (HRaseldtR®afi 31,1 GHERhe
system AL1) is started until when the operation is conpleted (e.qg.

t he Pri-SCl K1lixet, emepsaees powgit sorf iinifshed) iofbb H wefdyr ebbee WO 2Qthin
perfornms a detection operation of the alignment marks (e.g. the

al i gnnment narthe XY rhlanchmed hf ivigh airiegrisann stidgth carte &s iangd atfifedtiede by
second alignnent shot areas) on wafer Wby alignnment systens ALl and
AL21 to AL242lthatucduaiionsasr phet ldker nendet b itde sperf@deopostition

the marks by the al,i gnnment . .
measuring system, which includes Z sensors 72a to 72d, 74,1

20 to 74;,6, 761,1 to 76,6, and the like, measures position
information of wafer table WTB in the Z-axis direction
orthogonal to the XY plane with high precision without being
affected by air fluctuations or the like. 1In this case, since
poth of the encoder system and the surface position measuring

25 system directly measure the upper surface of wafer table WTB,
simple and direct 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



25 systens can be performed in parallel with the neasurenent

operation of the positional relation. Accordingly, at the point in

ti me when the neasurenent operation of the positional relation is

conpl eted, at |east part of the detectioEBQperation by the alignnent
systens of a plurality of alignment mark 140 to be detected on

waf er Wcan be finished. Thus, the throughput can be inproved,
conpared W t kyithhif teaseuhey e dii detLaiion i@l i afi o Ridi Al ing

of alignnment marks by alignnent systens is perforned before or after

t he measur ements tepehakd oheSnoftihel POAR iseB&lenr €baki 080b) , and converts
Further, according to the enbodinent, during a period from when
starting a déthectetrcépenareonlby af itgreventl tiystiersARLdy sinem ALz t @0b)
AL24 of a plurality of alignment marks to be detected on wafer W

(e.g. the vvafJéthOanya&rﬂreﬁJtSJGfﬂertéﬁtq Fearn st Fesaiev e ithe sarface
detection_operatian of 16 al,ignnment nmarks jn total severally arranged
in the fi7st BAGGE CSGRAT b A ST, 63 KA hAEFPGRIBAL YohbY
areas AS) untjl f.or e ti t.he operation. main controller 20Q
perforns a m&ﬁﬁ%ﬁgéﬁﬂtggggéﬁV%ﬁg% Eﬂgpﬁ'sﬁgygﬁgﬁ’r'Fa?QﬂW%ﬁiﬁﬁgﬁb&e
15 projectio I td f -JT?% .Qf; RALLE! r.etd

proj ection ogtoi[)%‘a%:rtﬂsoﬁ %nglrgrl%dan gs%eltogjctl on ggn%fgr w(;%tgﬁle?l ﬁlgn%rﬁ)r?tnly
system AL1 (hrsehifieiobodd t JONBRLE SHSHEBNAYL hare FRadb1SWTBNS the 7-axis
measur enent operation of the positional relation can be perforned in
paral | el wit hiparcitieh tanel detsddtiicon ioFenaibtdon?@ fofvatthe rarbke et he a
al i gnnment systens. Accordingly, during a period when the detection

oper at i oh0 by tallitgaiimstctsyst erdhArE sped tALL2] the A24leheabpyl dhal isty fake
alignment marks to be detected on wafer Wis perforned, the
measur ement BPFELALLOHN TER (A NFo SINStEFa 2 ft@ratairsh it hisal tf iofitstigd.ng
Thus, the 25 throughput  can be i nproved, conpared with the case where
t he neasurenEHFféﬁ%rg?FbFllB? t 1%9bRAI "3 R At -onAFECpEL P Hed M the

before, O 21 Lgh L8R °Chan, SRR 0D R4 LANEL SYAETEOL 2 1o

plurality of al'rgnment 'marks t e

according t0j5Ae,gAOAL TRier @ELRGaRPEE Ybrt, focus-leveling control

15 of wafer W on exposure can be executed with good accuracy,
without problems.

In the embodiment, as is obvicus from the explanation
of the parallel processing operation using wafer stage WST
and measurement stage MST described above, in the process in

20 which wafer W moves from the position (loading position LP)
where wafer W is carried to wafer stage WST to the position
where predetermined processing to wafer W, for example,
exposure (pattern formation) is performed, main controller
20 performs the simultaneous operation of the surface position

25 measuring system and the multipoint AF system (90a, 90b) and
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,



141 from when a detection operation of a plurality of marks to be
detected on wafer W(e.g. the wafer alignnent operation described
above, i.e. a detection operation of 16 alignnment marks) is started
until before the detection operation is g onpl eted, main controller
20 perforns a state switching operation gimeen a contact state of
waf er table WIB and neasurenent table MIB (or a proximty state of

meki ng both tabhes (G (6} 95 &z rikeoes Berdef &it &xaBPLE 1At w§@@9rﬁlqrgnment
| ess) and a separation state of separating both tables. In other 710

wor ds, accor dipeydtol drhéeeabbdedenigvdiot b statdtesi (AtibeiHerst RgeRt st on
control |l ed so that the detection operation by the alignnent systens

of a plurali typesfatienrksfsop ber ekt ey bédnonksvaberonyliest et ,amé ed domtidvd ler
contact state (or proximty state), and the switching fromthe

contact stateq éltaﬁltéxFPr?tﬁ/lT%lﬂJa’%@)GQ%S P et isspatfatNerswt aee ippsition
perfornmed._before the detection operatlon of all the pluralijt

marks is ConPlSESet 1 S eﬁ‘g?? %‘?l%%"%ﬁ%@%ﬁ@ﬁtﬁﬂe %%gecwb)n and

operation of t rks 1o be detected on mafer Wis
per f or ned, tﬁ;elsggta%{%lllstvﬁyttc |%l(§aper Ao h O HIRKEd. Thus, the

20 throughput can @%r%@%&ovggcogagﬂggﬁg g&éh ﬁ@&dfﬂéﬁtVWE%*ié'&%éﬁf?ﬁ%d

swi t ching operation is perforne ter the detection

operation of spdgleyr akht¥ t0fe BBEKSCEQJE tdQIrL6E 6 f VRH BE w‘vMa JFHRg helys,
according to the enbodi nent, main controller 25 20 starts th e

measur ement dper aturdimcef pbhethaslebfneaﬁéraﬂqlmm St Ad wWitH e gh
separation state, and ends the neasurenent operation in the contact
state (o#0pr @riewitsicgt,atid) beRnmntetse o ssdiddreditng eor fidhen énfghdiyrentcurate
main controller 142 20 controls stage drive system 124 (Z-1eveling
mechani s no®*RswTd) hardlyl Tavaa sSipassmeAde fant Aexsac ba Zmrdgce

that while chan a relative positional reI atign in the_Z-axis
di rection (ap‘f‘°5815:s'L G FERGESH) SFetfeery akes ity possible to form an

image of a pattern on wafer W without image blur.
Further, according to the embodiment, for example, prior
15 to exposure, main controller 20 measures surface position
information of wafer Wusing the detection values (measurement
values) of the multipoint AF system (90a, 90b), with surface
position information at end portions of wafer table WIB on
one side and the other side in the X-axis direction, as a datum.
20 Also on exposure, main controller 20 performs position
adjustment of wafer W in a direction parallel to optical axis
AX of projection optical 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
25 WTB on one side and the other side in the X-axis direction,
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.



5 alignment systens and wafer Wby the Z-1eveling nmechanism the

al i gnment mar ks whose positions are different from one another on
wafer Ware simultaneously detected by a plurality of correspondi ng

al i gnnment systens. In other words, while E'Eangi ng the relative
positional relation in the focus 10 di redffon between the plurality

of alignnment systens and wafer Wsinultaneously anong the plurality

of alignment systems, {8 MEKS WhASEPPBict ANSH Bhend] fafﬁflﬁe& irBtion
one anot her on wafer Ware simultanéously detected by a p urafllty of
correspondi ng fAldegrinBmnt may8t ABEsuThHg, ueheh Rliisgareahgenshemdbe £aitble
performthe mark detection, for exanple, in the nost ?avorable

focused st at {TEanvdiieprefare M3l landigag: tdfe tdet estnaaomires Wectdron is
the like, the marks whose positions are different from one another on
waf er Wcan FEuiasd a8 weisugenpen bcdiwacSW tamlinerdiadgindfectess ying
unevennesg of the wafer 20 Wsurface and the best focus differences
anong t he2pl WS fy BE2ARFGRMIMES tdydt eRaIS| HEiPdBRRENEMENE Tk formed

mbodi t, ali t t AL d AL2]1 t L24 to be pl d
Subst ant § i | P APBRG S Ok GRELCEr ST FBR. Howd 08 ¢ TEHE mEpRaR TP e 2t
substant i " iSO T

i ot fon beruges Aol oy 1o OF SEigRrent oty d2abE AL Yee B4y Hin

si mul t aneou_slaxélairmngmage el AlildeynRf £ als fEuBite S¥8E8IEs FBEuERYIS tion
whose positions are different fromone another on wafer Ware

si mul t aneouslof measiyEd dy dtlddiald it af mor resp ot Ao ald N be
systens 143 is also effective in other placenents of alignnent

systens HPf f greanio fmeghushegpt beepest t tes orfi beadecabowble THER pbOiafer Stage
that marks fornmed at positions different fromone another on wafer W
only have t oW )detade vl rostaiimll tsmvdces] winagr ik la imagealnigasuofing
al i gnnent syst ens. ) I ncidentally, in the enbodj ment above, as
shown in FI GUE e 18288 TRRISHechNdRsEE T DEt. MR er2r Ptk hltpdies qpdiieal
pairs) of Z sensors 741d and 742.j .and a uraljty of heads t hat
are equi pped ainiLShé);d pﬁrﬂjtecéci@nalogltéﬂa r ﬁﬁggﬁ? H’a%ﬁdai%att% (?L%@Ei‘-ea%esst

and 76,9 and o5 B 0o vy Bt “0PheRR BT o E¥beling A TATRE T H

unit 6241 4re jalhefinaielon Rhaaedi D diep¥saxisndhf QAN aBYE WS (wafer
present inventionis not limted to this. For exanple, head units
62C and 62A'stshy@mWdT) AlGa direction parallel to the optical axis of
projection optical system PL is adjusted with high precision
based on the measurement result of the best focus position.
Further, sinceonly apartial section of aerial image measuring
20 unit 45 is arranged at wafer table WTB (wafer stage WST), wafer
table WIB (wafer stage WST) 1s 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
25 stage MST, but the remaining section may also be arranged
partially at measurement stage MST and outside the measurement
stage MST, respectively.
Further, according to the embodiment, Y-axis

interferometer 18 and X-axis interferometer 130 measure



15 37 may al so be used instead of head units 62C and 62A. In head

unit 62C , Z sensors 74 and Y heads 64 are alternately placed on
straight line LH and in head unit 62A", Z sensors 76 and Y heads 64
are alternately placed on straight line glgl O, head units 162C and
162A shown in FIG 38 nmay al so be used 2 ?nstead of head units 62C
and 62A. In head unit 162C, Y heads 64' that are al so equi pped with
the function fsi& sansarsrakeidness hogtaadmeht S hradast4.aNlour 1inear
simlarly, in head unit 162A, Y heads 64' that are al so equi pped with
t he functi on edfcclieren3IORS AT 8D teedumSpeatt Dén Ynifeata t84n dMwhlies table
case, the sanme 25 neasurenent area on wafer table WIB serves as a
common neasuEi@eriwageirnstage W36 ) ¥- akesedny ectrienr endotleesX? @kite 70D are
direction. In this case, a specific one Y head 64' of head unit 162C
and Z sensor L7 epcaferpridiat apryuppacedusalihg chasasirabdht .
line in the Y-axis di tio and a specific__144 one Y head 64' of
head unit 162{Asﬁﬁze§ 3;93{;558}£3?§é, S5t T’?&‘l&se?’%}ﬁe?%ﬁ?étﬁxy) fiftedr 8 e d
same straight_|i in.t Y-axis directiaqn. Further,. sensors N
(pl acement of° ea?selgntcfl%glre I%tangduieaﬁ}cr?g 51V helistr e it it iRsgitodic
system) may Qii%é@&?!b%%i%e%‘%i%ﬁ%a%gfléf% PRASHISMEDNT, a'El?é‘ }ﬁ—%xis,
waf er table WIB serves as a conmnon asurenent poirnt i1n al rr of "the
X-axis directdfina bhar¥iaxksodi hestisony alhddh & 4ZoaxksShdb§8Ct6Pk0 which
Besi des, each pair of Z sensors 741d and 742,2 may al so be placed on
the +Y side athlidwe39Y;si30e,pf39% hend BK anck pilackdrfycbegh Migredore,
10 Z sensors 761,q and 762, may al so be placed on the +Y side and

the -Y slde dfn Yihead €dcoflarshiGA cas@0DZ seasytsicallgaahdl@d@tB @hdhe
Y head 64 between them and Z sensors 72a ad 72b are prefer able/ _

pl aced on t h®esdhd repdapgre Frae each Head &0 §hdi feeingrscalrl @rating)
sensors 761,q and 76% and Y head 64 between 15 them  and Z sensors
72c ad 72d ar'é PrEREIHDINS I LOBRASES HetRAMPSR P4 YIR* 1§ Ad tst fgremeter

Y-axi s direct,ion. ther, .in this case ensor 41d d 742, 3 .and
Z sensors 76f,eqrllanr(#d:Hg???ﬁ‘flqS r‘?‘élynC e‘Drteléesryo sctéﬁ cha:ﬁ’y a;ﬂ ctgﬂlsdr acgbe %’oetdr%évq‘e
to be synmet ry:ca:l i VAT I o di ve,

t he case has %ﬁ#%%?n%ﬁ???e er%?a@y;gﬂé %%u%£%%%?§2939%&§#§q%9$frm

used for1y- adturdilriast i@ tpeshbhanrBRasur eAENEsand fupdd{oPfe X SHAIESF
39X1 and 39X2 used for X-axis direction position neasurenent are
arranged on Wafaerid abite MBS orartth € ary espdNtiaig 4 o rithase tmaea a30 .a
pair of head units 62A and 62C are placed on one

si deandt heot Bercsimeintlhys Xidxbscdimeecpponibd eht profacl ¥ ge it glosition
system PL in between, and two head units 62B and 62D are pl aced on

one side andaoérshef ‘S@ﬁ‘éritrﬁhﬂ#%WBakWéfﬁrr%@qe)Ws\ﬁ)thogdépﬁtﬁ waiFer .

optical system PL i_n between. , .
Further, according to the embodiment, the placement

20 distance in the X-axis direction between a plurality of Y heads
64 whose measurement direction is the Y-axis direction is
narrower than a width in the X~axis direction of ¥ scale 39Y;
or 39Y;, and the placement distance in the Y-axis direction
between a plurality of X heads 66 whose measurement direction

25 1is the X-axis direction is narrower than a width in the Y-axis
directionof X scale 39X; or 39X,;. Therefore, whenmovingwafer
table WTB (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 or 70C that irradiates detection



145 However, the present invention is not limted to this, and only
one scale of at least either pair of Y scales 39Y1 and 39Y2 for
Y-axis direction position neasurenent or X scales 39X1 and 39X2 for
X-axis direction position measurenent may %e 5 arranged by itself,
not in pairs on wafer table WIB, or only dhe head unit of at |east
either of a pair of head units 62A and 620 or two head units 62B and

620 may be anrianged. (Hadddierso tﬂﬁescddlreecjganokn3\eﬂ?'20hwﬁb§eSgéélﬁénél{@lly
arranged and the dlrectlon in which head units are arranged are not

limted 10 tawdrddmagenalptir£Tit PR sutdeds duheapdax padhlesliwiti@afthis
the Y-axis direction as in the enbodi nent above, but only have to be

di rections t lgtenaitiemsetheeagipsitthiern ofna tentablly, Wik (thEer stage WST)
description above, the case has been described where whil e wafer

repl acenent |C§%@en@e@§u§@ﬁr éﬁﬁﬁd @ﬁ Waf dne st agemesT, vaheesez:f chﬂ&near
(|nterval% i's perfor d usin 46 of measurenent stage NS

Fovever, ?he e | T G5t THR Fao bt 12 3 e e s o e o Sht g depms)

f I d I
moasur ement ) gy 1 TR ke Shor e havEr FOREE LGFY ot bFeBtRg 2
measur enment IIaliethI Nﬁ:— l_%eari Orged using the neasurenment nenbers

of measurene t st age e neasurenent result may al so be

reflected in exposwﬁ%t%ra MBESFAI At d ShBes i dEek A | @hehMRbving wafer
Specifically, for exanple, adjustnent of projection optlcal system PL

can be per f oruaed bwTadj wsifidrg staqeniisTe8 kased on-dxdies rEasyEmNtfor
result. Incidentally, in the enbodi nent above, the case has
been dest?i bedhtaherimonaher conbéet B irsfomnediat o bowtspgeditch of the
scales described above, main controller 20 obtains correction
information (correction information on grating warp) used to
correct warp of each grating line 37 that constitutes X scales
39%; and 39X,, in the procedures described previously. Then,
15 while correcting the measurement values obtained from head
units 62B and 62D based on the Y-position information of wafer
table WTB (wafer stage WST) and the correction information
on grating warp of X scales 39%; and 39X., {and the correction
information on grating pitch), main controller 20 performs
20 the driving of wafer table WIB (wafer stage WST) in the X-axis
direction using X scales 39X; 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 39X,
25 and 39X; (encoders 70B and 70D), without being affected by the
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 WIB (wafer stage WST) in the Y-axis



(extrenely | ow speed) at a level in which short-termfluctuation of
t he neasurenent values of the interferoneters 146 can be ignored
when performng the calibration to obtain the correction information
on grating pitch of scales. However, the Eesent i nvention is not
limted to this, and wafer table WB can so be noved at a speed
which is not an extrenmely 5 | ow speed. In this case, for exanple, in

the case corraGtdan Qi QN @ Ghatd A Pid ot Pooks skl 3RY1 and
39Y2, or the like is obtained, correction information (e.g.

correction map) of ryratigly atEehdohgtie tXesembesim@yt Ak$Q 1Bewafer stage
i ndependently obtained, by setting the wafer table at the positions
that 10 are &I drsemtoviimg Heinéaaxliys idi rdod iWrgxiandiWedte amyving e
wafer table in the Y-axis direction as in the enbodi nent above at

each of the X9sddiftdrongifosimai ianadudihe IWeefdim§ thve fpess drserpimftected by
val ues of encoders .70A and 700 and t he neasurenent val ueof Y-axi s

i nt er f er orret & L&Y e froiestrah |, (Lt i1 ainhe fimnaldieb s
e, opar o ke Ba B AR RR L Sat Bl "8 SERRRRIAL S ddde 1o
e | t i . . \ t po t I t )

S ! BneOuS BIALIONS dixoceifl AR a1 e SIRMLIEN! hoNe Ak
which the 20 ddJsghti 0 A&yl d fHerSOUNGCE, IchOrANANRA: 0h thE APt Gale

el enent such as the beamsplitter and two reflection mrrors to
reflect the ldeghictaid ey khplbranchyase Laigrppad S/ dt@nke au3edndsar2, to
encoders 70A to 70F. However, the types of encoders are not limted

to this,l@nd2a?drecoder thy detdidifirachreasititar fee enoa y2h etzhothesilogg
three gratings, or an encoder equipped with light reflection bl ock
that is di scltésed—aniisfdbirestim e, IRokbhet Jpairosenldxanafed PaagnivsT
Application Publication) No._ 2005-114406 and the |ike ma%/ al so be
used. Fur t her , "af ethil) ehbREPFENPELOVYS Hhex@huihesPbpe t bt f gedecs ion

have a plurayéfﬁts {(detection area AF) of the multipoint AF system (90a,

90B) and the detection areas of a plurality of alignment
15 systems ALl and ALZ, to AL24, 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 alignment shot areas
in the EGA) are finished, and therefore, the throughput can
20 be improved, compared with the case where a detection operation
of alignment marks and a detection operation of surface
position information (focus information) are independently
(separately) performed.
In the embodiment, as is cbviocus from the explanation
25> 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

mevement of wafer stage WST in the Y-axis direction), main



147 of heads placed at a predeterm ned di stance. However, the present
invention is not limted this, and a single head may al so be

enpl oyed, which is equipped with a |ight source that emts a |ight
beamto an area elongated in the pitch direction 5 of the Y scale or
X scale, and nultiple light-receiving el éABnts that are densel y
arrayed in the pitch direction of the Y scale or the X scal e and

receive a ref ld BT i ) : L.gh f
the Y scale odr&{))(él?}alléelg?tgi ??&%%t?%ﬁg?%%f@%(%gﬁnﬁg? éY%a{%ﬂge Affand

enbodi ment alggve, tdamege SImiheahéd@s Dy ddreedht f4 ruGii0m OF Hd NG Mks
be prevented by covering the reflective diffraction gratings with a
protection nefdldargrsirdhmaska imithef &1l ignoena glasarphatl ephébatoosdn ions
transmt the detection lights fromhead units 62A to 620. Further, in
the 15 enbodiiferftheaow&kis it nesftiagt iane dlifffrentorogrationydl,amed @lso
be arranged on the upper surface of wafer staggqe WST substantially

g

paral l el fo &SRy theamil throinte Afraediaw e W f 1R sletaat s any
be arranged on t.he | ower_ surface of_wafer e WBT, for exanple. In
Lhi o casa - hERF AYS R B T3t e Ot S ST dTeP B it
base plate t i r fa fer stage 1 .faces.

pase PLate, { Qi dhie et punlaga of. YR pr, S ae MRL L skt g

wi thin the holdzantialy RIANGe My i @lcx0 & JIOWRD U G 13 Q{El%?ﬁfe-raxis

that intersects the horizontal plane (such as a ZXplane) . Fur

25 in the casd reritiidie strageeRSTel, Sthwotdir-BRgspafakhy BBVEeEpraked
encoder system having a configuration simlar to the above-descri bed

encoder $§st ernmpeyreal sbtheharcangetietre ardasaceiposipd et iicf of rAtiigoment
of reticle stage RST. Incidentally, in the enbodi nent above,

i nterferonet @@rkp4gnsly st glaterd iion topare tdapalsife sofr fpess wrosid iposi ti on
information of wafer _stage WST in_directions of five degrees of
freedom (t he IREgEF@tierpifecuginiqruaidaly arecktideprydenity pey foamed.
capabl e of asurin l.so position, information in the Z-axis.,5
direction. | G Egé,yfaﬁnliéhest?mﬁ?gﬂﬁé e B S PesyhePytah the
posi tion control. _of . 0 erforged using the
oasur oment vaPoseTs e fbt Bt Coutt iRl eRE AR tLEOTE G diRgttTon,

measur enpat  yalUege o d LRIl LEAMBILK-a% 356N A& {dDehyd e Bk ter9h11y
position information in the
the same. In this case, wafer stage WST can be moved
substantially linearly from the loading position to the
detection areas of the alignment systems (and the multipoint
AF gystem). Further, the lcading position and the unloading
20 position may be the same position.
Further, according to the embodiment, while measuring
the position in the Y-axis direction and the 8z rotation
(yawing) of wafer table WTB (wafer stage WST) based on the
measurement values of a pair of Y heads 64y, and 64y: facing
25 apair of Y scales 39Y; and 39Y, respectively (a pair of Y-axis
linear encoders 70A and 70C), wafer table WIB (wafer stage
WST) can be moved in the Y-axis direction. Further, in this

case, since movement of wafer table WTB (wafer stage WST) in

the Y-axis direction can be realized in a state where the



10 Z-axis direction). Interferoneter system 118 nmeasures position
information in the Z-axis direction of wafer stage WST, by arrangi ng
a reflection surface, which is inclined at a predeterm ned angl e
(e.g. 45 degrees) with respect to the XY _plane, on the side surface
of wafer stage WST, and 15 irradiating alféasurenent beam via the
reflection surface to a reflection surface arranged on, for exanple,

on the barr el gl At B {5 dTBASWIRIBAL . f 1 AT descrd bedk ahavs,q s,

is disclosed in, for exanple, Kokai (Japanese Unexam ned Patent

Application %LQgrﬁﬁiﬂiD@yd‘ﬁhm@QQﬂZﬁ%%@fLZUh@tﬁofégé@@ﬂdtﬁgpgﬂmék§
Pat ent No. 7,116, 401), Kohyo (published Japanese transl ation of

| nternati onalaHQﬂm&mtI BgatborAlPabert adyyd t @dican)rdilng 20@hebadBRE6Y {such
(the corresponding U S. Patent No. 6,208,407), and the |ike.

| nt er f er onet &S §pstehaa] & Lckine Absd ﬂﬁasar@@m rhovied O nelhé el dignment
the ex direction and/or 25 the ey direction, in addition to the

Z-axi s di Pectiedrcs d8ih§lArpidita) P?y‘ﬂ'tﬁt AESSHr chresht Al gRBEeNtnShpt @reas)

th t t f t
the ex di rect! re”ﬁﬁfa TBe 45 T ﬁcﬁﬁé‘é{wﬁpﬁoé RPpadraraas ng fgose
bl fe t
Irrg\(;ladeﬁtg]l Ir;/(yls(% tlhe er%’ons |nerﬁ/\§l%%\c/)éﬂq'lae%ql??‘lal % ]Tli%ef seenrééj%s AFer' W
and 76""/ ar &0 e rl AR s@%ﬂ%é&ﬂélﬁz aargﬁu@?a&leg;owearhgtn%nt

present invention is not limted to this, a surface position

sensor sim | aydterdshard senrs@LITeycakhse, d be arranged on, for
exanpl e, the neasurenent frane. Further, a distance betvveen t he

encoder héad or thé&uZtdemsorcanddiihg tippehe sanmfationait f e wafeemtstedjer
is pref erably equal to or less than a distance between tip optical

el enent 191 &0 pledjesds dﬁl%@th@m%tﬂlﬁﬁ]ﬁ_ candvafrer G perirsurdldgnmsint

the wafer 10 stage, for exa shorter t han the di stance. Thus, the

neasur enent & A@énaﬁélnﬁ%k dredl2un vhiLe qrrtrel kit e pasiddion

LZéLI“ThX?&f Ery S e Tieentoabdlt no b uirace sgent
of nozzl e univa3g Ang he Lovese el SUL] ace 10f e hERABRLISAL <o Toc,

el enent of proj &Ct 1 9n optica ar e e su antrarly

flush. HoyeverihbgrRERSSIMErd PYENLAM O n%'dﬁﬂé@%&ast e & gq%nﬁn%t
exanpl e, the |ower surface of nozzle unit 32 may a ace
cl oser to theadr®genpkanerof qurojreCHe®RcORH Gaing allgnment systems ALl
and ALZ; to AL24 while controlling the position of wafer table
WTB (wafer stage WST) with high precision based on the
measurement values of Y heads 64 facing Y scales 39Y; and 39Y;
20 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
detection points (the number of measurement points) of the
25 alignment marks on wafer W that are simultaneously detected
by alignment systems ALl and AL2; to AL2,; differs depending
on the position within the XY plane of wafer table WTB {(wafer

stage WST). Therefore, for example, at the time of the

foregoing wafer alignment or the like, when moving wafer table



20 system (i.e. to the wafer) than the outgoing surface of the tip
optical elenent. That is, the configuration of local liquid imrersion
unit 8 is not limted to the above-descri bed configuration, and the
configurations can be used, which are deigéibed in, for exanple, EP
Patent Application Publication 25 No. 1 298, the panphl et of

I nternational Publication No. 2004/055803, the panphl et of

I nternati onalyriRublbeatl Q@aéﬁ\%w 04405 B clile: EQEEQE%Etg‘Bg the X-axis,
I nternational Publication . 2005/ 029559 (the corresponding U S

Pat ent Appl i catd erakiphki, cahi e NO-2:2006/10231206),, itheepanddl®isHible to
I nternational 150 Publication No. 2004/086468 (the corresponding

U. S. Patent AppluldastrniesmRybtietattorhd\Naliz3ffbh0280710d wholkkek@bsitions are
(Japanese Unexam ned Patent Application Publication) No. 2004-289126
(the correspéidifisreantstreacas another 952w 2E3T W upitng idrd f&euised number
Further, as disclosed in the panphlet of |nternational Publication

No. 2004/%19?5851%%%%612 OSSR Mg N3 OGS WASPI tRaPesdtion of wafer

Publ i ti No. .20 0248856 th i | h t bj t pl

Publ eats on o AORBLORIBESO).. ey | el el e oblect, o
ddi ti t ti t i i t i

addi 1 on Lo Yot Lialopat R et G amaa plane Sid8oRL e P onor

has di ssol ut i-QR R e¥eRtddag function may al so be forned on the partia
surface (including at |least a contact surface with liquid) or the

entire surface of Fhethep,optdsadig edettie chbodderhal, | ¥t thuast Zgdaseae
high 15 affinity for liquid, and al so needs no di ssolution preventing

film whEfP eashienal hgnmast merKd vorwater &l theas tdex editesbbuyttilonalignment
preventing filmis preferably formed. Incidentally, in the
embodi nent alfowEemgurem@aner e( dat @F) the poime inddins whequidgtection of
however, the present invention 20 is not limted to this as matter of
course. As tﬁgq?%&ﬂ%ﬂemWEﬁﬁﬁ%%ﬁﬁaq%ﬁ%H@ﬁﬂﬁhﬁ??oggéﬁ%ﬂnmﬁﬂﬂ?@P%ﬁéﬁas
transmttance_to illumnation light IL and safe to.use, such as.a _,

{1 dorf ne- contsi WG 1 el PP AT Ired=bR ke et Al contESls Bslscing

o e SorLRR B8, ekl sl ATk BB B
15 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. In such cases, for example, in the case an operation

such as detection of an image of a predetermined measurement

20 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

mark after the shift is measured, and as a consequence, the

25 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

results of the alignment marks that have been detected by then



fluorine-containing inert liquid is also excellent fromthe point of
cooling effect. Further, as the liquid, liquid which has a refractive

i ndex hi gher than pure water (a refractive index is around 1.44), for
exanple, liquid having a refractive 151 _jpndex equal to or higher

than 1.5 may be used. As this type of Iiﬁh?d, for exnpale, a
predeterm ned |iquid having CH binding or 0-H binding such as

i sopropanol haHde Adtfdadd W iNdex Ry ANk 5 GharHsy ¢ glle detected

(glycerin) having a refractive 5 index of about 1.61, a predeterm ne

liquid (organiscfsali¥Bet) st h@sdieeaiecaheps: e fIMERLAA9411el with
decal i n (decahydronapht hal ene) having a refractive i ndex of about

1. 60, or the tHhekealetarthercidped.atAldrerafattineeIngmaa diirguizd iahinamte adnks .
m xing arbitrary two or nore of these liquids may 10 be used, or a

| i quid obtai f&dthySaddi rid g wmeiodgmeatt /| aaper bed off tiheseeqiuguedsfan the
(with) pure water may be used. Alternatively, as the liquid, a liquid
obt ai ned Py AFINRGTERHCARG) PBaRECB2RRE W Wifdh sapepiodsE Kime drom when

SH42-, PO42- (i ) . a liqui

bt ai hed 15 B TETNATH O KhAg) - BAVETRS BE e AP bRPad or cH sty g hot
tai ( & _ i

asor |1 ant. SEoreray L oaeheet iy A At S A L 6 E s

absorption cqefthel €iroh d1iHHmedtS sh8eSateMp et yr e; deprodentyn,andpe
is stable to a projection optical 20 system (tip optical nenber)

and/ or a phot-bsengihiphite cagele (@b rdvieidgt eelpwe eld with @peo@lonfiehmional
an antireflection film or the Iike) coated on the surface of a

waf er, 1350 prefrér ablwhidurthrerdjatinhatchses @mrded] bdser dstasetoasof bél
| ight source, fonblin oil may be selected. Further, as the liquid, a
liquid 25 ha®hegmariksgier fiefisdedi-ve index to illumination light 1L
than that of pure water, for exanple, a refractive index of around
1.6 to 1.8 may be G¥E§NeAs BRECFHHNPAILOskiperdeedidegnt (furiduh aapssiod

b d. Further, the ti ti.cal el f i i tical ,
Systom PL may 08 FBERE B S (& Brohpe BE R SimBi prepspsing
natgrlals Ofoflﬁ%%%Q%i %nﬂﬂ n%o%ﬂgqo%%JCQEQB% 6%'%@”&%%n(flgﬁrﬁkgkion
barium fluoride, stronti’um oride, I'rthiumfluoride, an oéﬁum

fl uorideys or emy thenf 0kmed Qs y@tsy ia ¥hnge aghi bW 4
i ndex than tﬁat 5 OP quartz o$@§1uofﬁFét?g.8.g%qgal9?%£%§£%?gﬁifgﬁﬁg%e

1.6). As theryaberpadseboVOAD P 1 @4T aidtieen iPndexdesuddtd n Hegher of
than 1.6, for exanple, sapphire, germani um di oxide, or the |ike
di scl osed i natthgnpamshlsgtstem Ratler(batieddale BdbkildatmentNeystem ALLl) is
2005/ 059617, or kaliumchloride (having a refractive index
started until when the operation is completed (e.g. the
Pri-BCHK latter processing is finished), main controller 20
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
of the detection operation of the marks by the alignment
25 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

by the alignment systems of a plurality of alignment marks



10 of about 1.75) or the like disclosed in the panphlet of

I nternational Publication No. 2005/059618 can be used. Further, in

t he enbodi nent above, the recovered liquid may be reused, and in this
case, a filter that renoves inpurities fromthe recovered liquid is
preferably arranged 15 in a liquid recovéfy unit, a recovery pipe or
the Iike. I ncidentally, in the enbodi mrent above, the case has

been descri bed, ¥helg e £XPRHLE #RRRIA H8nl Snaql | Al | FREH Mhghput

type exposure apparatus. However, e present I nvention s not

limted to ths HeutingadvalkdsocbfpaiBhoyedni fha diye typer2Q HXRRIWE ion
apparatus that perforns exposure of wafer Ww thout liquid (water).

| nci dent al | y,ogerdthererdfodi meEnirzbiose, off hel icaseedtasndraen estridiegént
where the present invention is applied to the exposure apparatus that
i's equi pped wivdtead 1sfreadfcamest hgéo2s OASTLt epvdis Bebodygment operation
measur enent S%Qe MST (anot her. novabl e body), the alignnment systens
(AL1, AL21 t&fADw pasidianal pslmtign.system (90a, 90b), the Z
sensors, interferoneter system 118, the encoder system (70A to 70F) .
and the like, but Eewé%&reégeﬁ‘?cf?ﬁ 36 bR TRS OIS HT R (S 2 Bariod
exanple, 15 e present .inventi n also be .applied to an

%Llobn whES %‘%r ind a dgpegf?%or%to geer%g_lcprglpyt%elqr?r&%n’? Ssyﬁgtems

exposure apparatus I'n whi'chi ‘measur enen (
o rrde, [oRg BEIIVED N Carate 406l B0 58 LALaiurt RO Epe
partial constddrerites O wafrdher akove- deschidied: GONnSrndiftNtche A i@h
exanpl e, the invention focusing on the mark detection system for
exanpl e, 1¢an descapplddedbavef,at .as andexposioe appedtdids ¢5 1 @ilAREthent
with at | east wafer stage WST and the alignment systens. Further, it
marks in total severally arranged in the first alignment shot
areas AS to the fourth alignment shot areas AS) until before
completing the operation, main controller 20 performs a
measurement operation of the positional relation between a
15 projection position of an image of a pattern of reticle R by
projection optical system PL and a detection center of
alignment system ALl (baseline of alignment system ALl). That
is, the measurement operation of the positional relation can
be performed in parallel with part of the detection operation
20 of the marks by the alignment systems. Accordingly, during
a period when the detection operation by alignment systems
ALl and ALZ; to ALZ4 of a plurality of alignment marks to be
detected on wafer W is performed, the measurement operation
of the positional relation can be finished. Thus, the
25 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 alignment systems

of a plurality of alignment marks to be detected on wafer W.

Further, according to the embodiment, during a period



10 is a matter of course that both of the interferoneter system and

t he encoder system do not al ways have to be arranged. Furt her,
in the enbodi nent above, the case has been descri bed where aeri al

i mge nmeasuring unit 45 is dividedly placed at different stages,
specifically, at wafer stage WST 15 and réasur enent stage MST.
However, the sensor that is dividedly placed is not limted to the

aerial imge i i it : t riat.)
ge fMEASUHdYY HdoedUtomayhe. £ 4 gf% tlﬁﬂed’llﬁ?le% marks to

measuring instrument or the like, for exanp er, er ent

st ages do nothd idétettdd drhevLrabimnatd o athd he substraien it andt ion
20 neasurenent stage. Further, in the enbodi nent” above, the

case has beerdamescihdrecibatver,e it.lke prdseattioneopeoatisnappll®cligyrment
scanni ng exposure apparatus by a step-and-scan nethod or the |iKke.
However, the Trgsentls itenttiash Ut inbotbdfqiie etha datvschiduto@Sratmyon is
al so be agpl ied to a static exposure apparatus such as a stepper.

Even wit h°t hEGRIGTeidomaiie 39Ke o he el e P e pahiatiorwitehing
stage on whi ch an .object subject to .exposure is unt ed by encoders,
gengr ation of°ppeorsa}ttliaorhct?$etéﬁf!‘br?erﬁonetﬁ slcifﬁfseedjégg"aaﬁterr fq%&%a{'ﬁ%r@d
can substanti I i ise._|ln t.h e, id _bhecane
possible to é?tg‘t L(taze‘%nper(yfsjél ttf‘ag)nletlj?ﬁténe&s aaggjrv?a){‘lﬁnlmyzﬁc%?cgciosﬁlt gﬁ%élsge%mh

on correction Ay MRkioR1¥sed t8gEeRRESC! fé?%iéﬁ%g‘, fluci gl At Qless)
t he neasurenent val ues of the encdders using the asurenment’ 5 val ues

of the interfaibreiersrand obasedtencthgefrasti BERbtNat 41858 (e other
encoders, and as a consequence, highly accurate transfer of a reticle

pattern bht o wchelmbjaanto mwamdoer opertfeo rambehd imenrttherho ttthe girlesentor both
invention can also be applied to a reduction projection exposure

appar at us by & agesp- and-sentehl 19d met hbattthia depsididsirzepeaashon by ¢he
and a shot area, an exposure apparatus by a proximty nethod, a

mrror proje@iiSRMANgSYStesE Phedl PkarajbEBovEMarke th dxpfietected on

nvents on oo Asbe, aRAlLed L8 foIUL LI LRGE IPT SO 8 oo
b | o a8 9K LA e earlned et AL R P e
Patent Nos 6,:29QH3Yep KA RS hed Hlanaese WA AW Rtection
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,
the state switching operation can be finished. Thus, the
20 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.
Further, according to the embodiment, main controller
25 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).

Further, according to the embodiment, main controller



I nternational Publication for Patent Application) No. 2000-505958

(the corresponding U. S. Patent No. 5,969,441), 20the U.S. Patent No.

6, 208, 407, and the |ike. Further, the magnification of the
projection optical systemin the exposure apparatus of the enbodi nent
above is not only a reduction system but?4l so may be either an equal
magni fyi ng system or a magni fying system and projection 25 opti cal
system PL i s JipbofRk%18 9t 985 Td:Ci Ry $8Merb b 42| fﬂlé@éélﬂ?g H P 18m (not
catoptric systemor a catadioptric system and in addition, the

proj ected i megewiBY bBadeilhgimadt isﬁv\é(tre'&neﬂLi NRGEAOD, & H0P) 8btthiBIRile
Mor eover, exposure area IAto which illumnation light IL is

irradi ated vichaproghjrecta orelaptiivealpoidh ayslt eralRitiich dm aheaXi-SxarLea
that includes optical axis AX within the field of projection optical
system PL. Helienasrt 1oror (sexamise digedtsiadi)s Hadsmen rhehe lparephiltet off

| nternational Publication No. 2004/107011, exposure area |A may al so
be an 5 off - &4igrgcad Syt Fre ot aied FudYopticc H-1evied ime neichandsm,

opt 1 cal Syst S CAGREAE S7eram B e PAR ST S ary SR o one
et o ot R Eh AePe R A LT A ARG ITBO8, A o380 s ey

once is arrange stngle O cal axXl s.

the illumi nawp%&r&%miw%qqrgﬁu@n@ %@@&edzﬁbezﬁeér @o&‘asbf‘%ﬁi?e

rect angul ar shape. However, the shape is™not limted to rectangul ar,
but may al sodeneiin@uitdle afel.attiraPeadidalonalanallaaliesr am ahd e duke.
Incidentally, a light source of the exposure apparatus 15 in the
enbodi neh® abidwedts omobetweeh edhet pl thel A ¥ ofxel hepmimé s ey,stlemls @nd wafer
pul sed laser light source such as a KrF exciner |aser (output

wavel engt h:  P48amultamer2 slas emofiguttpet Pdavrelleéngt lof B3 Zgmnendn sksZems,
| aser (output wavel ength: 126nm or a Kr2 | aser (output wavel ength:

146nn), or ahhéxPAEkAi YROFFBSALELIABECEFG PDE TPt Natfoyee anedhey on
i ssion |i h -1 l.engt h: 436 i -l
Catvel ongt he 588t e SoblEaNERE 15 Hettiesit 2o Haraie Mhid of
ti it aof ] b d. Besjd
Thoce | | ot - oot Esrbniid AR anlnl B9 et T 85 S REE R SES IR} £58 pn

| nt er nat{ onal--25 R )oir‘fr@ttih%n ik HRIVAGII° (Hohe e‘i%%r%?%gg rlgl'y 9 eUmsst

Pat ent No. 7,0_23, 610), a harnoni c wave, V\:h!Ch s 0 ne o
anpl i fying a feiviedagrlwavelcengid Jtasel, heamMyy drize dridfitared ol Ming BiHe

range emtted by a DFB sem conductor |aser or fiber |aser as vacuum
ul traviol et deghkictiwint reauflitber ahpl 1fker tlopethnid whds@r positions are
different from one another on wafer W can be detected with
good accuracy without being affected by unevenness of the wafer
20 W surface and the best focus differences among the plurality
of alignments systems. Incidentally, in the embodiment,
alignment systems ALl and AL2; to AL2,; are to be placed
substantially along the X-axis direction. However, the
method in which while changing the relative positional
25 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

measured by a plurality of corresponding alignment systems



156 exanple, erbium (or both erbiumand ytteribium, and by
converting the wavelength into ultraviolet |ight using a nonlinear
optical crystal, may also be used. Further, in the enbodi nent above,
illumnation light IL 5 of the exposure apparatus is not limted to
the Iight having a wavel ength equal to ot%dore than 100nm and it is
needl ess to say that the light having a wavel ength | ess than 100nm

may be used. jFOr, 18Rt et v d G HBATSLa ddhdHtdETo £ QIOPRRER systens
pattern equal to or less than 70nm an EUV exposure apparatus 10 -that

makes an SORQIf ferddds Trdmasdle 29aehicdht!t dsQULeBeHERBHREE AMEWbint is
(Extreme Utraviolet) light in a soft X-ray range (e.g. a wavel ength

range from 5 thatlhamks dndmedest gpdattal onefdidffidramtr €édoat 08 apitleat on
syst em desi gned under the exposure wavel ength (e.g. 13.5nm and the
refl ective msidrad bady hBvedetel bpedeteat ¢dhen BN BxpgosUrtarsperlat ws,th
the arrangenent in which scanni ng exposure is perforned by

synchr onotis| ¥ Se&ififilid ¥a Hadd mentwafestamjsng a circul ar arc

illum nati b i der.ed, and .therefore, the present [nventiaon
can ! o balsortanipeaaten i, S e e b Sp s e shays in Flo.
Besi des, th i i (o i 3 N, exppsure .
Soparatus thay GRSl QeI batn Aol BO.RSIARR bikokd BRAEEPEEH Batre)

or an ion beayR z sensorEUiiherand ﬁ&%@eaﬁﬂbggjl%liaéﬂp%% Y%heads 64 that
transnissive type mask (retiéle), i‘ch is transm-ssi ve substrate

on which 25 any edetigp@dned hieght uﬁhtebﬂtnﬂr@aélﬂfhéwlﬁc}ﬂm in the
pattern or a light attenuation pattern) is forned, is used. Instead

of this reti d-exikowevrectias,i sndisiohiosedl ¥y plfuatalepatpke|sik pairs) of
Patent No. 6,778,257, an electron mask (which is also called a
vari abl e shagedeamssik,s af1actange Tfask aovd @n plvagd. 1ty5Pf Y heads 64 that

are equipped in head unit 62A are alternately placed in the
X-axis direction, but the present invention is not limited
to this. For example, head units 62C’ and 62A’ shown in FIG.
15 37 may also be used instead of head units 62C and 62A. 1In head
unit 62C’, Z sensors 74 and Y heads 64 are alternately placed
on straight line LH, and in head unit 62A’, Z sensors 76 and
Y heads 64 are alternately placed on straight line LH. Or,
head units 162C and 162A shown in FIG. 38 may also be used
20 instead of head units 62C and 62A. 1In head unit 162C, Y heads
64" that are also equipped with the function of Z sensors are
used instead of Y heads 64, and similarly, in head unit 162Aa,
Y heads 64’ that are also equipped with the function of Z
sensors are used instead of ¥ heads 64. 1In this case, the same
25 measurement area on wafer table WIB serves as a common
measurement point in the Y-axis direction and the X-axis
direction. In this case, a specific one Y head 64' of head
unit 162C and Z sensors 72a and 72b are preferably placed on

the same straight line in the Y-axis direction, and a specific



generator, and includes, for exanple, a DVD (Digital Mcromrror
Device) that is a type of a non-em ssion type image di splay device
(spatial light nodulator) or the like) on which a light-transmtting
pattern, a reflection pattern, or an 5 em ssion pattern is forned
according to electronic data of the pattéffh that is to be exposed may
al so be used. Further, as is disclosed in, for exanple, the

panphl et of | ; ;yg%{gja%"é Pyl igald Qﬂlﬂo-lé%ogn%?’%las%ns% PrRseMy 724

inyention can e applied to an exposure apparatus
(l'ithography ss%sterket-Bat yf ngéeald]@t%?dséﬂécﬁﬂﬂ B NS n@NiA W & s

formng interference fringes on the wafer. reover, the
present invertirexttam .al forbeappidesbt® (@ acepetr 6f aRRAAANS/dPalight
synt hesi zes two reticle patterns on a wafer via a projection opti cal
system and alovestintb ofi guh¢ asienerséyt paytfiorals syeulee srposlse o dmvased
shot area by one scanni ng exposure, as is disclosed in, for exanple,
Kohyo (publi $Redhdipiheseappanspatironcdt fhcerpatvoier Tibld ¢8B Gerves
for Patent Application) No. 2004-519850 (the corresgonding_u.s. i
Patent No. 6261F FABION FAAFIGRICL AR CAPhat Ridlst PRatne of TAstEs phtesitd on,

bj t . Limted t th ) 1 [it h
opston Lot ik Bohuab S0 fol ARt o S B ERL R of o e AFE LY ach
| b | i th . '
o e PP P 8257, 8BRABAL Py | Nnd AT, RaRALRELNLET O ORI S0 Y v

be fornmed (amieRj ael $HB| etsiQe OMISWRH B4WBhEhs BR; LOLT BYe REAML IS of
irradiated) in the enbodi nent above is not limted to a wafer, Dbut

may be olbher zobpasbgssUeh asnd W.asmapl aleo loe GAr-AEd oBUbBEr 8t ik and

filmmenber, or a mask bl ank. 158 The usage of the exposure

appar at us i sthet i siitded ctfo Yt headxpésurkn appias atamse usgeddraors 74,5 and
nanufacturing sem conduct or devices. The present invention can be

wi del y appl i €dzal 385t b, hgag &xhepresnahhenpozit & ggpacatud2acrd 72b are

manuf acturin Ii%ui% , , , ‘

%ref rably placed on the same straight line in the Y-axis
direction, and Z sensors 76,4 and 762, and Y head 64 between

15 them, and Z sensors 72c¢ ad 72d are preferably placed on the
same straight line in the Y-axis direction. Further, in this
case, Z sensors 74; s and 74;,4 and Z sensors 761,54 and 76,4 may
be symmetrically placed or do nect have to be symmetrically
placed.

20 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 direction position measurement
are arranged on wafer table WTB, and corresponding to these

25 scales, a pair of head units 62A and 62C are placed on one
side and the other side in the X-axis direction with preojection
optical system PL in between, and two head units 62B and 62D

are placed on one side and the other side in the Y-axis

direction with projection optical system PL in between.



5 crystal display devices which transfers a liquid crystal display
device pattern onto a square-shaped glass plate, and to an exposure
apparatus for manufacturing organic ELs, thin-film magnetic heads,

i mgi ng devi ces (such as CODs), m cromachi nes, DNA chips or the |ike.
Further, the present 10 invention can al $8°be applied to an exposure
apparatus that transfers a circuit pattern onto a glass substrate or

a silicon waf 0 \tﬁ@&\eln_s 1 M. cr.adeyvi . S :

sem conductorfﬁ;éq&é%re'sfg%eut a seg{taggﬁ}ég%ol urgil%g%gtfgﬁs'ﬁn%%e%ho?c%a tr?alssl{ and
used in an expASUARRANY bT SHCheas+taB i@RbkCAL i@XPeSYr 8cdPes 39Y; and
apparatus, an EUV exposure apparatus, an X-ray exposure apparatus,

and an el ect RO, beanYexpdsud r &PPEs@besit ion meadncdfent all ¥ schhes 39%;
measuri ng apparatus and the nmeasuring nmethod of the present invention
can be appl i edichatS¥anlfprt E-aké sedposgité cappasatisn et scarmehsomby be
applied widely to other 20 substrate processing apparatuses (such as

a | aser repaidtra@ssahtys itgedibsheht 0 indigecOronadppakabls Bhal, tdve only
like), or to apparatuses, equi d with a novabl e body such as a stage
that foves wbH RERSPERE ShCHE AEeat st 1% e bt PAG T apbai BAALTTigrs b2
speci men or | ndi ng._appar i.n. o r. precision 25 chi nes.
Further, t he%él\gpégglr%% g%%%regtdggnﬁﬁzzé;? %:%%Dfrg?%%ﬁga 55%‘%%@’35;%'1‘1&%%“ d

the embodi ment, abgue s Y AR d HY ASS_IDld Ng M8 and the

subsystens, which include the respective constituents that are
recited in tha @aiith o e 0 eeet unka® 2Rl iGAERRd 3@ AR dt0 1K88R ed

predet erm ned nechani cal accuracy, electrical accuracy and optical
accuracyl0| n tor dethbgosaed ud erédiebeny anicdlaski e X -Gfix iacatiFaey iohefd @ he
and after the assenbly, adjustnent to achieve the optical accuracy
for various dptixdal B remtiams,asadjrudthee mmktogliachitesdavies iethamilgahave
accuracy for various nmechani cal systens, and adjustment to achieve
the el ectricdlc &c Ha@rFiomsy ffiadus rdieg@aadtc st evidisdr-e performed. A

rocess of assenbli_ng.vario suhsystens i ntqQ the exposure apparat us
!Oncl udes nechani callng&ﬁﬁél(?ﬁﬁﬁrﬁ(,' \?vin)r/it description above, the” Case has

been described where while wafer replacement is being

15 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

20 measurement and the like is 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. Specifically, for example, adjustment of
projection optical system PL can be performed by adjusting

25 unit 68 based on the measurement result.

Incidentally, in the embodiment above, the case has been

described where wafer table WTB is moved at a low speed
(extremely low speed) at a level in which short-term

fluctuation of the measurement values of the interferometers



10 connection of electric circuits, piping connection of pressure
circuits, and the |Iike anong various types of subsystens. Needless to
say, an assenbly process of individual subsystemis perforned before
t he process of assenbling the various subs%stens into the exposure
apparatus. 15 Wen the process of assenblf g the various subsystens
into the exposure apparatus is conpleted, a total adjustnent is

perforned and.agioy nBEBQSWE@n?ﬁ§%¥6%ﬁQJ%ft%@@cﬁ@?b&ﬁt?éﬂoﬁgrébtain the

apparatus are secured. Incidenta e making o e exposure

apparat us i s quefeswlty ipeokeatedni On agﬁdﬁﬁ‘[%@@.@_@hZQfWéFeé he However,
tenperature, the degree of cleanliness and the like are controll ed.

| nci dent al | y,tiechprabeune ihsehbsones abtt hémvaedous thdbkl,i gatiwantsr tha@le
panmphl ets of the International Publications, and the U S. Patent

Appl i cation PR icgar iadsaddscmignead s andrzBd hhighS isPatcdntan extremely
descriptions that are cited in the enbodi ment above and related to
exposur e Appaicit 988§%ndl R Hd 15 K8 Sgr el @B@RITRIR padnat Bl FrRFRIGPIFECtion

f : , Next., nbodi t, of devi facturi th
e s Chp R L S BT S AR g e

apparat us) | ﬁil}'c%?qé- Qﬁ)at l:i.inge;b‘)grcao[}}]ryecotlri%%e%.%fvgrlrrlla@%rfﬁfeﬁ%b:c% rection

FIG 39 shows a fl owchar ‘an exanpl e when manufac evice

(a seni condugter Sf'ig&a%lli% a§teﬂ_d§tﬁﬁ @gcka%les_r@a} iaqléio_dbé:rﬂlglte endently

panel, a CCD, a thin film'magnetic 5 head, a m cromachine, an
like) . As shewained;l Gy s2tifgd $hedfwadldn tiablet @R 20k (@RSItdBns that

step), function and performance design of device (such as circuit
desi gn 010 semreoddddeaendetncehei 5-pei & od hedst amd, patd ermi lde siocgiirico the
realize the function is perforned. Then, in step 202 (mask
manuf act uri nggafer table in the Y-axis direction as in the embodiment above
at each of the X-positions, simultaneously loading the
measurement values of encoders 704 and 70C and the measurement
value of Y-axis interferometer 16 during the movement, setting
15 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. 103,
an encoder by a diffraction interference method in which the
20 1light from the light 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
25 method using three gratings, or an encoder equipped with 1ight
reflection block that is disclosed in, for example, Kokai
(Japanese Unexamined Patent Application Publication) No.

2005-114406 and the like may also be used. Further, in the

embodiment above, head units 62A to 62D are to have a plurality



10 step), a mask on which the designed circuit pattern is formed is
manuf actured. Meanwhile, in step 203 (wafer manufacturing step), a
wafer is manufactured using materials such as silicon. Next ,
in step 204 (wafer processing step), the_actual circuit and the |ike
are formed on the wafer by |ithography 15%6r the like in a manner
that will be described later, using the mask and the wafer prepared

N steps 201 d0 @it Pidfhed MisteR A0k ddlaiee: ansambloc st gB)evdevi e

assenbly is perforned using the wafer processed I'n step 20 tep

i ncl udes progassentsieReas ibhei di €N PR Thild)e abandi $h @0 head may
process, and the packagi ng process (chip encapsulation), and the |ike
when necessarylso be empFopall| ywhiaoh step2Qppeddspedt honigliePoud@asthat
on operation, durability, and the |ike are perforned on the devices
made in steper@is Aftight hesa 50 s arehee Hevgzesd dmetRE wongh etiegcanidn
shipped out. FIG 40 is a flowhart showi ng a detail ed exanple of

step 204 des®f B¢ dbSFeleRerert iStg lco ﬁmg gt ijpd estldghirreceiving

i dati t . th f f i i,dj zed. In step 212 (.CDV
Coopy o nETRHERTG FPPD Foor OFRBaL B HReVati H i B BEgequion of

step 213 (el el gde LOumLl n stemlon an Slecliade d o tordtad o ey,

waf er by depoSition. on 1 nmplrantation Ions a

i npl anted i nt@tehe wafer 1i6agh fr the qqg%% %%%H§E%%&1E%e2%4scale or X
constitutes the pre-process in 5 each stage of wafer processing, an
t he necessar ycpnecassirfgact ighogemntand)i.s executed at each stage.

10 Further, in the embodiment above, damage or the like of
the diffraction gratings may be prevented by covering the
reflective diffraction gratings with a protection member
(such as a thin film, or a glass plate) that can transmit the
detection lights from head units €2A to 62D. Further, in the

15 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 624

20 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,

25 in the case reticle stage RST is two-dimensionally moved, an
encoder system having a configuration similar to the
above-described encoder systemmay also be arranged to measure

position information of reticle stage RST.

Incidentally, in the embodiment above, interferometer



When t he above-descri bed 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 10 photosensitive agent
is coated on the wafer. Then, in step 216 éexposure step), the
circuit pattern of the mask is transferré#®onto the wafer by the
exposure apparatus (pattern fornlng apparatus) descri bed above and

t he exposure o
217 15(deve|o§ nt %gga§§qﬂﬁbgm% er Qgsggg% gépos %ﬁn R son
devel oped, angf iwarereRtdLd wgtrcfﬂhngﬁéem@nanoﬁxmdﬁg%@@g & @edon
area other than the area where resist remains is renoved by etching.

Then, in steptkd XHLs8isst v-emd @5t &) anther elichidid drs QOfmiteTrr%Cir be
the resist that is no |l onger necessary 20 is renoved. By
repeatedly peﬁﬂnﬁﬂmngftmeapUEipgorhsspamﬂiﬁhﬂlpo§brmaodess;nnukimpbals
circuit patterns are fornmed on the wafer. By using the device

manuf act uPi ndikaFAd®rof Lhethdserbsai meht lgaser pbedhgbbime bécaupesure

t he exposure apparatus pattern formn aratus) in the enbodi nment
above and t h&@B&Y &E& Hdd Lp&AerHe I &F fp e tivdr 86 &lso be

can be. per Tored S RaPHt ép%.rﬁeéaﬁ%%eerﬁ%"’s ¥ a“%sé@f“%%%e&?c{ﬁ’ Hysten
Accor di ngly, d%@%mgﬁﬁgygbk¥bt¥ Qﬁjhég@ggur@h%%%agggtggfgfi%@é?%%f@%eter

which fine patterns ar ormed can be inprove

APPLI CABI LI T% & tAs 119 sdqS@id1RRA rRpave.1 daRe pRasuhidng l%%réttli%na% the
the measuring nmethod of the present invention are suitable f

measur i ng0 t hgfeedgis iddrawttii .a phesefandmeherpegktiepniiio aeasﬁeétsl on
orthogonal to the plane of a novable body that noves hol ding an
obj ect. Furtpesittilbe pndoessitignappathéus-anids tdierection 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
15 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
20 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
25 the Oy direction, in addition to the Z-axis direction, using
a plurality of measurement beams. In this case, the
measurement beams used to measure position information in the
Ox direction and/or the 8y direction that are irradiated to

the movable mirror of wafer stage WST do not have to be used.



10 processing nethod of the present invention are suitable for
perform ng predeterm ned processing to an object nounted on a novabl e
body that noves within a plane. Further, the pattern form ng
apparatus and the pattern form ng nethod_of the present invention are
suitable for fornming a pattern on an obj&8?. 15 Further, the exposure
apparatus, the exposure nethod and the device manufacturing nethod of

the present inventigpigarsunabke tAe SREVABRLNEI Dol ool ;p%rﬂgiality of

devi ces such as sem conductor “devi ces o0 Iquid cryst

devices. 163 GfAkMps 74; ; andlief\ nBaswd pe appahgkdsat hdadBaASWLS2C
position informati on of a novable body that noves within a

predet er m necirlll fRANE HdWwwerappahatpus: compihsengion is not dirgneedes this,
systemthat includes a plurality of gratings arranged on the novable
body and a plandakisyrifcheads ttileat senshrigimsddiat cathé ghseheoeandy efl.so
the plurality of gratings and individually receive a reflected |ight
fron1each5of¥Fhérién§P9ﬁ§hi?91b$X§@E%$nd§¥f@ﬁasﬁﬁa§ﬁﬂésf¢ﬁﬁﬁ{i(ﬁﬂr her,

i nformation of the novabl e body within the plane; and a

Gur face posi B O SraRCh PREVERSE Bhet RACOHAE! HORS & ot o iagpese and the
surface positi sen t , irradiating.a i t.Q .t he movabl e
bgdy frog1a Eﬁ’g%iﬁ%ﬁg%thggﬁ%ﬁgyﬁg‘f%'F%&gﬁgéﬁegﬁ%fﬁﬁﬁéﬁxnI%E% ©or

reflected |ighlys MRASULE AN QIR oﬁtiQ:as_Lurefl%(ft{?en({f fd%igt%fon

novabl e body in a direction orthogonal to the plane at an irra

poi nt of the dricghict iafdopEassl &5 Res b1 Ahd O LRferosu ff atde MBNaRkEer
body in a direction orthogonal to the plane and in a tilt direction

with 20 r@éspedtageq tive plxanmele, shorter?.thHme tieaslisitighcapparatigs ahe
Claim1l, wherein
measurement accuracy can be improved. In this case, a simple
Z2 sensor is effective, precisely because it is difficult to
arrange the AF sensor.
Incidentally, in the embodiment above, the lower surface

15 of nozzle unit 32 and the lower end surface of the tip optical
element of projection optical system PL are to be substantially
flush. However, 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

20 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

25 No. 1 420 298, the pamphlet of International Publication No.
2004/055803, the pamphlet of International Publication No.
2004/057590, the pamphlet of International Publication No.
2005/029559 (the corresponding U.S. Patent Application

Publication No. 2006/0231206), the pamphlet of International



the plurality of gratings include a first grating that has a grating
whose periodic direction is a direction parallel 25 to a first axis
within the plane and is placed on the novabl e body, and a second
grating that has a grating whose periodic direction is a direction
parallel to a second axis intersecting the’first axis and is placed
on the novabl e body, and the plurality of heads include a plurality

of first headsn1L64tihat t\ﬁﬁc@mWééMBea%Hé rc%(fyr%{é%%gﬁf&_lntdﬁf..s. Patent

measures position information of the nov e bo rection

paral l el to teifiidadi AXisdIv dadiadi ald N v sdeieaian | ikKkait qQ dhnese
first grating and are placed at a predeterm ned distance along a'5

di rection or tthegenrned Bdrerfd 2gplaxati candwldldstaldr)y Nef. eoanre¢s89126
heads that each constitute a second encoder that nmeasures position

i nf ormati on oftheheompesbbadbodyUi 8. tPetemrdivd axP§2dRpaet i andbghe like.
irradiating a detection |ight to the second grating and are pl aced at
a predet e? ni Fed tdiedtafce HissHP £ 0 dithes tAadpigath sforfdlt argathieonal

second axi s. 3._,The asuring ratus of Claim2, wherein the
first axis aRFRAEatdEInd Cxitd 0o Tty OF IEsRTGHMG U-fi5 Patent

axi

4. The meas u&\ip%g 12T wsph D 9Re of & a) 85s %9 2pds 2¢ b}"ﬂfﬂﬁ? :q”%,t igal path

the plurality surface position sensors i ude " a a

o4 ) ra | ner?
speci fic surfacenRoshibep SENSOrsS & Jeask E?g glﬁ%’f‘% 1 %%?t may %Ji%o

plurality of specific”surface position sensor: ( e plurality o
first heads aeerphaegdyPrh tinensae ist £alghl ohi 8 tHHe Bp@hERE HOPh on the

orthogonal to the first axis.

10 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 liguid) or the entire surface
of the tip optical element. Incidentally, quartz has a high

15 affinity for liquid, and also needs no dissolution preventing
film, whereas in the case of fluorite, at least a dissclution
preventing film is preferably formed.

Incidentally, in the embodiment above, pure water
(water) is tobe used as liquid, however, the present invention

20 is not limited to this as matter éf course. As the ligquid,
liguid that is chemically stable, having high transmittance
to illumination light IL and safe to use, such as a
fluorine-containing inert liquid may be used. BAs the
fluorine-containing inert liquid, for example, Fluorinert

25 {the brand name of 3M United States) can be used. The
fluorine-containing inert ligquid is also excellent from the
point of cooling effect. Further, as the ligquid, ligquid which

has a refractive index higher than pure water (a refractive

index is around 1.44), for example, liquid having a refractive



255. The neasuring apparatus of C aim4, wherein the plurality
of specific surface position sensors and the plurality of first heads
are alternately placed on the straight line. 165 6. The
measuri ng apparatus in one of Clainms 2 and 3, wherein t he
plurality of specific surface position séhbors are placed at a
predeterm ned di stance so as to correspond to each 5 other on two

straight |ings dhat are kacated; on. png, si de fggfylt he QLhsr g%%ﬁceﬁgsf %g%e

straight line iIn a rection orthogonal to t rst axis

the pluralityoflifdyisf, ReAdsnpet Ween @k @ieiRAlR!1iQluilP HhBng c-H
straight line. 107. The neasuring apparatus of Cl aim6, wherein

the pluralityiofdispectfo-¢i bliinflaag Nosh kis0ls SENSHH 50 BhE v YRR tia faaldty ve
placed with respect to the straight line in a direction orthogonal to

the first axiigideenndécebogtthe Pl wlalderplofigliyrstriheadsving a refraclive
The nmeasuring apparatus in one of lainms 6 and 7, wherein

the pluraPitycespEcaiqet dubflace Hiesiatiomisws oi quadd(ereani wsailivept )
of first heads are alternatel | aced in a 20 direction orthogonal to

the first axisél.C% S hexgneéyy %F&zfél?ri% &5t G (G of d ains 6

and 7, V\herEi('glecahydronaphtl'lalene) having a refractive index of about
1.60, or the like can be cited. Alternatively, a liquid
obtained by mixing arbitrary two or more of these liquids may
10 be 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

2= or PO,

(mixing) base or acid such as H*, Cs*, K%, C17, S0,
to (with) pure water may be used. Moreover, a liquid obtained
15 by adding (mixing) particles of Al oxide or the like to (with)
pure water may be used. These liquids can transmit ArF excimer
laser light. Further, as the liquid, liquid, which has a small
absorption coefficient of light, is less
temperature-dependent, and is stable to a projection optical
20 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
25 having a higher refractive index to illumination light IL than
that of pure water, for example, a refractive index of around
1.6 to 1.8 may be used. As the liquid, supercritical fluid

can also be used. Further, the tip optical element of

projection optical system PL may be formed by quartz {(silica),



on one side and the other side of a direction parallel 25 to the
first axis with each of the plurality of first heads in between, one
each of the specific surface position sensors is placed. 166 9,
further conpri sing: a surface position detecting unit that has
a plurality of detection points that arelsét at a predeternined

di stance parallel to an array of the plurality of first heads along 5

a straight |lige girhgaléﬂéﬁ%%é)ln n%ﬂéﬂ%gf%alof G tlﬂﬁ::ﬂcd% Séonﬁﬁglﬁ'lc% %hecats

detects surface position’information a surface of a targe

at the pluralddyiofm detiesticn Eoidy:siEet, Mhtiien tanasti @b edtrdi ium
Irradiating a detection beamto each of the plurality of detection

poi nts and i rMdivarmdiusd,| Yl irgcieinvifigar ide r efde el dni gitudafiddie or may be
detection beamfromthe target object, wherein in the vicinity of

each of two detwetd by mpdienisalpbavédane b ghetrhr efida ot v¢ dmsieanbhngn tthe t
plurality of detection points of the surface position detecting unit,
at | east ®ne afhasftz18r thuepktce soskeaien Seryolggherpthendli® a As

to .a placenent of the ecific surface
ngffrggt Fh%ﬁmf%&ﬁﬁﬁggﬂgfkmvinéna re ractiveiln é% equéi to or higher

than 1.6, for example, sapphire, germanium dioxide, or the
like disclosed in the pamphlet of International Publication
No. 2005/059617, or kaliumchloride (having a refractive index
10 of about 1.75) or the like disclosed in the pamphlet of
International Publication No. 2005/059618 can be used.

Further, in the embodiment above, the recovered liquid
may be reused, and in this case, a filter that removes
impurities from the recovered liquid is preferably arranged

15 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 employed in a dry type

20 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 to the
exposure apparatus that is equipped with all of wafer stage

25 WST (movable body), measurement sage MST {another movable
body), the alignment systems (ALl, AL2; to AL24), the
multipoint AF system (90a, 90b}, the Z sensors, interferometer
system 118, the enccder system (70A to 70F) and the like, but

the present invention is not limited to this. For example,



sensor on an axis in a direction parallel to the first axis.

11. The neasuring apparatus of Caim 10, further 20 conprising: a
controller that nakes the surface position sensor that is placed in
the vicinity of each of two detection p0|nts | ocat ed near both end
portions anmong the plurality of det ecti on® BO|nts and the surface
position detecting unit be in a state 25 of a simultaneous operation,

and converts dgt getd Qth esild st An the, B Lg@' d yalgﬁbeen Q_ﬁ% ai ne Y

by the surface position detecting unit t ave

e

si mul t aneous AgRerAitien ime idat alea%w@ma@trrgawéensmt of esé t 51 10d J'.@"Qlot
surface position sensors that have been obtained by the 167

10

15

20

25

arranged. The present invention can be applied as far as an
exposure apparatus is equipped with the wafer stage (movable
body) and other partial constituents out of the
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
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
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
measurement stage.

Further, in the embodiment above, the case has been
described where the present invention is applied to a scanning
exXposure apparatus by a step-and-scan method or the like.
However, the present invention is not limited to this, but
may also be applied to a static exposure apparatus such as
a stepper. Even with the stepper or the like, by measuring
the position of a stage on which an object subject to exposure
is mounted by encoders, generation of position measurement

error caused by air fluctuations can substantially be nulled



si mul t aneous operation as a datum 12. The measuring apparat us
in any one of Clains 5, 8 and 9, wherein 5the surface position
nmeasuring system further includes a conputing unit that conputes
position information of the novable body_in a direction orthogonal to
the plane and tilt information of the movabl e body in a direction
orthogonal to the first axis based on neasurenent val ues of two of

the 10 speci fijGsHrdace rpogh! O't’c‘:ﬁ%%r,‘s%zFE %%ng%aggsgﬁglgo%! Q8% fHe

i
one side and the other side of novabl e irection

orthogonal t@ddiefdd 8 @é Stage with high ciH®ABasHH & correction
apparatus in any one of Clains 2 to 15 9, further conprising:

a surface podirtficomatetactigaegl wu tcdihaicthashoartpltamd it nafudet@ctdforhe
points that are set at a predeterm ned distance parallel to an array
of the pl uramaaswfenfantstvaiards ¢l dige erstadsimghtudiine tihe anedi secmieort
orthogonal to the first axis, 20 and detects surface position

i nformation oflaesyiaddieofl g arfiegemedisnec e ngt bawe dlagy dihier ynegpurement

detection points set on the target object by irradiating a detection
beam to each "6 ATeC tRAISASP 5T TetBE DR FBRREGUSAASY i ¥t HiAAGHTate

receiving a Eﬁ%h%&%%go#LQPétfélég%t %h§955€8t99a8%5%§€1thebéﬁgggkﬁmed‘

object. 25 he™ reasuring appararus o
[ n the vici Nigaf e GaGHOh IR ACERIANG P UM S I YL AR LAUN 5
end portions anong the pldrality o etection polints of e surface
posi tion det e@ldui@ iWH brodkckeaste opesere hipfarad®E by a step-and-stitch
10 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 also be
applied to amulti-stage type exposure apparatus equipped with
a plurality of wafer stages, as is disclosed in, for example,
15 Kokal {Japanese Unexamined Patent Application Publications)
No. 10-163099 and No. 10~214783 (the corresponding U.S. Patent
No. 6,590,634), Kohyo (published Japanese translation of
International Publication for Patent Application) No.
2000-505958 (the corresponding U.S. Patent No. 5,969,441),
20 the U.3. 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

25 optical system PL is not only a dioptric system, but also may
be either a catoptric system or a catadioptric system, and
in addition, the projected image may be either an inverted
image or an upright image. Moreover, exposure area IA to which

illumination light IL is irradiated via projection optical



the surface position sensors is placed. 15. The measuring
apparatus of Claim 14, wherein on one side and the other
side of a direction parallel 5 to the first axis wth each of the two
detection points in between, one each of _the surface position sensor

i s placed. 16. The neasuring appatatus in one of Clains 10 and
13, further conprising: 10an arithnetic processing unit that nmakes

the surface RAaddpbrialech] o ilils dradiale Eﬁ%l%e%ctc&g%%c%a@ﬁ% Ax

ref erence nmenber that conprises a predeterm ned referen ane, and

obtains a relatilah amengieBAsYrepenc¥akUaSoptithe Sstahity. ofiowever,
detection points of the surface position 15 detecting unit based on
an out put of fAdreegampaes Pposis dascletedtimahenphmphatthes Imeeeineed odal
reflected light fromthe reference plane. 17. The measuring
appar at us of FoObdiimatg.orwbiereR2A02010R8 11 of expreererentrer IAsmay also be an
ki nematical |y supparted on another novabl e body that noves o
i ndependent | PHGRitherRsvabRre BRIy nilt Ainglile pphheal axis AX, similar

18. The measyring appar.atus .in .any one of Cainsg 1 to 25 17, wherein
the surface FosiotiSon Cradt (g Sy (o SALGTO RS BaiS o, in Part of

o e o o S
system} that has plural reflection surfaces and forms an
intermediate image at least once is arranged, and which has

10 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

15 1in 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 Krs laser
(output wavelength: 146énm), or an extra-high pressure mercury

20 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 canalso beused. Besides these light sources,
as is disclosed in, for example, the pamphlet of International

25 Publication No. 1999/46835 (the corresponding U.S. Patent No.
7,023,610), a harmonic wave, which is obtained by amplifying
a single-wavelength laser beamin the infrared or visible range
emitted by a DFB semiconductor laser or fiber laser as vacuumn

ultraviclet light, with a fiber amplifier doped with, for



169 19. The measuring apparatus in any one of Clains 1 to 18,

wherein the surface position sensor is a sensor by a CD pickup
nmet hod. 5 20. A pattern form ng apparatus that forns a pattern
on an object, the apparatus conprising: t he neasuring

apparatus in any one of Claims 1 to 19 i A%®hich an object is nmounted
on the novabl e body; and 10a pattern generating unit that generates

the pattern. o, AL T8 RA tREn ﬁ&gﬁn%&qg‘?aarrﬂ} @ri%i%ngdﬁ]oa{nod tkwe

wherein the pattern ‘generating unit irradiates an energy

object. 15 converddnd® HHOGRSA N AP AAIIS: 1l RESONMRIA: nsing a
predeterm ned processing to an object nounted on a novabl € body t hat
moves W t hi n nmorariedefrergptieth plangt4he rappallaidiHL iyd Si ng: a
surface position nmeasuring systemthat includes a 20 plurality of
surface position séwsdhsrt hat, they embpddmantmpavd i ghfl undnahe onoladthe IL
body froma direction orthogonal to the plane and receiving the

refl ect ed?l i gift thee@sDPEVFESEPPBRA T WS okFritdtoA 1Bt tedstipf dlee bfghthdaving
novabl e body in a irecéion ort hogonal to the Elane at an irradiation

poi nt of thed WGRELePSTanaIRBASEP 2T FBI% it APOPRat RBA bF khéeedless

g?yggl?Oﬁoazg%Pnggéﬁggtéﬁgngié Qg g?%kgté)Jg¥%ﬂgﬁE¥%.?ggsighghtiéénnlmay
be used. For example, in recent years, in order to expose a
pattern equal to or less than 70nm, an EUV exposure apparatus

10 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.g.
a wavelength range from 5 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

15 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.

20 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

25 a predetermined light shielding pattern {or a phase pattern
or a light attenuation pattern) is formed, is used. Instead
of this reticle, however, as is disclosed in, for example,
U.S. Patent No. 6,778,257, an electron mask (which is also

called a variable shaped mask, an active mask or an image



a surface position detecting unit that detects surface position
information of a surface of the object at a plurality 170 of
detection points by irradiating a detection beamto the object
nount ed on the novabl e body and receivini a reflected |ight of the
detection beam and a controller that nakeé$ the surface position
measuring 5 systemand the surface position detecting unit be in a

state of a sygg{et%re%s.aqlqpriq{él%%sf}nt £SO edetaecdﬂfpn(%%si;gca':llsngt

the pluralit tion points e surface ‘position

unit that ha\l‘ﬁc@‘%ﬂrﬂﬁ@@b@@@c@? trhe §E@J£§§@%®§ RPErALIQN dr GpdatBge

assum ng nmeasurenent results of the 10 surface position neasuring
system t hat Rkawplkeedeobtai ngshthyal heghitmubdieneosts) epeflad i1akedSo@ which
dat um 23. The processi ng apparatus of Caim 22, wherein

the plural ity Jdfigur-ftace spodittiingn medrtsoms, ianctafdedt tiivrl patte rsyr faacen
position nmeasuring systemare placed along a predeterm ned direction
within the pledd&sion patfigerp|iy donmpdofaqimrsdricon peilsos rohichgata of

surface position detecting unit are arrayed parallel to the plurality
of surface pddiet PGt & etalichda ke rﬁ’éﬁ’e‘teéjr Mated 1HT && 45420 and

th troll k f iti ' d th
Curf 806, posi 1 on GSGEHIHg TR £C SErEr TR Tha 61 hOF SREBELS oparasiginLet
whil e the m%%blﬁt%%tt%al%lﬁéarﬁoqubﬁft 20%1%"3'51%8%' Refe? %resent

direction intersecting t
invention can also be applied to an exposure apparatus

10 (lithography system) that forms line-and-space patterns on

a wafer by forming interference fringes on the wafer.

Moreover, the present invention can alsc be applied to
an exposure apparatus that synthesizes tweo reticle patterns
on a wafer via a projection optical system and almost

15 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).

20 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.

25 Incidentally, an object on which a pattern is to be
formed (an object subject to exposure to which an energy beam
is irradiated) in the embodiment above is not limited to a
wafer, but may be other objects such as a glass plate, a ceramic

substrate, a film member, or a mask blank.



25 predeterm ned direction. 24. The processing apparatus of C aim
23, wherein the plurality of surface position sensors include

sur faceposi ti onsensor sf or mappi ngat | east oneeachof which 171 is placed
in the vicinity of each of two detection Eoints | ocat ed near both end
portions anmong the plurality of det ect i oh %oints of the surface
position detecting unit, and the controller converts a detection

value at each 5 deipgel h%@g@o?@ttﬂfe é%o%&féa%%%ﬁ%%%é %?ﬁ]@cﬂ ed to

unit into data assum ng a reference surface has been

obt ai ned basete0BxpodRaSULBARRALLHESULEA Of o £atthuHa dthe: iSlY 568 conductor
position sensors for mapping, as a datum 1025. The processing

appar at us i ndevd cefs .Cl Bhap2Fandiddenvhenatdan be widely agpppriecesbsao fio,
whi ch t he novabl e body noves froma place where the object is nmounted
on the novablfermhedpmpdea phacspobere zpproeessifier efariufeadivatimg laguid
energy beamto the object 15 is performed, the controller perforns

the si nu|%an€6g’§t@der<;&ﬁp&waﬁﬂw3cdﬁwﬂbit§@nﬁrf@é§s§i Agquid crysgal

Thepr ocessi ngapparatus i.n one of C ains 24 and 25, wherejn 20t he
control | er oBCSFHEY AFBLEPORCGF U8 Fofaiare=shaped glasé plate, and

to an exposure apparatus for manufacturing organic ELs,
thin-film magnetic heads, imaging devices (such as CCDs),
micromachines, DNA chips or the like. Further, the present
10 invention can also be applied to an exposure apparatus that
transfers a circuit pattern onto a glass substrate ora 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
15 apparatus, an EUV exposure apparatus, an X-ray exposure
apparatus, and an electron beam exposure apparatus.
Incidentally, the measuring apparatus and the measuring
method of the present invention can be applied not only to
the exposure apparatus, but can also be applied widely to other
20 substrate processing apparatuses (such as a laser repair
apparatus, a substrate inspection apparatus and the like),
or to apparatuses equipped with a movable body such as a stage
that moves within a plane such as a position setting apparatus
for specimen or a wire bonding apparatus in other precision
25 machines.
Further, the exposure apparatus (the pattern forming
apparatus) of the embodiment above 1s manufactured by
assembling various subsystems, which include the respective

constituents that are recited in the claims of the present



variation of the novable body in a direction orthogonal to the plane
that occurs when the novabl e body noves in the predeterm ned
direction, based on results that have been sequentially detected at
the plurality of detection points 25 of the surface position
detecting unit, while noving the nnvablelﬁgdy on which the object is
mounted in the predeterm ned direction. 172 26, further conprising:

a mark det ectdfng jWydi dhatodel ectse &, IE%:|r!é,"c:1%|tiet3_“¥li?ifec:l &8ah P DE accuracy,

detected forned on the object, wherein in a process fromwhen a

det ection openajidtan ©fl tBeubablUdd idit 1fa1maeksrieybe debeakedtbyddge
mark detecting unit is started until when the detection operation of

the pluralitythefsemaksous kionjs ef edcutrhe yodnt fotd endstfiidiStAe assembly,
si mul t aneous operation of the surface position neasuring system and
the surface posiustorerdetectdhigumthe apt imladoastarssytive vanvensioptitel

processing of the data. 28. The processing apparatus in any one of
Cl ai ms 222t o SYB LMt R W IHsitsitify:achieve the meghegrigadneeavemser for

that conprises a reference ,plane 15 paralle|l to the plane; and

b oAt | RS SIS AT S biliee e RIS o i eve the
detecting unit, d | at t eamtg t ref erence nber,
and based on%%?%ﬂﬁ%%ﬁi%g&gﬁgggtﬁggégﬁéiﬂﬁg(ﬁ?%éﬁ%ﬁ:i%%§ﬁﬁ%% F'at

has received @ JRf/Rel1 OB br8Bbss of assembling various subsystems into

the exposure apparatus includes mechanical connection, wiring

10 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.

15 When the process of assembling the various subsystems into
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

20 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.S. Patent Application Publication descriptions and

25 the U.,S. Patent descriptions that are cited in the embodiment
above and related to exposure apparatuses and the like are
each incorporated herein by reference.

Next, an embodiment of a device manufacturing method in

which the foregoing exposure apparatus {pattern forming



20 fromthe reference plane, obtains a relation anong neasurenent
values of the plurality of detection points of the surface position
detecting unit. 29. The processing apparatus of Claim 28, wherein 25
the reference nmenber is kinematically Sﬁgggrted on anot her novabl e

body that noves independently fromthe

bl e body within the plane.

173 29, wherein the surface position neasuring system perforns

transfer of

MRS LBNE 1 vales 1het W?L%'Eobt}%tpﬂly%%&éé’s Qfi la_uﬁé%fé%crlbed

pOSItIOI’] sensors accordi ng to novenent of

hé novabl e body. The

processi ng appar at USd@.n 3@nyshene of Aaidmrd? d a30 e Mgyl mhen

the surface position sensor is a sensor by a CD pickup nmethod. 10

32. A pattermnafmxﬂaq@raipmraatdﬁfidmt(a‘ Gramsl corphtdterm anim dwedtgets an IC
obj ect, the apparatus conprising:

10

15

20

25

or an LSI, a liquid crystal panel, a CCD, a thin film magnetic
head, amicromachine, and the 1ike). As shown in FIG. 39, first
of all, in step 201 (design step), function and performance
design of device (such as circuit design of semiceonductor
device) is performed, and pattern design to realize the

function is performed. Then, in step 202 (mask manufacturing
step), a mask on which the designed circuit pattern is formed
is manufactured. Meanwhile, in step 203 (wafer manufacturing
step), awafer 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
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
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
completed and shipped out.

FIG. 40 is a flowchart showing a detailed example of step
204 described above. Referring to FIG. 40, in step 211
{oxidation step), the surface of wafer is oxidized. 1In step

212 (CDV step), an insulating film is formed on the wafer



the processing apparatus in any one of Clains 22 to 31 in which the
target object is nounted on the novable body; 15 and a pattern
generating unit that generates the pattern. 33. The pattern
form ng apparatus of C aim 32, wherein tgglpattern generating unit
irradi ates an energy beam 20 to the object: 34. A pattern
form ng apparatus that forns a pattern on an object via an optical

system the appafatdls qenPFésShng: L@lé@é’@éﬂ@f@@ﬁﬁt@ﬂn@ L Be LRidGlode
is nmounted and which 25 noves within a plane that includes a first

axi s and a secontbmad dmttisecdifay dheddpssit o S, Tholstieng 2tilde (ion
object, and on a surface of which a first grating having a grating
whose peri odiignpliareottiiom istep)di Leosti ane paneldreled drithethergsfexi s Each
and a second grating having a grating whose periodic direction 174
is a directi & p&carberet stere sbkdid 2a4i soapéipbraesdthe pre-prgress in
encoder systemthat includes_a first encoder that has a plurality of,

first heads Vif5dk 5569 PO ek RAGISHTMI i A1 BN RIFHICHFY RIGSRasing

to the first ,axi d ures position,b informati on of the novabl e
body in a di rlzgétcl%ooﬁsnepna%‘laqsejls t0 etchuet‘eitcllorastt B n%?%’e head facing the

first grating, andvﬁle%eEHQ%MSéﬂ%ed1?§ea RLugak| %}ﬁ'd?finlsg%cgﬁ't rage

heads whose positions are fferent 1n a drrection orthogona

second axis a¥wAEASRSCPNS) Eb@lﬁ—b@fveéﬁgtié)_@x@ﬁ:uﬁ-.@@ AD¥abhewkedyTdQne
in the second axis direction by the head facing the second grating;

a surface pogiddtoiprmasiy, My rerstiemdd Jwkc| udes s Admmaltiion aftep), a
surface position sensors that, by irradiating a light to the novable
body frobbPa dihdgstsensidrittoggealt tis 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
15 (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
20 1s 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

25 embodiment described above, because the exposure apparatus
(pattern forming apparatus) in the embodiment above and the
exposure method (pattern forming method) thereof are used in

the exposure step (step 216), exposure with high throughput

can be performed while maintaining the high overlay accuracy.



15 the plane and receiving the reflected |light, nmeasure position
information of a surface of the novable body in a direction
orthogonal to the plane at an irradiation point of the Iight, and
measures position information of the novig%e body in a direction
orthogonal to the plane and in a tilt di tion with 20 respect to
the plane; a surface position detecting unit that has a plurality of

detection poindcsAdialgidy,e 3! Blodudriedelerdr nadidistianeypatal el to
an array of the plurality of first heads along a straight" line in a

direction or ttiegervitced be whiicst f bxé pat2eragt tefreemhsdsidf Beéamproved.
position information of a surface of a target object at the plurality
of detection points by irradiating a detection beamto each of the
plurality of detection points set on the target object and

i ndi vi dual | y INIREST PEPRECABILEMY of the detection beam from

the 175 5 As is described above, the measuring apparatus and the

measuring method of the present invention are suitable for
measuring the position within a plane and the position in a
direction orthogonal to the plane of a movable body that moves
holding an object. Further, the processing apparatus and the
10 processing method of the present invention are suitable for
performing predetermined processing to an object mounted on
amovable body that moves within a plane. Further, the pattern
forming apparatus and the pattern forming method of the present
invention are suitable for forming a pattern on an object.
15 Further, the exposure apparatus, the exposure method and the
device manufacturing method of the present invention are
suitable for manufacturing electronic devices such as

semiconductor devices or liquid crystal display devices.



target object; and an adjusting unit that neasures surface
position information of a surface of the object, using a detection

val ue of the surface position detecting unit and taking , as a datum

5 surface position information at end portions on one side and the

ot her side of the novable body in a di recPPon orthogonal to the first
axis that is detected by the surface position sensor at |east one

each of which is placed in the vicinit§8@h1%§ch of two detection

poi nts | ocated near both end portions anong of the plurality of
detection points of the surface position detecting unit, and when
pattern formation is perforned, adjusts a position of the object in

an optical axis dirfdectBonmebsthéngptapphrsyss emload imeasdndd position
direction with respect to a plane orthogonal to the optical axis

based on 15 tinEosmeftdcm pbsi ndoorpinbodyethanmetias widd ivea pnesesemed ned
taking, as a datum surface position information that is neasured by
the two strf &déNSosit i RRRSSHS PP THiedd\d'e surface position

i nf ti t d ti | d d. the oth i de_of .the .
e L B, R L L UL )08, L Ll
35. The pattern forn f.Clai m 34, : i

2%y Ine 2oL LB SR 0 WL A e

each of the tweHdetegHiaR PRI M §ht Nt 35 heh WeLH K ONE £aCH Qf otfh%ratings
surface position sensors is placed. 36. Thé pattern forrm ng

appar at us i nzereietiGidinag 134 randids, awherebstébel st £axh S dfhehe
second axis are orthogonal to each 176
10 plurality of gratings, and measures position information of
the movable body within the plane; and
a surface position measuring system that includes a
plurality of surface position sensors that, by irradiating
a light to the movable body from a direction orthogonal to
15 the plane and receiving the reflected light, measure position
information of a surface of the movable body in a direction
orthogonal to the plane at an irradiation point of the light,
and measures position information of the movable body in a

direction orthogonal to the plane and ina tilt direction with

20 respect to the plane.

2. The measuring apparatus of Claim 1, wherein
the plurality of gratings include a first grating that
has a grating whose periodic direction is a direction parallel
25 to a first axis within the plane and is placed on the movable
bedy, and a second grating that has a grating whose periodic
directionis adirectionparallel to a second axis intersecting
the first axis and is placed on the movable body, and

the plurality of heads include a plurality of first heads



ot her. 37. The pattern form ng apparatus in any one of C ains
34 to 36, wherein 5the plurality of surface position sensors include
a plurality of specific surface position sensors at least in part,
and the plurality of specific sgégace position sensors and
the plurality of first heads are pl aced the sane straight 10 |ine
in a direction orthogonal to the first axis. 38. The pattern

form ng apparaiats edfcHCeain®t3 tutehar i Ast hen®bds Al 4t ofe SNBES ifosition
surface position sensors and the plurality of first heads are

alternately plraftathaonidheflTist maivghild ibtely in a di3@ctihe paidanrl to
form ng apparatus in any one of Clains 34 to 36, wherein the

plurality of tdyediifist syibate posidiarmisersdesearteoR0lphhtetdo atha first
predeterm ned distance so as to correspond to each other on two

strai ght |iné&FatHad &6 [SgEatdd G diie sikfedat@mHa st ifds teinge wlomda a
strai ght %ine.in a .direction ortho%ongl to the first axis caqnnecting

the pluraPitydEFTE HEARIFIF hét drid S é¥jara@nel & lugélity of
Zgra;ggﬁe!hn%eég%d heads49halm%é%ﬁtgggs P Q%ana@%%éﬁ&segéogégl%hat
measures position information of the movable body in the second
axis direction by irradiating a detection light to the second

grating and are placed at a predetermined distance along a

10 direction orthogonal to the second axis.

3. The measuring apparatus of Claim 2, wherein
the first axis and the second axis are orthogonal to each
other.
15
4, The measuring apparatus in one of Claims 2 and 3,
wherein
the plurality of surface position sensors include a
plurality of specific surface position sensors at least in
20 part, and
the plurality of specific surface position sensors and
the plurality of first heads are placed on the same straight

line in a direction orthogonal to the first axis.

25 5. The measuring apparatus of Claim 4, wherein
the plurality of specific surface position sensors and
the plurality of first heads are alternately placed on the

straight line.



the plurality of specific surface position sensors are symetrically
placed with respect to the straight line in a direction orthogonal to
the first axis connecting the 177 plurality of first heads.

41. The pattern form ng apparatus in one g Clainms 39 and 40, wherein
5the plurality of specific surface posi tf sensors and the plurality
of first heads are alternately placed in a direction orthogonal to
the first axis. 6. The meashdinfhepRRbrbeuR fier B¥nk0 APRAaLAkLs o %n@n%
of Clainms 39 10 and 40, wherein on one side and the other sid

of a directi omepaial lel to the first axis with each of the pl urallty
of first heads in between, one each of the specific surface position
sensors is placed. th® pluraliyg oftepeudtitier sukdrrengoappacatamsoramyre

one of Claims 34 to 42, further conprising: an aerial image
nmeasuri ng uniptlaz%eq @hst PACHSIEIALNEON3T 5 EaRPR Sof AR ﬁomeappaﬁg@a egech
t he novabl e b and whi ch 20, neasures an aerial _image of a mar

formed by thé’ i O3 tg?s?téﬁ?l@% s ditadoR<Ei Lasn efin%lillﬁﬂengs%ie and
pattern plat%h%po%ﬁ%% sfdggﬁﬁﬂ{gnggrafghéqﬂgmg%ﬂwﬂén%éctlé%'orthogonal

to the first axis connecting the plurality of first heads in

between and are parallel to the straight line.

10 7. The measuring apparatus of Claim 6, wherein
the plurality of specific surface position sensors are
symmetrically placed with respect to the straight line in a
direction orthogonal to the first axis connecting the
plurality of first heads.
15
8. The measuring apparatus in one of Claims 6 and 7,
wherein
the plurality of specific surface position sensocrs and
the plurality of first heads are alternately placed in a

20 direction orthogonal to the first axis.

8. The measuring apparatus in one of Claims 6 and 7,
wherein
on one side and the other side of a direction parallel
25 to the first axis with each of the plurality of first heads
in between, one each of the specific surface position sensors

is placed.

10. The measuring apparatus in any one of Claims 4 to



an arithnetic processing unit that neasures surface position

I nformation of a surface of the pattern plate, using 25 the surface
position detecting unit and taking, as a datum surface position

i nformati on at end portions on one side ggg the other side of the
novabl e body in a direction orthogonal t he first axis that is
detected by each of the surface position sensors |ocated in the

vicinity of egchfoftide doMbrilgdhglet ection points, and neasures a
best focus position of the optical systemusing the aerial inmge

measuring unit whileescaeftrcel boaftdoposeteoni of rhe paktenasph alleidality
the optical axis direction of the optical system taking, as a datum

5 surface pogift deteatfionmariiohsnebstirate Bett e spectdétesuiiatalistance
posi tion sensors that nmeasure surface position information at end
portions on GfEXikfel it dheBinerckitde flutvel ifoi &1 & gy gpdp along

direction_orthogonal .to.the first axis., 1044. The pattern formn _
apparatus5inQaﬁ3r8ﬁ§h5fléP§ihE %4i%E?9R%OQMQQHEQQ°na% t6' the Firs? axis,

and detects surface position information of a surface of a

target object at the plurality of detection points set on the

target object by irradiating a detection beam to each of the

plurality of detection points and individually receiving a

10 reflected light of the detection beam from the target object,
wherein

in the vicinity of each of two detection points located

near both end portions among the plurality of detection points

of the surface position detecting unit, at least one each of

15 the surface position sensors is placed in a placement that

corresponds to a placement of the specific surface position

sensor on an axis in a direction parallel to the first axis.

11. The measuring apparatus of Claim 10, further
20 comprising:

a controller that makes the surface position sensor that
is placed in the vicinity of each of two detection points
located near both end portions among the plurality of detection
peints and the surface position detecting unit be in a state

25 of a simultaneous operation, and converts detection results
at the plurality of detection points by the surface position
detecting unit that have been obtained by the simultaneous
operation into data assuming measurement results of the

surface position sensors that have been obtained by the



the plurality of first heads and the plurality of second heads are
pl aced on the first axis and the second axis that pass through the

optical axis of the optical system 15 45. The pattern form ng
apparatus of Cl aim 44, wherein thﬁ ﬁl urality of first heads
are symretrically placed with respect to fhe optical systemas a

datum and the plurality of second heads are symmetrically placed

with respect digndit@ardbaptdgetatsistt &8 as aatdat.um 46. The
pattern form ng apparatus in any one of Clains 34 to 45, wherein the
surface position nmeasuring system perforns transfer 25 of neasurenent
val ues between the plurality of surface position sensors according to
nmovenent of the nov&bl 8hkodgasuring appardhespanteny dme whdlaims 5, 8
apparatus in any one of Clainms 34 to 46, wherein 179 t he
surface posi 8'%h Se¥6ir9ift a sensor by a CD pi ckup net hod.

5

10

15

20

25

the surface position measuring system further includes
a computing unit that computes position information of the
movable body in a direction orthogonal to the plane and tilt
information of the movable body in a direction orthogonal to
the first axis based on measurement values of two of the
specific surface position sensors that face end portions on
one side and the other side of the movable body in a direction

orthogonal to the first axis.

13. The measuring apparatus in any one cf Claims 2 to
9, further comprising:

a surface position detecting unit that has a plurality
of detection points that are set at a predetermined distance
parallel to an array of the plurality of first heads along
a straight line in a direction orthogonal to the first axis,
and detects surface position information of a surface of a
target object at the plurality of detection points set on the
target object by irradiating a detection beam to each of the
plurality of detection points and individually receiving a

reflected light of the detection beam from the target object.

14. The measuring apparatus of Claim 13, wherein
in the vicinity of each of two detections points located
near both end portions among the plurality of detection points

of the surface position detecting unit, at least one each of



48. An exposure apparatus that exposes an object with 5 an

ener gybeanvi a an optical system the apparatus conpri sing: a
novabl e body that has a surface, which faces the optical system and
on part of which a nounting area of the gg'ect is arranged, and that
is novable in first and second direction ithin a predeterm ned

pl ane; and 10a neasuring unit that has a plurality of sensors having

detection poities TSR P PI<liitaAH A RAG it ffierent, in at least one
of the first and second directions, and can measure position

information of the surface of the novable body in a third direction
orthogonal to the plane at the plurality 15 of detection points. 49.
The exposure appar abus Toke @eaismrddg wheeeiatus of Clehe Adaswhiemginni t
measures position information of the surface of the novable body in
the third directi ofRPb9NatSiEAANDFhenetdert Redpl @f & idiyrestt isenperallel
whose detgction oints are maintained within a different area from

the nount? ng &r &8 {17 Sefifaded Wt A Mbvabe WoU§iets6 T IPRe POInts in
oxbortrS 0baais ol S AaS Erein 22 8 Movina Lange o e

novabl e body "I a predetermne
t he novabl e body, at |east one of the plurality of detection points

is miintained within the different area. 180
16. The measuring apparatus in one of Claims 10 and 13,

further comprising:

10 an arithmetic processing unit that makes the surface
position detecting unit irradiate the detection beam to a
reference member that comprises a predetermined reference
plane, and obtains a relation among measurement values of the
plurality of detection points of the surface position

15 detecting unit based on an output of the surface position
detecting unit that has received a reflected light from the

reference plane.

17. The measuring apparatus of Claim 16, wherein
20 the reference member is kinematically supported on
another movable body that moves independently from the movable

body within the plane.

18. The measuring apparatus in any one of Claims 1 to

25 17, wherein
the surface position measuring system performs transfer
of measurement values between the plurality of surface

position sensors according to movement of the movable body.



51. The exposure apparatus of C aim 50, wherein at |east two
of the plurality of detection points are maintained within the
different area during the predeterm ned operation, and the neasuring
unit neasures position 5 information in tlgg third direction and tilt
i nformati on of the novabl e body. 52. The posure apparatus of Claim
50, wherein at |east three detection points that are not on the sane

10 straight line aq@ngTh@emBEHﬁéthYaBEaQQEQStiﬁnaﬁﬁ'éﬂé & Claims 1 to
mai ntained within the different aréa during the predeterm ned

operation, and, hégvedsuring unit neasures position information in

the third direction and tilt information in different two directions
of the novabl e bodyhelSus8actheoskpbsorecappariat s sensamybpne Cf pickup
Clainms 50 to 52, wherein the position and/or the nunmber of
the sensors wedd@det ect i on points are maintained within the

different _area 20 during the predeterm ned operation change(s). 54.
The exposure appar at us in any one of Claims 50 to 53, wherein

t he predeterm ned er i ncluudes at _| east, an xposur e
operation of the o%j%ec aqcn(t‘*:hrer1 EREF Y ShRRRF LA TUS €2 ORI € pattern on

an object, the apparatus comprising:
the measuring apparatus in any one of Claims 1 to 19 in
which an object is mounted on the movable body; and

10 a pattern generating unit that generates the pattern.

21. The pattern forming apparatus of Claim 20, wherein
the pattern generating unit irradiates an energy beam
to the object.
15
22. Aprocessing apparatus that performs a predetermined
processing to an object mounted on a movable body that moves
within a predetermined plane, the apparatus comprising:
a surface position measuring system that includes a
20 plurality of surface position sensors that, by irradiating
a light to the movable body from a direction orthogonal to
the plane and receiving the reflected light, measure position
information of a surface of the movable body in a direction
orthogonal to the plane at an irradiation peint of the light,
25 and measures position information of the movable body in a
direction orthogonal to the plane and in a tilt direction with
respect to the plane;
a surface position detecting unit that detects surface

position information of a surface of the object at a plurality



55. The exposure apparatus in any one of Clains 48 to 54, further
conprising: an adjusting unit that adjusts a positional relation 181
between a pattern inage fornmed via the optical system and the object,
based on position information of the nov e body that is nmeasured by
the neasuring unit at the tine of the expoSure operation of the

obj ect by the energy beam 5 56. The exposure apparatus in any

one of O ai MvAdidiedtonirrieity by irrddietiRRs W IRE MHilMBRSH €% the
position information of the surface of the nmovable body in the third

direction by ckgeirtl@oohtadpboriahe owdblhecsignaatisratel easy onefifected
which differs in accordance with a position of the novabl e body
within the plaght of the deteCU&Pn'ﬂﬂﬁnaxGUEhre apparatus in any one

of Clainms 48 to 15 56, wherein he measuring unit sw tches the
sensor used for nedsGPBREALIBF F¢ﬁ¥|ﬂi$Qﬁ Ghei ARBEAee | RS gy Megsuring

|
ng;alm! t K? gf ﬁifgr%%l?ngsgd gaacgl%fiaaggepovgltthloan %%scletclt%.%goﬁmtigebgofﬁb estate

of a simultaneous operation, and converts detection results
at the plurality of detection points by the surface position
detecting unit that have been obtained by the simultaneocus
operation into data assuming measurement results of the
10 surface position measuring system that have been obtained by

the simultaneous operaticon as a datum.

23. The processing apparatus of Claim 22, wherein
the plurality of surface position sensors included in
15 the surface position measuring system are placed along a
predetermined direction within the plane,
the plurality of detection peoints of the surface
position detecting unit are arrayed parallel to the plurality
of surface position sensors along the predetermined direction,
20 and
the contreoller makes the surface position measuring
system and the surface position detecting unit perform the
simultaneous operation while the movable body that mounts the
object 1s moving along a direction intersecting the

25 predetermined direction.

24. The processing apparatus of Claim 23, wherein
the plurality of surface position sensors include

surface position sensors for mapping at least one each of which



58. The exposure apparatus in any one of Clains 48 to 57, wherein

the plurality of sensors have the detection points that are set at a
predeterm ned distance in at |east one of the 25 first and second
directions over a range that is substantagﬁly equal to or l|arger than
a size of the object. 59. The exposure apparatus of C aim 58,
wherein 182 set is substantially equal to or larger than a size of

the novabl e hodyplaced in the60icThetgxpesuaenappanaiclsidtr@i@mfpoints

Clainms 58 and 59, 5 wherein the range in which the plurality
of detecti on lpoiattes] neersetth sndebraliong anengthehsl drakitwand &aceid on
directions. 61. The exposure apparatus in any one of

Cl ai ms 48 t o PXO8U.S wifertdien surface tivsifiioraldateafipnyorts, avk t he
detection points that are set_at a predeterm ned di stance on each of
both sides of the P cBPRSyRteRt i FOANVIESsta oRETEFTERR fValkite afll each

[ j . .in an ne of ai,nms
ZSC?Sd dl5ecgdéyg%tf%%.%%15Eh%fe§ggsg£gf2ggaégéEglon 5% eé%f%g ué%t into

data assuming a reference surface position, which has been
obtained based on a measurement result of each of the surface

position sensors for mapping, as a datum.

10 25. The processing apparatus in one of Claims 23 and 24,
wherein

in a process in which the movable body moves from a place

where the object is mounted on the movable body to a place

where a processing of irradiating an energy beam to the object

15 is performed, the controller performs the simultaneous

cperation and the conversion processing.

26. The processing apparatus in one of Claims 24 and 25,

wherein
20 the controller obtains information on position
variation of the movable body in a direction orthogonal to
the plane that occurs when the movable body moves in the
predetermined direction, based on results that have been
sequentially detected at the plurality of detection points
25 of the surface position detecting unit, while moving the
movable body on which the object is mounted in the

predetermined direction.

27. The processing apparatus in any one of Claims 22 to



61, wherein a distance between the plurality of sensors and the
surface of the novable body in the third direction is 20
substantially equal to or shorter than a di stance between the optical

system and the surface of the novable bog

63. The exposure

apparatus in any one of Clainms 48 to 62, a%erein 25t he plurality of
sensors have the detection points that are set at a predeterm ned
di stance in a&¢,| easttne @fnghigs frig:st and second directions over a

range t hat

is substantially equal to or larger than a size of the

obj ect. 183 64. Themexposatrectanpanatits thatadyt omtes of pChakMe t48f Mmarks

63, wherein

t he novabl e body has a surface that

subst anti al | yrac ¥ shatseated Sunfeat ernfthTheloiant whamdisd on t he
novable 5 body in the third direction.

i0

15

20

25

in a process from when a detection operaticn of the
plurality of marks to be detected by the mark detecting unit
is started until when the detection operation cf the plurality
of marks 1s completed, the controller starts a simultaneous
operation of the surface position measuring system and the
surface position detectingunit and also starts the conversion

processing of the data.

28. The processing apparatus in any one of Claims 22 to
27, further comprising:

a reference member that comprises a reference plane
parallel to the plane; and

an arithmetic processing unit that makes the surface
position detecting unit irradiate the detection beam to the
reference member, and based on an output of the surface
pesition detecting unit that has received a reflection light
from the reference plane, obtains a relation among measurement
values of the plurality of detection points of the surface

position detecting unit.

29. The processing apparatus of Claim 28, wherein
the reference member is kinematically supported on
another movable body that moves independently from the movable

body within the plane.

30. The processing apparatus in any one of Claims 22 to



65. The exposure apparatus in any one of Clains 48 to 64, wherein the
measuring unit includes a second detecting system 10 that is

different froma first detecting systemhaving the plurality of

sensors and neasures position information 'gn the third direction of

t he obj ect nmounted on the novabl e body. 66> An exposur e apparat us

t hat exposes an object with 15 an energybeanvia an optical system

t he appar at ug o onpd & ing: a novabl e body that is novable in
first and second directions within a predeterm ned plane, hol ding the
obj ect; and a neaswhengutbate oati Hikel Heesu Al hélsSis tdet g6 EHEmS LB rer
20 that has a plurality of sensors having detection points whose
positions arefdi htesentmentatvdleast oeeéweknt hehd i pdturand tyecofid surface
directions and can neasure position information of a surface of the
novabl e body HO$ & it s@ngiorsc eices rdingo§onad venenheopl e matvadalsh bofidy .
t he det ecgi on points, and a second detecting 25 systemthat is
different“fromthe first detecting system and neasures position

Idlm; g(r:ma'z)lnon of the 3(1?1 ’?ﬁte Iglgécgesbgirgél%p%%vr% Iues ?.gdgnjgfnor{eh%ft (L:jiggms 22 to

30, wherein

the surface position sensor is a sensor by a CD pickup

method.
10
32. A pattern forming apparatus that forms a pattern on
a target object, the apparatus comprising:
the processing apparatus in any one of Claims 22 to 31
in which the target object is mounted on the movable body;
15 and

a pattern generating unit that generates the pattern.

33. The pattern forming apparatus of Claim 32, wherein
the pattern generating unit irradiates an energy beam

20 to the object.

34. A pattern forming apparatus that forms a pattern on

an object via an optical system, the apparatus comprising:

a movable body on which the object is mounted and which

25 moves within a plane that includes a first axis and a second
axis intersecting the first axis, holding the object, and on

a surface of 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



184 wherein the second detecting systemhas a detection area that
extends al ong one direction of the first and second directions, and
nmeasures position information in the third direction of 5 the object

at a plurality of points within the detegghon ar ea. 68.
The exposure apparatus of Caim67, wheréin t he neasuring unit
can neasure position information in the third direction on a

substanti al | iend idiecsitif@ceoDfalhgl Mb aljededdid 45614 elat iprelded;
noved with the detection area in a direction intersecting the one
direction by the segoadcdétectysigpmsybaenmndudedhe £kposwhecapprati@itihas
of Claim#68, wherein 15 the detection area is formed over a range

that is substaamlivgialy teqedl figss beadsovhose pdfbeions are dnfferent in
di rection. , The exposure apparatus in any one of

Clains 65 to azélég?tflaptc:?gfrh%%ﬁﬁﬂi §Prigie T1rst aghs agdmes pgreninosifdon

o) usts acposiid il Lol 31 90 DSER bkl 10 d TR LIEd g Ll

of (1he obj ectfhat; s AN JIPAHY Y 4R PG ASRCYAL 6 W &

second encoder that has a plurality of second heads whose

positions are different in a direction orthogonal to the second

axis and measures position information of the movable body

10 in the second axis direction by the head facing the second
grating;

a surface position measuring system that includes a
plurality of surface position sensors that, by irradiating
a light to the movable body from a direction orthogonal to

15 the plane and receiving the reflected light, measure position
information of a surface of the movable body in a direction
orthogonal to the plane at an irradiation point of the light,
and measures position information of the movable body in a
direction orthogonal to the plane and in a tilt direction with

20 respect to the plane;

a surface position detecting unit that has a plurality
of detection points that are set at a predetermined distance
parallel to an array of the plurality of first heads along
a straight line in a direction orthogonal to the first axis,

25 and detects surface position information of a surface of a
target object at the plurality of detection points by
irradiating a detection beam to each of the plurality of
detection points set on the target object and individually

receiving a reflected light of the detection beam from the



25 measuring position information of the novabl e body by the first
detecting system at the time of an exposure operation of the object

by the energy beam 71. The exposure apparatus of Claim
70, wherein 185 t he adj usting uniz perfornms adjustment of a
position and a tilt of the object with r ?)ect to the pattern inmage

by noving the object. 572. The exposure apparatus in any one of

A ainms 65 totehgamhensgidet; and the first detecting systemhas the
plurality of detection points that are placed al ong one of the first
and second directi ams, adndsalsg tleitsectnd decestieg systfmdapckition
the detection area that is placed apart fromthe plurality of

det ecti on poiimtisrmattive of kesunfathef thgobgrdtseconng di deteconsy vadde
the first detecting systemincludes at |east two detection points

that are sep&fatbefyBrhadrePprikaPntdetsictingenéttanhtpbiings, asd dagun,

|l aced in_the vicinity of .the, detection area. , 73. The
gxposure Appatth eop\ééllﬁilﬁflﬁr}%%@‘?ﬁ?'ﬂnﬁ% SREhEGETAGTENPE PRE ST and

position inf%ﬂﬁpgkﬂgrogige of the movable body in a direction orthogonal
to the first axis that is detected by the surface position
sensor at least one each of which is placed in the vicinity

of each of two detection points located near both end portions

10 among of the plurality of detection points of the surface
position detecting unit, and when pattern formation is
performed, adjusts a position of the object in an optical axis
direction of the optical system and in a tilt direction with
respect to a plane orthogonal to the optical axis based on

15 the surface position information that has been measured,
taking, as a datum, surface position information that is
measured by the two surface position sensors that measure
surface position information at end portions on one side and

the other side of the movable body in a direction orthogonal

20 to the first axis.

35. The pattern forming apparatus of Claim 34, wherein
on one side and the other side in a direction parallel
to the first axis with each of the two detection points in

25 between, one each of the surface position sensors is placed.

36. The pattern forming apparatus in one of Claims 34
and 35, wherein

the first axis and the second axis are orthogonal to each



20 surface of the novable body at the at |east two detection points
by the first detecting systemat the tinme of neasuring position
informati on of the object by the second detecting system

74. The exposure apparatus in any one of aims 65 to 25 73, further
conpri si ng: a controller that makés position information
measured by the first detecting system and position information
nmeasur ed by thwesecond detecting system correspond to each ot her.

186 75. The exposure apparatus in any one of Clainms 48 to 74,
wher ei n the plurality of sensors are installed at a
measurenent 5 frame that is supported in a suspended state by a frane
menber. 76. The exXgosihe mpphedn ukomiing sippatstushéneanyt fiee of Claims
measurenent frame i s supported in a suspended state by the frane
menber i ndepeifdémt 13f f rEIREHE optical systemthat 10 is supported in

a suspended state the fr menber . 77. . The exposure
appargtusgin any o%éeo %ﬁgﬁiﬂixﬁéglfg%fa?%r?ﬂﬁ}t%%ﬂp??g Rgs include a
a measurin ; t - j 14 i.nfar i 5.0of _th
rovani o body PR The DR T R TR Wattad ddegst in

includes an epgederyrgystemthat is placed in a predeterm ned
positional relation with the optical system and al so has a head unit

Wi th which the novabkepbodslhayisg spepirfiacgueliavhi §8sat 9bRtddikors and
section is arranged is
the plurality of first heads are placed on the same straight

10 line in a direction orthogonal to the first axis.

38. The pattern forming apparatus of Claim 37, wherein
the plurality of specific surface position sensors and
the plurality of first heads are alternately placed on the

15 straight line.

39. The pattern forming apparatus in any one of Claims
34 to 36, wherein
the plurality of specific surface pesiticn sensors are
20 placed at a predetermined distance so as teo correspond to each
other on two straight lines that are located on one side and
the other side with a straight line in a direction orthogonal
to the first axis connecting the plurality cf first heads in
between and are parallel to the straight line.
25
40. The pattern forming apparatus cof Claim 39, wherein
the plurality of specific surface position sensors are
symmetrically placed with respect tc the straight line in a

direction orthogenal to the first axis connecting the



20 rel atively noved. 78. The exposure apparatus of Claim77,
wherein the head unit is installed at the neasurenent frame that is
supported in a suspended state by the franme nenber. 25 79. The
exposure apparatus of Claim 78, wherein ihe measurenent frame is

supported in a suspended state by the fr

t he opti cal

e menber i ndependently from
systemthat is supported in a suspended state by the

frame nmember 5134 84 e @ROHE L Apparatus in any one of Cainms 77
to 79, wherein the plurality of sensors are installed at

the sane nenber 5 as a nenber where the head unit is installed. 81
The exposure apparatus in any one of Clains 77 to 80, wherein

10

15

20

25

41. The pattern forming apparatus in one of Claims 39
and 40, wherein

the plurality of specific surface position sensors and
the plurality of first heads are alternately placed in a

direction orthogonal to the first axis.

4Z2. The pattern forming apparatus in one of Claims 39
and 40, wherein

on one side and the other side of a direction parallel
to the first axis with each of the plurality of first heads
in between, one each of the specific surface position sensors

is placed.

43. The pattern forming apparatus in any one of Claims
34 to 42, further comprising:

an aerial image measuring unit at least a partial
constituent of which is arranged at the movable body and which
measures an aerial image of amark formed by the optical system,
the partial constituent including a pattern plate on which
a measurement pattern is formed; and

an arithmetic processing unit that measures surface
position informaticon of a surface of the pattern plate, using
the surface position detecting unit and taking, as a datum,
surface positicon infermation at end portions on one side and
the other side of the movable body in a direction orthogonal
to the first axis that is detected by each of the surface

position sensors located in the vicinity of each of the two



position information of a surface of the novable body 10 in the third
direction is neasured by at |east one of the plurality of sensors
whose detection points are naintained in a different area fromthe
nounting area on the surface of the nova?ég body, and t he
different area includes at |east part of area 15 where the grating
section is placed. 82. The exposure apparatus in any one of Clains 77

to 81, whereidetddta iHAHIAGREC NN meAGhUdeS aantht SfoSh /NG SESE PN the
20 that is arranged extending in the first direction, and t he
encoder syst emtieadursesstpasiddion itHorawmtigin iofadhengmuatilngy hodyt iwhile
the first direction by a first head unit having a detection range

that i s w dercarttareld wigiteh pofs itthierf jafstthyr atatrigprseqtliaore iim tihe seddrg 1
direction. 25 83. The exposure apparatus of Caim 82, wherein

the first gra&¥ify FeQGorPt Charfapgeatinapapystaint htekenghj est 4 satum,

bet ween ign t he sfecond direction, and the first head unit has _the
det ecti on raﬁég eeaeﬁlgf_on information measured by two specific surface

position sensors that measure surface position information
at end portions on one side and the other side of the movable

body in a direction orthogonal to the first axis.

10 44. The pattern forming apparatus in any one of Claims
34 to 43, wherein
the plurality of first heads and the plurality of second
heads are placed on the first axis and the second axis that
pass through the optical axis of the optical system.
15
45. The pattern forming apparatus of Claim 44, wherein
the plurality of first heads are symmetrically placed
with respect to the optical systemas a datum, and the plurality
of second heads are symmetrically placed with respect to the

20 optical system as a datum.

46. The pattern forming apparatus in any one of Claims
34 to 45, wherein
the surface position measuring system performs transfer
25 of measurement values between the plurality of surface

position sensors according to movement of the movable body.

47. The pattern forming apparatus in any one of Claims

34 to 46, wherein



188 both sides in the second direction of an exposure area where a
pattern inmage i s generated via the optical system 84.
The exposure apparatus of Claim83, wherein 5 the two detection
ranges are set spaced apart at a distance_that is substantially equal
to or wwder than a width of the first gré??ng section in the second
di rection. 85. The exposure apparatus in any one of

Cainms 82 to 10 84nwhereiFice positibg ééﬁ§$r3§$@.%@h§ogaﬁyaa(H)gickup

plurality of first heads whose positions are ferent 1n the second
direction, am@gthod. the encoder system neasures position

information of the first novable body in the first direction by the
first head 15 that faces the first grating section within the
detection range. 86. The exposure apparatus of C aim 85,
wher ei n 48t.h&npeypakhtry appéreastushehas erxpoptacad cijexct with
distance 20 that is narrower than a width of the first grating
section ih tRE LRLHAHY PFEFEEi an.optical systempdhapprarat apsomprdsing :
any one of Jaims 82 498G, WHSks 28 RS0 N SEET O LACEUTES e

optical system and on part of which a mounting area of the
object is arranged, and that is movable in first and second
directions within a predetermined plane; and

10 a measuring unit that has a plurality of sensors having
detection points whose positions are eachdifferent in at least
one of the first and second directions, and can measure
position information of the surface of the movable body in
a third direction orthogonal to the plane at the plurality

15 of detection points.

49, The exposure apparatus of Claim 48, wherein
the measuring unit measures position information of the
surface of the movable body in the third direction by at least
20 one of the plurality of sensors whose detection points are
maintained within a different area from the mounting area on

the surface of the movable body.

50. The exposure apparatus of Claim 49, wherein
25 in a moving range of the movable body in a predetermined
operation accompanied by movement of the movable body, at least
one of the plurality of detection points is maintained within

the different area.



that is arranged extending in the second direction, and t he
encoder system neasures position information of the first novable
body in the second direction by a second head unit having a detection
range that is wider than a wi dth of 18915§e second grating section
inthe first direction. 88. The exposure paratus of C aim 87,
wherein the second grating section is arranged in pairs

with the 5 object isl.batieeekdds e digastatdis ot iBLAMD, whereithe
second head unit has the detection range on each of both sides in the
first direction of aanleswpastuwe afeahaheleral paytef ét@BPeidd points are
generated via the optical system 1089. The exposure apparatus in one
of d ains 87 mEidtg8naghwighmn the dififkeessconeh lead ngnthe lpasdetermined
plurality of second heads whose positions are different in the first
direction, afPadfd&ibodedndystlem nBasEREsNFEosPiEN MeBGMEES oPAsfition

the 15 first .,mpvabl e body in.the second direction by the second head
that faced t Ho NI Bt 6 T Stingh A Ahe b iddtt o toHIge 1on of

the movable body.

52. The exposure apparatus of Claim 50, wherein
at least three detection points that are not on the same
10 straight line among the plurality of detection points are
maintained within the different area during the predetermined
operation, and the measuring unit measures position
information in the third direction and tilt information in
different two directions of the movable body.
15
53. The exposure apparatus in any one of Claims 50 to
52, wherein
the position and/ocr the number of the sensors whose
detection points are maintained within the different area

20 during the predetermined operation change(s).

54. The exposure apparatus in any one of Claims 50 to
53, wherein
the predetermined operation includes at least an

25 exposure operation of the object by the energy beam.

55. The exposure apparatus in any one of Claims 48 to
54, further comprising:

an adjusting unit that adjusts a positional relation



90. The exposure apparatus of Caim 89, wherein 20 the plurality of
second heads are placed at a distance that is narrower than a width
of the second grating section in the first direction.

91. The exposure apparatus in any one of Clainms 77 to 25 90, wherein
the grating section includes a pair of fifst grating sections that
are each arranged extending in the first direction with the object in

bet ween in t%%aeecequ dl.%{@g}mqnagd(]@ f%rﬂl%idrﬂ% é?&%@;%&%raqt %pgtaﬁf?%@%e

that are each arrang 190 extending in the secon rectron w

the object i npbriceeBakBdtdiepbikhst odi 18ed s i NG f the movia®1@body that
exposure operation of the object by the energy beam at |east three

of the pair dfs fieastuirgdaby nthes aeizsuns mndntihead fad tiak secand exposure
grating sections face the correspondi ng head units. 92. The
exposur e app@rsnss icin Afaithed bbiwher & the energy begach of the
grating sections has a grating periodically 10 arrayed in the
direction®in which each of the grating sections is arranged

xt endi ng. 93. The exposure apparatus.in one of Cains 91 and
82 mhergin 56. The expgsure apggratus in any one of Claims 48 to

55, wherein
the measuring unit measures position information of the
surface of the movable body in the third direction by each
10 of a plurality of the sensors at least one of which differs
in accordance with a position of the movable body within the

plane.

57. The exposure apparatus in any one of Claims 48 to
15 56, wherein
the measuring unit switches the sensor used for
measurement of the position information among the plurality
of sensors, in accordance with a position of the movable body
within the plane.
20
58. The exposure apparatus in any one of Claims 48 to
57, wherein
the plurality of sensors have the detection points that
are set at a predetermined distance in at least one of the
25 first and second directions over a range that is substantially

equal to or larger than a size of the object.

59. The exposure apparatus of Claim 58, wherein

the range in which the plurality of detection points are



15each of the head units has a plurality of heads that are placed at
a predetermned distance in a direction intersecting the

correspondlng grating section. 94. The exposure
apparatus in any one of Clainms 77 to 20 ﬁgz wherein a di stance
bet ween the head unit and a surface of t novabl e body in the third

direction is substantially equal to or shorter than a distance
between the opid cad siwsdemand the @glfaf-‘@&f T oAU LYz 2% the

95. The exposure apparatus in any one of Cains to 94, wherein
posi tion infeigxatblon veasured by the encoder systemis used in at
| east an exposure operation of the object by the 191 energy beam
96. The exposure apparatus in any one of Clains 77 to 95, wherein
5position informati on nmeasured by the encoder systemis
60. The exposure apparatus in one of Claims 58 and 59,
5 wherein
the range in which the plurality of detection points are

set is set along one of the first and second directions.

61. The exposure apparatus in any one of Claims 48 to
10 60, wherein
the plurality of sensors have the detection points that
are set at a predetermined distance on each of both sides of
the optical system in at least one of the first and second
directions.
15
62. The exposure apparatus in any one of Claims 48 to
6l, wherein
a distance between the plurality of sensors and the
surface of the movable body in the third direction is
20 substantially equal to or shorter than a distance between the

optical system and the surface of the movable body.

63. The exposure apparatus in any one of Claims 48 to

62, wherein
25 the plurality of sensors have the detection points that
are set at a predetermined distance in at least one of the
first and second directions over a range that is substantially

equal to or larger than a size of the object.



used in at |east a detection operation of a mark of the object. 97.
The exposure apparatus in any one of Clains 77 to 96, wherein 10the
nmeasuri ng systemincludes an interferoneter systemthat neasures
position information of the novable bodyiﬁgnd a measur emnent
direction of position information of the vabl e body by the
interferoneter systemincludes a direction that is different froma

measur enent directign @hePesidoseRelapbRi-atiBt iANaA, Lhe HBVERL Frbody o
by the encoders system 98. The exposure apparatus of C aim 97,

wher ei n t hei MEr fviretrer syst enmeasur esposi tion i nformati on of
t he novabl e body in a direction that is 20 different fromdirections
within the plane. the mo®8bl&hécelypdsas eaappardas thaoneswfst@radinglly

97 and 98, wherein theinterferonmetersystemreasuresposition 25
i nf or mati on cforfEoVEbl®E BoUhaGHh &t theastbiamt masureahent Wdie aotviagie

f ition informati on of the novabl e body by the encoder system
ot pos 8 body in the third direction. y by y

65. The exposure apparatus in any one of Claims 48 to
64, wherein
the measuring unit includes a second detecting system
10 that is different from a first detecting system having the
plurality of sensors and measures position information in the

third direction of the object mounted on the movable body.

66. An exposure apparatus that exposes an object with
15 anenergybeamviaanoptical system, the apparatus comprising:
a movable body that is movable in first and second
directions within a predetermined plane, holding the object;

and
a measuring unit that includes a first detecting system
20 that has a plurality of sensors having detection points whose
positions are different in at least one of the first and second
directions and can measure position information of a surface
of the movable body in a third direction orthogonal to the
plane at each of the detection points, and a second detecting
25 system that is different from the first detecting system and
measures position information of the object held by the movable

body in the third direction.

67. The exposure apparatus in one of Claims 65 and 66,



192 99, wherein t he neasuring systemincludes an
i nterferoneter systemthat neasures position information of the
novabl e body, and in position control of the novable body based on 5

nmeasur enent
informati on of the interferometer syste

i nformati on of the encoder ii?éenl measur ement

al so used. 101. The

exposure apparatus of O aim 100, wherein the neasurenent information
of the interfgra@@ter 10 systemused in the position control includes
position information of the novable body in a direction that is
different froma neasusenent detecting efspesi haon iddtydmidom@fa that
novabl e body by the encoder system 15102. The exposure apparatus in
any one of Ceatendg7alond@be diurederoromprhsingst and secandatirecttiiogs,
unit that corrects a neasurenent error of the encoder systemthat
occurs due t@n@h@egﬁggpﬁgpgéépp@ﬁ_1nformatlon in the third direction of

3

10

15

20

25

the object at a plurality of points within the detection area.

68. The exposure apparatus of Claim 67, wherein

the measuring unit can measure position information in
the third direction on a substantially entire surface of the
object that is relatively moved with the detection area in
a direction intersecting the one direction by the second

detecting system.

69. The exposure apparatus of Claim 68, wherein
the detection area is formed over a range that is
substantially equal to a size of the object in the one

direction.

70. The exposure apparatus in any one of Claims 65 to
69, further comprising:

an adjusting unit that adjusts a positional relation
between a pattern image formed via the optical system and the
object based on surface position information of the object
that has been measured by the second detecting system, while
measuring position information of the movable body by the first
detecting system, at the time of an exposure operation of the

object by the energy beam.

71. The exposure apparatus of Claim 70, wherein



20103. The exposure apparatus in any one of Clains 48 to 102, further
conpri si ng: a liquid imrersion systemthat forns a liquid
imersion area by filling a space between the optical systemand the
object with |iquid, wherein 25the object is exposed with the energy
beam via the optical systemand liquid i h8%he |iquid i nmersion area.
193 one of Clains 48 to 103; and devel opi ng the exposed object.

105. A neasuring ”%%Qggdﬁﬁs@%% %nﬁ%s.%ff rﬁQELgqgﬁﬁﬁﬂnﬁofgaﬁggﬁg?ﬁgénd

body that noves within a pre ermn plane 1I's neasured, t

conprising: atilt o théYbHACHEEH HedRASUELNGPRSELLLA ﬂmafg%rﬁgmo%ng
of the novable body withinthe plane, using an encoder systemthat

i ncludes a pluhealddjecaf. grati ngs arranged on the novabl e body 10 and

a plurality of heads that each irradiate a light to each of the
plurality of gratings and individually receive a reflected |ight from
each of the gratings; and a second process of neasuring

posi ti on ?nformati de -offhehexrevHbEeaBbayathsaldi ¥ t9mm of thicgeralex ¢o
t he pl ane ang 15 in a tilt direction with respect to the plane, using
a surface poditi hSR&d<uring systemthat includes a plurality of

Body 11 om a di rect (OY obthegorif R The pRAIe and Fecthl i FHLLY © of
reflected |i ghlreJFRIULS1RQS LingR EggoﬁﬂQEESna9gn§'éﬁ%f5¥x%he first and
second directions, and also the second detecting system has
10 the detection area that is placed apart from the plurality
of detection points in the other of the first and second
directions, and
the first detecting system includes at least two
detection points that are separate from the plurality of
15 detection points and are placed in the vicinity of the

detection area.

73. The exposure apparatus of Claim 72, wherein
the measuring unit measures position information of a
20 surface of the movable body at the at least two detection points
by the first detecting system at the time of measuring position

information of the object by the second detecting system.

74. The exposure apparatus in any one of Claims 65 to

25 73, further comprising:
a controller that makes position information measured
by the first detecting system and position information
measured by the second detecting system correspond to each

other.



20 of the novable body in a direction orthogonal to the plane at an
irradiation point of the |ight. 106. The neasuring nethod of
Cl ai m 105, wherein in the second process, transfer of neasurenent
values 25 is perforned between the plurality of surface position
sensors of the surface position neasurin§®8ystem according to
novenent of the novabl e body. 194 a process of neasuring
position information of the novable body in a state where an object
is nounted on the novabl e body, using the neasuring nethod in one of

Clai ms 105 and 106;75angheacRposass 8hpheafiB0iR £y t&d ON diheebiscto
by irradiating an energy beam %08. A devi ce manufacturing

met hod, conpri4si ngieraipr ocess of formng a pattern on an object by

the pattern 10 form ng nethod of Claim 107; and a process of
processi ng t he obj ébe phuwnai thytdfe spasbesnahas nedern lfeot aEch measurement
109. A processing nethod in which a predeterm ned 15 processing is

per f or ned® t o T&FM6Hf et ifoGHPRETrBAdE BV REIHRE) SEREE bipReErane Hiembgr .
predet ermi ned pl ane, the nethod conprising:

76. The exposure apparatus of Claim 75, wherein
the measurement frame is supported in a suspended state
by the frame member independently from the optical system that

10 1is supported in a suspended state by the frame member.

77. The exposure apparatus in any one of Claims 48 to
76, further comprising:

a measuring system that measures position information

15 of the movable body within the plane, wherein

the measuring system includes an encoder system that is
placed in a predetermined positional relation with the optical
system and also has a head unit with which the movable body
having a surface on which a grating section is arranged is

20 relatively moved.

78. The exposure apparatus of Claim 77, wherein
the head unit is installed at the measurement frame that
1s supported in a suspended state by the frame member.
25
79. The exposure apparatus of Claim 78, wherein
the measurement frame is supported in a suspended state
by the frame member independently from the optical system that

is supported in a suspended state by the frame member,



a first process of making a surface position neasuring systemand a
surface position detecting unit be in a state 20 of a sinultaneous

oper ati on,

the surface position neasuring systemincluding a

plurality of surface position sensors thg%% by irradiating a light to
I

t he novabl e body froma direction orthog

to the plane and

receiving the reflected |ight, neasure position information of a
surface of the novable body 25 in a direction orthogonal to the plane
at an irradiation point of the light, and nmeasuring position

i nformati on of thes8fov@hkeekpdyuirsa apgarettiboin catihogonadt tardihe 77 to
plane and in a tilt direction with respect to the plane, and the
surface posi t7/i%n vietredtni ng unit detecting surface position

informati on of a

10

15

20

25

the plurality of senscrs are installed at the same member

as a member where the head unit is installed.

81l. The exposure apparatus in any one of Claims 77 to
80, wherein

position information of a surface of the movable body
in the third direction is measured by at least one of the
plurality of sensors whose detection points are maintained
in a different area from the mounting area on the surface of
the movable body, and

the different area includes at least part of an area

where the grating section is placed.

82. The exposure apparatus in any one of Claims 77 to
81, wherein

the grating section includes a first grating section
that is arranged extending in the first direction, and

the encoder system measures position information of the
movable body in the first direction by a first head unit having
a detection range that is wider than a width of the first

grating section in the second direction.

83. The exposure apparatus of Claim 82, wherein
the first grating section is arranged in pairs with the
object in between in the second direction, and

the first head unit has the detection range on each of



195 surface of the object at a plurality of detection points by
irradiating a detection beamto the object nounted on the novabl e
body and receiving a reflected |ight of the detection beam and 5a
second process of converting detection r@gglts at the plurality of
detection points by the surface position detecting unit that have
been obtai ned by the sinultaneous operation in the first process into

data assuni ngpdmasucerenh tRWdsod dite’urdmes RASELpOSuFRASEEA Rthere
systemthat have 10 been obtai ned by the sinultaneous operation as a

datum 110. altpestireosesisiaue net hechafat@dival Ghe whetrietal tdhestem.
plurality of surface position sensors included in the surface
position measuring systemare placed along a 15 predeterm ned
direction within the plane, the plurality of detection points

of the surface posifti-of 'GetEPOSNG SuRPPagad g o4y &d 4 &3-eWhes aife

lurality_of surfa sition sensors along the predeterm ned
i rection® and 20t REShrisSt HECFhot hEAPPPSt SpPocis TRATR { OPAER 2t a

di recti on,

while the mo ?&%r?géd¥hg@%s F%éar{ﬂealolgi %ﬁhailstgoovli Qv%ii%l_roﬁ'_ﬁaeg a2 width

direction ort to the term ne i'rection.

processi ng Mgl Ofr iGlA MrkkGn QI b2 3 o %e‘"éé}[éﬂﬂ& ¥i0fe SUrdrAce

position sensors include surfacée position sensors for mappl ng at

| east one each of which is placed in the vicinity of each of two
detection points |ocated near both end portions anong the plurality

of detection point$850f Theeegppbace pppetradtnsdet ety nonaeindd ,Clandis 82 to

10 84, wherein
the first head unit has a plurality of first heads whose
positions are different in the second direction, and
the encoder system measures position information of the
first movable body in the first direction by the first head
15 that faces the first grating section within the detection

range.

86. The exposure apparatus of Claim 85, wherein
the plurality of first heads are placed at a distance
20 that is narrower than a width of the first grating section

in the second directicn.

87. The exposure apparatus in any one of Claims 82 to
86, wherein
25 the grating section includes a second grating section
that is arranged extending in the second direction, and
the encoder system measures position information of the
first movable body in the second direction by a second head

unit having a detection range that is wider than a width of



196 in the second process, a neasurenent value at each

measur enent point of the surface position detecting unit is converted
into data assum ng a reference surface position, which has been
obt ai ned based on a neasurenent result oaegach 5 of the surface
position sensors for mapping, as a datum 112. The processing
method in one of Clains 110 and 111, wherein in a process in which

the novabl e hody é’%ﬁjfgﬁﬂﬁ@@é@cﬁ&q wherend hei b egfrd S ymunted on
the novabl e body to a place where the predeterm ned processing is

perfornmed to the object, the processings in the first and second
processes are perforned. 15113. The processing nethod in one of

Claims 111 and 11288 .urlheerexporprisiapgaratus ofa Qlkind g3, 008z edfn
obtai ning information on position variation of the novable body in a

di rection ort hogonéFIhet sechedrafenhaecséenrss wieangkd hbwabire pbgh the
noves in redet rmned direction, based on results_that have

been sequ nt| tdétré eetd’eaﬁn tHe Prarbinsly G eRtiedt OEHKbg: ntE of

th f t d £ | e Y t.he movabl e bo

whi ch t h‘écﬁbf’iil | hoareane Rt R el e Barar T e it Pongeosn SR be
114. The progRss] ng i hedeha 20y.50ng: 0f - 8L MBr 109 4.0, dehBe WIBI LR ere

a pattern image is generated via the optical system.

10 89. The exposure apparatus in one of Claims 87 and 88,
wherein

the second head unit has a plurality of second heads

whose positions are different in the first direction, and

the encoder system measures position information of the

15 first movable body in the second direction by the second head

that faces the second grating section within the detection

range.,

90. The exposure apparatus of Claim 89, wherein
29 the plurality of second heads are placed at a distance
that is narrower than a width of the second grating section

in the first direction.

91. The exposure apparatus in any one of Claims 77 to

25 90, wherein
the grating section includes a pair of first grating
sections that are each arranged extending in the first
direction with the object in between in the second direction

and a pair of second grating sections that are each arranged



in a process fromwhen an operation of detecting a plurality of marks
to be detected fornmed on the object by a 197 mark detecting unit is
started until when the operation is conpleted, the processings in the
first and second processes are both staraﬁd. 5115. The processing

met hod in any one of Clains 109 to 114, &rein t he

predet erm ned processing includes a processing of formng a pattern

on the obj ectextlé}ﬂdli%dg Tﬁetﬁ@oggééhagdﬂ?é@@ﬁo&fwicérawelaége%e £igktween

the pattern is formed on the object by irradiating an energy beam
117. A devi ceirmeind atirat ngt fedtiash, coogpri sing: 15a process of
formng a pattern on an object by the processing nethod in one of
C ains 115 and 116;imaad exposureaopepgessnaff phecasiaigby theobheety Meam,
whi ch the pattern has been forned.
at least three of the pair of first grating sections and the
5 pair of second grating sections face the corresponding head

units.

92. The exposure apparatus of Claim 91, wherein
each of the grating sections has a grating periodically
10 arrayed in the direction in which each of the grating sections

is arranged extending.

93. The exposure apparatus in one of Claims 91 and 92,

wherein
15 each of the head units has a plurality of heads that are
placed at a predetermined distance in a direction intersecting

the corresponding grating section.

94. The exposure apparatus in any one of Claims 77 to
20 93, wherein
a distance between the head unit and a surface of the
movable body in the third direction is substantially equal
to or shorter than a distance between the optical system and
the surface of the movable body.
25
95. The exposure apparatus in any one of Claims 77 to
94, wherein
position information measured by the encoder system is

used in at least an exposure operation of the object by the



20118. An exposure nethod in which an object is exposed with an
energy beamvia an optical system the nethod conprising: a
process of nounting the object on a novable body that has a surface,
whi ch faces the optical system and on paiglof 25 which a nounting
area of the object is arranged, and that s novable in first and
second directions within a predeterm ned pl ane; and a process
of neasuri ng epRSighi earf or mati on of the surface of the novabl e body
inathird direction orthogonal 198 to the plane by a measuring unit
that has a plurality of sensors having detection points whose
positions are each different in at |east one of the first and second
directions. 5119. Phke EkposupesneehadrafaChai im 148y aveerai £laims 77 to
t he measuring unit nmeasures position information of the surface of

t he novabl e %édywmﬁrﬁﬁé-third direction by at |east one of the
plurality.of sensors whgse de%ectionggoints are maiptained within a

di fferent®area froRPEHELRGUREF AETAFS di" A 1% b?hFFSc%n%?§?¥m§Y5tem is
movabl e bOdyus%éoin}H§%§§BQ%¥§§tE%Eggﬂi§£e§%@i %%Qaiﬂﬂ:rggggg%quect.

in a noving range o novabl e bo a predeterm ne
acconpani ed by novenent of the novabl e body, at |east

97. The exposure apparatus in any one of Claims 77 to

96, wherein
10 the measuring system includes an interferometer system
that measures position information of the movable body, and
a measurement direction of position information of the
movable body by the interferometer systemincludes a direction
that is different from a measurement direction of position

15 information of the movable body by the encoders system.

98. The exposure apparatus of Claim 97, wherein
the interferometer system measures position
information of the movable body in a direction that is

20 different from directions within the plane.

99. The exposure apparatus in one of Claims 97 and 98,
wherein
the interferometer system measures position
25 information of the movable body in at least one measurement
direction of position information of the movable body by the

encoder system.

100. The exposure apparatus in any one of Claims 77 to



15 one of the plurality of detection points is maintained within the
different area. 121. The exposure nethod of C aim 120, wherein at

| east two of the plurality of detection points are 20 nai ntai ned
within the different area during the pre?g%ernined operation, and the
measuring unit measures position inform ninthe third direction
and tilt information of the novabl e body. 25122. The exposure net hod
of Caim120,99heiRidein at | east three detection points that are
not on the sane straight line anong the plurality of detection points
are mai ntai ned wtkhe hbesdiifigrem et aacdwdergahhen s eoet ahididredystemn
operation, and the neasuring unit neasures position 199 information

i n the third tdiateokekenrasdprslitionf onfatmenion diftfles emdvdimbe body, and
directions of the novabl e body. 123. The exposure net hod

in anyone of O ai mén12Zoo$btion conjtrerei @f the menabpesitcdon basgdr on
t he nunber of the sensors whose detection points are naintai ned

within the difePSUETTSHted 'dRERE e Yr ddist SRREF SYet& oeasurement

(1: 2 gn g% ZI)’ 'e i E]'q]ﬁ%%'rmg %. o%x %QIS L{:rh% r&‘?{[the%dfc—:! r%maencye ro nsei/ chfemCI iaSI %Bl s]bz 9.1 s:[ e% .

101. The exposure apparatus of Claim 100, wherein
the measurement information o¢f the interferometer
10 system used in the position control includes position
information of the movable body in a direction that is
different from a measurement direction of position

information of the movable body by the encoder system.

15 102. The exposure apparatus in any one of Claims 77 to
101, further comprising:
a correcting unit that corrects a measurement error of

the encoder system that occurs due to the grating section.

20 103. The exposure apparatus in any one of Claims 48 to
102, further comprising:

a liquid immersion system that forms a liquid immersion
area by filling a space between the optical system and the
object with ligquid, wherein

25 the object is exposed with the energy beam via the

optical system and liquid in the liquid immersion area.

104. A device manufacturing method, comprising:

exXposing an object using the exposure apparatus in any



the predeterm ned operation includes at |east an exposure operation
of the object by the energy beam 15125. The exposure nethod in any
one of Clains 118 to 124, further conprising: a process of

adjusting a positional relation between :ilgﬁattern i mge forned via

t he opti cal

system and t he object, based

position informtion of

t he novabl e body that is 20 neasured by the neasuring unit at the

time of the exRoi¥ exopgiati®nHf1dhe ghyect by the energy beam

126. The exposure nethod in any one of Clains 118 to 125, wherein

25t he nmeasuring unidevsEaglires tPRSiddpgysdd fayjmdd.on in the third
direction of the surface of the novable body by each of a plurality

of the sensors at |east one of which differs in accordance with a
position of the novable body within the plane. 200 127. The
exposure nethod inl&%y énmegpuciagnsethgdt bn 1WEiclwesitiiathenformation
measuring_unit_sw tches the sensor used faor 5 neasurenent of the

position Pnf Gindt PENERABNGOERet P tumavas) Wdfthd@ngopsedehe AR ankane is

with a position of t

10

15

20

25

measurecr',e t eve}rtl)ét%obc?dcyomvz\gxtihs!inngt;he pl ane.

a first process of measuring position information of the
movable body within the plane, using an encoder system that
includes a plurality of gratings arranged on the movable body
and a plurality of heads that each irradiate a light to each
of the plurality of gratings and individually receive a
reflected light from each of the gratings; and

2 second process of measuring positicn information of
the movable body in a direction orthogonal to the plane and
in a tilt direction with respect to the plane, using a surface
position measuring system that includes a plurality of surface
position sensors that, by irradiating a light to the movable
body from a direction orthogonal to the plane and receiving
the reflected light, measure position information of a surface
of the movable body in a direction orthogonal to the plane

at an irradiation point of the light.

106. The measuring method of Claim 105, wherein

in the second process, transfer of measurement values
is performed between the plurality of surface position sensors
of the surface position measuring system according to movement

of the movable body.

107. A pattern forming method, comprising:



128. The exposure nethod in any one of Clains 118 to 127, 10 wherein
the plurality of sensors have the detection points that are set at a
predeterm ned distance in at |east one of the first and second
directions over a range that is substanti glly equal to or l|arger than

a size of the object. 15 129. The“exposure nethod of C aim
128, wherein the range in which the plurality of detection
points are set is gulstauddal Jﬁ’ ﬁ@ta%hﬂlggorpdﬁ&edntbﬁﬁoﬁnéti!@n%ft 8o
novabl e body. . The exXposure nethod in one of

dains 128 ambvk2Q.e Wheleiin a staté hehéa@ganl BoWwateh ikhachinteal idny the
of detection points are set is set along one of the first and second
directions. movable bpdy, Thienexposmeesuetinhgdmehhadyinmaneobf@haims 105
118 to 130, wherein the plurality of sensors have the

det ecti on poiamds k0wt anck set at a predet ernined di stance on each of

both sides of 201 the ogtlcal sy sten1|n at |l east one of the first
and second directi GnsProcess of "IoxmingTine BREGEHFe TRt ASE | APARGBNSY

of C ains 11%1:1r%d]ialt1ng Vamnereef\{ergy beam.

108. A device manufacturing method, comprising:

a process of forming a pattern on an cbject by the pattern
10 forming method of Claim 107; and

a process of processing the object on which the pattern

has been formed.

109. A processing method in which a predetermined

15 processing is performed to an object mounted on a movable body

that moves within a predetermined plane, the method
comprising:

a first process of making a surface position measuring

system and a surface position detecting unit be in a state

20 of a simultaneous operation, the surface position measuring

system including a plurality of surface position sensors that,

by irradiating a light to the movable body from a direction

orthogonal to the plane and receiving the reflected light,

measure position information of a surface of the movable body

25 in a direction orthogonal to the plane at an irradiation point

of the 1ight, and measuring position information of the movable

body in a direction orthogonal to the plane and in a tilt

direction with respect to the plane, and the surface position

detecting unit detecting surface position information of a



a distance between the plurality of sensors and the surface of the
novabl e body in the third direction is substantially equal to or
shorter than a distance between the optical system and the surface of
t he novabl e body in the third 10 directiaﬁ 133. The exposure
met hod in any one of Clainms 118 to 132, Brein the plurality of
sensors have the detection points that 15 are set at a predeterm ned

di stance in afudeasd Fnenaf obheck 5§taaﬁﬂu§§999f & TR d NS PRI i s by
range that is substantially equal to or larger than a size of the

obj ect . irradiatikdd.a Thecexposurieedit bodthe apyeefemelinCed ¥, the
118 to 133, 20 wherein t he novabl e body has a surface that

subst ant i al | ynov@ifler bedyoarad suwerdedoe raf at hef bigeed Inmint ed tOre tdetection
novabl e body in the third direction. 25135. An exposure nmethod in

whi ch an obj &&@n’s aposed with an energy beamvia an optical system

t he nethog conprising: asgrocess of npuntjng the object on a
movabl e bddy that Ps®HEVRABIRFIGESS Pt CamBe sbton dehaddiarons SW-ERi 3t £he

202 predeter@f&%%ﬂyﬁ%neéfaqgetection points by the surface position

detecting unit that have been obtained by the simultaneous
operation in the first process into data assuming measurement
results of the surface position measuring system that have

10 been obtained by the simultaneous operation as a datum.

110. The processing method of Claim 109, wherein
the plurality of surface position sensors included in
the surface position measuring system are placed along a
15 predetermined direction within the plane,
the plurality of detection points of the surface
position detecting unit are arrayed parallel to the plurality
of surface position sensors along the predetermined direction,
and
20 the processing in the first process is performed while
the movable body that mounts the object is moving along a

direction orthogonal to the predetermined direction.

111. The processing method of Claim 110, wherein
25 the plurality of surface position sensors include
surface position sensors for mapping at least one each of which
is placed in the vicinity of each of two detection points
located near both end portions among the plurality of detection

points of the surface position detecting unit, and



a process of neasuring position information of a surface of the
novabl e body and the object in a third direction orthogonal to the
pl ane, using a nmeasuring unit that includes 5 a first detecting
systemthat has a plurality of sensors having detection points whose
positions are different in at |east one &®the first and second
directions and can neasure position information of a surface of the

movabl e body in the f iyl diiegdi 0BoAL.ach Ofedde LAY O LORR Sach

and a second 10 detecting systemthat 1s different from r

det ecting SY%Ie%@Lﬁ%éma%Wi%% Besthbosutnf o0& nBEd o1 of cié’tee@&lrﬁfftuﬂl% ds
by the novable body in the third direction. 136. The
exposur e net hathvar tene ioft Cloaits ab3hndnd B3rerbronfies &urface postihdon,
second detecting system has a detection area that extends al ong one

di rection of whielf hestbesn decadmdbreetli onsy mead ureasutese posttadrach
information of the object in the third direction at a plurality of

poi nts wi ?hi °% A&edsadEicsn Pasddiopo sensors for mapgAngrhe Sexdp GSUHE -
met hod of C aim 136, wherein t he neasuring unit can neasure
position information in the third direction on a substantially entire

surface of the obj t i.s relativel ved with_the .det ion

Srea in 25 & direction TRt SROSEEGa REtBHE St ple 75 By he L0etthd 11
detecting sysh@Pein 138. The exposure nethod of C aim 137,
wherein 203 substantially equal to a size of the object in the one

direction. in a process in which the movable body moves from a place
10 where the object is mounted on the movable body to a place

where the predetermined processing is performed to the object,

the processings in the first and second processes are

performed.

15 113. The processing method in one of Claims 111 and 112,
further comprising:

a third process of obtaining information on position
variation of the movable body in a direction orthogonal to
the plane that occurs when the movable body moves in the

20 predetermined direction, based on results that have been
sequentially detected at the plurality of detection points
of the surface position detecting unit, while moving the
movable body on which the object is mounted in the
predetermined direction.

25

114. The processing method in any one of Claims 109 to
113, wherein

in a process from when an operation of detecting a

plurality of marks to be detected formed on the object by a



139. The exposure nethod in anyone of Clains 134 to 138, 5 further
conpri si ng: a process of adjusting a positional relation
between a pattern inage fornmed via the optical system and the object
based on surface position information of_the object that has been
measured by the second detecting systenllaﬁile measuring 10 position
information of the novabl e body by the first detecting system at the

time of an expesuIRtRRENA el il rahieet B 1hhe energy %g@? tion i
140. The exposure nethoéﬁ%# Cﬁaiﬁi139, mhergin115 in the pr ce§§l€P e

adj usting, adjougileRRid,otha pestEEoMmaadi@ thd Fiektt ed achicanld Wrdkesses
respect to the pattern image is perforned by noving the object.

141. The expesw doatdt kadrtedanyone of Cains 134 to 140, 20 wherein
the first detecting systemhas the plurality of detection points that
are placed along one of the first and second directions, and al so the
second detecting S{sten1has the detection area that is placed apart
fromthe pluralityl2s. ofheeteetsonipdinatdidc ivhangt pee of Gheins (19 to
and second dﬁr ctions, .and the first detecting systemincl udes
at |east two &2'e8 i“d17 1poi nts that are separate fromthe plurality of

detections points ‘Eﬂg 8£8d8£3§§gnéﬁih}gpgc%éghqéét%%ﬁ]%%é]%fa zaQr;%nlcneISng of

det ecti on area. exposur
wher ei n forming a pattern on the object.

10 116. The processing method of Claim 115, wherein
the pattern is formed on the object by irradiating an

energy beam.

117. A device manufacturing method, comprising:
15 a process of forming a pattern on an object by the
processing method in one of Claims 115 and 116; and
a process of processing the object on which the pattern

has been formed.

20 118. An exposure method in which an object is exposed
with an energy beam via an optical system, the method
comprising:

a process of mounting the object on a movable body that
has a surface, which faces the optical system and on part of

25 which a mounting area of the object is arranged, and that is
movable in first and second directions within a predetermined
plane; and

a preocess of measuring position information of the

surface of the movable body in a third direction orthogonal



the neasuring unit neasures position information of a 5 surface of

t he novabl e body at the at | east two detection points by the first
detecting systemat the tine of neasuring position information of the
obj ect by the second detecting system 143. The exposure
net hod in anyone of Cains 118 to 142, 18%Further conprising:

a process of nmaking position information neasured by the first

det ecting Syséc?{?hé%a[}fésbk&loﬂeEQBQ%HgttL gﬁ%?[j{f%d%%l}ﬁq‘ i3 89%enhsod:s

detecting system correspohd to eac expos t

in any one Omd@ﬁﬁg“ﬂéﬁgﬁﬂﬁbﬁhﬁ%lﬁﬂgthﬂSé3 itSidME are eact?different
nmeasuring system that neasures position information of the novable

body wit hin tihe {1 dreystwhereidf the nBasiy ing Sesde idictddesomn
encoder systemthat is 20 placed in a predeterm ned positional
relation with the optical systemand al so has a head unit with which
the novabl e body having a surface on which a grating section is
arranged Ps rel ati vél®y ffedXrPs14%. MErdOsk ods Glalmetliéd ohegedinm
144, wherein position, information of a surface of the novable

body in the third &Pﬁefa?mr%egrﬂéastuweaSﬁyeatpcr%lafsﬂtorbﬁ@faffm@ﬁéon of the
plurality of SSNSOLS whose JeLest! Rl pointe Al e IANLANAGI R A jeast

different area from the nnuntlng are
one of the plurality of sensors whose detection points are

maintained within a different area from the mounting area on

10 the surface of the movable body.

120. The exposure method of Claim 119, wherein
in a moving range of the movable body in a predetermined
operation accompanied by movement of the movable body, at least
15 one of the plurality of detection points is maintained within

the different area.

121. The exposure method of Claim 120, wherein
at least two of the plurality of detection points are
20 maintained within the different area during the predetermined
operation, and the measuring unit measures position
information in the thilrd direction and tilt information of

the movable body.

25 122. The exposure method of Claim 120, wherein
at least three detection points that are not on the same
straight line among the plurality of detection points are
maintained within the different area during the predetermined

operation, and the measuring unit measures position



t he novabl e body, and the different area includes at | east
part of an area where the grating section is placed. 5146. The
exposure nethod in one of Clains 144 and 145, wherein the grating
section includes a first grating section_that is arranged extending
inthe first direction, and the encoder $y&tem neasures position
information of the 10 novable body in the first direction by a first

head unit havifg,.4 A8t 8eti 00 HARGE LD ds- W Hers dhan 13 ‘Mf%ﬁn'%ﬁceito%e in

first grating section In gﬁe seconé;dlrectlon.

exposure net kad fof- i twdl 46, raherdid bt fidwio 1@ aldRg section is

arranged in pairs with the object in between in the second direction,
and the first head unit has the detection range on each of

both sides in the second direction of an exposure area where a

pattern inmage is géaderafled exr@stthre vpthodlirsgsyeme 2@ Claims 120 44822,

The exposure nethod of Cl aim 147, wherein
5 wherein

the position and/or the number of the sensors whose
detection points are maintained within the different area

during the predetermined operation change(s).

10 124. The exposure method in any cne of Claims 120 to 123,
wherein
the predetermined operation includes at least an

exposure operation of the object by the energy beam.

15 125. The exposure method in any one of Claims 118 to 124,
further comprising:

a process of adjusting a positional relation between a
pattern image formed via the optical system and the object,
based on position information of the movable body that is

20 measured by the measuring unit at the time of the exposure

operation of the object by the energy beam.

126. The exposure method in any one of Claims 118 to 125,
wherein
25 the measuring unit measures pesition information in the
third direction of the surface of the movable body by each
cf a plurality of the sensors at least one of which differs
in accordance with a position of the movable body within the

plane,



the two detection ranges are set spaced apart at a distance that is
substantially equal to or wwder than a width of the first grating

section in the second direction. 25 149. The exposure net hod
in any one of Clains 146 to 148, wherein the first head unit
has a plurality of first heads whose posff?ons are different in the
second direction, and 206 t he encoder system neasures

position information of the first novable body in the first direction
by the first head that faces the first grating section within the

detection range. 5127, The F3®oslie RXPRSYIG BBV oF A 149.t0 126,

wher ei n

the plurality of first heads are placed at a distance

that is narremerdiman a width of the first grating section in the
second direction. 10 151. The exposure nethod in anyone of
Clains 146 to 150, thkerweasuring umet gratitupesecthen sextoadesized for

second grating section that is arranged extending in the second
direction? aR@asurement of the positlIon information among the plurality

10

15

20

25

of sensors, in accordance with a position of the movable body

within the plane.

128. The exposure method in any one of Claims 118 to 127,
wherein

the plurality of sensors have the detection points that
are set at a predetermined distance in at least one of the
first and second directions over a range that is substantially

equal tc or larger than a size of the object.

129. The exposure method of Claim 128, wherein
the range in which the plurality of detection points are
set is substantially equal to or larger than a size of the

movable body.

130. The exposure method in one of Claims 128 and 129,
wherein
the range in which the plurality of detection points are

set is set along one of the first and second directions.

131. The exposure method in any one of Claims 118 to 130,
wherein
the plurality of sensors have the detection points that

are set at a predetermined distance on each of both sides of



15 the encoder system neasures position information of the first
novabl e body in the second direction by a second head unit having a
detection range that is wider than a wwdth of the second grating
section in the first direction. 20152. The exposure nmethod of C aim
151, wherein the second grating séétion is arranged in pairs
with the object in between in the first direction, and t he
second head uynit has the detecti.on range gn each of .both sides in the
first direct% T 6 %&ﬁa ﬁégﬁfg1éfbéﬂhﬂeﬁ'%2§3§ ﬁ Fth Jﬁ?&e% second
generated vi ayt jcal system 153. The exposure nethod in
one of Clainghf%%ngﬁﬁk%Sz, wherein the second head unit has a
plurality of second heads 207 whose positions are different in the
first direction, and t he encoder system neasures position
information of the 1f3i2r.stheaewaals feody t hodtiheasecand odi cegimon 1Byt d e,
second head that faces the second grating section within the

detecti on55 mdnegein 154. The exposure nethod of C aim 153, wherein

the plurality of second heads are placed at_a distance that is
narrower than a w ét Higftange dwtorrpyridie nglyeatiby of sensors and the

surface of the movable body in the third direction is
substantially equal to or shorter than a distance between the
optical system and the surface of the movable body in the third

10 direction.

133. The exposure method in any one of Claims 118 to 132,
wherein
the plurality of sensors have the detection points that
15 are set at a predetermined distance in at least one of the
first and second directions over a range that is substantially

equal to or larger than a size of the object.

134. The exposure method in any one of Claims 118 to 133,

20 wherein
the movable body has a surface that substantially
conforms to a surface of the object mounted on the movable

body in the third direction.

25 135. An exposure method in which an object is exposed
with an energy beam via an optical system, the method
comprising:

a process of mounting the ocbject on a movable body that

is movable 1n first and second directions within a



10 in the first direction. 155. The exposure nethod in anyone
of Clainms 144 to 154, wherein the grating section includes a pair of
first grating 15 sections that are each arranged extending in the
first direction with the object in between in the second direction
and a pair of second grating sections thaf2are each arranged
extending in the second direction with the object in between in the

first direct@yéqigg&ggkg% OE?fgp.osallllrcp.operation of the object by the

energy beam “at tthe pair of first grating sections and

the pair of secondagsabédgs %&crhéé)@@rixg,@_otsh%iw 1 £8pAL 16n Read surface
units. 25156. The exposure nethod of ai m 155, wherein each

of the grati rgf stod i nosabas dogiyatdmy peei edjeal! virars ayrdrin dikection
direction in which each of the grating sections is arranged

ext endi ng. 2@8hogonal t6§7thdlhpd aexposaisgnemeeduningnendt QGlati nmclbsles
and 156, wherein each of the head units has a plurality of
heads tha? arfelbTaEs@tactans euetepfilmddhas st phesalhty ofi pesebp having
intersecting 5 the correspondi rating .section.

n% , 158. The
exposur e met K& ST 34l B ot "ARSTmPO4d 10 S 57 fhidfgrent 1n at least

one of the first and second directions and can measure position
information of a surface of the movable body in the third
direction at each of the detection points, and a second
10 detecting system that is different from the first detecting
system and measures position information of the object held

by the movable body in the third direction.

136. The exposure method in one of Claims 134 and 135,
15 wherein
the second detecting system has a detection area that
extends along one direction of the first and second directions,
and measures position information of the object in the third
direction at a plurality of points within the detection area.
20
137. The exposure method of Claim 136, wherein
the measuring unit can measure position information in
the third direction on a substantially entire surface of the
object that is relatively moved with the detection area in
25 a direction intersecting the one direction by the second

detecting system.

138. The exposure method of Claim 137, wherein

the detection area is formed over a range that is



a di stance between the head unit and a surface of the 10 novabl e body
inthe third direction is substantially equal to or shorter than a

di stance between the optical system and the surface of the novable
body in the third direction. 159. The exposure nethod in
any one of Clainms 144 to 158, 15 wherei n203 position information
nmeasured by the encoder systemis used in at |east an exposure

oper ation of Q# t g nergy. bea 160. The .exposure
met hod in anfﬁgﬁggbt%%%gggé ﬁﬁft§°1§b,gﬁg%réﬁ% Phe O%jsggiffbnthe one
informati on neasiygd, Py the encoder systemis used in at |east a
detection operation of a mark of the object. 25161. The exposure
nmethod in any one of Clains 144 to 160, wherein the neasuring system
includes an interferonmeter systemthat measures position information
of the novabl e body3%nTha exgaswreneat hdidriechhgrord offosidimn 134 to 138,
i nformation of the

5 further comprising:

a process of adjusting a positional relation between a
pattern image formed via the optical system and the object
based on surface position information of the object that has
been measured by the second detecting system, while measuring

10 positioninformation of themovable body by the first detecting
system, at the time of an exposure operation of the object

by the energy beam.

140. The exposure method of Claim 139, wherein
15 in the process of adjusting, adjustment of a position
and a tilt of the object with respect to the pattern image

is performed by moving the object.

141. The exposure method in any one of Claims 134 to 140,
20  wherein
the first detecting system has the plurality of
detection points that are placed along one of the first and
second directions, and also the second detecting system has
the detection area that is placed apart from the plurality
25 of detection points in the other of the first and second
directions, and
the first detecting system includes at least two
detection points that are separate from the plurality of

detections points and are placed in the wvicinity of the



209 novabl e body by the interferoneter systemincludes a direction
that is different froma measurenment direction of position
informati on of the novable body by the encoders system 162. The
exposure nmethod of Caim 161, wherein the interferoneter
system nmeasures position information of €A novable body in a
direction that is different fromdirections within the plane. 10163.
The exposure({gggg§1gd1éyg%_of Clains 161 and 162, wherein

t hei nt er f er onet er syst emeasur esposi ti on i nformati on of the novabl e

body in at

| east one neasurenent direction of position informtion of

t he novabl e body by the 15 encoder system 164. The exposure
met hod in any one Qf42Cl gines kb i@l Gt HaRIoE T1lRen MRAas WHLe isy st em

i ncludes an interferonmeter system 20 that neasures position

i nformati on of thethevakbeulrddy, uantd measureknpPestioonchmtnati@f of a
t he novabl e body based on neasurenent information of the encoder
system neas@ueif@Efe ¢hfttdemevanl obodyeat therdelometavasgsteationgicsmts
used. 25165.tlp§hg§903ure met hod of Cl aim 164, wherein
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irst detecting systemat the time of measuring position

information of the object by the second detecting system.

143. The exposure method in any one of Claims 118 to 142,
further comprising:

a process of making position information measured by the
first detecting system and position information measured by

the second detecting system correspond to each other.

144 . The exposure method in any one of Claims 118 to 143,
further comprising:

a measuring system that measures position information
of the movable body within the plane, wherein

the measuring system includes an encoder system that is
placed in a predetermined positional relation with the optical
system and also has a head unit with which the movable body
having a surface on which a grating section is arranged is

relatively moved.

145. The exposure method of Claim 144, wherein

position information of a surface of the movable body
in the third direction is measured by at least one of the
plurality of sensors whose detection points are maintained

in a different area from the mounting area on the surface of



t he measurement information of the interferometer systemused in the
position control includes position information of the novable body in
a direction that is different froma neasurenent direction of
position 210 information of the novabl e body by the encoder system
166. The exposure nethod in anyone of C &PRs 144 to 165, further
conprising: 5a process of correcting a neasurenent error of the

encoder systefd hat, U fHe 40 the grating section. 167. A
devi ce manuf acturing net hod,” ‘conpri si ng: exposi ng an obj ect using the

exposure method intaRyene rhdeoft Graias nkh8ded 166,104 devel Qi ng thea
exposed object.

10

15

20

25

where the grating section is placed.

146. The exposure method in one of Claims 144 and 145,
wherein

the grating section includes a first grating section
that is arranged extending in the first direction, and

the enceder system measures position information of the
movable body in the first direction by a first head unit having
a detection range that is wider than a width of the first

grating section in the second direction.

147. The exposure method of Claim 146, wherein

the first grating section is arranged in pairs with the
object in between in the second direction, and

the first head unit has the detection range on each of
both sides in the second direction of an exposure area where

a pattern image is generated via the optical system.

148. The exposure method of Claim 147, wherein
the two detection ranges are set spaced apart at a
distance that is substantially equal to or wider than a width

of the first grating section in the second direction.

149. The exposure method in any one of Claims 146 to 148,
wherein
the first head unit has a plurality of first heads whose

positions are different in the second direction, and
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the encoder system measures position information of the
first movable body in the first direction by the first head
that faces the first grating section within the detection

range.

150. The exposure method of Claim 149, wherein
the plurality of first heads are placed at a distance
that is narrower than a width of the first grating section

in the second direction.

151. The exposure method in any cne of Claims 146 to 150,
wherein

the grating section includes a second grating section
that is arranged extending in the second direction, and

the encoder system measures position information of the
first movable body in the second direction by a second head
unit having a detecticn range that is wider than a width of

the second grating section in the first direction.

152. The exposure method of Claim 151, wherein

the second grating section is arranged in pairs with the
object in between in the first direction, and

the second head unit has the detection range on each of
both sides in the first direction of an exposure area where

a pattern image i1s generated wvia the optical system.

153. The exposure method in one of Claims 151 and 152,
wherein

the second head unit has a plurality of second heads
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whose positions are different in the first direction, and

the encoder system measures position information of the
first movable bedy in the second direction by the second head
that faces the second grating section within the detection

range.

154. The exposure method of Claim 153, wherein
the plurality of second heads are placed at a distance
that is narrower than a width of the second grating section

in the first direction.

155. The exposure method in any one of Claims 144 to 154,
wherein

the grating section includes a pair of first grating
sections that are each arranged extending in the first
direction with the object in between in the second direction
and a pair of second grating sections that are each arranged
extending in the second direction with the object in between
in the first direction, and

in an exposure operation of the object by the energy beamn,
at least three of the pair of first grating sections and the
pair of second grating sections face the corresponding head

units.

156. The exposure method of Claim 155, wherein
each of the grating sections has a grating periodically
arrayed in the direction in which each of the grating sections

is arranged extending.
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157. The exposure method in one of Claims 155 and 156,
wherein

each of the head units has a plurality of heads that are
placed at a predetermined distance in a direction intersecting

the corresponding grating section.

158. The exposure method in any one of Claims 144 to 157,
wherein

a distance between the head unit and a surface of the
movable body in the third direction is substantially equal
to or shorter than a distance between the optical system and

the surface of the movable body in the third direction.

159. The exposure method in any one of Claims 144 to 158,
wherein

position information measured by the encoder system is
used in at least an exposure operation of the object by the

energy beam.

160. The exposure method in any one of Claims 144 to 159,
wherein
position information measured by the encoder system is

used in at least a detection operation of a mark of the object.

161. The exposure method in any one of Claims 144 to 160,
wherein

the measuring system includes an interferometer system
that measures position information of the movable body, and

a measurement direction of position information of the
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movable body by the interferometer system includes a direction
that is different from a measurement direction of position

information of the movable body by the encoders system.

162. The exposure method of Claim 161, wherein
the interferometer system measures positicn
information of the movable body in a direction that is

different from directions within the plane.

163. The exposure method in one of Claims 161 and 162,
wherein

the interferometer system measures position
information of the movable body in at least one measurement
direction of position information of the movable body by the

encoder system.

164. The exposure method in any one of Claims 144 to 163,
wherein

the measuring system includes an interferometer system
that measures positicon information of the movable body, and

in position control of the movable body based on
measurement information of the encoder system, measurement

information of the interferometer system is also used.

165. The exposure method of Claim 164, wherein

the measurement information of the interferometer
system used in the position contreol includes position
information of the movable body in a direction that is

different from a measurement direction of ©position
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information of the movable body by the encoder system.

166. The exposure method in any one of Claims 144 to 165,
further comprising:
a process of correcting a measurement error of the

encoder system that occurs due to the grating section.

167. A device manufacturing method, comprising:
exposing an object using the exposure method in any one
of Claims 118 to 166; and

developing the exposed object.



