1 DESCRI PTI ON MOVABLE BODY DRI VE SYSTEM AND MOVABLE BCODY DRI VE

METHOD, PATTERN FORMATI ON APPARATUS AND METHOD, 5 EXPOSURE APPARATUS
AND METHCD, DEVI CE MANUFACTURI NG METHOD, AND DECI SI ON- MAKI NG METHCD
TECHNI CAL FI ELD The present invention relates to novabl e body drive
10 systens and novabl e body drive methodsl pattern fornation

appar atuses and net hods, exposure apparatuses and net hods, device
manuf act uri ng net hods, and deci si onyg;%égggﬁ ds, and nore
particularly to a novable body driv a novabl e body drive
net hod that drive a novable body along a 15 predeterm ned pl ane, a
pattern formati on apparatus equi pped with the novabl e body drive
system and a pabVABRLE OBODY ODRIRIENOIYESIEM AR MOTAELIOBODY i BRIVE
met hod, an exposure apparatus equi pped with the novabl e body drive
system and an BMEFEODe PATTFERIN | FORMATIOWIAPPARNTUS BNDEMETHODR,
devi ce 20 manufacturing nmethod using the pattern formation nethod,

and a decbpsi XROEURE nBPERARATRUSHAND METHOD o PDEVIABMANUFHXCTURING
measur enent val ues of an _encoder systemthat nmeasures position
information of a movaBETEHQRE ., | PP Bk QN AT Ne: MBRHOP

deci ded. 25 BACKGROUND ART

10

15

20

25

TECHNICAL FIELD

The present invention relates to movable body drive
systems and movable body drive methods, -pattern formation
apparatuses and methods, exposure apparatuses and methods,
device manufacturing methods, and decision-making methods,
and more particularly to a movable body drive system and a
movable body drive method that drive a movable body along a
predetermined plane, a pattern formation apparatus equipped
with the movable body drive system and a pattern formation
method using the movable body drive method, an exposure
apparatus equipped with the movable body drive system and an
exposure method using the movable body drive method, a device
manufacturing method using the pattern formation method, and
a decision-making method in which correction information of
measurementvaluesofem1encodersystemthatneasuresposition
information of a movable body in a predetermined direction

is decided.

BACKGROUND ART
Conventionally, in a lithography process 1in the
manufacturing of microdevices (electron devices) such as

semiconductor devices and liguid crystal display devices,



Conventionally, in a lithography process in the manufacturing of

m crodevi ces (el ectron devices) such as sem conduct or devices and
liquid crystal display devices, 2 exposure apparatuses such as a
reduction projection exposure apparatus by a step-and-repeat nethod
(a so-called stepper) and a reduction pro%ection exposur e appar at us
by a step-and-scan nethod (a so-called scanning stepper (which is 5

al so called g, M)a}agnraq:art%s%tsi gﬁl:é 1L %q'fgahlc¥fi_§ﬁe§r%%?%%ioﬁOr‘%%ﬂgaesﬁﬁe

types of exposure apparatuses, in order to transfer rn

reticle (or r@%s@rét%@ W alieby 200-380k 21 R8EHOA 8a VBdLEal PedB&ipper)
stage that hol'ds the wafer is driven in XY two-dinensional directions

by, for exanprel aa 10rédnedionot progecthenl i kepobnrpar Hipp@lratus niyhe a
case of the scanning stepper, not only the wafer stage but also a
reticle stagestep-tindrescdyy methionedre sotoxnl bed tdrmdnikey shegpscaimhhgh is
direction_ in a predeterm ned stroke. Generally, position neasurenent

of the rePiclalsq gl lwd thesoringer st Telabl prky of edient Hy wSedser
interferoneter whose neasurenent values have stability for g | ong
peri od and whi ch hdd' d&Hi%fh ¥R up oR¥POSUre PBBRATE!- USRSy e 18c AfaTe T°

iti | f h ired_d i
posiL o0 ConE oL BELL O TGS NES PSRRI S0 HE LS LLNTORTIPERY or
the short-terdpf{ ugtual 'o?a”a%a%@? @W&T@Paed’ealtﬂ%% ﬁg%&%dtf?&wa er is

variation in the tenperature of the atnosphere on the beam opfica

path of the |lasefed niersherapp! eindias heen aocauntd g 4o ot a88wple, a
share of the overlay budget. 25Meanwhile, as an apparatus other than

t he | asenoi ntleiferomi®er be bRcuselef oripasitdiculpRgsuheniat cQkedof the
stage, an encoder can be cited, but because the encoder uses scal es
and t he scal exxdracingretepmeral nbongrterdhestwalbeli syagelleitt aldoi dtragficle
scale pitch, fixed position drift, thermal expansion,
stage is driven by a linear motor or the like in a scanning
direction in a predetermined stroke. Generally, position
measurement of the reticle stage or the wafer stage is
15 performed using a laser interferometer whose measurement
values have stability for a long period and which has a high
resolution.
However, more accurate position control performance has
been required due to finer patterns to cope with higher
20 integration of semiconductors, and recently the short-term
fluctuation of the measurement values caused by variation in
the temperature of the atmosphere on the beam optical path
of the laser interferometer has been accounting for a large
share of the overlay budget.
25 Meanwhile, as an apparatus other than the laser
interferometer to be used for position measurement of a stage,
an encoder can be cited, but because the encoder uses scales

and the scales lack mechanical long-term stability (due to

drift of scale pitch, fixed position drift, thermal expansion,



3 and the like), and therefore, the encoder suffers fromthe

di sadvant ages of lacking the linearity of the nmeasurenent val ues and
being inferior in the long-termstability, conpared with the | aser
interferonmeter. 5In view of the disadvantages of the |aser
interferoneter and the encoder as descri béd above, various types of
apparatuses that nmeasure the position of a stage using both a | aser

o . L !
it fractton VST oS MR e din Do B e BT ot s e
and 2, and the dddkfidtages of FUSLRERg @h’éh?ﬁ!ﬁ@aéig?a%@ Q‘ﬁ%n?neasurement

resol ution of a conventional encoder was inferior to that of an

i nterferonet efalyLrantine engodees i Bavimghkheipasimeseabil €89 WdnPrred
equal or superior to the laser interferoneters have cone out (e.qg.

refer 15 to Rattwntti@ tlatseon htendfddendtiide), and the techni que of
conbining the |aser interferonmeter and the encoder has been gathering
attentiond However Irfvieexdhphe disadventeass ohdtenéader lingarfardunter
posi tion neasurenment of a wafer stage within a novenent 20 plane in

an exposure aPhr &hgs, SBGEACHheRS t IHEFISIRIDN 2HPVE /st KgELleHSwhF s of

Foale (913t d S ALLAnIS0 | 5 TRar o V500,908 SOOI 1A o
direction ot %er 15@%9 alrgﬂéfféf&geﬁé)r b%ﬂd a position detection sensor
(encoder) that uses a diffraction grating have been proposed

10 (refer to Patent Citations 1 and 2, and the like.)
Further, although a measurement resolution of a
conventional encoder was inferior to that of an interferometer,
recently encoders having the measurement resolution equal or
superior to the laser interferometers have come out (e.g. refer
15 to Patent Citation 3 and the like), and the technique of
combining the laser interferometer and the encoder has been

gathering attention.

However, for example, in the case the encoder is used
for position measurement of a wafer stage within a movement
20 plane in an exposure apparatus, even when the position of a
stage on which a scale (grating) is arranged is measured using
one encoder head, if the relative motion between the head and
the scale occurs in a direction other than a direction to be
measured (measurement direction), the wvariation 1in the
25 measurement value {count) is detected and a measurement error
occurs in most cases. In addition, in the case the enccder
is actually applied to a wafer stage of an exposure apparatus,
because a plurality of encoder heads need to be used for one

scale, there is also the inconvenience that an error occurs



nmeasured (measurenent direction), the variation in the 25 neasurenent
val ue (count) is detected and a nmeasurenent error occurs in nost
cases. In addition, in the case the encoder is actually applied to a
waf er stage of an exposure apparatus, because a plurality of encoder
heads need to be used for one scale, ther& is also the inconvenience
that an error occurs 4 in a count value of the encoder due to, for

exanpl e, the (jff eé&‘ﬁﬁ@ leQEa%f'%ﬁal (térléo&gr t&ige OP&i c Eraééﬁ%ngtle

bet ween t he encoder eads ent

1: Kokai (Jam&qﬂseeré#wam%ﬁgdf@ﬁ@n@tﬁﬁeelﬂ@@td&ldﬂabgke@t;I@éﬂwm the
2002- 151405 Pat ent tation 2: Kokai (Japanese Unexam ned

Pat ent Appl i caldsaePHdddst i die 12004- 101362 Pat ent
Ctation 3: Kokai (Japanese Unexam ned Patent Application
Publication) No. 2@eFedB8%9Zatflon 1: Kokai (Japanese Unexamined Patent
5 BApplication Publication) WNo. 2002-151405
Patent Citation 2: Kokai (Japanese Unexamined Patent
Application Publication) No. 2004-101362
Patent Citation 3: Kokai (Japanese Unexamined Patent
Application Publication) No. 2005-3085%92
10
DISCLOSURE OF INVENTION
MEANS FOR SOLVING THE PROBLEMS
The inventor and the like performed various simulations
in order to know effects of the relative displacement of a
15 head and a scale in a non-measurement direction on the encoder
measurement values when measuring the position of a stage of
the exposure apparatus by a reflective-type optical encoder.
As the result of the simulations, it has been discovered that
the count values of the encoder have sensitivity to the
20 attitude change of the stage in a pitching direction and a
yawing direction, and in addition, the count values also depend
on the positional change in a direction orthogonal to a
movement plane of the stage.
The present invention has been made based on the results
25 of the above-described simulations performed by the inventor
and the 1ike, and according to a first aspect of the present
invention, there is provided a movable body drive system that
drives a movable body substantiazlly along a predetermined

plane, the system comprising: an encoder that has a head that



DI SCLOSURE OF | NVENTI ON MEANS FOR SOLVI NG THE PROBLEMS The
inventor and the like performed various sinulations in order to know
effects of the relative displacenent of a 15 head and a scale in a
non- neasurenent direction on the encoder neasurenent val ues when
measuring the position of a stage of the &xposure apparatus by a
reflective-type optical encoder. As the result of the sinulations, it

has been di S%%ﬁag%%&g%‘f?ﬁ% 14 ghies, of sE0geaneodes ahc?ié%lt%%g whose

sensitivity to e change of the stage inap

direction anthed iyl @ iHIRGUORs aNgrbfe 881 h8A, di RecEotp Ml 1URS. to
al so depend on the positional change in a direction orthogonal to a

nmovenent pl arngeohpridie tsirageecdlbe apecaadt rébyenes 08 hasl deedd Madtht from

based on the results 25 of the above-described sinulations perfornmed

by the inventtdre @ liehe ahidkmeaandeacposdt hgnt onfofhastiomspedthefnaviadle

present invention, there is provided a novabl e body drive systemthat

drives a Povalsidy Badyhs psedmteani §edl Gip et imvdene: A AsHve] deeicq aat

system compri Sings AReonsosle e LRA, 1898 08833 n2d direction, based
on a measurement wvalue of the encoder, and correction
information in accordance with position information of the
movable body in a direction different from the predetermined

10 direction at the time of the measurement.

With this system, the drive device drives the movable
body in a predetermined direction (measurement direction),
based on a measurement value of the encoder that measures
position information of the movable body in the predetermined

15 direction and based on correction information in accordance
with position information of the movable body in a direction
(non-measurement direction) different from the predetermined
direction at the time of the measurement. That is, the movable
body is driven in a predétermined direction based on the

20 measurement wvalue of the encoder whose measurement error
caused by the relative displacement of the head and the scale
in the non-measurement direction has been corrected by the
correction information. Accordingly, the movable body can be
driven in a predetermined direction with high accuracy,

25 without being affected by the relative motion between the head
and the scale in directions other than a direction to be
measured {measurement direction).

According to a second aspect of the present invention,

there is provided a pattern formation apparatus, comprising:



irradiates a detection light to a scale having a grating whose
periodic direction is a predeterm ned direction parallel to the
predeterm ned plane and receives a reflected light fromthe scale,
and neasures position information of the novable 5 body in the
predeterm ned direction; and a drive devi 8e that drives the novabl e
body in the predeterm ned direction, based on a nmeasurenent val ue of

the encoder, Aangh£HTLUIRN INHAHEBE QD dy ascordancs, v d er%P%Jtﬁiieé?P can

information of the novabl e body 1n a direction different fromth

predet er m nednck: dubeehhenadt yidiordd ABndfentdift ﬁEaﬁéf eEting the object;
Wth this system the drive device drives the novable body I1n a

pr edet er m nech giatectirdmg Keadweerdat deneechten) a pasedromm@ the object:
measur enent val ue of the encoder that neasures position information

of the novablandddye imevaikel eproedbst ek veeds VISB- edi ragle thifon rareb deds eidvvmtion
correction information in accordance wi th position information of the
novabl e bedy Ghfta H+ERs i B¢ (ReVehbasbPereAPTdPREEET SN cdmpldoanton the
fromthe predetermined direction at the tinme of the neasurenent. That
is, the movaly E"cf'[}'ﬂdy‘i s driven in a predeterm ned direction based on

the 20 measurenent vﬁac'h“gh% 4 %%f&%erttk‘é%%%gg r%%%rgteggxr}&cgréé’rlﬁ%rﬁ%s a

caused by the relative di'spl f and scal

o ot Tt S0 B0 Ypobeedy K4 AR . EOLCopd gt von i

i nformation. "Accor Iven in a

predet er m nechiid gelc@Bc b thdhoAeeUaBydy Zbr Wd RAHE Rebhot Bé e Rt
by the relative notion between the head and the scale in directions

ot her thab a idiweacticon to tiathehsywad {measuhemEormddveiati bhyh accuracy
According to a second aspect of the present invention, there is

provi ded a part érilve fadrommti.on apparatus, conprising: 6 a novable body
on which an object is mounted and which can nove substantially al ong

a novenent plane, REICHHGGhECOB] Ebirdaapaeterdf npeietieseihdtvention,

generates a pattern on the object. and the novabl e body driyve system
of the preserTR el iRFCE-4HAL 2 dF 485 PRECRBYSbPEPBEAY FFolipk: terms 2
formati on on | ect . Wit h this,. ratus,_ th r.ni.ng
devi ce gener ﬁagg-'ea paotcr} érh 033 eacnt onj elc]:[raodnl lgmrmo\tfabaine egloeg%}ﬁ ﬁ)aetanf’s the

driven with high, AnGy ac¥pRY s§AG: Pyaklke DoAY GLdyee 2YSleMPhaiBes the

pr esent
energy beam to the object; and the movable body drive system

of the present invention, wherein driving of the movable body

on which the object is mounted by the movable body drive system

is performed for relative movement of the energy beam and the
20 object.

With this apparatus, for the relative movement of an
energy beam irradiated from the patterning device to the object
and the object, the movable body drive system of the present
invention accurately drives the movable body on which the

25 object is mounted. Accordingly, a pattern can be formed on
the object with high accuracy by scanning exposure.

According to a fourth aspect of the present invention,
there is provided a second exposure apparatus that exposes

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



10 invention, so that the pattern can be fornmed with high accuracy on
t he obj ect. According to a third aspect of the present
invention, there is provided a first exposure apparatus that forns a
pattern on an object by irradiation of an_energy beam the 15
apparatus conprising: a patterning device’that irradiates the energy
beamto the object; and the novabl e body drive system of the present

nvent  on, “Wiereh £ ipg. ALt he,yapl e Rody. ol CELIe ghliedleditg

nount ed by t he novabl rive systemis performed

novement of the LReHs beaa\:anasiréh%r%@ao%n%qt to each YWotRebhiBithin a
apparatus, for the relative novenent of "an energy beam i rradi ated

fromthe pattardtici@rdevier ditiridie hjEely amd e <ljech dedavalisten
body drive system of the present invention accurately drives the
novabl e body ionwhlicthobbeo2% glipédhg seabiot exhd Achendi mgiy,is arranged
pattern can be fornmed on the object with high accuracy by scanni ng
exposure.> on a Aggbparngltioha Malshle dnseconohink phesdniect is held
i nvention, there is prOV|ded a second exposure apparatus that expgses
an obj ect wi R%rFen éﬂﬁvﬂbééﬁ]t?%egéﬁbéP%tﬁ@CEbﬁﬁrP§ﬁn§heahe?dn§@éﬁlés

bod h f d nd di th
or  hogonal 7RG HEIIA ATE 5 Brigtit g ARG ROrHY n? fhich
obj ect an e%%%%fre%yggsman% D re. 8 rgoqs GLa 00 SEELIOn, B oot

head unit is arranged a sur Ace of “the rovabr e ody

object is heloqlear&)ct the atiherr ofhd he P ING 380N 3k tah%lﬂ%d deRiitee

is arranged facing the surface of the novable body, and which

measur es1@ositiiaan dirikesmaheonoobbl Beb 8By abl €h Hodyhd bradddeasti e fane
the first and second directions; and a drive device 10 that drives

t he novabl e Iadyediidrhime atstue: goregde tierfiimed iglrard  dase o dera sursemeniand
information of the encoder system and position information of the
movabl e body Has & igir fﬂem:%@rm@ltl@@t Pén fhreommenebier Sodandin he seddwdent

di rections. VVth t hi s apparatus, the novabl e body can be driven with
direction from the 'first and the secdond directions.

With this apparatus, the movable body can be driven with

15 high accuracy in a measurement direction of the encoder system,
without being affected by the displacement of the movable body
in directions other than the measurement direction of the
encoder system, and therefore the object held on the movable
body can be exposed with high accuracy.

20 According to a fifth aspect of the present inventicn,
there is provided a third exposure apparatus that exposes an
object with an energy beam, the apparatus comprising: a movabie
body that can move in at least first and second directions
that are orthogonal to each other within a predetermined plane

25 &and can incline with respect to the predetermined plane,
holding the object; an encoder system in which one of a grating
section and a head unit is arranged on a surface of the movable
body on which the object is held and the other of the grating

section and the head unit is arranged facing the surface of



15 high accuracy in a neasurenent direction of the encoder system
wi t hout being affected by the displacenent of the novable body in
directions other than the nmeasurenent direction of the encoder
system and therefore the object held on the novabl e body can be
exposed with high accuracy. 20According t8 a fifth aspect of the
present invention, there is provided a third exposure apparatus that

j i, th ; th t . LSi L.
TR Sy T O S ML BT o
t hat t tk i tihi ]
(nat ‘o ornogonal s £26bt B L @ g1 p00t oL LD 0L 05, 2 A0

obj ect; an engodedt S%sd LBl MIrGReOnevOtcat LAt HRGEEHROMANL e body
head unit is arranged on a surface of the novable body on which the

obj ect is helwdtanich t hehot hereobtéhri geat i pgasect beBeand dnhe meafh ntdtdnt
is arranged facing the surface of 8
5 information of the encoder system and inclination information
of the movable body.

With this apparatus, the movable body can accurately be
driven in a measurement direction of the encoder system without
being affected by the inclination (displacement in the

10 inclination direction) of the movable body, and therefore the
object held on the movable body can be exposed with high
accuracy.

According to a sixth aspect of the present invention,
there is provided a fourth exposure apparatus that exposes

15 an object with an energy beam, the apparatus comprising: a
movable body that can move in at least first and second
directions that are orthogonal to each other within a
predetermined plane, holding the object; an encoder system
in which one of a grating section and a head unit is arranged

20 on a surface of the movable body on which the object is held
and the other of the grating section and the head unit is
arranged facing the surface of the movable body, and which
measures position information of the movable body in at least
one of the first and second directions; and a drive device

25 that drives the movable body within the predetermined plane
based on measurement information of the encoder system and
characteristic information of the head unit that is a factor
causing a measurement error of the encoder system.

With this apparatus, the movable body can accurately be



t he novabl e body, and which neasures position information of the
novabl e body in at |east one of the first and second directions; and

a drive device that drives the novable body within the predeterm ned

pl ane based on neasurenent 5 information of the encoder system and
inclination information of the novabl e boéy. Wth this
apparatus, the novabl e body can accurately be driven in a neasurenent
direction of ! e L thout . hein fected, by th .

i nclination (§|gﬁﬁgggg%ﬁ?§¥ﬁ£§ﬁ%%ﬁ84%%94%%{?%%&%?%ﬁﬁq%%fYSEGPH@thout

movabl e bOdy’béF]i% tali%'é%ft%'aebgjr%@Rie%%hrgﬁleﬁil&p@rfgf Joyabl %n@@&ie\!r Cs%&ftem

be exposed with high accurac According to a sixth aspect "o

the present ideddd ¢ (Kher@dterikevicdedrd £RUNEBa @Xposy) PR MU re
t hat exposes 15 an object with an energy beam the apparatus

conpri sing: ahlmviljleetbbdydt bat tlcamomiiel é moaty keasbef éxsdsandeSEe oridih
directions that are orthogonal to each other within a predeterm ned

pl ane, hobdi mFat@abj ect; an encoder systemin which one of a

grating section and a head unit is arranged 20 on a surface of the
novabl e body on whifGFFKETShfect seyehehde aRact el shReproferhd nyremting,
section and the head unit ,is arranged facing the surface of the

movabl o body, EEHE Wi BROFEHEHr st Pt G SR RREF B 151 ARG TERARFS an

body in at I%%szercioé\}glg{x a%hgnéé%fée%?nd S8 %gﬁ%%yc%%téo%n&;isainr{j%:gaq{ﬂiv\/ e

devi ce 25 that S the nova ody "wi he“ptre erm

pased on MEABYLRMHatl A VLA Plarl M@ LA UL BRI directions

characteristic i'nformation of the head unit at is a factor causing

a nmeasur eoenttiefy 8fe @frtiiRyeRaotdeeasysé e r Withihh pranpaeahifedtN@ne,
novabl e body can accurately be 9 driven in a nmeasurenent direction

of the encodérolsiisteenhaidihmdt bennshaddeckedthyn ihehteasoeEn: Qlatdng
of the encoder system caused by (characteristics of) the head unit,
and t her ef or eadtd wbpodta heled wnit He apyvabiedbody santdee eXposedoniatiie

hi gh 5 accuracy. _ , ,
body on which the object is held and the other of the grating

section and the head unit is arranged facing the surface of

15 the movable body, and which measures position information of
the movable body in at least one of the first and second
directions; and a drive device that drives the movable body
within +the predetermined plane based on measurement
information of the encoder system so that a measurement error

20 of the encoder system that occurs due to the head unit is
compensated.

With this apparatus, the movable body can accurately be
driven in a measurement direction of the encoder system without
being affected by the measurement error of the encoder system

25 that occurs due to the head unit, and therefore the object
held on the movable body can be exposed with high accuracy.

According to an eighth aspect of the present invention,
there is provided amovable body drive method in which a movable

body is driven substantially along a predetermined plane, the



According to a seventh aspect of the present invention, there is
provided a fifth exposure apparatus that exposes an obj ect with an
energy beam the apparatus conprising: a novable body that can nove
in at least first and second directions 10 that are orthogonal to
each other within a predeterm ned pl ane, Hbol ding the object; an
encoder systemin which one of a grating section and a head unit is

aranged on 3 8U14AG6 0L e . PYaRLe ody on wiieh, Lbe: obLecl IS ol

and t he ot her Iron-and 2] s arrange

facing the syd age AbviBithss ;%Fleaeggg%teéﬁqn\@'ai abrgeas_agle%?%reajflel to

position information of the no y in at least one o I rst

and second didRehbiredsit cafd ndddpl ¥Be deyi £ ahhahcdhbYeshi e Yl &4 that
body within the predeterm ned pl ane based on neasurenent information

of the encoderrmsysitaasa ddiatcai sredsyhenesta ecrde 20y 0ig therebtndeaihose
systemthat occurs due to the head unit is conpensated. Wth this
appar at us? t remodis e ddoprtcam adsur bhel yphedetéyminésd adimssiienertnd
direction of the encoder systemw thout being affected by the
nmeasur enent YIS ?héeEZQGH@i Lyahiefrog F%ats%@msﬁ eft@érinkng the
can, be

T AR B TSP e S T SELE DRk 5 O
BLESS, | DV IS g5, B S5 R TENER SO ALl TSR o
plane, the ip sccordance with position information of the movable body
10 in a direction different from the predetermined direction at

the time of the measurement.

With this method, the movable body is driven in a
predetermined direction based on the measurement value of the
encoder whose measurement error caused by the relative

15 displacement of the head and the scale in the non-measurement
direction has been corrected by the correction information.
Accordingly, the movable body can be driven in a predetermined
direction with high accuracy, without being affected by the
relative motion between the head and the scale in directions

20 other than a direction to be measured {measurement direction).

According to a ninth aspect of the present invention,
there is provided a pattern formation method, including: a
process of mounting an object on a movable body that can move
within a movement plane; and a process of driving the movable

25 Dbody in the movable body drive method of the present invention
in order to form a pattern on the object.

With this method, a pattern is formed on the object

mounted on the movable bedy that is driven with high accuracy

using the movable body drive method of the present invention,



10 nmet hod including: a process of measuring position informtion of
t he novabl e body in a predeternmined direction parallel to the
predet erm ned pl ane using an encoder that has a head that irradiates
a detection light to a scale having a grating whose 5 periodic
direction is the predeterm ned direction Hnd receives a reflected
light fromthe scale, and of driving the novable body in the

orsdeter ned | eectl on BaSed e 0 PERSUATIL gl ol e aneder

and correction ormati in ce W i
the movabl e hody, W-d -4 firection different fromthe predeterm ned
direction at the tine of the measurenent. Wth this nethod,

the novabl e body i acldnEmd RAapEedehesshaed & reed e hased Redheon,
measur enent val ue of the encoder whose neasurenent error caused by

the rel ative tiemi splsacprenidefi the fHieadt addvihe saahefadtthitng method
non- measur enent direction has been corrected by the correction

i nformati &n. isdlordingkbypat hermdvabied ivodproaasbe whirévaim iim ghe pattern
predeterm ned direction with high accuracy, w thout being affected by
the rel ati ve H¥10H BeRR&SIEShe cheadtana LhefsEEre PR di Tt G 25 1ng

ot her than a direction to be measured (neasurenment direction). .,
According to tg‘%i%q?e&gbeftﬂm&ﬁtjt% 5t £ ﬁj&ﬁlﬁﬁﬁeqmé’rrév‘%%tlon'

provi ded a pattern,for 1qn th L hel udi_ng:; rocess of . mountin
Aﬁ%o'}%%%l% %ﬁgn ggevengfl asp[el%tngf pche ﬁ%%?nﬁllﬂéa;ntl%n,

an object on a novable can nove W a nov

and a process of AnisvHRgyt ReMRVADL & @r@%ﬁé Hy[etcl):l?l?)d”?ﬁaxplllfc}t?oéjﬁjattern

drive nethod of the present invention i orma pattern on

the objetb. is formét Bntﬁlhso}ﬁ%é@@day a MRldi@fN drS off O ABE @Rg Y Neam, the
obj ect nmounted on the novabl e body that is driven with high accuracy

usi ng the nowvellledaddy lddive :natrhodngf a thergbles énldyi Bvienhion, thd brardt

accordingly the pattern can be forned on the object with high

accuracy. is mounted using the movable body drive method of the present
invention, for relative movement of the energy beam and the
cbject.

15 With this method, for the relative movement of the energy
beam irradiated to the object and the object, the movable body
on which the object is mounted is driven with high accuracy
using the movable body drive method of the present invention.
Accordingly, & pattern can be formed on the object with high

20 accuracy by scanning exposure.

According to a twelfth aspect of the present invention,
there is provided a second exposure method in which an object
is exposed with an energy beam, the method including: mounting
the object on a movable body that can move in at least first

25 and second directions that are orthogonal to each other within
a predetermined plane; and driving the movable body within
the predetermined plane, based on measurement information of

an encoder system in which one of a grating section and a head

unit is arranged on a surface of the movable body on which



According to a tenth aspect of the present invention, there is
provided a first device manufacturing nethod 5 including a pattern
formati on process, wherein in the pattern formati on process, a
pattern is formed on a substrate using the pattern formation nethod
of the present invention. Accordi nglZ o an el eventh aspect of
the present invention, there is provided a first exposure nethod in

whi ch a patt;ecll']ré ]o% ct Qr e o on an ¢ ob&%aﬁ%/té{e{)%%ga#on of_.an %ré%t%

beam the ne SUdi Img: driving a

obj ect is mmgha%}&ihhgt@ya@ {Q:%Qiyfgéiz‘( t Qgﬁfgé? o*}eugé%%tble

invention, for relative npvenent he energ eam an he obj ect

15Wth this mRId0d anbioght BB m@&@&t&@;ﬂﬂﬁﬁﬁﬁﬁi19%0&&%t%6%rgf1Q%§vaable

irradiated to the object and the object, the novabl e body on which

t he object i bamudhedti sedst veme bt kHai gﬁlra@caﬁacye@csm@gﬁtmﬁma@,l &nd
body drive nethod of the present invention. Accordingly, a pattern

can be fobnedasmed henolpjosctt iwint hihfghn2iaecwfacyhdymsgabhengpody in a
exposure. According to a twelfth aspect of the present invention,

there is pr oﬁlc}':éc&r@@e@éﬁécékﬁﬁs@?@“ fRBehBT Fh al Eheaseobp@ctinestions.

exposed with an ener, rreth d includin nounting the
obj ect on a novabl g“ %ldﬁ’tlﬁa ﬁ‘oértam@agpdfy (S ?@%tely be
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being affected by the displacement of the movable body in
10 directions other than the measurement direction of the encoder
system, and therefore the object held on the movable body can
be exposed with high accuracy.

According to a thirteenth aspect of the present
invention, there is provided a third exposure method in which
15 anobject is exposed with an energy beam, the method including:
mounting the object on a movable body that can move in at least
first and second directions that are orthogonal to each other
within a predetermined plane and can incline with respect to
the predetermined plane; and driving the movable body within
20 the predetermined plane, based on measurement information of
an encoder system in which one of a grating section and a head
unit is arranged on a surface of the movable body on which
the object is mounted and the other of the grating section
and the head unit is arranged facing the surface of the movable
25 Dbody, and which measures position information of the movable
body in at least one of the first and second directions, and

based on inclination information of the movable body.
With this method, the movable body can accurately be

driven in a measurement direction of the encoder systemwithout



t he predeterm ned pl ane, based on neasurenent information of an
encoder systemin which one of a grating section and a head unit is
arranged on a surface of the novable body on which 12 the object is
mount ed and the other of the grating section and the head unit is
arranged facing the surface of the novabll body, and whi ch neasures
position informati on of the novable body in at | east one of the first
and second directjon and .5 .bas on, position infor.mation of 'the
4 QR E PR ERe  drY edlronPr D ot S G S8 Cectnd the

novabl e body TN

directi ons. inclinat\@!cgrbdﬁggét%g)]ogf t%léfg%&ﬁ?ég%éﬁgg% a?l@lntﬁ&%%fog%glt%e

be driven in a neasurenent direction o € enco stemw

bei ng af f ect eghfuecit he= i SphaegEEHoveb 1S dmyable OU¥xHBsdd with high

directions other than the nmeasurenent direction of the encoder

system and tdhenefare the object held on the novabl e body can be
exposed with high accuracy. According to a thirteenth aspect

of the présent invémdogdinchete is provitdethtn t hispeceéxpofureharetdradsent
in which 15 an object is exposed with an energy beam the nethod .

i ncl udi ng: mMIdEMEHG AhetBBFects PO 1ABdabfoussayexpRsuEameTnee 1R witich
| east first and second directiaogns that are orthogonal to each other
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the surface of the novable 25 body, ‘and whi ch measurés position

i nformati on ofithie: matabl e daaibt drinidied egsiamne ofaddie fd Smeathrement
second directions, and based on inclination information of the
novabl e body.information of an encoder system in which one of a grating
section and a head unit is arranged on a surface of the movable
body on which the object is mounted and the other of the grating
15 section and the head unit is arranged facing the surface of
the movable body, and which measures position information of
the movable body in at least one of the first and second
directions, and based on characteristic information of the
head unit that is a factor causing a measurement error of the
20 encoder system.

With this method, the movable body can accurately be
driven in ameasurement direction of the encoder system without
being affected by the measurement error of the encoder system
caused by (characteristics of) the head unit, and therefore

25 the object held on the movable body can be exposed with high
accuracy.

According to a fifteenth aspect of the present invention,

there is provided a fifth exposure method in which an object

is exposed with an energy beam, the methoed including: mounting



Wth this nethod, the novabl e body can accurately be driven in a
measur enent direction of the encoder systemw thout 13 being
affected by the inclination (displacenent in the inclination
direction) of the novabl e body, and therefore the object held on the
novabl e body can be exposed with high acclhacy. 5According to a
fourteenth aspect of the present invention, there is provided a

ourth, SxPOSUE TRON, o AMEh B0 0b) S51c LA, SXROREH M bR S0t B o
that can move, g s@'{:oh ﬁ%é{fc%rhg%ﬂa%egpg%r@ Qe q_n‘?%r?%%th géﬁ%r Wlthln

ort hogonal to each ot In a predeterm fed Fivi

the movabl e tH)CiyréMéﬂBﬂnltrh@d BROes erandes pHang, tﬂ@%ﬁﬂra@ﬂé%ﬂ' S,

informati on of an encoder systemin which one of a grating section

and a head unife ipSealctangathednpaastyl fieece dfort heasuyahkatbpdyo BRattbE R F
the object is mounted and the other of the grating 15 section and the

head uni t d5i s aar eacgee rf ags hgntire waichacee aff bherabiadlsediodn aadda head
whi ch neasures position information of the novable body in at |east
one of the fiuskt difd ZEEEHEdITed B acendhadwd movadha dsdst iost which
infornmation of the head unit that is a factor causing a neasurement

error of the B QRIRK %‘i/é?cé%ﬁted and \fheh aisr R 0@ daRd imey e ion
body can accur rec on of
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due to the head unit i1s compensated.
With this method, the movable body can accurately be
driven in a measurement direction of the encoder system without
15 being affected by the measurement error of the encoder system
that occurs due to the head unit, and therefore the object
held on the movable body can be exposed with high accuracy.
According to a sixteenth aspect of the present invention,
there 1s provided a second device manufacturing method
20 including a lithography process, wherein in the lithography
process, a sensitive object is exposed and a pattern is formed
on the sensitive object using any one of the second to fifth
exposure methods of the present invention,
According to a seventeenth aspect of the present
25 invention, there is provided a first decision-making method
in which correction information of a measurement value of an
encoder system 1s decided, the encoder system having a head,

which irradiates a detection light to a scale that is arranged

on a movable body capable of moving substantially along a



14 the object on a novabl e body that can nove in at |east first and
second directions that are orthogonal to each other within a
predetermned plane; and driving the novable body within the
predet erm ned pl ane, based on neasurenent information of 5 an encoder
systemin which one of a grating sectionlnd a head unit is arranged
on a surface of the novabl e body on which the object is nounted and

(he other of he 8 AR SSEELeD 204 Lle,nERd 4nLt s, Laneed Lasim.
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direction of s e&t@@dﬁaﬁyﬁtﬁﬁﬂvﬂnébguf_’iﬂﬁ pesngiahf eelredmby ibRe of the
measur enent error of the encoder systemthat occurs due to the head

uni t, andb5t heraefadrle t hedpbjiect tihel ¢redetkemninedbl & dradyi @an bke method
exposed with high accuracy. According to a sixteenth aspect of
the present i digny: teh @ ges rafv inhaf armsigrso richmdhiinge of measurement
manuf act uri ng nethod 20 including a |ithography process, wherein in
the |ithograpii®Prioteds, the SHFQdsN SYo1js8bt I "idgds edt &ididysia odr ifhe
is formed on the.sensitive object usin n ne of. the.second  ta
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having a head, which irradiates a detection I'ight to a scale that is
arranged irradiating a detection light from the head to a specific area
of the scale in a state where the attitude of the movable body
is maintained, and the sampling of the measurement results
is performed during the movement of the movable body with
15 respect to each of the attitudes; and a process of obtaining
correction information of a measurement value of the encoder
system in accordance with position information of the movable
body in a direction different from the predetermined direction
by performing a predetermined computation based on resultis
20 of the sampling.

With this method, the attitude of the movable body is
changed to a plurality of different attitudes, the movable
body is moved in a predetermined stroke range in a direction
orthogonal to the predetermined plane while irradiating a

25 detection light form the head to a specific area of the scale
in a state of maintaining the attitude of the movable body,
and the sampling of measurement results of the encoder system

is performed during the movement with respect to each of the

attitudes. With this operation, variation information (e.g.



on a novabl e body capabl e of noving substantially along a 15

predet erm ned plane and that has a grating whose periodic direction

is a predetermined direction within a plane parallel to the

predeterm ned plane and which receives a reflected light fromthe

scal e, .and neasuring position information®f the 5 novable body in

the predeterm ned direction, the nmethod including: a process of
performng s | i.ng of. surenent results of the _encoder tem in
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10 encoder system according to the position information of the

movable body in directions (non-measurement directions)

different from a predetermined direction is obtained.

Accordingly, correction information for correcting the

measurement error of the encoder system caused by the relative

15 wvariation of the head and the scale in the non-measurement
direction can be decided in the simple method.

According to an eighteenth aspect of the present
invention, there is provided a second decision-making method
in which correction information of a measurement value of an

20 encoder system equipped with a head unit is decided, the head
unit having a plurality of heads each of which irradiates a
detection light to a scale, which is arranged on a movable
body capable of moving substantially along a predetermined
plane and which has a grating whose periodic direction is a

25 predetermined direction within a plane parallel to the
predetermined plane, and receives a reflected light from the
scale, and constituting a plurality of encoders each of which

measures position information of the movable body in the

predetermined direction, the method incliuding: a process of



in a state of maintaining the attitude of the novabl e body, and the
sanpling of neasurenent results of the encoder systemis perforned
during the novenent with respect to each of the attitudes. Wth this
operation, variation information (e.g. 16 characteristic curve) of
measur ement val ues of the encoder systemlccording to the position of
t he novabl e body in a direction orthogonal to the predeterm ned pl ane

can be obtained for .each attitude.. Then, .b erformn a, b ,
pr edet er ni nec?ecrogr?pru W on hadsd' S ttﬁbe rpé’s‘{ﬁaﬁjotfy t eq'%aa}gpﬁ'i fandiae of
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i nformati on of nmeasurenent val ues of the 10 encoder system according

to the positimangenfior matd ivedafi drde riaidre bady the direRdtedRsined plane
(non-neasurenent directions) different froma predeterm ned direction

i s obtainéd. wiicley dinngdi,attiorg ectdedredtrifagy eitghon from eorsuécteaiy hdzel to
measurement error of the encoder system caused by the relative 15
variation of & FPHEdd arahekddi®e sarlihd men-Shadsurdaa tdie eédibidmde

can be. dect Se. LR Lle SLIPLe el hod, Accordl ng L S SLAML SN ment
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measur enent value Of "an

the movement with respect to each of the attitudes:; and a

10 process of obtaining correction information of 2 measurement

value of each of the plurality of encoders in accordance with

position information of the movable body in a direction

different from the predetermined direction by performing a

predetermined computation based on results of the sampling.

i5 Accordingly, in the simple method, correction

information for correcting the measurement error of the

encoder system caused by the relative variation of the head

and the scale in the non-measurement direction can be decided,

and also correction information for also correcting a

20 geometric measurement error (cosine error) caused by the

gradient of each head can be decided.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a view schematically showing the configuration
25 of an exposure apparatus related to an embodiment.
FIG. 2 is a plan view showing a stage unit in FIG. 1.
FIG. 3 is a plan view showing the placement of various
measurement apparatuses (such as encoders, alignment systems,

a multipoint AF system, and Z sensors) that are equipped in



20 encoder system equi pped with a head unit is decided, the head unit
having a plurality of heads each of which irradi ates a detection
light to a scale, which is arranged on a novabl e body capabl e of
nmovi ng substantially along a predeterm ned plane and which has a
grating whose periodic direction is a 25 I edeterm ned direction

within a plane parallel to the predeterm ned plane, and receives a

reflected light fromdthe scale, .and .co ituting a plurality of
encoders eacﬁé}lo S S e at raersatﬁlossijt%} g?(l?'mylo’r mation of the novable

body in the predet i n LI ion,. . L gleh r
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di rection ortdfogatar tarddewe Wewdet erm ned plane 5 while irradiating a
detection light froma subject head to a specific area of the scale

in a state where tHh&Gat bAtiele planhelaw\dbhwelrpdymeéssnaenent nethgeandnd
sanpling of neasurenment results of the encoder constituted by the
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an
a%'%he measurement stage.

FIG. 6 is a block diagram showing the main configuration
of a control system of the exposure apparatus related to an
embodiment.

FIGS. 7A and 7B are views used to explain positiocon
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 values
between the heads.

FIG. 8A is a view showing an example of the configuration
of the enceoder, and FIG. 8B is a view used to explain the
mechanism in which measurement errors occur and to explain
a relation between an incident light and a diffracted light
of a beam with respect to a reflective diffraction grating
within an encoder head.

FIG. 9A is a view showing the case where a count value
does not change even when the relative motion in a
non-measurement direction occurs between the head and the
scale of the encoder, and FIG. 9B is a view showing an exampie
of the case where a count value changes when the reiative motion
in a non-measurement direction occurs between the head and
the scale of the encoder.

FIGS. 10A to 10D are views used to explain the case where



10 process of obtaining correction information of a nmeasurenent val ue
of each of the plurality of encoders in accordance with position
information of the novable body in a direction different fromthe
predeterm ned direction by performng a predeterm ned conputation
based on results of the sanpling. 15 Accordingly, in the sinple

nmet hod, correction information for correcting the nmeasurenent error

of the encoder e S the relative_variation of the head
and t he scal ga icﬁl:_){lﬁteq;r?%?\l:érrg’%sgif[lgrr%ﬁ?og?rge% ig% g%a%g etrh ecFTadsee_d,W%aerﬁ? the
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measurenent error (cosine error) caus by the gradi ent of each hea
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schematically showi ng the configuration 25 of an exposure appar at us
related to amsaiteadi mrent. FIG 2 is a plan view showi ng a stage unit
in FIG 1. FIG 3 is a plan view show ng the placenent of

vari ous neasur enentfIgFpat bk umes 1{ Buzte o carscoded 0 ekibdarBran opsirerrs on
a multipoint AF system ,and Z sensors) that are equipped in 18 the
exposur e appaodt uSCHRLIFERY correction pigformatdon pgregd vitew SPByRcly 2
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measur enent %ﬁﬁgere§Qine motion of the head and the scale in a
non-measurement direction.

10 FIG. 12 is a graph showing measurement errors of the
encoder with respect to the change in the Z-position when a
pitching amount 6x equals to o (6x=q).

FIG. 13 1s a view used to explain an operation for
acquiring correction information used to correct a

15 measurement error of another encoder (a second encoder) caused
by the relative motion of the head and the scale in a
non~-measurement direction.

FIG. 14 is a view showing a state of the wafer stage and
the measurement stage when exposure by a step-and-scan method

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

FIG. 15 is a view showing a state of the wafer stage and
the measurement stage immediately after a state of both stages
shifts from the state in which both stages are separate from
each other to a state in which both stages come into contact

25 with each other, after exposure is finished.

FIG. 16 is a view showing a state of the wafer stage and
the measurement stége when the measurement stage is moving

in the -Y direction and the wafer stage 1s moving toward an

unloading position while keeping the positional relation



FIG 5B is a schematic side view showing a partial cross section of

t he neasurenent stage. FIG 6 is a block diagram show ng
the main configuration of a control system of the exposure apparatus
related to an 10 enbodi nent. FIGS. 7A and 7B are views used

to explain position measurenment wthin a®0XY plane of a wafer table
by a plurality of encoders each including a plurality of heads pl aced

in the arraylpgergr sa(?r(le%erg%nctH Salcnr_alocljétshgLAlt ft}%zfﬁ-.-ragicﬁfss a-se,lJ?gtelgﬁlnt val ues 15
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20 of a beamw th respect to a reflective diffraction grating within

an encoder heagosition wHdre DAHS-BUHH e rsderwialg tihe g riere a
count val ue does not change even when the relative notion in a

non- neasubenent di Féét.i 08 vreursebeativiseimd keshehd @hdhchea28r st e ahd
the encoder, and FIG 9B is a view showi ng an exanple of the case
wher e a countthgalgasuhghgas akege then shat vaéervthiage basamoved from the
non- measur enent. direction,o¢curs between the head and the scal e of

the encoder. YBHESIITTAPPEL 0P AR &/ i BRE 10T T bt EXpIL& RatRéleagpith the
where 19 a c nt_BWe( .oft the%ﬁnﬁjoder changes and the case where the
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SFIGS. 11A and 11B are views used to ex i'n an operation
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of an encoder (a first encoder) caused by the relative notion of the
head and t he tscah @ptimd INSdriR AU te Mo sl t &t kAA.a wafer has been loaded
on the wafer table.

FiG. 20 is a view showing a state of both stages when
the wafer stage has moved to a position where the Pri-BCHK

15 former process is performed while the measurement stage is
waiting at the optimal scrum waiting position.

FIG. 21 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

20 using alignment systems ALL, ALZ; and ALZ2j.

FIG. 22 is a view showing a state of the wafer stage and
the measurement stage when the focus calibration former
process is being performed.

FIG. 23 is a view showing a state of the wafer stage and

25 the measurement stage when alignment marks arranged in five
second alignment shot areas are being simultaneously detected
using alignment systems ALl and AL2; to ALZ,.

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

the measurement stage when at least one of the Pri~BCHK latter



10FIG 12 is a graph show ng neasurenment errors of the encoder with
respect to the change in the Z-position when a pitching anmunt ex
equals to a (ex=a). FIG 13 is a view used to explain an
operation for acquiring correction information used to correct a 15
measurement error of another encoder (a s&dcond encoder) caused by the
relative notion of the head and the scale in a non-neasurenent

di rection. FIG. 14 . vi ew_showi ng.a _sta of _the wafer .
Stage and « n@ TRt R tAS et erE iR n et By At e R RRa R 4 Petng
nmet hod 20is§%ef'ﬂg_, fornmed to a wafer on the wafer stage.

FIG 15 is a view showng a state of the wafer stage and the

measur ement stage ipmedpated b LERrsRowiR @ etabetdr strORsr8Ri dtSge and
fromthe state in which both stages are separate fromeach other to a

state in whi dheaidassirages tc et gientvieaoal a6hm@ht Wha hkeathroides ,in five
after exposure is finished. FIG 16 is a view showi ng a state
of the waber tHiiagkaangntieatnehstireansas asteageinbehinhbt amesws Bneistected
stage is noving in the -Y direction and the wafer stage is noving
toward an unl¥adichdg lPeEMeHn itk dpi R d H:Guoéet PdRal rel ation

20 between both stages Ln the Y-axis direction. FIG 17 is a
vi ew Showi ng a statdCof 2PhES aP &PVt Bha PhATREAE (AT L SiRge and

when the ”E?‘Sc%ree?nf%%tsu%tg%%%thééa&Sa»%‘&%j A R OR S §r Rat§Sa B K nree
(interval) is pertorned.
fourth alignment shot areas are being simultaneously detected
10 using alignment systems ALl, ALZ2, and ALZ2s.
FIG. 27 is a view showing a state of the wafer stage and
the measurement stage when the focus mapping has been finished.
FIG. 28 is a flowchart used to explain an embodiment of
a device manufacturing methed.

- 15 FIG. 29 is a flowchart showing a specific example of step

204 in FIG. 28.

BEST MODE FOR CARRYING OUT THE INVENTION
An embodiment of the present invention will be described
20 below, with reference to FIGS. 1 to 27.

FIG. 1 schematically shows the configuration of an
exposure apparatus 100 related to an embodiment. Exposure
apparatus 100 is a scanning exposure apparatus by a
step—and-scan method, that is, a so-called scanner. As will

25 Dbe described later, in the embodiment, a projection optical
system PL is arranged, and the following description will be
made assuming that a direction parallel to an optical axis
AX of projection optical system PL is a Z-axis direction, a

direction in which a reticle and a wafer are relatively scanned



5 FIG 18 is a view showing a state of the wafer stage and the

measur enent stage when the wafer stage has noved fromthe unl oadi ng
position to a |loading position in parallel with the Sec-BCHK
(interval) being perfornmed. FIG 19 is a view showng a state of the
waf er stage and 10 the neasurenent stage dhen the measurenent stage
has noved to an optinmal scrumwaiting position and a wafer has been

| oaded on the mafer .table, F is a view show ng.a state .
of bot h_ st agds THah 2 RE B RISUE hae FBTei Tt Hodat o ke & O
P - BOHK 15 TR REPCERS of 81 PEEL ObARLh M £ 1% IR BBERL7 SLAAL ang

is waiting at the optimal scrumwaiting position.

a vi ew show ngya, st atie o x-h& il £re ot A9e, and L TRASYECMBNIGiSRES ons
when alignment marks arranged in three first alignment shot areas are

bei ng si nmul t aneoursd wHeechad , 2@ hesivrgxaki gnaethesysieds Md,0:8L2% and
and AL23. FIG 22 is a view showing a state of the wafer

st age and5t heé netiste@iants stegpeatiierefshe focus cal i bration forner
process is being performed. FIG 23 is a view showing a state of the
waf er stage and 25X SvEssaPbREALUSt Hee Wvdmdes ghnkhtugrasion system
arranged in fjive second ?I i gnment shot glr eas are bei n% si mul t aneousl vy,

detected usi ng al # ghfeAC 8y steafe AfaTafdaa 210435 pfo4eticle R Epgt s
24 02 St IR AP 25 ol e Vel st ade 0 e "ERE YR
(hereinafter, referred +to as “illumination light” or
10 “Yexposure 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
wafer W, a stage device 50 that has a wafer stage WST and a
measurement stage MST, their control system, and the like.
15 On wafer stage WST, wafer W is mounted.

Illumination system 10 includes a light source and an
illumination optical system that has an illuminance
uniformity optical system containing an optical integrator
and the like, and a reticle blind and the 1ike (none of which

20 is shown), as is disclosed in, for example, Kokai (Japanese
Unexamined Patent Application Publication) No. 2001-313250
(the corresponding U.S. Patent Application Publication No.
2003/0025890) and the like. 1In illumination system 10, a
slit-shaped illumination area IAR that is defined by the
25 reticle blind (masking system) and extends in the X-axis
direction on reticle R is iiluminated by illumination light
(exposure light} IL with substantially uniform illuminance.

In this case, as illumination light IL, an ArF excimer laser

light (wavelength: 193nm) is used as an example. Further, as



process and the focus calibration latter process is being perforned.
FIG 25 is a view showng a state of the wafer stage and the

measur enent stage when alignnment marks arranged in five 5 third

al i gnment shot areas are being sinultaneously detected using

al i gnment systenms AL1 and AL22 to AL24. 23 FIG 26 is a view
showi ng a state of the wafer stage and the neasurenent stage when

alignment marks arranged .in three fourth alignnent of areas are

bl g o1 mul & Ao GBSt 0 At I Gy Sy Sodis VAL 2o o
and AL23. integdat@r 27{i1§té‘r1¥<\1:}\£w %'%‘%‘i‘ef’}%%nﬁaé of Hﬁeﬁ@é%r), a
stage and the neasurenent stage en"thé t'ocus mappl ng has beéen

fini shed. di ffrddtGor?®disi @ if lowahalt disadd 9 18l BN used.
enbodi nent of a device manufacturing nethod. 15FIG 29 is a flowhart

showi ng a speci fi c cexaaplel ofstHEePrE04 tatiKdie R2&vBEPE MBPEFORurface
CARRYI NG QUT THE | NVENTI ON An enbodi nent of the present
i nventi on5w |{tHee ldeser sbedag2é beliE. it lorr shéceng ectoclH GCHhatlbdmn and
27. FIG 1 schematically shows the configuration of an exposure ‘
appar atus 10Gheelakedere farmamagi fbked Expdeoar example, vacuum suction.

Reticle stage RST is finely drivable within an XY plane and
also drivable at designated scanning velocity in a
predetermined scanning direction (which is the Y-axis
10 direction being a horizontal direction of the page surface
of FIG. 1}, by a reticle stage drive system 11 (not shown in
FIG. 1, refer to FIG. 6) including, for example, a linear motor

or the like.
Position information of reticle stage RST within the
15 movement plane (including rotation information in the 0z
direction) is constantly detected at a resolution of, for
example, around 0.5 to 1 nmwith a reticle laser interferometer
(hereinafter, referred to as a “reticle interferometer’”) 116
via a movable mirror 15 (in actual, a ¥ movable mirror having
20 a reflection surface orthogonal to the Y-axis direction and
an X movable mirror having a reflection surface orthogonal
to the X-axis direction are arranged). The measurement values
of reticle interferometer 116 are sent to a main controller-
20 (not shown in FIG. 1, refer to FIG. 6). Main controller
25 20 controls the position (and the velocity) of reticle stage
RST by computing the position of reticle stage RST in the X-axis
direction, the ¥Y-axis direction and the 8z direction based
on the measurement values of reticle interferometer 116, and

contreolling reticle stage drive system 11 based on the



apparatus 100 is a scanni ng exposure apparatus by a step-and-scan
nmet hod, that is, a so-called scanner. As will 25 be described |ater,
in the enbodi ment, a projection optical systemPL is arranged, and
the follow ng description will be nmade assuming that a direction
parallel to an optical axis AX of projectd4on optical systemPL is a
Z-axis direction, a direction in which a reticle and a wafer are

lativel 22 Wt hi I . orth L to t - axi .
i action’i & ONSIhA'S O FROC b g Tt o P AE =1 PC RLAAI 76
rection is WHWATY FECCT bn antd o i "o PHEguAdr
i Tot one ar sunirt e AEaEPate B FSPLE PE iRl REP e B b o ol ahea

and 5 Bz direGl iRt eePesLinve! Yeriection RPOEUES aRPArAIMS AAL o the
includes an illumnation system 10, a reticle stage RST that holds a

reticle R thatefileeddildnmsnatredeby fanoirbbuai natien 15 ght Hartmeeposwracle
(hereinafter, referred to as "illumnation light" or 10 "exposure
[ight") |&frdmtidaffrmatatensyitend 9, ba qapaibdet bdna s tmeR$urhiatg position
i ncludes projection optical systemPL that projects illum nation _
light IL en tind®mmedmaredf glet iR ghshadafRT W at deagé e iodet!s® Zthads,
has a wafer stage WST and a measurenent stage MST, their contro
system and t%e ankéy directions.

Projection unit PU is placed below reticle stage RST in

FIG. 1. Projectionunit PU includes a barrel 40 and projection

10 optical system PL having a plurality of optical elements that
are held in a predetermined positional relation within barrel

40. As preojection 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 parallel

15 to the Z-axis direction is used. Projecticn optical system
PL. is, for example, both-side telecentric and has a
predetermined projection magnification (such as one-quarter,
one-fifth or one-eighth times). Therefore, when illumination
area IAR is illuminated by illumination 1light IL from

20  illumination system 10, illumination light IL having passed
through reticle R whose pattern surface 1s placed
substantially coincidently with a first surface (object
surface) of projection optical system PL forms a reduced image

of a circuit pattern (a reduced image of part of a circuit

25 pattern) of reticle R within illumination area IAR on an area
{exposure area) IA that 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



15 On wafer stage WST, wafer Wis nounted. Il lum nation system 10
includes a light source and an illum nation optical systemthat has

an illumnance uniformty optical system containing an optical
integrator and the like, and a reticle blind and the |Iike (none of
which 20 is shown), as is disclosed in, f2zar exanple, Kokai (Japanese
Unexam ned Patent Application Publication) No. 2001-313250 (the
correspondi ng U. S. Patent l'ication Publication No. 2003/0025890)
and the |ike°Htaa] gMshem E $PEPBRTEDHON BT T t EShaet JAduif Ast ilsRier

area AR ek d Bafetl oL e, 20,18t s L, sk ag sy tenl 20
| urd nat i on | o, ASXRASHIE 9Nt Ind L2k 101 SUPSt ABLER' LY AT Qellhining
direction (Y-axis direction) relatively to illumination area

5 IAR (illumination light IL) and also wafer W is moved in the
scanning direction (Y-axis direction) relatively to the
exposure area (illumination light IL), and thus scanning
exposure is performed to one shot area (divided area) on wafer

W and a pattern of the reticle is transferred to the shot area.

i0 That is, in the embodiment, a pattern is generated on wafer
Wby illumination system 10, the reticle and projection optical
system PL, and the pattern is formed on the wafer by exposure

of a sensitive layer {(resist layer) on wafer Wby illumination
light IL. Although not shown in the drawing, projection unit

15 PU is mounted on a barrel platform that is supported by three
support columns via a vibration isolation mechanism. 2As is
disclosed in, for example, the pamphlet of International
Publication No. WO 2006/038952, however, projection unit PU

may also be supported in a suspended state with respect to

20 amain frame member (not shown) that is placed above projection
unit PU, or a base member on which reticle stage RST is placed.
Further, in exposure apparatus 100 of the embodiment,

in order to perform exposure applying the liquid immersion
method, anozzle unit 32 that cohstitutes part of a local liquid

25 immersion device 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

(hereinafter, also referred to a “tip lens”) 191 in this case.



In this case, as illumnation light IL, an ArF excimer |aser |ight
(wavel engt h: 193nm) is used as an exanple. Further, as 23 the
optical integrator, for exanple, a fly-eye lens, a rod integrator
(internal reflection type integrator), a diffraction optical elenent
or the like can be used. On reticle stagesRST, reticle R having a
pattern surface 5 (the lower surface in FIG 1) on which a circuit
pattern and the like are formed is fixed by, for exanple, vacuum
suction. Retil@ ehgieeRIENts AEnES phoMvabIFEGh LhithahoXerpaheugagce
al so drivabl e at desi gnated gcanning velocity in a predeterm ned

X

scanni ng di r & PEFZhNEA T S4t hE F5xFS BD HREAT o bl fgtush with the
hori zontal di,rection of the pa urface o | G_ 1 by a reticle.
St age dri ve SYSEEMTLE CRSL oSt TAPFIENo11o% of & TP GPar LS Whit 32

i ncl udi ng, f‘l}é r%@:f%lrp%’d @Jllthn%g%_ugp%ﬁ:’%ﬁ‘%%}égg 4 & J:P&%vt%%é)pening of

information o e stage 5 novenment p

(i ncl udi ng ratiafiienrignf ar 1&hE P Fedhe &7 wliikeChheB) Wi & NHAM Ifkcing

detected at a resolution of, for exanple, around 0.5 to 1 nmwth a

reticle | aseandnter vadetiethe (beveenafdpeningfl s reshdmysas, and ef istbely

interferoneter”) 116 via a novable mrror 15 (in actual, a Y novable

m rror havi ng12 shepefledctndnasvetaverprfhogortaEnnel ttfetyed sonnected

direction and an X novable mrror having a reflection surface

ort hogonal t &< e Licanids sginrdét itdpear’d Famngngedy Quitha epexsivedpe 31B

values of reticle interferoneter 116 are sent éo f,nain controller %%
-contt+d A

(not shown i FSBPECTEYSrlgter AP0t FIOWE) LVEILY fped 9 pipe

control s, the posiit.ion (and the vel oci f reticle stage RST by
computi nit neTgodiat SekRry BiBR gt eel e futsd AP aliinae of o0

e SR A0 L Bacc et on Bese O AU TR T s
drive systemgklased am bhﬁlanar 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

15 projection optical system PL.

One end of a supply pipe (not shown) is connected to
liquid supply pipe 31A while the other end of the supply pipe
is connected to a liguid supply device 5 (not shown in FIG.
1, refer to FIG. 6), and one énd of a recovery pipe (not shown)

20 1is connected to liquid recovery pipe 31B while the other end
of the recovery pipe is connected to a liquid recovery device
6 (not shown in FIG., 1, refer to FIG. 6).
tiguid supply device 5 includes a liquid tank, a
compression pump, a temperature controller, a wvalve for
25 controlling supply/stop of the liquid to liquid supply pipe
314, and the like. As the valve, for example, a flow rate
control wvalve is preferably used so that not only the

supply/stop of the liquid but also the adjustment of £low rate

can be performed. The temperature controller adjusts the



24 conputation results. Incidentally, insteadofnovablemrror 15, the
end surface of reticle stage RST may be mrror-polished in order to
forma reflection surface (corresponding to the reflection surface of
nmovable mrror 15). Further, reticle 5 interferoneter 116 maybe

capabl e of al so neasuring position infornmation of reticle stage RST

in at |least one of the Z-axis, ex and ey directions. Projection unit
PU is placed belowreticle stage RST in FIG 1. Projection unit PU

i ncl udes a bdremte s wirl P djhee tliigrnixd vwipthiignlt sy stiam iRl el g aearly
plurality of optical elements that are held in a predetermned

posi tional r I SNSRI YRS 0. P Is SR @t Wit opithiidd s ichgmber
PL, for exanp

| enses (lens edetrr:rﬁqi%‘;}o r{)L;fw R g%g}%%&i% gsaggﬁo%&l%sg;%aw%s%fd.

e oy 5 Bty Loy St Vel Rt flia,  ene

pr edet er ngned R acd i 9N BN Eheatd il £SUCHe 25r@NRL10YAN  he 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.

10 Liguid recovery device 6 includes a liquid tank, a
suction pump, a valve for controlling recovery/stop of the
liquidvia liquid recovery pipe 31B, andthe like. As thevalve,
a flow rate control valve is preferably used to correspond
toﬁhevalveofliquidsupplydevice5. Incidentally, the tank

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

20 In the embodiment, as the liquid described above, pure
water (hereinafter, it will simply be referred to as “water”
besides the case when specifying is necessary) that transmits
the ArF excimer laser light (light with a wavelength of 193
nm) 1s to be used. Pure water can be obtained in large

25 guantities at a semiconductor manufacturing plant or the like
without difficulty, and it also has an advantage of having
no adverse effect on the photoresist on the wafer, to the

optical lenses or the like.

Refractive index n of the water with respect to the ArF



one-fifth or one-eighth times ) . Therefore, when illum nation area
AR is illumnated by illumnation light IL from20 illum nation

system 10,

illumnation Iight IL having passed through reticle R

whose pattern surface is placed substantially coincidently with a
first surface (object surface) of projectison optical system PL fornms

a reduced image of a circuit pattern (a reduced image of part of a
circuit 25 pattern) of reticle Rwithin illum nation area | AR on an
area (exposur&dmed) Yamahaiighd donjargatre wit4f - | Lonithat Wekedr E8Sl AR
on wafer W which is placed on a second . surface (i e plane) side of
o] acti on opE et B P Skge Lo ars s L IR dteg fth Shesteped
(phot osensi tit\ée K ‘?ﬂ{c? ,13\/4i a.pr oj ection

10
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Liguid supply device b and liguid recovery device 6 each
have a controller, and the respective controllers are
controlled by main controller 20 (refer to FIG. 6). According
to instructions from main controller 20, the controller of
liquid supply device 5 opens the valve connected to liquid
supply pipe 31A to a predetermined degree to supply water Lg
to the space between tip lens 191 and wafer W via liguid supply
pipe 314, the supply flow channel and the supply opening (refer
to FIG. 1). Further, when the water is supplied, according
to instructions from main contrecller 20, the controller of
liguid recovery device 6 opens the valve connected to liquid
recovery pipe 31B to a predetermined degree to recover water
Lg from the space between tip lens 191 and wafer W into liquid
recovery device 6 (the liquid tank) via the recovery opening,
the recovery flow channel and liquid recovery pipe 31B.
During the supply and recovery operations, main controller
20 gives commands to the controllers of liquid supply device
5 and liguid recovery device 6 so that the quantity of water
Lg supplied tco the space between tip lens 191 and wafer W
constantly equals the quantity of water Lg recovered from the
space. Accordingly, a constant quantity of water Lg is held
in the space between tip lens 191 and wafer W (refer to FIG.
1). In this case, 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

embodiment, local liguid immersion device 8 is configured



25 opti cal

system PL (projection unit PU) and liquid Lqg (refer to

FIG 1). Then, by synchronous driving of reticle stage RST and wafer

st age WST,
di rection)

the reticle is noved in the scanning direction (Y-axis
relatively to illumnation area 5 AR (illumnation |ight

IL) and al so wafer Wis noved in the scagy ng direction (Y-axis

di rection)

relatively to the exposure area (illumnation light IL),

and t hus scanning exposure is performed to one shot area (divided
area) on waf efndathicha rpe2ley it tde retqule swpplnandfeirged t olided
shot area. 10 That is, in the enbodiment, a pattern is generated on
waf er Wby i IIRAAYRRY 8fVaEst em Horuicheupetych Erand Hasfekt okl gRraavary
system PL, and. thg gatte n.is_ formed on tge waf er Qg exposure

pipe 318, rsi

10

15

20

25

and the like. Local liquid imm n device 8 fills
the space between tip lens 191 and wafer W with water Lg using
nozzle unit 32 and forms a local liguid immersion space
(corresponding to a liquid immersion area 14} including an
optical path space of illumination light IL. Accordingly,
nozzle unit 32 is also called a liquid immersion space forming
member, a containment member (or confinement member) or the
like. Incidentally, part of local liguid immersion device 8,
for example, at least nozzle unit 32 may aliso be supported
in a suspended state by a main frame (including the barrel
platform described above) that holds projection unit PU, or
may alsoc 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 may also be supported in a suspended state integrally
with projection unit PU, but in the embodiment, nozzle unit
32 1s arranged cn a measuremenf frame that is supported in
a suspended state independently from projection unit PU. In
this case, projection unit PU does not have to be supported
in a suspended state.

Incidentally, also in the case measurement stage MST is
located below projection unit PU, the space between a
measurement table (to be described later) and tip lens 191
can be filled with water in the similar manner to the
above-described manner.

Incidentally, in the above description, one liguid

supply pipe (nozzle) and one liquid recovery pipe (nozzle)



of a sensitive layer (resist layer) on wafer Wby illum nation |ight
L. Although not shown in the drawing, projection unit 15 PUis
nounted on a barrel platformthat is supported by three support
colums via a vibration isolation nechanism As is disclosed in, for
exanpl e, the panphlet of International Pwplication No. WO

2006/ 038952, however, projection unit PU may al so be supported in a
suspended state with respect to 20 amain frame nmenber (not shown)

that is pl acédealevdprgjrestdash amian Ryammlea bHewenenbethenpwhBseht
reticle stage RST is placed. Further, in_ exposure apparatus 100 of

t he embodi meAR VST I d&S BBL peiTbred &pbsdte appl §igrPiim gy having

mer s on MellidgA D92 0y FpLTaesort HuL S Bl o Lasih
periphery of Intermational Publication No. WO 99/49504, may also be
5 employed, in the case such arrangement is possible taking into
consideration a relation with adjacent members. Further, a
configuration may alsoc be employed in which the lower surface

of nozzle unit 32 is placed closer toc the image plane of
projection optical system PL (i.e. closer to the wafer) than
10 the outgoing surface of tip lens 191, or an optical path on
the object plane side of tip lens 191 is also filled with water
in addition to an optical path on the image plane side of tip
lens 191. The point is that any configuration may be employed
as far as the liquid can be supplied at least in the space
15> between an optical member in the lowest end (tip lens) 191
constituting projection optical system PL and wafer W. For

example, the ligquid immersion mechanism disclosed in the
pamphlet of International Publication No. WO 2004/053955, or

the liquid immersion mechanism disclosed in the EP Patent
20 Application Publication No. 1 420 298 can also be applied to

the exposure apparatus of the embodiment.

Referring back to FIG. 1, stage device 50 is equipped
with wafer stage WST and measurement stage MST that are placed
above a base board 12, an interferometer system 118 (refer

25 to FIG. 6) including Y interferometers 16 and 18 and the like
that measure position information of stages WST and MST, an
encoder system (to be described later) that is used for
measuring position information of wafer stage WST on exposure

or the like, a stage drive system 124 (refer to FIG. 6) that



of the I ower end portion of barrel 40 that holds an optical el enent
that is closest to an inage plane side (wafer Wside) that

constitutes projection optical systemPL, which is a |lens

(hereinafter, also referred to a "tip lens") 191 in this case. 26 In
t he enbodi nent, as is shown in FIG 1, tha | ower 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 wth a
suppl y openi iy iared & beanwy ST qyshiMAT ofarsl [thguild Heg, a | ower surface
to which wafer Wis placed facing and at which the recovery openi ng

i s arranged, and aoéluﬁﬁlleybplt&ﬁnbﬁalﬁﬁé‘lceaﬁé &achc dferp fRrowtengnST and

t hat are connected to ui d _suppl i pe 31A nd a ligquid recover
oipe 31B resﬁe&%ww%t%ges%%aﬁp%’éopﬁ REECY PRAFATGUPIPY ko

10 and |iqui 4 Je Jeer L;gglfraer 'c{‘cc' %e% Ooast”chacr}%:' %ﬁf b recn[q on

degrees with Tes e to t Xi'S on Yan axi's

in a plangr viWwdwheh 4 e‘&%‘fe&&%@ %BO‘.A%) aﬁ”%i‘f%éd’”]@é £l dnged at a

pl aced with respect to a 'straight line LV in the axis direction

that passes through tapufCpboidxiss Ale Bér 15t 8GO 10t I 01 eRlidSaleniittt @Mage
One end of a supply pipe (not shown) is connected to

I | qU| d suppl W31 pee3tAppbizited ha athencentaof hirenstpply igqiedrsmnce of
connected to a liquid supply device 5 (not shown in FIG 1, refer to
FIG 6), andamairghdeykralr puovedye gigre (nqxatrctﬂambyzs)ta’eiemmw of
to liquid recovery pipe 316 while the other end of the recovery pi

i s connected Ptrt?séqqlcﬁﬂ%aﬂéc’ébé?ylsd@\%%’@ Butnbtomdihais Fr&tawar ‘the

refer to El Gu er su%%a%esg@pbgsg Vlacj_% 512 ne Hg_’%ﬁe%,l Isggcl_:;gstv?é]{’( and MST
are independently drivable two-dimensionally in the Y-axis
direction {a horizontal direction of the page surface of FIG.
1) and the X-axis direction {(an orthogonal direction to the
page surface of FIG. 1) within a predetermined plane (XY plane),
15 by stage drive system 124,
To be more specific, as is shown in the plan view in FIG.
2, on a floor surface, a pair of Y-axis stators 86 and 87
extending in the Y-axis direction are respectively placed on
one side and the other side in the X-axis direction having
20 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
pairs of a north pole magnet and a south pole magnet that are
placed at a predetermined distance and alternately along the
25 Y~axis direction. At Y-axis stators 86 and 87, two Y-axis
movers 82 and 84, and two Y-axis movers 83 and 85 are
respectively arranged in a noncontact engaged state. Inother
words, four Y-axis movers 82, 84, 83 and 85 in total are in

a sate of being inserted in the inner space of Y-axis stator



conpression punp, a tenperature controller, a valve for 25

controlling supply/stop of the liquid to liquid supply pipe 31A and
the Iike. As the valve, for exanple, a flowrate control valve is
preferably used so that not only the supply/stop of the liquid but

al so the adjustrment of flow rate can be performed. The tenperature
controller adjusts the 27 tenperature of the liquid within the

liquid tank to nearly the same tenperature as the tenperature wthin

t he chanber @GfotorsBdwnhonkekd shetegpasuserdpparmsisa ik Hdseathape, and
I ncidentally, the tank_for supplying the liquid, the 5 conpression
punp, the terfd& aevesaL ot Eted W&P@éonﬁﬁﬁttWWQRéfléoa ReEagpnce

have to be e ed i n exposure apparatus. 100, | east
T o e cHtReE e %UWUPI%SS%HEF% Tt vaa e G aagy %ﬁﬁ@wn

[0 Lhe plant sl e gxpoguie apRaLatusalay s Lostallede d0L0YS  mach

recovery deVI ce a SUC Ion punp, a va

control I'igg ro%c?ygﬂé%ﬁcﬂl%fg 8t2h984' @4l dhyigd Lb%nﬁ’p&seé-‘c%%r yf’éf"aex%ila%’le,

and the Iike. As the valve, a flow rate control valve is preferably

used to corresperthat@rihanyal ¥eaef i hbgubdrstp! yrhlevmi€e &ils placed at
I ncidentally, the tank 15 for recovering the liquid, the suction

punp, the valaveredatethenédkid sdanmet a hbhg hhveey +ax be dégeicpped .i NThat is,
exposure apparatus 100, and at | east part of themcan al so be
substituted By tthe equigshisrentaydi-eaddlse navedse §31 amnd e madsx pus wife the
apparatus 10%££%€J¥g€EJ;?1 and Y-axis stator 86 made up of the magnetic
10 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
respectively. In the following descripticn, each of the four
Y-axis linear motors described above will be referred to as
15 a Y-axis linear motor 82, a Y-axis linesr motor 84, a Y-axis
linear motor 83 and a Y-axis linear mctor 85 as needed, using
the same reference codes as their movers 82, 84, 83 and 85.
Movers 82 and 83 of two Y-axis linear motors 82 and 83
out of the four Y-axis linear motors described above are
20 respectively fixed to one 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 motors 84 and 85 are fixed to one
end and the other end of an X-axis stator 81 that extends in
25  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.

Each of X-axis stators 80 and 81 is composed of, for



20l n the enbodiment, as the liquid described above, pure water
(hereinafter, it will sinply be referred to as "water" besides the
case when specifying is necessary) that transmts the ArF exciner

| aser light (light wth a wavel ength of 193 nm is to be used. Pure
wat er can be obtained in large 25 gquantit3izs at a sem conduct or
manufacturing plant or the like without difficulty, and it al so has

an advant age of having no adverse effect on the photoresist on the
vaf er, to thEXHRical Arefs@torre it kdatRdnceaiora tiasdexma tarre Isells
water with respect. to the ArF 28 excj.mer laser light is around 1.44.
'n the wat er FBIRESEhTEIGAEEACF TR PERITHRGAGIS F OPRS IS -285 fHheseron.
shortened to aroun 34, nm, Liquid supply .device 5 d.liquid .
recovery device 6 g@b %gaﬁﬁfesgaggﬁ?rgﬁ] S gﬁﬁ%Pﬁé%aeéﬁe%FF@gged oA
controllers %rt%t(éo%tfrgleli%%f Qﬁs@‘tgd(:?ﬁtéﬂl+;]§c—férﬁ 2%((ﬁ@fsﬁ&rﬁl C;ox%)e- at

According to instructions frommin contro e controller o
l'iquid suppl y devieemaigpeBetlibe val VBoEOBRERH ethtiord | QUi d-SrEIPING FIG.
pi pe 31A to a predeterm ned degree to supply water Lg 10 to the space
bet ween tip liI@nsHE] cans tiistfgre AVparet |dfwatFssupagepinsr 31Anstibe the
supply flow channel and the supply opening (refer to FIG 1).

Further, wherrehengpérstiagsmpphi sect dee@ldi Agriexdmsta uetnamsefiomole
mai n controller 20, the controller of liquid recovery device 6 opens
the val ve confédednigh hgsi @ Psrmeasnér pagnpe BUSUP ot privstadarivie@f

d t t Lqg f th bet i I 19 d

nafer W i nt o AR 0 Bra sy oty SdBOF LS BOLENBRET G HY SOt B Megnet
' h I Liguid r er '

e By tOPCHRed BR Ao M S MM E AN Enly M S SE SN T SiPTpe

gi ves commangs 49 4 ke LoRtiel | %Saﬁéaghglzﬂ._d ﬂ?P?'%@Ef@ po @ %nit and

l'iquid recovery device 6 so that t antity o Lg "supplied to
the space betyegn 4 kpatenil8dnandvabkes MWeapshanidy tepeakSake Linear

guantity of water Lq recovered fromthe space. Accordingly, a
const ant quamidtior thatvalrdivdsgstagbedadn section 91 in the X~axis direction.
Similarly, the other X-axis stator, X-axis stator 80 is
15 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
on the wafer stage WST side (stage main section 91 side), is
20 arranged. This magnetic pole unit and X-axis stator 80
constitute amoving 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
above that constitute stage drive system 124 is controlled
25 by main controller 20 shown in FIG. 6. 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.

Incidentally, by making thrust forces severally



25 in the space between tip lens 191 and wafer W(refer to FIG 1).
In this case, waterLc:|heldinthe space between tip lens 191 and wafer
Wis constantly repl aced. As is obvious fromthe above
description, in the enbodinent, local liquid inmersion device 8 is
configured 29 including nozzle unit 32, 3% qui d supply device 5,
liquid recovery device 6, liquid supply pipe 31A and |iquid recovery
pipe 318, anddhedidenlocdladil @l d1Jmer sion deyie B dd Lhd i pe
space between tip lens 191 and warer wth water Lqg using 50771 €

unit 32 and farighay geakekbaul dy iyaBERY] ORo8RACE (CRHTaSRORELAEL T /he
liquid imersion area 14) including an optical path space of

i |'lumi nati on dz ghitekkioA¢cof diatdry stagzzl®r Waint bdZdisc B Sedal Fedtaer,
[iquid imersion space form ng nenber, a containnment nenber (or

confi nement ianbakingrthrvestlicr ke savroiaddnt abhyrapadbyod padeadf Y-axis
l'iquid inmersion device 8, for exanple, at |east nozzle unit 32 may

al so be s¥ppdrEdy HOhOEESHeABEdd 3tom 8l bghhl vl if Farant ( Bndwih hgmonat
barrel platform described above) that holds projection unit PU, or

may al so be &' HAFGEF LA ot & tae GRehRS GREtGid &eparate 15 from
th in f . O, in_th j i it Pt) i ted i
suspended state asPEHet e Ipaa oMt L ieS REFTPE T £ 55 1Ry hFEgpabed
ted e . - ! . . el
Bt i n the ermST e S St CRIRYIE Yot LR B g main

frame that i gegupRer tad iWaggratébiﬁeﬁﬁgdaﬁHaEEa%EdﬁB§Hd§BE£YOBV9@1are
projection unit PU. In this case, projection unit PU does not have to

be suppoi®ed fiimed ysdspertdednstAbeZ-aReE deht &dt Yon Al 190 i9%k He-«eAS®Nn and
nmeasur enent stage MST is |ocated bel ow projection unit PU, the space
bet ween a 25 tieaSurdireet teabive a( & &2 beedeking bedhlatiem) (and shigilens.g.
191 can be filled with water in the simlar manner to the
above- descri Ba§Llighmgr a2 voice cohkimdinaary thenlike) atplatively to base
description, one |iquid suppl i pe (nozzle) and,one |iquid recover
. P ocard 19 and ngstFgégtér 81. %hat is, wafé& table WTB %an
pi pe (nozzle
move minutely and can be inclined (tilted) in the Z-axis
15 direction with respect to the XY plane (or the image plane
of projection optical system). Incidentally, in FIG. 6, stage
drive system 124 is shown including each of the linear motors
and the Z-leveling mechanismdescribed above and a drive system
of measurement stage MST. Further, wafer table WTB may be
20 configured capable of minutely moving also in at least one
of the X-axis, Y-axis and 8z directions.

On wafer table WTB, a wafer holder (not shown) that holds
wafer W by vacuum suction or the like is arranged. The wafer
holder may also be formed integrally with wafer table WTB,

25 but in the embodiment, the wafer holder and wafer table WTRB
are separately configured, and the wafer holder is fixed inside
a recessed portion of wafer table WTB, for example, by vacuum

suction or the like. Further, on the upper surface of wafer

table WTB, a plate (liquid repellent plate) 28 is arranged,



30 are to be arranged as an exanpl e. However, the present invention

is not limted to this, and a configuration having nultiple nozzles

as disclosed in, for exanple, the panphlet of International

Publ i cati on No. WO 99/49504, may al so be 5 enployed, in the case such
arrangenent is possible taking into consideration a relation with

adj acent nmenbers. Further, a configuration nmay al so be enployed in

whi ch the LW HIACE R0l W iR Lo linced dasaled)0 the

i mage pl ane of projection optical sysf%n1PL I.e. closer to'the

waf er) than Hphemula0ing sy aceoftHd Rureieel 3k OfvadR roRlbiéled on

path on the object plane side of tip lens 191 is also filled with

wat er in additheowaferamopidrcalo padilthon iidvd d mage 1pleante psiode sefinki pith
Il ens 191. The point is that any configuration may be enployed as far
as the |iqui decaedie tsuggldudd g lisagterifiores, s pace al ¥ elosbweged aan outer
optical nenber in the | owest end 5tip lens) 191 constituting

proj ecti of oftiePs (SPORPL and B A ool agx amsind not Rdalti dgi dormed
i mrer si on nmechanism di scl osed_iin the panph] et of Internationa
Publ i cation R& © ?66%F55§§5§}°8raFﬂel?i %P?iﬁﬁﬁ%ﬁQﬁde§Fﬁhﬁhﬁﬁwafer

di scl osed in.t Pat ent ., 20 Li_cati PubLicati : 420 29

can al so be £ﬁgﬁ¥§g‘ﬁo%§ﬁgté%gﬁgﬁsg g%pgﬁgtﬂg%gf?fhgﬂg%%%&%s ma&% of
Referring bagk 0 iBhG witnShags,deytee; 5048 SAUI Wi -

stage WST an rreasll?rerrent stagewl\/BTt %t %re %‘ﬁ;ﬁce alo\?gﬁg‘i‘%fa;%@f such

board 12, anasniekkee@metebes¥ftien 138chr 88 ele 28l AKfe HWarddelaudiing s
Y interferonmeters 16 and 18 and the |like that neasure position

i nformatlon ckhsttagas, WBI.@d MSTiCan endodar tsysient{te o desa i2ged a
later) that is used for measuring position information of wafer stage
WBT on exposurdgudd réeel lqet fa lotbgdodmedd sy soemxbaple,ef BuotnEkr&sin
6) that 31 drives stages WST and MST, and the |ike.
materials, fluorine series resin materials such as
polytetrafluoroethylene (Teflon (registered trademark)}),
acrylic resin materials, or silicon series resin materials.
15 Further, as is shown in a plan view of wafer table WTB (wafer
stage WST} in FIG. 4A, plate 28 has a first liquid repellent
area 28a whose outer shape (contour) is rectangular enclosing
the circular opening, and a second liguid repellent area 28b
that has a rectangular frame (annular) shape placed around
20 first liquid repellent area 28a. On first liquid repellent
area 28a, for example, when an exposure operation is performed,
at least part of a liquid immersion area 14 protruding from
the surface of the wafer is formed, and on second liquid
repellent area 28b, scales (grating sections) for an encoder
25 system (to be described later) are formed. Incidentally, at
least part of 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



On the bottom surface of each of wafer stage WST and neasur enent
stage MST, a noncontact bearing (not shown), for exanple, a vacuum
prel oad type hydrostatic air bearing 5 (hereinafter, referred to as
an "air pad") is arranged at a plurality of points. Wafer stage WST
and neasurement stage MST are supported i3 a noncontact nanner via a
cl earance of around several pm above base board 12, by static

pressure of p&assYL i i | I r L I fad I
the 10 upper surfclsligtcdel_zég%i b?agg gglﬁg@l% B\TI;E'F%E%Fg g?&%ieldgt% and ek%%%l%’
are independefitdat diridvalentinesdiranstgaal byt P1ihes Yrrad SHifGdR to
(a horizontal direction of the page surface of  FIG 1) and the X-axis

direction (arfiordthddensald diepedticon heehhpspaged sssdace 8fqbldGrebellent
within a predeterm ned plane (XY plane) , 15 by stage drive system
124. Tt @bberspeectivelns il shewsmbodihenip] guns eaten 4 Gsed
2, on a floor surface, a pair of Y-axis stators 86 and 87 extending

in the Y-axi #9iligeifdefl a8ely depectioed 3opraceadophenef afee hexginester
other side in the X-axi,s direction having 20 base board 12 ,n

bet ween. Y- axi‘s &ﬁ'&”&%éegﬁgag?taﬁée@agﬁacﬁgo%%%orﬁ? B e emsldent

ti | i that _i { t t t hat
's made up oF PP BATraLEF B HUNTC 60l SnRahat M h Sl Hot e1ate
magnet that arg %lrﬁpg.\iq%q)tn@ Mt%%ftrgﬂgl@%%tdﬁfaa&c%ﬁpd alternately

along the 25 Y-axis rection. “axi's stdtors 86 and 87, two

Y-axis novers 82 ang 84isapfsé Wepdife MANEHS 1831 andr 824 Bi€ed to first
respectively arranged in a noncontact engaged state. In other words,

four Y-ak0s memens r@el84nt8plane 25ai ontohal imdier idide Sald 16f xeicd@ire
inserted in the inner space of Y-axis stator 32 86 or 87 whose XZ
sectional surlfigdd Rasiz hgddlkeishageataddtaseceevatby seppblded plate
a noncontact manner via a clearance of, for exanple, around several
pmvia the aid®p&d FhetoukRwWPidg + hTr&dpecthis Eatk egpongiong degritdon,
stator 86 or 87, Each 5, of Y-axis, nbvers 82, 84, .83 and 85 is .
conposed of , {FoFPE LR ra Pk 5 B "HHAT FRBELLRRBrPGRLES i P iGter

e R D S S P S SR
ar mat ur eq gini tyg, and GYr@Xis. Stv%tc%ng%f&%%i%qe%f 18 JRIng! ik 110 &I%'e% is
unit constitute m)\?l ng coil type Y-axis |inear ors respectively.

Simlarly, Y-=pgisdmyeinrdeddt B SnErdc@drSrstat Watll sOPST1LMt @late
nmoving coil type Y-axis linear notors respectively. In the foll ow ng

descri ption, 28achandl 4 hecbatiwat-caxiSptl Deat ari=0ts whastr whedr akeead lent
will be referred to as 15 a Y-axis linear notor 82, a Y-axis linear
notor 84, a Yot dhaviimgaresosten8d® fndezpysaxesligmeall motfrri8f & the
needed, using the sane reference codes as their novers 82, 84, 83 and
85. first water repellent area is applied is formed on the surface
20 of second water repellent plate 28b. 1In general, since it is
difficult to apply water repellent coat having sufficient
resistance to exposure light IL (light in a vacuum ultraviclet
region, in this case) to a glass plate, it is effective to
separate the water repellent plate into two sections in this
25 manner, i.e. first water repellent plate 28a and second water
repellent plate 28b around it. Incidentally, the present
invention 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



Movers 82 and 83 of two Y-axis linear nmotors 82 and 83 out of the
four Y-axis linear notors descri bed above are 20 respectively fixed
to one end and the other end in a longitudinal direction of an X-axis
stator 80 that extends in the X-axis direction. Further, novers 84
and 85 of the remaining two Y-axis |inear3fmtors 84 and 85 are fixed
to one end and the other end of an X-axis stator 81 that extends in

25 the X-axis,digeqt] ggdgécggrfﬂf?[glt}ﬁe i 26 S, A QoD AR, Bl Ay cne

driven along ‘the Y-axis a pair o -axis |1 near tors

and a pair ofsetdnd wakkRepspaPions H4and 83 cheshechd walne kEaahoPlvater
X-axis stators 80 and 81 is conposed of, for 33 exanple, an armature

unit that i ncoygprladres cuatmdve beobbplpkdced aheaf prededd desthd water
di stance along the X-axis direction. One X-axis stator, X-axis
stator 81 is mapanget iareasst aferoéxdvap ey, iarsler bee¢ watan opsal hent motea
shown) forned at 5 a stage nain section 91 (not shown in FIG 2,

refer to I GMaY alet Rorqned o gdie omenvafléatet age WST. I nside the
openi ng of stage main section 91, for exanple,_a nagnetic pole unit,,
whi ch has a per manémt thdref Sgt DY TS £ “FabitCu J%f a5l bhal enrines tgen
a north pol e magnet, .and.a th pol e magnet,.10 placed a

P 6det or i nod B BEdrcB dnd Tor toF RAPSRY ToTy THoP ka2 an 7 aaataRITer
arranged. Th'cﬁ;ﬂ&ﬂ!'?%'ﬁ!{gﬁ%cﬁiﬂmﬁe B0+ &7 B 1 HrPL R e 181k CORPE 141418 o,

nmovi ng magnet type X- axi I near notor that drives stage nain section

91 in the X-axi$athéL6tiORenSigNdtd BY, 14 ReRINRIg XnaXhs Shé@t@ctangular
X-axis stator 80 is 15 arranged in a state of being inserted in an

openi ng Ltor mebeade g islsdge ghencseoht Pkt tikmkencorskid biyeshPatit @it and
nmeasur enent stage MST. Inside the opening of stage nain section 92, a
magnet i ¢ pol eagnnd waheclrars: ldiemt piate 28e nAgnetuc goherkiiM isrfdrhed
waf er stage WST side (stage nmmin section 91 side) , is 20 arranged.
Thi s nmagnet i ¢ihdile WANtEd X-tha 3 fctadigelc shisratice @ fmpwasg rement
{nﬁgn;&é a;yged@%ﬁqsglq! g%rangég‘gezg 1az:[1e dﬂi‘. \{JPTES wg%%é:uq:ggﬁgt W%é??eazllvds-; ngir
of aerial image measurement slit patterns SL are formed in
15 the symmetrical placement with respect to the center of
fiducial mark FM on one side and the other side in the X-axis
direction of fiducial mark FM. 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 can be
20 used, as an example.
Further, as is shown in FIG. 4B, at a porition of wafer
stage WST below each of aerial image measurement slit patterns
SL, an L-shaped housing 36 inside which an optical system
containing an objective lens, a mirror, a relay lens and the
25 1ike is housed is attached in a partially embedded state
penetrating through part of the inside of wafer table WTB and
stage main section 91. Housing 36 is arranged in pairs

corresponding to the pair of aerial image measurement slit

patterns SL, although omitted in the drawing.



In the enbodi ment, each of the |inear notors described above that
constitute stage drive system 124 is controlled 25 by main controller
20 shown in FIG 6. Incidentally, each |inear notor is not limted to
ei ther one of the noving nmagnet type or the noving coil type, and the
types can appropriately be selected as ne¥ded. Incidentally, by
maki ng thrust forces severally 34 generated by a pair of Y-axis

l'inear motors 84 ang 8 [ I i LA Y- aW . .
rotation anmount in't eeé%t'z)f%ﬂ S%}tgﬁﬂﬁ){{%ﬁgpséﬁgge g\g%d%‘gﬁﬁb%em&%atlon
control l ed. Rurdiers, HyatMalisnGe tAMUSIn SRARGRY SBYRIAbd Ve 98NSLBLLE IV 1RN
pair of Y-axis linear notors 82 and 83 be slightly different, a

yawi ng anmountaefi dTEaStdRITRIE 2 Siragee Mk 1Gan e teait 191l l:-8dng an L-shaped
Waf er stage WST includes stage main section 91 described above and a
waf er tabl e WkBittchahdiesninmmibhedi oyhistagerne rYseCteoni @i, afcdderablldy,
WB and stage main section 91 are 10 finely driven in the Z-axis

di rection? tHe Ghadifaddiawimarte IHa By ol r édid epidicela Hdte@relinggde
mechani sm (n%t shown). (e.g. including a voice coil nmptor or the |i ke)b
relatively t GBEs@Do4r d512°3RHHERAS SstaPBF ~8TanpRAFtilay fasepm 36 by
table WIB can,_nmove .mi nutely and can be inclined (tilted)_in the

Pt 15 o MR AR R ERREr STger RRIRVEBI ARES 1BY  Thet TRl diaife OF
of proj ection ﬁ?’h; I tem) . Incidentally, in FIG 6, stage drive
system 124 is s oeqv\ﬁelrﬁ%ﬁs'udi ng each of the linear notors and the

Z-1eveling mechani sph-deser bed taRoVEp ARG 13 fAldVer DEHRM Rhter repellent
nmeasur enent stage MST. Further, wafer table WIB may be 20 confi gured

capabl e 6 mpitel Yamvimig wlEe igrial leass e dfrddig -fvdinsed Yrpod S
and Oz directions. On wafer table WIB, a wafer hol der (not shown)
t hat hol ds waimEdavehynivec puincuctlicony aadthe ifein siatasangddreThe
vaf er specifically, in areas on one side and the other side in the
X-axis direction of second water repellent plate 28b (both
sides in the horizontal direction in FIG. 4A), Y scales 39Y;
15 and 39Y; are formed respectively. Y scales 39Y; and 39Y, are
each composed of a reflective grating (e.g. diffraction
grating} having a periodic direction in the Y-axis direction
in which grid lines 38 having the longitudinal direction in
the X-axis direction are formed in a predetermined pitch along
20 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), ¥ scales 39%X; and
39%; are formed respectively. X scales 39X%; and 39X, are each
25 composed of a reflective grating {(e.g. diffraction grating)
having a periodic direction in the X-axis direction in which
grid 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). As each of the



hol der may al so be forned integrally with wafer table WIB, 25 but in

t he enbodi nent, the wafer hol der and wafer table WIB are separately
configured, and the wafer holder is fixed inside a recessed portion

of wafer table WIB, for exanple, by vacuum suction or the |ike.
Further, on the upper surface of wafer tatle WIB, a plate (liquid
repellent plate) 28 is arranged, 35 which has the surface (quuid
repellent surfage)s sy atgeéigld%ﬁqe{légs& Ha 108 ey @floa(c@lg}@ Bating

mount ed on the waf €r hol der repe Ien proceSS|n

respect to |imgui(drkd 88 Qﬁii@ﬁﬁpgregegdabreQ&ﬁﬂ@%EﬁleUt§61§g§QﬁQﬁ:the
(contour), and has a C|rcular openi ng tha formed in the CTenter

portion and ils ke icghtdne lsangeicd hem stelﬁ%dwfm%ltdlmr@@’el(l@n@lgﬂtadt@ 28ked s
of the wafer). Plate 28 is made of materials with a | ow coefficient

of thermal examtsi ofin Shith casegl assbssarlaebranyrat {sus maake Zprafinarrow
(the brand name) of 10 Schott AG Al 203, or TiC), and on the surface
of plate 28, sdifsqubgopepel Perthe iLikei %hﬁbrmm@ykeﬁoat@mld@termmed
fluorine resi naterlals fluorlne series resin materials such as

pol ytetraflu Sori@ 1Ry GF%%ﬁQQW%QQﬁ t r ABENBYRY) Ofadijfraction
Shown i1 & L?Eﬁtﬁﬁsﬁﬁf@ﬁ%iﬁ% whndrdr e etnenyint ot ahe

plate 28 has g dd 1.9k 4 an%lr%ﬁl%@eh%ﬁ@t preg {%“? BovhosE Ut eerl R$at are

(contour) is rectangu ar “encl osi ng the“circul ar openi ng, a secon

liquid repel hyha1ied 12 gpfb&aﬁedhagu@ RE66angyt ady dif e, (@wﬂailﬁrf)ractlon
shape pl aced around 20 rst I|qU|d repelfent area 28a. On first

['iquid repel lgenttiageahdda,i S areatanpis, oMo ial expesifice pRes EFrioke Sn
performed, at least part of a liquid imrersion area 14 protruding
from t he surfaapbodhbsens iwdfver riesihomagdbeandedn dboond:d, quah scale is
created by marking the graduations of the diffraction grating,
for example, in a pitch between 138nm to 4um, for example,
a pitch of iuym on a thin plate shaped glass. These scales are
15 covered with the liquid repellent film (water repellent film)
described above. Incidentally, the pitch of the grating is
shown much wider in FIG. 4A than the actual pitch, for the
sake of convenience. The same is true also in other drawings.
In this manner, in the embodiment, since second water
20 repellent plate 28b itself constitutes the scales, a glass
plate with a low coefficient of thermal expansion is to be
used as second water repellent plate 28b. However, the
present invention is not limited to this, and a scale member
made up of a glass plate or the like with a low coefficient
25 of 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 vacuum suction) or the like so as to

prevent local shrinkage/expansion. In this case, a water

repellent plate to which the same water repellent coat is



repell ent area 28b, scales (grating sections) for an encoder 25
system (to be described later) are forned. Incidentally, at |east
part of the surface of plate 28 does not have to be flush with the
surface of the wafer, that is, may have a different height fromthat
of the surface of the wafer. Further, pl 4P 28 may be a single plate,
but in the enbodinent, plate 28 is 36 configured by conbining a

plurality of al IpﬁHPe%’ oféxorth@( .%mli%e fsiur c%ng'\alire%%n%sleidq %%%t%%?elolfe %F]L ate

pl ates that correspond to first liquid rep ent area Séc

l'iquid repel lgnt area,28br regpeCtiTkehyy 414 e %e‘eﬁean@ftmaﬁ%&rieal\@wth
is used 5 as liquid Lqg as is described above, and theretfore,

herei nafter fd nsk ktbetifdctiepel benthargal 28apansi secaned lirgwukh a case,
repellent area 28b are also referred to as first water repellent

plate 28a aneé setond Veterleeped 2pkipl af & 88blesmathbe disertly formed
exXposure ISI grclntn Itll_lel ?Jg:prerracéluaétf%%et %ff Iwrasfter table WTB.

Mirror finish is severally applied to the -Y end surface
and the -X end surface of wafer table WTB, and & reflection
surface 17a and a reflection surface 17b shown in FIG. 2 are
formed. By severally irradiating an interferometer beam

10 (measurement beam) to reflection surface 17a and reflection
surface 17b and receiving a reflected light of each beam, Y
interferometer 16 and X interferometers 126, 127 and 128 (X
interferometers 126 to 128 are not shown in FIG. 1, refer to
FIG. 2} that constitute part of interferometer system 118

15 (refer to FIG. 6) measure a displacement of each reflection
surface from a datum position (generally, a fixed mirror is
placed on the side surface of projection unit PU, and the
surface is used as a datum surface), that is, position
information of wafer stage WST within the XY plane, and supply

20 the measured position information to main controller 20. 1In
the embodiment, as each of the interferometers, a multiaxial
interferometer having a plurality of measurement axes is used
as Will be described later, except for some of the
interferometers.

25 Meanwhile, as is shown in FIGS. 1 and 4B, amovablemirror
41 having a longitudinal direction in the X-axis direction
is attached to the -Y side surface of stage main section 91

via a kinematic support mechanism (not shown).

Apair of Z interferometers 43A and 43B constituting part



10 water repellent plate 28a on the inner side, while exposure |ight
IL is hardly irradiated to second water repellent plate 28b on the
outer side. Taking this fact into consideration, in the enbodi nent, a
first water repellent area to which water repellent coat having
sufficient resistance to exposure |ight 8 IL (light in a vacuum
ultraviolet region, in this case) is applied is forned on the surface

of [T1 st Wt gfe § BpELl-gDbrnpl 8l e Adn n n A% 388600, WAL o e&%a{ I8

to which water repe coa reS|s ance 10 expo ure

inferior to Et!e%sfdrfe%{eﬁ”@b%%m%e@@'rﬁ@ﬁb?é 8a 5 appl i pd axsratrfaéae@p%smg
the surface 20 of second water repellent plate 28b. In general, "Since

it is difficuldvadeappkyonatielr&epeldentcsoatah@ring safle b Ldspecific,
resi stance to exposure light IL (light in a vacuumultraviol et
regi on, in thiss icasbyivasawgkassipwvate, FI6Si s2 edrfdctd tedet heapamatrable

the water repellent plate into two sections in this 25 manner, i.e.
first water MEgRId%eAl bt decipggdand Swdondl sraih mepeenemxxﬂ 95t1e3628b0n
around it. Inci entaII the present invention_is not Limte

thi's, and twd S }pBE3H Hha Pe?e%e%%‘ﬂ%rhts%‘b%ﬁcq Hde: RAveaBFF riereht MTB, by

Cirface of A6 Samet %7 ditharde Bhede 4 F %ﬁﬁgom%ﬁ‘:s%f%atﬂztam 438.
repel | ent arga, An %]It h?no%;%%%dmwr%f rpald gtttde o {m'% fiber! %%viggea

ki nd of water repellent” coat may be applie secon

water repell %@xa@&ﬁ%ecEanﬁlagﬁéﬁe, O Yeone et eb Egpx%frﬁ’éﬁ B 8Ri%ing
may al so be formed on the sane plat : Further, as is obvious

from Fl G04Az akcthegendrpanti an @@otabelééf Sr&j]_@e@(ﬁl(ﬂl r $ti Medrefinish is
repellent plate 28a, a rectangular cutout is fornmed in the center
portion in thepiiad sodiheetli shde and faagrasunensnte pliatter301} sand three
enbedded i nside the rectangular 10 space (inside the cutout that IS
encl osed by REle@tdon &vd fsecend Wat driar @pel 44wt gpleatle

fiducial mark FMis forned in the center in the Iongltudlnal

direction of masuﬁ@ﬁé%tﬁpgt%l@@a‘{%ﬁlé ‘“c%‘?‘ﬁ‘éﬁftﬂ?iﬁaes BE &1 RefFépCeain Ehe

d |
formed i 2‘59% 85 fE rpeap s?%t%ﬁé‘%% T Lersd? e ot Fhgr 12
fIdUCIal %#FMeog %p3m§%%%wﬁp%§5 e tf% de kefiggtfoﬁxgﬁrfac? 41b

dlrectlon of UCIa mar k eac aerlal I'mage nmeasure

slit patterngoflstidmtlesSAaped; skibt p@iéﬁéb havicRg $kdesq@langeliect ion
Y-axis direction and X-axis direction can be

surface 4la and extends parallel to a plane that is inclined
at an angle of predetermined degrees in a clockwise direction
in FIG. 4B with respect to XZ plane and in the X-axis direction.
20 Reflection surface 41c constitutes an adjacent surface on the
-7 side of reflection surface 4la and is arranged symmetrically
with reflection surface 41b, with reflection surface 4la in
between.
As is obvious when viewing FIGS. 1 and 2 together, Z
25 interferometers 43A and 43B are respectively placed on one
side and the other side of the X-axis direction of Y
interferometer 16 af substantially the same distance from Y
interferometer 16, and at positions that are slightly lower

than Y interferometer 16.



20 used, as an exanpl e. Further, as is shown in FIG 4B, at a
portion of wafer stage WST bel ow each of aerial inage neasurenent
slit patterns SL, an L-shaped housing 36 inside which an opti cal
system contai ning an objective lens, a mrror, a relay lens and the
25 like is housed is attached in a parti &y enbedded state
penetrating through part of the inside of wafer table WIB and st age

mai n section 91. H%LéSii'%gsl?igwinsiﬁr E?Ia?eg [ . Iﬁ\ié%[_ﬁ:oorﬁr ﬁgglndir%%rto eeyéers

pair of aerial inmage measureren patterns a

in the drawi NG 238 438, a HREsARLLERL S¥shem iag%%lg;ﬁtﬁguisiélgis?‘ 1Pd4e%n

illumination 1ight 1L that has been transmtte m above to bel ow

through aeri als iivage) NBastRING SHd i1 Ratilal kuslsAleong BN drcs haped a
route and emts the light toward a -Y direction. Incidentally, 5 in

t he fol | ow ngnedesordnritobeatthB2 opl dre@lt ey Stam sndi dechoosiing i3Gadd ated
described as a light-transmtting system 36 by using the sane

r ef er enced cod@wer haesi ar 3 gunfres dde ofredenva diics. 4r.eolar the
on the upper surface of second water repellent 10 plate 28b, multiple

grid |ines ars@Radiaanty forfie®d mig soteddfe@iviadpid e fdiesid cBashrérce
four sides. Mire specifically, in areas on one .Side .and the ot her

side in the LEHRHAed GHFANIETIGHd REATLE I d0AT crft TS tash Off
bot h sides i Qr.i inrection_in Fl 4N Y _scal Y1.15
o Bovs o e Parme Ul 200k Bee MHCEA el o L e PR St Kb edBn

conposed of a,f1&fd &L YRAH1NY o ﬁegsugbﬁgﬁécl\%\%l&ghﬂf q{ﬂda\]g_)ié@c\@gsg%&ed

(
periodic direction in the“Y-axis direction In ari i nes
having the | orH todl oat i 6heetda0R 41 khe ardxifedbkeehiOAgaANEthOKRE 5
in a predetermned pitch along 20 a direction parallel to the Y-axis
(Y-axis directir@dtion respefitiivednt,y,at marigdomen et simde saratdche
other side in the Y-axis direction of second water repellent plate
28b (bot h si desdatadmengst dicdlardia egsmdn finonFrevable mirywal dd 3eXthe

and 39X2 are formed respectively. X scales 39X1 and 39X2 are each
-Y direction, in a state of not interfering with measurement

beams Bl and B2.

15 Fixed mirrors 47A and 47B are supported, for example,
by the same support body (not shown) arranged on a frame (not
shown} that supports projection unit PU. Incidentally, fixed
mirrors 47A and 47B may also be arranged on the measurement
frame described previously. Further, in the embodiment,

20 movable mirror 41 having three reflection surfaces 41b, 4la
and 4lc, and fixed mirrors 47A and 47B are to be arranged,
but the present invention is not limited to this. For example,
a configuration may also be employed in which a movable mirror
having an inclined surface at an angle of 45 degrees is arranged

25 on the side surface of stage main section 91 and a fixed mirror
is placed above wafer stage WST. 1Inthis case, the fixedmirror
may be arranged on the support body or the measurement frame
described above.

Ls is shown in FIG. 2, Y interferometer 16 irradiates



25 conposed of a reflective grating (e.g. diffraction grating) having
a periodic direction in the X-axis direction in which grid |ines 37
havi ng the longitudinal direction in the Y-axis direction are forned
in a predeterm ned pitch along a direction parallel to the X-axis
(X-axis direction). As each of the 39 sdles, the scale made up of a
reflective diffraction grating RG (FIG 8A) that is created by, for
exanpl e, hOI méﬂ%eb%é%% %Q%tgyiiﬁﬂffege % ngf¥f ace l7a of

repel | ent plate use hi's cade, each scal & has gra ngs
made up of narAW Ra¥lid HTHAMRS e trr{?eea§drlé@netrﬁata)@se 1'?Prt|f1%d vala A s

predet erm ned di stance (pitch) as graduations. The type of

diffracti on grialdoigdisethaftoareaspaseal eheSsand distdest ANH-NYn @My -X
the diffraction grating made up of grooves or the |like that are

nechani cal | y sfigtenadql thgt +3lssale foomexabpaieght Aend pdrariedmolthe Y-axis

grating that is created by exposing interference fringe on a

phot osens? t i P& SSdgich thapubd GhedorpoReveen eeries ol ®og enrtdaredpby cal

mar ki ng t he raduatlpons( of the diffracti on rati n%l for exanple, in a
f

pi tch bet weeFYE3§HMELo (BB Pdr a8dambie, |rt &R SHE9-ph) onaédt Kegeives
I h d gl . _Jhese I 15 wWitht

Fepel | ont 11 Pt EAEErF s Tole ??%ﬁfﬂe&é%%%e Ko Heratloneseeying

t he pltch Oft%?p sag'g%klﬂ %QQW%JgﬁyE\@l %?tlgnlgg— 1Eq%ﬂ&|%% wafer

actual pitch e of convenience. true

ot her draw Ngsu1lnwirli s+ MBAASK; at ok %1@f@§®ﬂ%ﬁbsu§bﬁ%ﬁtsﬁé%g mt &hda
20 repellent plate 28b itself constitutes the scales, a glass plate

with a D ceahii ciremidedtd ey maln exqmngi omela%utz:@mlé@tumdm@smgm B4,
wat er repellent plate 28b. However, the present invention is not
limted to thire repdesesdtalte viednbehowaddp ofeas ugleass tploaaen @4 .t he
like with a | ow coefficient 25 of thermal expansion on which a

grating is for med ﬂ?ﬂvtﬁt%% l¥elﬂﬂiﬁééeéﬁmﬁﬁ@ruéﬁeﬂr§aﬂﬁaéésofﬂ8ﬂaﬂéﬁment

tabl e WIB, r exagpl e, 6%/1 El ate spring (or_vacuum suction) or the
li ke so as t e aoWaschr e s heFhkap e foR.24919 RiRCTHYEmNT axis

[ h |
appl | o006 EAY St FcE iy i (<o RSP RtEr prace g bars
vafer tapd Bl ﬁ%yza $Q PR QL %&%nb gﬁtﬁéh%h§eﬁ%k? Begﬁg/34bfan? B4g,

coeffici ent (0] expansi on, I N SuUucC a case
scal es and ap@i rre@elxe%cﬁte%%u%td'bre%%{ B iR ted off reflection

surface 4la, thereby detecting the Y-position of reflection
surface 4la of movable mirror 41 (i.e. wafer stage WST).
Main controller 20 computes the Y-position (to be more
20 accurate, a displacement AY in the Y-axis direction) of
reflection surface 17a, that is, of wafer table WTB (wafer
stage WST), based on the average value of measurement values
of measurement axes corresponding to measurement beams B4, and
B4, of Y interferometer 16. In addition, main controllexr 20

(¥)

25 computes a displacement {yawing amcunt) A8z in the rotation

direction around the Z-axis (6z direction) of wafer table WTB
from the difference between the measurement values of the
measurement axes corresponding to measurement beams B4; and

B4,. Further, main controller 20 computes a displacement



5 on the upper surface of wafer table WB. 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 forned. %y severally irradiating an
interferoneter beam 10 (neasurenent bean)4to reflection surface 17a
and reflection surface 17b and receiving a reflected |ight of each

beam Y interfaropter a%ﬂggmq Kokt £ 18L %!i?ﬁgf%c{%@nr é?7w£f'éjr ]ﬁ%g(e?z()WST

interferonpte s 126 to 28 are not shown i n er to
that constit Waaardn ahd rﬁ—‘f%fcfs@!t@.‘?}‘ﬁ e heY i1 EE ke (Wvefier the Fl&xis

6) neasure a di spl acenent of each reflection surface froma datum
position (gemdradbiord Pifxedfdectdaon supfacedl da dhd sifdecirdracardhce
projection unit PU, and the surface is used as a datum surface), that
i's, positiondL#-ormation of wafer stage WST within the XY plane, and

supply 20_t he neasured position information to nmain contraller 20. In
the enbodPnent, as E&ERSEF Aife HenEEOMEr dRetdfs, %a Rulfitgkitgrometer 126

i nterferoneter__havi a _plurality of nmeasurenen es is ed . as W

be describedﬁ%ﬁ%ﬂ%ggéa: a%%ﬁ@“?%ﬁéhﬁﬁnph SFn?%éfgg%ﬁﬁié’ er 301 Wra
25Meanwhi | e, j 0] i I Y, em.r.raor havj

o oog tuth narong S e A1 LES ML SR The i

-Y side surfage @ aper 0Bt ors 8CL L P §t i1 AT KINERREI - SUPDRltrect ion
nmechani sm (not shown). Apair of Z interferonmeters 43A and 43B

consti tuti ng peardingdthebughtigid eperear a§y§tcef_rrpiweetebﬁrogswid%ﬁsg@)tem
that irradi ate neasurenent beans to novable mrror 41 are arrange
opposi ngloovadbl,eantimaim 4¢dntrefléert 20 Eo@Putksahde 29dsit it bhe thos &-axis
specific, as is obvious when viewing FIGS. 2 and 48 together, novable
direction (X-position, to be more accurate, a displacement
A¥ in the X-axis direction) of wafer table WTB, based on the
measurement values of the measurement axes corresponding to
measurement beams B5; and B5,;. Further, main contrecller 20
15 computes a displacement (yawing amount) A8z in the 0z
direction of wafer table WTB from the difference between the
measurement values of the measurement axes corresponding to
measurement beams B5; and B5;. Incidentally, A6z ™) obtained

) obtained from Y

from X interferometer 126 and 8z
20 interferometer 16 are equal to each other, and they represent

a displacement (yawing) A8z in the 6z direction of wafer table

WTEB.

Further, as is indicated by a dotted line in FIG. 2, a

measurement beam B7 is emitted from X interferometer 128 along
25 the measurement axis parallel to the X-axis. In actual, X

interferometer 128 irradiates measurement beam B7 to

reflection surface 17b of wafer table WTB located in the

vicinity of an unloading position UP and a loading position

LP (to be described later, refer to FIG, 3), along the



5 mrror 41 is designed so that a length in the X-axis direction is

| onger than reflection surface 17a of wafer table WIB, by at |east a
di stance between Z interferonmeters 43A and 438. Further, novable
mrror 41 is made up of a nmenber having a hexagon sectional shape,

whi ch seens to be formed by uniting 10 a Tect angul ar and an isoscel es
trapezoid. Mrror finish is applied to the -Y side surface of novable

mrror 41, andddireedf | 8otd o sirfaces, 4 4laanddic ang dargred.

Refl ection surface 41la constitutes an end surface on the -Y side of

novabl e m rramdkdint pdandsparabhel 1badihg YEsibiphane. antiddhdheas
X-axis direction. Reflection surface 41b constitutes an adjacent

surface on thes sHoghdien 6LGr ef | eatedanusamdac ®cdial @ifdoaxX dande rifaranletle r
to a plane that is inclined at an angle of predeterm ned degrees in a
cl ockwi se di riech iigh iinraRliGtesB tw tie fdespdemn tsmpfaqgs die arfd viafearhéable
X-axis direction. 20 Reflection surface 41c constitutes an adjacent
surface on t N&R-z dpdécétalef MeaersRmeHf REEM4BE ARdirsagdiphRgelo
symmetrically wi.th reflection surface 41b, with ref|ectiaqn surface
a0 bet wedt IR OB A S e ip b 1s Wiy 2 e . 2
25 interfero A}%@ 43 respectj M ed. o i

and the ot he:ﬁ%tsaf‘sr&gr D tﬁ%%iéagﬁgggllre ZLC :Solr;lh%{);%k f%)%?g?%esflghni& glrrso GI\.Latt he

substanti al | yydthe1Sale drlaancsr T QB iYed M) &I 0 piBie s Jherfing, 1at
positions that are slightly |ower than Y interferonetéer 16.
Main controllier 20 can obtain the displacement AX in the
10 X-axis direction of wafer table WIB also from the measurement
value of measurement beam B6 of X interferometer 127 and from
the measurement value of measurement beam B7 of X
interferometer 128. However, the placements of three X
interferometers 126, 127 and 128 are different in the Y-axis
15 direction, and therefore, X interferometer 126 is used when
exposure is performed as shown in FIG. 14, X interferometer
127 is used when wafer alignment is performed as shown in the
drawings such as FIG. 23, and X interferometer 128 is used
when a wafer is loaded as shown in FIGS. 18 and 19 and when
20 a wafer is unloaded as shown in FIG. 17.

Measurement beams Bl and B2 along the Y-axis are
irradiated from each of Z interferometers 43A and 43B toward
movable mirror 41. Measurement beams Bl and B2 are incident
on reflection surfaces 41b and 41lc of movable mirror 41 at

25 a predetermined incident angle (to be 6/2), respectively.
Then, measurement beams Bl and B2 are reflected off reflection
surfaces 41b and 41c respectively, and are vertically incident
on the reflection surfaces of fixedmirrors 47A and 478. Then,

measurement beams Bl and B2 reflected off the reflections



42 As is shown in FIG 1, fromeach of Z interferonmeters 43A
and 43B, a neasurenment beam Bl along the Y-axis direction is
irradiated toward reflection surface 41b, and al so a neasurenent beam
B2 along the Y-axis direction is irradiated 5 toward reflection
surface 41c (refer to FIG 4B) . In the éfbodinent, a fixed mirror
47A having a reflection surface orthogonal to neasurenent beam Bl

that i fl ! f j 4
ha\all i nlgS ar (r:)ef %g%ﬁgo%gs 8 ?f?]g%}gg%lrnﬁ%o%#ﬂgélqg?‘ oél]r[rgalg’t}gr®I & #gﬁgggg}é%%l%%%d ic'sf £

reflected 10 ,ff1d&fl ATl 868 £4lE Ale rakhargededyt ending-diithen
X-axis direction respectively, at positions that are spaced a

predet er mi nectith siganice: Japarths,r anAsanablwe iH e 4hdikidnte be¥ms passed
direction, in a state of not interfering with neasurenent beans Bl

and B2. 15Fi xédraugir,orisy 4ha ardedFBdadérsopponsted, afdraexamnptes vday by Z
the sane support body (not shown) arranged on a frame (not shown)

t hat suppért s-ifresjfestamaiand (4 Puanchd3Fental ly, fixed mirrors 47A and
47B may al so be arranged on the neasurenment frane described_ . )
previously. Furt heFeTeiy hERERHD F it COteHodabEBe Y T2%+ S AL 1RRk iRy of

three reflection surface 41&),, 4l1a and .41c, and [Lixe,d mrrors, 47A arAd
478 are to baHhARRGEAC BSE he pROYERLs RYSADFoh 1 o HaESHTRF Ba R AYo
this. For exa&;mi , fl tLan a bg: . I

rmi/abl e mrror ;%vidﬁg(bg%cie%%h%n%g E%I??%C%’%g gﬁfgﬁ%f%r?g]fé W(%érheng be

i s arranged Zyon 1he, 'iQLealSlHaft?ngeQJgﬁ'Lt Qe R A %a%:lart%ﬁ%nf&ti )]?ée m

fixed mrror 1s placed above wafer stage WST.” In this case,

mrror may belaahangfdo@bi¢HE P Alen ROd¥hahgkhRT Pess WaRMerd@ M ean
descri bed above. As is showmn in FIG 2, Y interferoneter 16

irradiates &2 rmiwsurenentededars] B Zanich B4X emonee treafd elc3A amds WiBaeere
17a of wafer table WB al ong the neasurenent axes in the Y-axis

di recti on t h&Eriesssaded thfe fsdiwiing e tdparas Gn el -(%)si de and
the +X side froma str iyght I i neparall el totheY-axis

respectively.
ALl = AYo x {1 + cos8) - AZo x sin® ...(1)
15 ALZ = AYo x {1 + cos8) + AZo x sin® ...(2)

Accordingly, from the equations (1) and (2), the
displacements AZo and AYo are obtained by the following
equations (3) and (4).

20 AZo = (AL2 - ALl) / 2sin® ...(3)
AYo = (ALl + AL2)} / {2 (1 + cos®)} ...(4)

The displacements AZc and AYo are obtained by each of
Z interferometers 43A and 43B. Then, the displacements
25 obtained by 2 interferometer 43A are assumed to be AZoR and
AYoR, and the displacements obtained by Z interferometer 43B
are assumed to be AZoL and AYoL. A distance between
measurement beams Bl and B2 irradiated by each of Z

interferometers 43A and 43B that are apart from each other



5 passing through the projection center of projection optical system
PL (optical axis AX, refer to FIG 1), and receives a reflected |ight
of each neasurenent beam thereby detecting the position in the
Y-axis direction (Y-position) of wafer table WIB at irradiation

poi nts of measurement beams B4l and 10 642, Incidentally, in FIG 1,
measur enent beans B4l and 42 are represent atively shown by a

measur ement bea %%3}( axis dfe%% n 1% a'%ts A %Eéal Or]_sge'ffe';:agjaaﬁtf(as. 2) -

nmeasur enent bea tovvard § |on sur ace a nmeasuremnmen
axis in the S pa ar
in the Z-axi s\érgl)gr ecti o%% g%oéeagggeﬁég%fgggﬁ%%ﬁgaﬁﬁé%&Ig@d Aezlin

recei ves neasiiementiibeariBa sefheediere efifr dof liaction. swsfacesthlis WST)
t hereby detecting the '"I-position of reflection surface 4la of

novabl e m rramdithei desplatenest age MEhg aMBuntgomdy dd ehe 28y cdmedtasn
the 'I-position (to be nore 20 accurate, a displacenent AY in the
Y-axi s di Pectdfompveb ieefigacirod 1s it aeewafar shagei¥sT bfaumfckrt aigtside by
WB (wafer stage T), based on the average val ue of neasurenent

val ues of ne OWLIKE SBIFEPohdiTg &% nédsur enent  beans B41 and
B42 of Y interfero er Inadltlon mai n controller 20 25
conputes a displ ac 3%( )/ Rezm it he rotation

direction around t Z- axi Gz T ti fer table WIB from
the difference bet \%@é’n tﬁéﬁrré‘asu(r&errg( /OIR ues’ t he neasurenent axes

correspondi ng to nmeasurenent beans B41 and 42. Further, nmain
controller 20 conputes a displacenent 44 (pitching anmount) Aex in

the ex dicection ofcwafrerirsilage mAbh kasedoan drhe 0Y-Residon@itEt hee
di spl acenent AY in the Y-axis direction) of reflection surface 17a

and refl ecti el ssurdfacedkaofSFunthésgrass ik shewdom) Fl&. &£70 XAYo, A8z
interferometer 126 irradi ates neasurement beans B51 and 52 to wafer
table WIB al emg My tdowadesusbagat WaRdsashdt omrigis peest: tdrergamesults
di stance apart_froma straight line LHin the X-axis direction

passing thr offh? Wedﬁei%ﬁ?eg%@ﬁ%‘léf* %%ﬁé@’m%u@ﬁﬂgc%me %V&ndf@oﬁl_lbed
and main control Iter 20 &gnqiﬁe(t% the position in the X-axis direction
(X-position, G99 e 5t e e) a displacenent AX in the X-axis

directiopy of waferapie Winddasediah Jhe JRasy el aldies ok rhe
ponding td measur erren eans B
Further, mai iGNt QnlBit £0f wafer stage WST in directions of six degrees
of freedom (Z, X, Y, 0z, 6x and By directions) from the
measurement results of interferometer system 118.
Incidentally, in the embodiment, interferometer system 118
20 1is to be capable of measuring position information of wafer
stage WST in the directions of six degrees of freedom.
However, the measurement directions are not limited to the
directions of six degrees of freedom, but may alsc be
directions of five or less degrees of freedom.
25 Incidentally, in the embodiment, although the case has
been described where wafer stage WST (91, WTB} is a single
stage that is movable inrdirections of six degrees of freedom,

the present invention is not limited thereto. Wafer stage WST

may also be configured including stage main section 91 that



15 conputes a displacenent (yaw ng amount) Aezmin the ez direction
of wafer table WIB fromthe difference between the neasurenent val ues
of the measurenent axes correspondi ng to neasurenent beans 1351 and
52. Incidentally, Aezmobtained from X interferoneter 126 and ezm
obtained fromY 20 interferoneter 16 are %¥qual to each other, and
they represent a displacenent (yawing) Aez in the ez direction of

waf er table \%B'free 1 moFx}érﬁ#e.rwit%%.r{t 'tscehi(?n?ljrﬁfg%[l%%eby a g}atf%q: Itia?);gi BT

FIG 2, a neasurenent beam IS em I'rit ér f'er omet er

al ong 25 the ypasyceiRMcaXba P hehnt Qe ddforkoaxisd ik 8L Pliri¥aple
interferoneter 128 irradi ates neasurenment beam 7 to refl ection

surface 17b dlelwafiere hahle MERd acatreGddt itdie Mi Giniatty 1@fas@ the zZ-axis
unl oadi ng position UP and a | oading position LP (to be described

| ater, refer dicediGor3)thaltonditaetidd ameashue yedi rext sopar dirl €his ease,
the X-axis that connects unl oadi ng position UP and | oading position

LP. Furt her, meyabd esmawroirnd Fl & sQx 1ke dredmitee sne rbangedeof ruafior table
interferonmeter 127 is irradiated to reflection surface 17b_of wafer
tabl e 5 WIB. "WI# -acFHAF ekeadt? eRRAIChegh o bion pradraesdlys and 170, a

reflection surfa 17b of wafer table WIB, along the neasurement axjs
paral lel to Y RIS FRETRGS WP CUigl? PHETdct BEEFSR BeRtEr B apged at

primary align t . Main controller 20 can obtain the
displacenentw%ggﬁh%%%gﬁg] -axis direction of wafer table WIB al so

fromthe neasurenent, vakuen®hdTR@sy’ emBievReamyB8 1¢fi oX iintekhiataumt 8k
127 and from the neasurenent val ue of measurenent beam 67 of X

i nterferooet afafb2Bs t HgWensar (whPer RlaaaMDE b waft ik €e XY plane (position
interferoneters 126, 127 and 128 are different in the Y-axis 15
di rection, addficherdfiore,inX dittegrifiem@metfercht2e idegreet wierf rexqaasur e
is perforned as shown in FIG 14, X interferoneter 127 is used when
waf er al i gnnémclivsliyer roratdoasiniowmation Ao dhaimgsrsagchons & @ainly
21, and X interferoneter 128 is used when a wafer is | oaded _as shown
in FICS. 18 H5d5PgeshdP¥sen encoder system (to be described later), and
the measurement values of interferometers 16, 126, 127 are
15 secondarily used in the cases such as when long-term
fluctuation of the measurement values of the encoder system
(e.g. due to defermation over time of the scales, or the like)
is corrected (calibrated), or when the backup becomes
necessary at the time the abnormal output of the encoder system
20 occurs. Incidentally, in the embodiment, out of position
information of wafer stage WST in the directions of six degrees
of freedom, position information in directions of three
degrees of freedom including the X-axis direction, the Y-axis
direction and the 6z direction is measured by the encoder
2> system (to be described later), and position information in
directions of the remaining three degrees of freedom, that
is, the Z-axis direction, the 8x direction and the 8y direction

is measured by a measurement system (to be described later)

having a plurality of Z sensors. Herein, the position



20 a wafer is unloaded as shown in FIG 17. Measur enent beans
Bl and 62 along the Y-axis are irradiated fromeach of Z
interferoneters 43A and 436 toward novable mrror 41. Measurenent
beans Bl and 62 are incident on reflection surfaces 41b and 41c of
novabl e nmirror 41 at 25 a predeternined i4fcident angle (to be G 2),
respectively. Then, neasurenent beans 61 and B2 are reflected off

reflection Sqarfeﬂ%gr?ﬁtﬁ% and cﬁ%%c[t%%ﬂgcgky@fq%’ r@lﬂgiﬂl?%\;%{%%éé%ﬁ%ees of

i nci dent on t ection surfaces of fixed mrrors

Then, neasur eMddeaE 61sandeBAchehil-eatsd ©éin thes nefd 8otds Aftem

surfaces of fixed mrrors 47A and 47B are again reflected off
reflection sunridces: dde montk e JuspactiMel y For. exam@liernthe pbeition
optical paths, through which the incident beans passed through, in

t he rever sed idifleemtatoits) inahbea? eaxes el vzt thyory and bher fprdmtEriomdday

and 43B. Herein, when a displacenent in the Y-axis direction
of wafer 8tad® VWERIUrss L4ibVEls eATURANSD) %5 tess et the meosaYd and

a displacenent in the Z-axis directjon is assuned to be AZo, an
opti cal pat h W CHIgd ALE G 1AEaRE A oI CaBe iR o5 A8 S6ed B
opti cal path | ength change AL2 .of urenent beam 82 that are
recei ved by Zmlecr#é]efreornbe L r Y YSA a%;\?ﬁSB are expressed in the

fol  owi ng equati 0”%1‘1(':%):1&‘&%1(1%%{’?%Q%Qggg%’ﬂ+¥ﬁ'§hier;flé?e€rﬁé% dyE088h 18

- AZ x sine... (1) 15AL2 = AYo _
Accordingly, (iR tReagusti @S slybl N dmb ) be tdhe- Mgt %%eﬁﬁétrg%%(frame
0o =

and AYo are obtained by the follow ng equations (3)" and (4).

(AL2 - ALQ) /h2si nelds projection unit PU, or may also be arranged
integrally with projection unit PU that is supported in a
suspended state as 1s described above, but, in the embodiment,
interferometer system 118 is to be arranged at the measurement
frame described above.

15 Measurement stage MST includes stage main section 92
described above and a measurement table MTB mounted on stage
main section 92, Measurement table MTB is mounted on stage
main section 92 via a Z-leveling mechanism (not shown).
However, the present invention is not limited to this, and,

20 for example, measurement stage MST having a so-callied
coarse/fine motion structure in which measurement table MTB
is configured finely movable with respect to stagemain section
92 in the X-axis direction, the Y-axis direction and the 8z
direction may also be employed, or the configuration may also

25 Dbe employed in which measurement table MTB is fixed on stage
main section 92 and the entire measurement stage MST including
measurement table MTB and stage main section 92 is drivable

in directions of six degrees of freedom.

Various types of measurement members are arranged at



AYo = (ALl + AL2) / {2 (1 + cose)} The displacenments AZ and AY are
obtai ned by each of Z interferonmeters 43A and 436. Then, the

di spl acenents 25 obtained by Z interferonmeter 43A are assuned to be
AZoR and AYoR, and the displacenents obtained by Z interferoneter 43B
are assuned to be AZoL and AYoL. A distam% between nmeasurenent beans
Bl and B2 irradiated by each of Z interferonmeters 43A and 43B t hat

are apart fr amsachuglier i hivd Nl 8 Sl st [ d supsed b

be D (refer to FIG On such assunption,”the acenent ‘(yaw ng

amount) A0z idkdmiel X «H reckhennofinnpyabl e2 mid ofa A hddsuentdtemenbers
stage WST) and the displacenent (rolling amount) AOy in the By

direction 5 cfugmwablan rravan 41 lumitangd eleshagad\EEnsaire wGbttaiatethas
by the follow ng equations (5) and (6). Aez(AYoR - AYoL) / D AOy(AZoL
- AZoR) / D BoAcigdrdingihaparhiligiuntrastdieriR) st iconpltas: therceives

di spl acenents of four degrees of freedom i.e. AZ, AYo, Aez and AQy

of wafer 38tage WBHLIHHSED daohhelheds anekpnge rdane ef@rgiection optical
interferoneters 43A and 43B, by using the above-descri bed equations
(3) To (6) . THIFF Thi St nmeiheier ul ri R T3 B 35 CRi? (OBEURTT Life Chat

measures an aerial image (projected image) of a pattern that
is projected by projection optical system PL, and a wavefront
aberration measuring instrument 98 by the Shack-Hartman

10 method that is disclosed in, for example, the pamphlet of
International Publication No. WO 03/065428 and the like are
employed. As wavefront aberration measuring instrument 98,
the one disclosed in, for example, the pamphlet of
International Publication No. WO 99/60361 (the corresponding

15 EP Patent Application Publication No. 1 072 223) can also be
used.

As uneven illuminance measuring sensor 94, the
configuration similar to the one that is disclosed in, for
example, Kokai {Japanese Unexamined Patent Application

20 Publication) No. 57-117238 (the corresponding U.S. Patent No.
4,465,368) and the like can be used. Further, as aerial image
measuring instrument 96, the configuration similar to the one
that is disclosed in, for example, Kokai (Japanese Unexamined
Patent Application Publication) No. 2002-014005 (the

25 corresponding U.S. Patent Application Publication No.
2002/0041377) and the like can be used. Incidentally, three
measurement members (94, 96 and 98) are to be arranged at
measurement stage MST in the embodiment, however, the types

and/or the number of measurement members are/is not limited



di spl acenents of wafer stage WST in directions of six degrees of
freedom(Z, X, Y, Oz, Ox and Oy directions) fromthe nmeasurenent
results of interferometer system 118. Incidentally, in the

enbodi ment, interferometer system 118 20 is to be capable of
neasuri ng p05|t| on information of wafer stlage WST in the directions
of six degrees of freedom However, the neasurenent directions are

not limted tq mdi 1 i f

be directions OFH?I ve zgér:tciness e%lféé&(a%srgﬁgéﬁs gbrgorlgggg@%i e?lrgltylr%!m%%t
the enbodi mentemd A osgh the é%ﬁ%%&@%ﬂ&ﬁ%d’“ﬁf&%&{t that
stage WBT (91, WIB) is a single stage that is novable in directions

of six degreesgfufdcadamaridie fyasantof Mesid@ids JptiddImdeftem PL,
thereto. Wafer stage WST may al so be configured including stage main
section 91 tled/ 48 4 sndametingrovet] mimertthithathebee piemelocrid Mafusrd
table WIB that is nounted on stage main section 91 and is finely
drivabl e Pel ailtlﬁmﬁéq%/qubd@t"&@@ frai Ao s exsaraml &1 oz zde P@a§t32hé02’fam dens
di recti on, 21715)( ct| andthe(9:(qeg|rect|on In this case,

novabl e mirr 1 %e Qe 3 ARGnGEE on FRETFBETRRBFe ngbers

Furt her, |nstaeafdfere efé ectl n surfaces 17a and 17b, a.,nmovable _mrr.or

made up of a Planar-hi rror rurraeﬁbGébt FRF S U & Wi ChSRHRY
enbodi ment, ROy a_}’e%f i ASihieQR %?"z%t HE!tF)% 10t|¥\§ffén§tf‘é3f ov}_s-li—:he like

(waf er tabl e in the X ane (posiftiron format1on

directions ofmawaelescdw eRsur®fed e B At i abin | nf or mat i on
in the Oz direction) is mainly neasured by an encoder system (to be
descri betlol ater), amd tthike erpasidirerent asaldies bef sierterfreromater $a316the
126, 127 are 15 secondarily used in the cases such as when |ong-term
fl uct uati on cfenste srehsir ementreghosslygf ushe snciodss Byesteemifd ugi ngnee
to deformation over tinme of the scales, or the like) is corrected

(cal i br at ed) NSFHSUAHEY BRESBACRAPIECETES InABaSSaRga AT iRG I utRnt 96

abnor nmal out put of t he. encoder system 20 occurs., Incidentally, in the
enbodi ment, Gfe F IS Qo H‘ﬁ‘IB{erF&ﬁr‘f?nC&f ’faé"rlsstlzﬁggéw GhFquad the

di i of f f f
i ecti ons o R 3 o B2 GO o Mt nTHEXEAREE” af PotbPon,
the Y- axi§ d'én%d:.%r?ﬂdmgggu%mgh{iqglrfbnthésggasséﬁ§§r§)%a}1rﬁe %%(i%%ed

by moving measurement stage MST only in the Y-axis direction

—

without moving the measurement stage in the X-axis direction.
In addition to each of the sensors described above, an
illuminance monitor that has a light-receiving section having
20 a predetermined area size that receives illumination light
IL on the image plane of projection optical system PL may also
be employed, which is disclosed in, for example, Kokai
(Japanese Unexamined Patent Application Publication) No.
11-016816 (the corresponding U.S. Patent Application
25 Publication No. 2002/0061469) and the like. The illuminance
monitor is also preferably placed on the centerline.
Incidentally, in the embodiment, liquid immersion
exposure is performed in which wafer W is exposed with exposure

light (illumination light) IL via projection optical system



25 system (to be described later), and position information in
directions of the remaining three degrees of freedom that is, the
Z-axis direction, the Ox direction and the ey direction is neasured
by a neasurenent system (to be described |later) having a plurality of
Z sensors. Herein, the position 49 infor¥fation in directions of the
remai ni ng three degrees of freedom nmay al so be neasured by both the

measur enent ysLem andui gt i ELOMHLT JuSLER IdBn N, 191 ance
the Z- ey

position information 1'n th axls direction and I rection may

5 be neasur edhdyeddi JrRAHNATEN  GYRE (HANA e RERId inRIh i tfrOr Mafd A 1

in the ex direction nmay be neasured by interferoneter system 118.

| nci dent al | y,inaigd emsisymirig afmdthetdrar areeterd sysiehchls disiata doran
optical system maybe arranged at the main frame 10 that hol ds

proj ecti on umidasRingy imetairentheé farrtaigedd ntsegr dlnl ymewistilrement using
projection unit PU that is supported in a suspended state as is
descri bed® abdvidumatian dHehdntdddinfaaive rldimemaridsy yrte Rl F84 s
to be arranged at the measuregent franme descri bed above.

15Measur ementP EIEGE IBTOP he FAdSY ey el AihWeEEEilsh oF ugéderi nijyly part

above and a [Easur ement toablse B n’gﬁnt edton it%ge mai n section 2'd
Measur ement  tabl™e MBS “fodnfed®8n 4t ag™ hef TrForfdn Ri Fopnted on
Z-1eveling w : resent: 4y ion,.l

not limted tot 4@%%%%%%@2@?“ azﬂl?:lé]rrent sltoglge ) T%lj the
having a so- aldiad §8358ekdymEe MldQ S MdGlsWr@nidh tWhshe MEBS UL SRR ge
table MIB is configured finely novable with respect to stage main
section 92 i maile 6caxicg dir)ection, the Y-axis direction and the ez
direction may al so be enployed, or the configuration may al so 25 be
enpl oyed in whi ch Asassisdyent indlG MEFB d Srhmeedhapes!t aigeacmnent member
section 92 and the entire neasurement stage MST including neasurenent
tabl e MIB and&tiggd iFgich teethpoAnd2sisLdee vabl e m¥iTieta ighstelesimrin

degrees of freedaom ri ous types of neasurenent nenbers are arranged
atg secgion.%% omeeégﬁrement stage MST. Further, to the gnd

surface on the -Y side of stage main section 92, a palr of

15 photodetection systems 44 are fixed in the vicinity of the
center position in the X-axis direction inside an opening of
attachment member 42, in the placement capable of facing a
pair of light-transmitting systems 36 described previously.
Each of photodetection systems 44 is composed of an optical

20 system such as a relay lens, a light-receiving element such
as a photomultiplier tube, and a housing that houses them.
As is obvious from FIGS. 4B and 5B and the description so far,
in the embodiment, in a state where wafer stage WST and
measurement stage MST are closer together within a

25 predetermined distance in the Y-axis direction (including a
contact state), illumination light IL that has been
transmitted through each aerial image measurement slit
pattern SL of measurement plate 30 is gulded by each

light-transmitting system 36 and received by the



50 neasurenent table MIB (and stage nmain section 92). For exanple, as
is shown in FIGS. 2 and 5A, neasurenent menbers such as an uneven

il lum nance neasuring sensor 94 that has a pinhol e-shaped
light-receiving section that receives 5 illumnation light IL on an

i mge plane of projection optical system*rF?L, an aerial image
measuring instrunent 96 that neasures an aerial inage (projected

i mage) of a paldern.daty ik, QELQInSH‘c%%&h@é&bﬁ?%ﬁ%%éﬁo@ﬁé@& 44,

PL, and a wavefTront aberration nmeasuring iInstr

Shack- Har t manrHE: ARt heda Ehabnb st db 56t OS] lﬂghfOfrgﬁgﬁﬂfﬁin?hﬁystems 36
panphl et of International Publication No. WD 03/065428 and the like

are enpl oyed.ars psotefdetidctabat reatd toamaTels Wwaonkr insid wrente 98] tiktige
one disclosed in, for exanple, the panphlet of International

Publ i cati on Neeasn®i9g/ g6k t4fe cwmfesgondilty ¥ ERMRathents similar to
Application Publication No. 1 079 223) can al so be used. As uneven

i |l unmi nange g G isEHssIeD4N thrkadonfiapangs oV sxaniged Fatmatone

that is disclosed in,, for anpl e, Kokai a nexam ned Pat ent,
Appl i Icati on Znt?gg'dﬁﬁq_t]ﬁl} gff%)iﬁ{?%t%?’ﬁfl 938£?]$£68§%$9gsgtg'f?di‘??&rﬁsﬁondlng
Pat ent No. 4, : t he 1i.k d. Furt j-al
i?ragg measuritlfwl'ge:]‘}‘;l3 i %gaﬁeﬁl%ne%lpxglacaltthlgongg ?Lgu#aae]‘loc?n solr'm'rbﬁgorz/?ﬁo) Lﬁ%{j@ne

that is discl Ady P AR L, Kakal d,lapangse Unexam ned Patent
Appl i cation Publication) No. 2002-"014005 (the 25 corresponding U.S.

Pat ent Appl i cati onoRubt ¢ §ethhont Nemb2@02 0943FA)datd d1heati (e reamaliger,

used. Incidentally, three nmeasurenent nenbers (94, 96 and 98) are to
be arranged athawmdsurenfenret age a5k IMCI harefbad mnit, ikoweser upt lE a
types and/or the nunber of neasurenent nenbers are/is not limted 51
bar-shaped member having a rectangular sectiocnal shape and
serves as a reference member is arranged extending in the
X-axis direction. CD bar 46 is kinematically supported on
mezsurement stage MST by full-kinematic mount structure.
15 Since CD bar 46 serves as a prototype standard
(measurement standard), optical glass ceramics with a low
coefficient of thermal expansion, such as Zerodur (the brand
name) of Schott AG are employed as thematerials. The flatness
degree of the upper surface {the surface) of CD bar 46 is set
20 high to be around the same level as a so-called datum plane
plate. Further, as is shown in FIG. 5A, a reference grating
(e.g. diffraction grating) 52 whose periodic direction is the
Y~axis direction is respectively formed in the vicinity of
the end portions on cone side and the other side in the
25 longitudinal direction of CD bar 46. The pair of reference
gratings 52 are formed apart from each other at a predetermined
distance (which is to be “L”) in the symmetrical placement

with respect to the center in the X-axis direction of CD bar

46, that is, centerline CL described above.



to them As the nmeasurenent nenbers, for exanple, neasurenent nenbers
such as a transmittance nmeasuring instrument that neasures a
transmttance of projection optical system PL, and/or a measuring

i nstrunment that observes local liquid 5 i mrersion device 8, for
exanpl e, nozzle unit 32 (or tip lens 191)5%w the like may al so be
used. Furthernore, menbers different fromthe neasurenent nenbers

such as a cl eani ng gsiRARRy L BAtLCL NG UNbE P pald 86', ea{‘ﬁ)ﬂa%l%y
ge MST I'n the

the like may al so be nount'ed on neasurenent stage o1

enbodi nent, asx GIFhensReRalrkenFife HfmddQnSeRsOpSatBAtnBr£s shown in
frequently used such as uneven illum nance neasuring sensor 94 and

aerial image FIEASWA.Ng Thstplueali®P af erpfacetcomariceM erdd MarEed in
(Y-axis passing through the center) of neasurenment stage MST

Ther ef ore, i rEhtee-1®wrodiveedn, tiea¥oesiendinsthionr hosdhes awm pican,
be perforped by noving nmeasurenent stage MST only in the Y-axis

di recti on®wi LN PEAGY RE RBSBUFeNehR® Seapedibeine shifged from each

di rection. Ln additi t 0 .eac f the sensors described above,
o LT et nan @ e o S et e st Moo Fot i 360 -

br edet er i ned, areasige Lbat crecelyessi il wrination Lo, 1L on. i he

lu .
i mge pl ane proj ection optical system may al'so éng#pﬂg?gﬁpaVlng

which is dis i f e Ly ( eS8 Ml ToN
Appl i cation %t%ﬁ%%h?pgﬁ)gag.%%q?%?%%ggg?%%gﬁ%%rrespo d%ﬁggb.s.tggpgﬁkm

Application ZhdPEddgaaiden dNa.gréRed QAGIHAGR) @rd dheiddd@bel@ater) is
illum nance nmonitor is also preferably placed on the centerline.

| nci dent@all y,udend.t heeérirediceentrkl Moumag adwer deodi€Xpasuteins shape
performed in which wafer Wis exposed with exposure |ight

(i Il um nati onldangftdtutiior)a fpoej ésdilohadbprdchalFMybusmn 3hePlemdpodliment,
[iquid (water) Lqg, and accordingly uneven illumnance neasuring

sensor 94 (aRFiHEnq9 @RTartetiiidoialagddi FM have the same

constitution and also they have the same constitution with
that of an alignment mark on wafer W. Incidentally, in the
15 embodiment, the surface of CD bar 46 and the surface of
measurement table MTB (which may include the measurement
members described above) are also covered with a liquid
repellent f£ilm (water repellent £ilm) severally.
Also on the +Y end surface and the -X end surface of
20 measurement table MTB, reflection surfaces 19a and 19b are
formed similar to wafer table WTB as described above (refer
to FIGS. 2 and 5A}. By irradiating an interferometer beam
{measurement beam), as 1s shown in FIG. 2, to reflection
surfaces 19%a and 19 and receiving a reflected light of each
25 interferometer beam, Y interferometer 18 and an X
interferometer 130 (X interferometer 130 is not shown in FIG.
1, refer to FIG. 2) of interferometer system 118 (refer to
FIG. 6) measure a displacement of each reflection surface from

a datum position, that is, position information of measurement



i mge measuring instrunment 96 and wavefront aberration nmeasuring
instrunment 98 that are used in neasurenent using 5 illumnation |ight
IL receive illumnation light IL via projection optical systemPL and
water Lg. Further, only part of each sensaor such as the optical
system nmay be nounted on neasurenent t abl® MIB (and stage main
section 92), or the entire sensor nay be placed on neasurenent table

MIB (and stagg M) ™ geddl QL@lcg_I.@dingf iaxte 125, 1S ﬁeﬂ?%‘mdn” iFllfgrnél%io% in

frame- shaped attachnment nmenber 42 i1s dtot nd surface on the
-Y side of st@agexraiki sSeRHI vraPPs ofi MRASWrRTeRY 568861 MBhinfidtelon in
to the end surface on the -Y side of stage nain section 92, a pair of
15 phot odet edilieord s yhitrmnst ih )gr erfd Xegk ineddheraregitniviaf wefs the certdrned
position in the X-axis direction inside an opening of attachnent

menber 42, irta il asernealleapafl.e of facing a pair of
light-transmtting systens 36 described previously. Each of

phot odet eeti on systehB8¥B2ASHESGRRFBTEN DL 08nobfthe 8Nbogdingst et & d&Huad -
| | , | i ght-r, i Vi | h hot | t.i plier,

Lube, and a MUSHTY CHATS S HHHEM A 1S AT FF Gnier@R" 4anndY

5B d the d jsptd i I - wh .

5B and the coaty) ol oF sl ar L0 e SMBSOIENL. 0,8 Siatg Mhete .

a 25 predet eng B%Fﬁ;ﬁéfé@@f&'dbﬂi'?:ealY's§§hcémdlf]£?Q$Hi% & 86! MG NG Fes with

contact state), ilTumnation I'ight IL that has been transmtted

through each &gy iRinteage BRaSELBEALeS| i DAt Els Nerblo Dimd RS WrRIMBRE ng
plate 30 is guided by each light-transmtting system 36 and received
by the B3 | igghtalrledetvitig Btaexenl anashae aedecieqhigirodeteeriaina pystiemon
44. That is, nmeasurenent plate 30, light-transmtting systens 36 and
phot odet ect i dihady dsetmadyd caresstl fore ahe aptiiatal reges abas priads tdeviiced
45 (refer to FIG 6), which is simlar to 5 the one disclosed in

Kokai (JapanéSeétaeaRiinetf P&t &Hie Aspl # ciI8h1PUBIG cari dhyhaegh omitted
2002, 014008 ({05501 1eSRONIION. U 8. LRLA PORLL RO RUNLERH I
drawing. Primary alignment system ALl is fixed to the lower
15 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 ALZ; and ALZ;, and AL2; and ALZ2, whose detection centers
are substantially symmetrically placed with respect to
20 straight line LV are respectively arranged. That is, five
alignment systems ALl and AL2; to AL2, are placed so that their
detection centers are placed at different positions in the
X-axis direction, that is, placed along the X~axis direction.
As is representatively shown by secondary alignment
25 system ALZ,;, each secondary alignment system ALZ, (n=1 to 4)
is fixed to a tip (turning end) of an arm 56, (n=1 to 4) that
can turn around a rotation center O as the center in a
predetermined angle range in clockwise and anticlockwise

directions in FIG. 3. In the embodiment, a partial section



On attachment nenber 42, a confidential bar (hereinafter, 10 shortly
referred to as a "CD bar") 46 that is made up of a bar-shaped nenber
havi ng a rectangul ar sectional shape and serves as a reference nenber
is arranged extending in the X-axis direction. CD bar 46 is

ki nematical |y supported on measurement stXge MST by ful | - ki nematic
nmount structure. 15Since CD bar 46 serves as a prot otype standard

of Chormal e pangi on. UL A R g WS 87 SORGPP AR o
are enpl oyed jas Jthe R frials. sy'l'stt%nf e ss dearee Ofarl QQL%H%t light

surface (the surface) of CD bar 46 is set 20 high to be around the

same | evel axmasdeicatt boh datdan:phadies phates Fuetihieht abatkSi Shewr rafted
FIG 5A, a reference grating (e.g. diffraction grating) 52 whose
periodi ¢ di r extdnora isakdjectY-needils wditrheiot itdre idetreespiect iareday tfooramed i n
the vicinity of the end portions on one side and the other side in

t he 25 | ohgi tidihialrefigietinioalenenb) bey f4&edThe a3ai PoohRndetleg agge@ining
gratings 52 are forned apart fromeach other_at a predeterm ned

di st ance (V\hlstﬂ?qlé?nc &soé‘r'rﬁ'nﬂeidnaf:h%h§yrﬁﬁ%‘fl ri%ame ﬁ%%md%ﬂmj ection

respect to the .ge he X-axis directio bar 46, that ﬁ

conterline CLrHegtsgbi'be % 5bgsitaghs o SeCﬁaﬁéﬁéfra IWRHRE f¥peems A2,
f f |

The o scomentias e, el HiBl! i Ced SLETANGE IR o WAt idliE A il

are forned Irkciﬂytel%rre%@é£@§sltmetasm¥e§>ﬂ srflbEREL ITdd) 1HE RABtion

pitch, 5 and the array of each rowis fornmed being shifted from each
ot her byla pradeiermmneathdiEianee dm ddigbaxict ddreidany A gaehtof
reference marks M a two-di nensional mark having a size that can be
detected by tshestpmisvaly,alAlghnehl2spstieAlandreetoddpeydahtypmentable in
systens (to be described later) is 10 used. Reference mark M nmay al so
be different the Bhapés(@oresttitani oRrchrdinpilduciaé nedalk im9 powittiens of
t he enbodi nent, reference mark M and fiducial. mark FM have the sarre
constitution Bifd deﬂtﬁ’?tﬂ‘?é‘y FHEAS (He REARS B0t IWME YN SHSEE™ I‘?&t G%n

o ranent el o e oG So AL LRSS, FBeS Tehlan i e
o e e e s Bl ot s g Cqrcs
on the +Y endrHydace@ndHde- ﬁ&ﬁ%cﬁﬁfﬁc%ﬁondary alignment systems
AL2,, ALZ,, ALZ23 and ALZ, are to be adjusted by the turning of
the arms. However, the present invention is not limited to
this, and a drive mechanism that drives secondary alignment
20 systems AL2,, ALZ,;, ALZ; and AL2, back and forth in the X-axis
direction may also be arranged. Further, at least one of
secondary alignment systems ALZ2;, ALZ2;, AL2; and ALZ; may be
movable not only in the X-axis direction but also in the Y-axis
direction. 1Incidentally, since pari of each secondary
25 alignment system ALZ, is moved by arm 56,, position information
of the part that is fixed to arm 56, 1s measurable by a sensor
{not shown) such as an interferometer, or an encoder. The
sensor may only measure position information in the X-axis

direction of secondary alignment system AL2,, or may be capable



20 nmeasurenent table MIB, reflection surfaces 19a and 19b are forned
simlar to wafer table WIB as descri bed above (refer to FIGS. 2 and
5A). By irradiating an interferoneter beam (nmeasurenment beam, as is
showmn in FIG 2, to reflection surfaces 19a and 19b and receiving a
reflected |ight of each 25 interferonetersibeam Y interferonmeter 18
and an X interferonmeter 130 (X interferonmeter 130 is not shown in

FIG 1, refer to FIG 2) of interferometer system 118 (refer to FIG

6) neasure a i HFRREHER POFLEAOR tBfPEBRLdAN LR faretiebfiraritian, for
position, that is,l osi.tign infornmation of nﬁﬁlsurement 55 stage MST
(e.9. includi T B9 ed0E Fo8rrofLFRFORRL FLT SR tHo SRLAH OTand Fection
Y-axis directy, t4.on Jnfor i,Qn i the dj.rect.i.on and

t he measur erre%qj&\slia ug'lsgr gér%‘ lseuarp}s'p irl)en to rJng}en d;xonatz}doﬁ(yerajﬁc%ﬁo S) -
exposur e appar at us 510 f e LAEN i lge pri

al i gnment system AIE%1 ng%plugggg gﬁeg%ggi %ﬁté??lﬁgfl_f@/ 5p6§és?%£f¥ﬁ?%@%d >8a
the centep of(r10j6C4 | Ahatiils PbhHOPEHCH 204k §réXeAt iR ARLEUD on type
optical system PL, which also coincides with the center of exposure
area | A in thdreizadiimenti)s andanejeny 10upahakl ehiat heY-aed e andnkas by
a detection center at a position that is spaced apart fromthe

opti cal axi s aatrodapriedetcivienae chiastisnc60en(nhk & &i deotashemsHowiIG.
in FIG 3, although omtted in FIG 1 fromthe viewpoint of avoiding
intricacy of %rhéf%eaw%.ﬂlﬂr-i rfar e Rt grivieitdasy st stAn 9k tiskdd ko 1n

the | 15 f f in fr, t sh ' t nmenb
5. O one. SRS R QT S TP T E S oA e o wi FALE

_ _ t e G ot wi £
AL2T and AL 32 A AR A2 Shees e ar R L EoRLer® arig” ExcH B

substanti al | sy gBeL hgah! ¥rahacedoW tRohEesPEGt shiet28nshkaibght.oLLpe,
LV are respectively arranged. That is, five alignnent systens ALl and

AL23 to AL24 aarjesnRend c¥oathag6f.nerhudet €6 i SRS A Bril 86ed raler
different positions in the X-axis direction, that is, placed al ong

the X-axis dimdetiiom ahgylies adpreasenttat ittalty ishown desisecbrdaritional
alignment 25 system AL24, each secondary alignnent system AL2n (n=1
to 4) is fixadledipn hetWaaminyran) Ol cmearmsBegtegmALLt am) fohvat
15 secondary alignment systems AL2; to AL2; is maintained.
Incidentally, in the case a portion of the main frame
facing arm 56, is a magnetic body, an electromagnet may also
be employed instead of vacuum pad 58.
In the embodiment, as each of primary alignment system
20 ALl and four secondary alignment systems AL2; to AL24, for
example, an FIA (Field Image Alignment) system by an image
processing method is used that irradiates a broadband
detection beam that does not expose resist on a wafer to a
subject mark, and picks up an image of the subject mark formed
25 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

shown), using an imaging device (such as CCD), and then outputs

their imaging signals. The imaging signal from each of



can turn around a rotation center 0 as the center in a predeterm ned
angl e range in clockw se and anticlockw se directions in FIG 3. In

t he enbodi nent, a partial section 56 of each secondary alignnment
system AL2n (e.g. including at | east an optical systemthat
irradiates an alignment light to a detectitbn area and al so | eads the
light that is generated froma subject mark within the detection area

to a5 light-receiving elenent) is fixed to arm56n and the renainin
section is aftanged #L%%“%ﬁ P ¥ 5 e ;fll‘?atarﬁglﬁf’s‘“brstﬁcé?ﬁ#w Lﬁﬂﬂtgwngc

The X-positiaq 0 n | i gnnent systenms AL21, AL22,. AL an
AL24 are sevegrlzﬂ%/m%%ji%?@%%&%‘*tu rﬁ%@ld‘reéiﬁa rP%%%tdlo & egrgg JG&%IG'
the center. Ifn other words, the detection 10 areas (or the detection

centers) of secondary alignment systems AL21, AL22, AL23 and AL24 are

i ndependent |y novahiliiderdthe 1%, a%iaghdbkeehs 0 i Hofk €l H\H Yond RR scribed
relative positions of the detection areas of primary alignment system
AL1 and secoradsrwe abirgrnehhni sy ttenshAE2L, s ywiZetn, AhdZraali dhRddnarsenkar,
adjustable in the X-axis direction. Incidentally, in the enbodi nent,
the X-positi ofisidf igeedidaey aldgrmmntt spseens oALRIGhALIZPa ALRBeandark
AL24 are to be adjusted by the turning of the arnms. However, the
present inverfibAetechst aiaatitearad linhs, ocnmddafdripes efekhant ganarated

drives secondary alignnent 20 systens AL21, AL22, AL23 and AL24 back
and forthetn e e e Ak i MARES fa ARt SRS de - -

| east f s . tens AL21, AL22.. AL23 and AL24 .
oy be movablS At o - ERe S SEH PROE R B HE T h L RATE Deing

Y-axis dipectdiarrd el fdent @h!ays%lﬁé Qﬁ%:e@t_ritogﬂf .g%?l%l}a%%?iofg%)/tl‘?esgfubtjﬁé:t

al i gnnent system AL2n 1s noved by arm 56, posi‘tion information

part that ispfdped i@ ardedbihd Ldmasy abl & derrsans inplc shawn)
such as an interferoneter, or an encoder. The sensor may only neasure

posi ti on i nf aratatradrl v betyseXadwhe ¢kt iactdn d t 5@t agdasyded | grimefther,
system AL2n, or nay be capable 57 of neasuring position information

i n anot her difrietst rdAgnfrentesaapers Alie avidaRilg: dior BERi @reanhd/loe attrenged
rotation direction (including at |east one of the ex and ey

di rections). htHRecUBPELMENEF acdEOWE VRIAC I BB erac§ atbikenpRitt 5o tens

15 is not limited to five, but may be the number equal to or more
than two and equal to or less than four, or may be the number
equal to or more than six, or may be the even number, not the
odd number. Moreover, in the embodiment, five alignment
systems ALl and AL2; to ALZ2, are to be fixed to the lower surface

20 of the main frame that holds projection unit PU, via support
member 54. However, the present invention is not limited to
this, and for example, the five alignment systems may also
be arranged on the measurement frame described earlier.
Further, alignment systems ALl and AL2; to AL2, are simply

25 called mark detection systems in the embodiment, since
alignment systems ALl and AL2; to AL2,; detect alignment marks
on wafer W and the reference marks on CD bar 46.

In exposure apparatus 100 of the embodiment, as is shown

in FIG. 3, four head units 62A to 62D of the encoder system



5 (n=1to 4) that is conposed of a differential evacuation type air
bearing is arranged. Further, arm 56n can be turned by a rotation

drive nmechanism60n (n=1 to 4, not shown in FIG 3, refer to FIG 6)
that includes a notor or the like, in response to instructions of

mai n controller 20. Main 10 controller 2G%ctivates each vacuum pad
5% to fix each arm 56n to a main frame (not shown) by suction after
rotation adjustne of .arm 56. Thus,_ the state of each arm 56n after

rotation angl% adj eﬁjer?tn & 5% Ot Sdgé’ﬁq”é'ﬁllﬁ&mm Utnéitlat?’lzol?n all
b t t AL f .
oystens L1 Aﬁi%gginnafysa%u heBBLAPHY ah BRCAAD AL Bt c*a%%he
e o Egnl?led%ﬂbf A 6n Rl é?p%z;cuum pag'mgg:d

el ect r omagnet SO be enmpl o I nst ea

enbodi ment, Ebilﬂféi’lliélf sPALEBf N, al 4 PRI renSeM 20t b dgRBehi ft%la in FIG.
secondary aI i gnnment systens AL21 to AL24, for exarrpl e,  an IJfIA Field

| mage Al i gnmentdr sy sttembewaiointage prvecelsignd nmtikedy 9 used leaiﬁzu.ng

irradi ates a broadband detecti on beam that does not expose resist on

a waf er to alsubjdssitaddink, femdepankdeupiartisragecoprohiectibpectiterik is

formed 25 on a light-receiving plane by the reflected light fromthe

subj ect mar k SHRPAFqGdgeaotuspeRABd xS (e i MRdd paiter AZantantihawy be
usi ng

pI ate arranged within each ali nt syste not . shown
| magi ng devi @é‘%ﬁﬁ? %n&fﬂSp%ﬂgefiﬁéﬁtﬁuf‘g%?%r?%éyWjit#a@?ﬂbe‘épg?%luéllt

The i magi ng sign f each. of ri aI| nrrent system L1 and
f our secondar;}]gaﬁ gﬁ{nﬂbesyasrtransqeﬁﬁf’% tIJBHA%? <L |er<?rrte G +oed

controllef 2Qyddy 1 G 6. Incidentally, each of the alignment systens
descri bed

Head units 62A and 62C are respectively placed on the
+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

15 axis AX of projection optical system PL symmetrically with
respect to optical axis AX of projection optical system PL,
Further, head units 62B and 62D are respectively placed on
the +Y side and -Y side of projection unit PU having the
longitudinal direction in the Y-axis direction and are also

20 placed apart at substantially the same distance from optical
axls AX of projection optical system PL.

As 1s shown in FIG. 3, head units 62A and 62C are each
equipped with a plurality of {(six in this case) Y heads 64
that are placed at a predetermined distance on a straight line

25 LH that passes through optical axis AX of projection optical
system PL and is parallel to the X-axis, along the X-axis
direction. Head unit 62A constitutes a multiple-lens
(six-lens, in this case) Y linear encoder (hereinafter,

shortly referred to as a “Y encoder” or an “encoder” as needed)



5 above is not limted to the FIA system and an alignnent sensor,
which irradi ates a coherent detection light to a subject mark and
detects a scattered light or a diffracted Iight generated fromthe
subject mark or makes two diffracted lights (e.g. diffracted lights

of the same order or diffracted |lights beditng 10 diffracted in the

sanme direction) generated fromthe subject mark interfere and detects
an int erferenfe Iigl%t, can nat ur al I% be used al one or, in conbination
as needed. FurthérBiprvel di5Gnhent el SeaflitRS tRA PR A qrp 18 blae rgxis
to be arranged j he emhodiyent .. However, t nuiber [ nt
systems 15 iséjlnfo Ct}liorﬁt %ﬁﬁ?ﬁé“,tlbc\{ﬂe) iy BE e S e?‘{sé[gu(é‘%rgé% Seble
nore than twemand, 8qualy £@.9% é@?ﬁg&@@%iﬁeafabﬁe m%iﬁ%ltaliﬁﬁ/]uﬁggé unit
equal to or nore than’six, or nay beé the even nunber, not tHé odd
number. Mor ecsef ,cdrb @ odinentip fd vierdd | ginENtersy Stieme Alst and) v
AL21 to AL24 are to be fixed to the | ower surface 20 of the main

frame thab hadlidssgf girenidean 0T t (FRAEewitto SUREPOrd) redre medutdnrentas ,
the present invention is not limted to this, and for exanple, the
five alignment-mysitemn wdywafso dmge HWaAgédabart tteh e #5E) enenngf ¥ @male
described earlier. Further, alignment systems ALl and AL21 to AL24

are sinply 25%%al FegcraPrddebedei-onIByEhbfscapet he ehbbanpenbetueere

al i gnnment systens AL1 _and AL21 to AL24 detect alignnment marks qn,
waf er W and t37 §% 6y g?k‘aea%ré}s {gnScoreRFuEgrent beams) egihgpgfletn head

apparatus 100Q_of e i-ment . as.is . shown jn FIG 3, four head, __.
units 62A to%gfﬁ%%%t%g%gﬂgo ef Ssy&FertO55%ar "1 a8 UG H! alr*sttgieeq(ofams
surroundi pg nEzzl & (WY 3% lds f Ldesqv] nactyal e i

62A to 62D are fi xel tc()3 the%;&g?éelgsoi%grlngfllﬁ ??%ﬁe(ﬁa{:%@ﬁacﬁ%s%%&mat&’ @

proj ection yrlietndg%\ bR grislspeaded st aherMbad, B UBRPY b1HBAPELy of Y heads
al though omtted in FIG 5 3 fromthe viewoint of avoiding intricacy

of the draw rgl thati deateaddippddinexaopl€f hiedd hfi€aSEPEOIEERLTPMNY head
unit PU is supported in a suspended state, head units 62A to 62D may
be support ed dslacstispdmied mstsdt &s ifritkegh ad Eheviawe peof eottiiam afittarrel
PU, or may be arranged at the neasurenment franme described 10 above.
40 of projection optical system PL (to be more accurate, to
15 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.
As is shown in FIG. 3, head unit 62B is equipped with
a plurality of (seven in this case) X heads 66 that are placed
20 on straight line LV at a predetermined distance along the
Y-axis direction. Further, head unit 62D is equipped with a
plurality of (eleven in this case, out of eleven X heads,
however, three X heads that overlap primary alignment system
ALl are not shown in FIG. 3) X heads 66 that are placed on
25 straight line LV at a predetermined distance. Head unit 62B
constitutes a multiple-iens (seven-lens, in this case) X
linear encoder (hereinafter, shortly referred to as an “X

encoder” or an “encoder” as needed) 70B (refer to FIG. 6) that

measures the position in the X-axis direction (the X-position)



Head units 62A and 620 are respectively placed on the +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 sane
di stance fromoptical 15 axis AX of projection optical system PL
symmetrically with respect to optical axigl AX of projection optical
system PL. Further, head units 62B and 62D are respectively placed on

the +Y side and -Y side of pr q%ectl on unit PU having the IongJ;tudi nal
direction in Q%é”acf%&l%t%ﬂQéﬁ oﬁ"aaﬁfdf ai?@]a“-? JE'Bo ‘-}cﬁﬂdéé e a19%:

substantially,the tanc i C axi s projection
optical syst e‘?ﬁﬂ ¢ a%o ? i &i‘ unét ﬁéﬁd CORPEL CB2RSadAd
620 are each a I X |n s cas

64 that are p %ﬁd 1 é%%%r%n'—ggégdl st gﬁ Se& £ éjlogcﬁ% ?(Oﬁ (rf%er
LH t hat paSS@@otﬂé’U% %é@%e%ﬂ%ﬂ}@ ﬂﬁ&is%cttl'oq{‘ PG G %??WST

PL and is parallel to the X-axis ong the "X-axls direction.

unit 62A gonstudfie8aBlEWTH)PLE:hEXSsES] & 30RDBe it itRidsSasese) ¥urther,
I i near encoder (hereinafter, shortly referred to as a "Y encoder" or

an "encoder" iastheedé)dinhi],080f rehan it Wén ab) ghhehtneasue ek ddid bed
position in the Y-axis direction (the Y-position) of wafer stage WST
(waf er tabl e MIBTuSNghy bthe a. B9 fdeged, bbwoabdweadsSERi dat | gf diearkn
unit 620 constitutes a multiple-lens (six-lens, in this case) Y 5

| i near encodet MEGEIS( P& BRaE 03@ GqLBL)PR%ﬂnnﬁaéér‘é%l¥ He2 by sg@silitiege s Ly
f t |l e 39 bed ab

I thi s cace. tapdiar Shbe RobBRt hdcalent? C%@%@?%&Vﬁ Yot SondRakes.
d d t hort

Chan a gt h 10 thksB L BBE 4 B 0R 08 (P Bl 8 A Rhy 3584 (o

be more accur@igyt & QN A1k agr bchH@? 3SR, éx:ﬁ{.rlt}besrc% 3951]‘ &dg(z head

plurality of Y heads 64 that are equi pped in each of units
and 620, Y hepdl ddrafat edbd neygmstonsthicned &o1theakowdktogeed 70D,

portion of barrel 40 of projection optical systemPL (to be nore
accurate, to Herein, some of eleven X heads 66, in this case, three
X heads are attached on the lower surface side of support member
15 54 of primary alignment system AL1. Further, a distance
between adjacent X heads 66 (i.e. measurement beams) that are
equipped in each of head units 62B and 62D is set shorter than
a width in the Y-axis direction of X scales 39X, and 39X, (to
be more accurate, a length of grid line 37). Further, X head
20 66 located innermost out of a plurality of X heads 66 that
are eguipped in each of head units 62B and 62D is fixed to
the lower end portion of the barrel of projection optical
system PL (tc be more accurate, to the side of nozzle unit
32 enclosing tip lens 191) so as to be placed as close as
25 possible to the optical axis of projection optical system PL.
Moreover, on the -X side of secondary alignment system
ALZ2; and on the +X side of secondary alignment system ALZ,,

Y heads 64y; and 64y; are respectively arranged, whose

detection points are placed on a straight line parallel to



15 the side of nozzle unit 32 enclosing tip lens 191) so as to be

pl aced as cl ose as possible to the optical axis of projection optical
system PL. As is shown in FIG 3, head unit 62B is equi pped
with a plurality of (seven in this case) X heads 66 that are pl aced

20 on straight line LV at a predeterm nedadi stance al ong the Y-axis
direction. Further, head unit 620 is equipped with a plurality of
(eleven in this case, out of eleven X heads, however, three X heads
that overl ap 5 fapylal thpneaesepstireygh thecdapecihommesntem of PIRmRLY
heads 66 that are placed on 25 straight Iine LV at, a predetern ne

di stance. Hedd it e%z&*;syéﬂ?@f Fz}ltﬂtéasn arﬁﬁtsi‘%%talw ]s‘/evséﬂ‘lnleéﬁ;s“ﬁcq%ﬁy
this case) X |4 NGO herei naf.ter, .shartly referred_to as_an

"X encoder” rlag:ﬁea& e@ggldgcféséescecngceodgﬁ)e ﬁ%te(c%éfoer%/ SRS g;‘et ﬁéﬁ%ance
measur es t he Jasidd [ -AXLSqdERect ngﬁyt' of
waf er stage WST (évéal?ewr h‘[éaﬁﬁgg @\ii\f@) éﬁlcsii 5593( ls%a e(eé li}gl)lé?lg esclr&{llggé ea(l%(]?vle.to
Further, beadiigidnd@D gerstiibeesraviblitipl e-taensad£l@aManah8nsiy) Face
this case) X encoder 70D (refer to FIG 6) that neasures the

X- posi ti on ofY wafedresstR&Ye M IYwakepetahe IWBh #ssigtX stahe 1IDX2G.
descri bed above. Further, in the enbodi ment, for exanple, when

ali gnnment (t & bbedesthe loed tleat ef )wastent Weoth iWed eirsspagé dfdfeds emstXaight
heads 66 out of el even X heads 66 that are equi pped in head unit 620

si nul t aneous|yiiade -X SBafe 3HIANBRYL RR/EARBLAYXE ¢ g atagardined dater)

.10 | X 3 d X head 66_f aci X
cale. 30X1 cOITEUTS R | e L ehcuder 708 O ina™X BLaPRIome AR Keads
head 66 ' I 9 ' | . 70D, i n,
Come of foven ALR84E TePRRHY AT, S Bl FRESHEE (i R o

on the |ower yfack side @ eSURPOLL ﬁgéé%kéﬁfgiknﬁé¥dﬁeg%%lg@d

al i gnment system ALl _ Further, a distance between ad ent X

(i.e. measurempt (Deals) chlaldeaise7equmpeda BorpeReal oheatcupist §462Bnd
and 62D is set shorter than a width in the Y-axis direction of X

scal es 39X1 &43/,39X2 (to be nore accurate, a length of grid |ine 37).
Further, X head
Further, in the embodiment, when baseline measurement
15 of the secondary alignment systems (to be described later)
or the like i1s performed, a pair of reference gratings 52 of
CD bar 46 face Y heads 64y; and 64y, respectively, and the
Y-position of CD bar 46 is measured at the position of each
of reference gratings 52 by Y heads 64y; and 64y; and facing
20 reference gratings 52. In the following description,
encoders that are composed of Y heads 64y; and 64y; facing
reference gratings 52 respectively are referred to as Y-axis
linear encoders 70E and 70F (refer to FIG. 6).
Six linear encoders 70A to 70F measure position
25 “information of wafer stage WST in the respective measurement
directions at a resolution of, for example, around 0. 1 nm,
and their measurement values (measurement information) are

supplied to main controller 20. Main controller 20 controls

the position within the XY plane of wafer table WIB based on



20 66 located innernost out of a plurality of X heads 66 that are

equi pped in each of head units 62B and 620 is fixed to the | ower end
portion of the barrel of projection optical systemPL (to be nore
accurate, to the side of nozzle unit 32 enclosing tip lens 191) so as
to be placed as close as 25 possible to tdse optical axis of

proj ection optical system PL. Mor eover, on the -X side of
secondary alignnment system AL21 and on the +X side of secondary

al i gnment sy tTEnIRRSUT CRERE AR RS PLahtn B3y Brgicsetss pettiadPy, and also

d, wh det ' i nt I d t raight |
par al 1ol 10 9 ScHe EOLRE Opablea™t Mo it Fira epEce? it kit bpsed

Ol et ¥y G VRN LA AN &0 AN IRl TR R e

pl aced with res ection cen ance b

~heads 64yl ang, G4y d=3 186t @f@%cﬁ‘ﬁtﬂg@&la)le%qy%lf 9,65 1din3tANCR doders and
descri bed previously. Y heads 64yl and 64y2 face Y scgﬁ es 39Y2 an

39Y1 respgct ityRd ViiKe avishiate Showhdm dd<Gridbaheradhe center of

wafer Won wafer stage WST is on straight line LV. On an alignnent
operation (to be dé&scexpedulataydarmtusheoli &&,thé enbbasmdfY? apds32Ybn
are placed facing Y heads 10 64yl and 64y2 respectively, and the
Y-posi tion (&@s@aurerBnt clemiiaen)theft wefaen retsage SWBT.dns imgasmedd doy of
heads 64yl and 64y2 (i.e. Y encoders 70C and 70A conposed of Y heads
64yl and 64yXEIeEul dmethe iiyaprs ok Hent s e drdel ilfet e SEHCERERNT -
15 of the secondary ali.,gnment systens (to, be describhed |ater) or__the
ke i perf SMERe BUs TG MRS e 52 oF B oha ik Fkce 3
Y heads yl.a I Vel V.. t - it f I

is rreasu?gd aat%iqiﬁlgiﬁ%}slﬂ%fgjﬁo%afl gg\c%% to qilr éjjr‘l' gr%r?gg%grsgg ir%r?gls (% r%? ngLtet,
heads 64yl ang54Y3, 2RgeEaEHND 28 4 SLRNSNER sHBAFNAS ) Bytde ob1 4
foll ow ng descri pt i%on, gncoders that are %g)r%posed of Y he)adg 643(/31 alr%lle
64y2 facing riefarRiee M@tiddNds 22 =@RRG! Wrgldh arse dafRIderd dfo aas

Y-axis |inear encoders 70E and 70F (refer to FIG 6). Six linear
encoder s 70Aitrradiktneassystpos POeoand a photodetection system 920b, and
has the configuration similar to the one disclosed in, for
15 example, Kokai (Japanese Unexamined Patent Application
Publication) No. 06-283403 (the corresponding U.S. 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
20 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 multipoint AF
system (90a, 90b) are placed at a predetermined distance along
the X-axis direction on the surface to be detected, though

25 omitted in the drawing. In the embodiment, the plurality of
detection points are placed, for example, in the matrix
arrangement having cne row and M columns (M is a total number

of detection points) or having two rows and N columns (N is

a half of a total number of detection points). In FIG. 3, the



25 informati on of wafer stage WST in the respective neasurenent
directions at a resolution of, for exanple, around 0. 1 nm and their
nmeasur enent val ues (nmeasurenent information) are supplied to main
controller 20. Main controller 20 controls the position within the XY
pl ane of wafer table WIB based on 63 thedeasurenent val ues of

I i near encoders 70A to 70D, and also controls the rotation in the Oz

directi on of PST?J(Fb 46 b sed on the nmeasurenent val ues. of |inear
encoders 70E E‘?]Olf—t FHAAISR RHE oM gl 6h datadid an hegm 1

encoders and 5 the i ke wi

f h d |
exposur e appar ati ralf@’olgf:agﬁgggﬂbagrg%t R’ﬁﬁt %glcéﬁjg‘\a% A ﬁ%ﬁ%u?&’feﬁe shown
deVice thal TEasyr 83(RGatLl 05 LLPLABILON e LSk WAR (05 Z A in

direction is arrange odi ment, as t € position neasurement

device, as '&i&h@WﬁﬁﬂhFaﬁieé%léH)Bhﬂﬂééﬂl%%ﬂﬁdfé%%@nl¥¥%ﬂéﬁ"§0a and
detection system (hereinafter, shortly referred to as a "multipoint

AF systent) Iphcarvdedddfiier sgstdentoomt hgdnks tard asgedh othilébetBion area

conposed of an irradiation system 90a and a phot odet ecti on system

90b, and has Afhércohfe Jueatisodigenitian te sht boneaxkistd odesd dame faw the

15 exanpl e, Kokai (Japanese Unexani ned Patent Application

Publ i cati on) d\u@me(?@-rz%wafefrh@r CioP $ £5 R ot P W 1 qeat @mrﬁ\an;e position
as an exanp

5,448, 332) and he | e_enbodi nent
i rradiation agdé’r} élﬁl%a it Iﬁjére{ztéoﬂ’ea@ﬂm?ﬁé?he)@%ﬁﬂr%(ﬁutrféﬁe

of head unit ot.odet ection s 20 ac
side of the + er‘? po[a‘{1i(:c‘;’lr111 %fe head U ur?’ﬁtbé' ﬁ/ gcffl&lglgof”a%ﬁﬁogﬁt ng the
irradiati@n system WMa-ection AR UMaL LY Pf gfﬁ@&td ?roera e ;s

mul ti poi nt AF system (90a, 90b) are placed at a et erm ne

di stance al opg ddeey &e&me%rﬂllrleﬁiﬂcp&naréﬂﬁ%xﬁwﬂe%cmtO(e%o%tx%cta%a IA)
t hough 25 omtted in the drawing. In the enbodinent, the plurality of

det ecti on poianics taeedptacedonf arcexanplthe lallltglmemt Ey¥tamsaQgeneriL2,,
havi ng one row and M colums (Mis a total nunber of detection
poi nts) or h&liZag Bh@; raows Atk )N icoltimen @ iiss dd deadtficof, dahteotdmitection
nunber of detection points). In FIG 3, the 64
operations of the mult1p01nt AF system and the alignment
15 systems can be performed in parallel. The multipoint AF
system may 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
20 be placed in one row and M columns, or two rows and N columns,
but the number(s) of rows and/or columns is/are not limited
to these numbers. However, in the case the number of rows is
two or more, the positions in the X~axis direction of detection
points are preferably made to be different even between the
25 different rows. Moreover, the plurality of detection peoints
are to be placed along the X-axis direction. However, the
present invention is not limited to this, and all of or some

of the plurality of detection points may also be placed at

different positions in the Y-axis direction. For example, the



plurality of detection points to which a detection beamis severally
irradi ated are not individually shown, but are shown as an el ongate
detection area (beam area) AF that extends in the X-axis direction
between irradi ati on system 90a and 5 phot odetecti on system 90b. Since
the length of detection area AF in the X-&xis direction is set to
around the sanme as the dianmeter of wafer W position information

(surface position jnfornmatjon in the Z-axis direction across the
entire surfaddbi? Jvﬂatf%r%?%@%%‘tﬂr%tos Wﬁbrﬂ%ﬁ%cbcﬁnﬁlr?g:%faéroz\ﬁ/ i%h

the 10 ¥-axi s, dlJectyon oace, Eucther, . sin JEnce HeoqLhgnaated AL WS auia.

pl aced bet ween |qu i mrYersion-ar

det ection aregp,of; & hepal F@@%@bﬁgygke&?e Q%ﬁf. On;c?e%r &hﬁﬁq P nts

AL24) in the Y-aX|s ‘diTection etection op

mul tipoint Alrslystrericard bieqakiraRarRt 2351 syst eNB QA e -Rey farRd jigh
parallel. The nultipoint AF system may al so be arranged on the main

frame that hdhdssipm) ecdéosctimt bRldrot stdebki keradilitéd coot e plurality
arranged on the neasurenent frane described earlier in the

enbodi nent . lafcidddmcalilopn poliatsl dnatheyenpodirent j omuipod nies: eartal drp b2@m
be placed in one row and M columms, or two rows and N col ums, but

t he nunber(s)madff ERGIS bind/grrdictiaths as/fatke aremn e ttde t@élttlﬁf@s@rea of
nunbers. qéi? in the case the nunber of rows is two or nor e,

positions in SEILT TR | SIS SIS Sy bhRepsindd 8fe ?)J?%‘F@%Iafea
made to be d'%fﬁﬁepﬁe %ﬂu_eE&% gt& %ge%gﬁhf %g% %?g§ nFﬁ£E¥1é éame

the plurality of ‘detection p0|n stare
directi oy Hweve{ &fg%éqkﬁfqgg dé@ﬁ&p%¢on is not lim ted to this, and
ity of de

all of or sone of the plura tection points may al so be

pl aced at differentnpeskté@Psdifehbe M %év@ibme}ty%\f de @@PRints
the 65 plurality of detection points nmay al so be placed along a

di recti on t hdtodatteet sactethothdef oubeoi(-ammmﬁﬁmﬂwﬂ@tlﬂmtpdmts
the positions of the plurality of detection points only have to be

di fferent at diegbe mmltheoXnbd@B sdisteot,i bhatbifurithéhe sidénetyiohboth
beamis to be irradiated to the plurality of detection points in the
enbodi nent, AR aoa*éf-%ﬁucu‘hbséﬁrﬁmfﬁhW%@apbm@r%pédswfa%@osm1on

exanpl e, he entire ea of detection area AF. Furthernore, the
Conoth of SHet NI Ha PN A ebad S SHer ot AT SR o

be nearly tr“%é%%?%e%pt%saéhﬁf(géﬁggf%} Oft%%Eeis, 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
20 frame (not shown). As Z senscrs 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 WTIB surface in the Z-axis direction orthogonal
to the XY plane at an irradiation point of the light, as an
25 example, an optical displacement sensor (sensor by an optical
pickup method), which has the configuration like an optical
pickup used in a CD drive device, is used. Incidentally, Z
sensors 72a to 72d may also be arranged on the measurement

frame described above or the like.



In the enbodinent, in the vicinity of detection points |ocated at
both ends out of a plurality of detection points of the nultipoint AF
system that is, in the vicinity of both end portions of beam area
AF, one each pair of surface position 15 sensors for Z position
nmeasur enent (hereinafter, shortly referresbto 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 symretrl cal cenment wth respect to

straight line LV. Yorsests #93d t‘bm?tzé ésf?%%’cpﬁ%d%}é?h ému%%lfjf%)éé’f
f 20 t,.shown). AS Z 72 .
Chat i 1radiat ra&rﬁ%ﬁt ciatVarn TDihe TR sansy A Sendaf T A2 -1,
flected | d neasures. . t t t
WB sur face B Che /7S s drr ot ort T R A i it ' s At

i rradi ation ppidtare heaki @htoo 3% b0 8X88Ph & Y 0@1’091%' each of two
di spl acenent sensor (sensor by an optical pickup nethod) whi ch has

t he confi gur atdmniditkeiaesophacalreplokdpetsat one 8i €D did YRedeVh€r side
is used. Incidentally, Z sensors 72a to 72d may al so be arranged on

t he measur emdv®tvifiraras haisprti Deichealiol e rorbettheedn kien the6 X-axis direction
Moreover, head unit 62C is equipped with a plurality of (six each,

twel ve in totidat iGPIEcE Scas @) uzaddiyops Y4ngads =44 andjae pzaralielﬁ)to
that are pl aced at a ﬁr edet erm ned _di stance so as to cor r%e)%gond

each ot her, Bchise Fho SI%FF&?g‘FﬁS?'l feSSPRRE Saf &l t/éds Eﬂéi‘klng

d d |
e ok s e e SR o A A B U Y%
paral l el 1po sty ai Q‘UFthb fokrl, ,{amuEQm&f‘fg %égm%s 1?141].'hl§nﬁag?4)2]of 7
I ght

maki ng a pair arepace synret ri ca wth respect to stra

10 LH. Furt heydmydns plays @Incpaugsahal X PRAFS1ity 0¥ & ragek of azre placed
sensors 741 and 7423 and a pl ur al ity of Y heads 64 are pl aced

alternately ialtemaXeit drdithecki-anisAdieachignsemsdreatdy |7, skasor 74;;,
exanpl e, a sensor by an optical pickup nethod simlar to Z sensors

72a to 72d i Sasedamplker ei sgnaodilst amcephbéradeniZkspnsetisod Aljmided to
742] in each pair that are |located symmetrically with respect to

strai ght |i n@pLﬁ#ﬁ@rsSet”tao e hdsk lﬁn@ﬁﬂ stance as a di stance between

Z sensors_72a and 72b. Further, a ir of Z sensors 741,4 and 742,4
are Iocaiéd on the%&ﬁénst?é%lg%taqqen eFHeeRe W8§P§52H1dlaﬁ’éjc?flbnl%§afh

72 d d it 62A
o ural ity of LHerVat AEE S P e Lo g trpE s P o P i Gipeignt
6) that are plagedgsygmel Fieghly i, SREUESLLKAS o€ ST Tbltoon

with respect to straight [ine each sensor
4z sensors 72a and 72b. Further, a pair of Z sensors 74;,4 and

745 4 are located on the same straight line in the Y-axis
20 direction as Z sensors 72a and 72b.
Further, head unit 622 is equipped with a plurality of
(twelve in this case} Z sensors 76, (p=1, 2 and g=1, 2, -----" ;
6) that are placed symmetrically to a plurality of Z sensors
74:3 with respect to straight line LV. As each Z sensor 764,
25 a sensor by an optical pickup method similar to Z sensors 72a
to 72d is used. Further, a pailr of Z sensors 76;,3 and 762,3
are located on the same straight line in the Y-axis direction
as Z sensors 72c and 72d. Incidentally, Z sensors 74;; and

T6pg are arranged at, for example, the main frame or the



25 a sensor by an optical pickup nmethod simlar to Z sensors 72a to
72d is used. Further, a pair of Z sensors 761,2 and 762,2 are |ocated
on the same straight line in the Y-axis direction as Z sensors 72c
and 72d. Incidentally, Z sensors 74ij and 76pq are arranged at, for
exanple, the main frame or the 67 measurgment franme described above.
Further, in the enbodi nent, the nmeasurenent system having Z sensors
72a to 72d, 743.3 and 76pg nmeasures position information in the

Z-axi s di r ectGF O ert angy cafsT ipgh@leie or Farghgral itbytbe 7z 5

Re”oxponur e BFSPERI | PSR s g e oo e co
iti t it ding to. t. . .

e age VBT " Fuidrer 1y A0 ¥s B8 BES Ml et sPREEIRY o8\ 1NN grais

| east one Z s@nsic ((fPG a6 ko %gﬁé&ef ,si%d.o%ﬁ%ql %hg%ﬁ%aaq%gafof Z

| east one Z sensor 74,3 face each o . Accordingly measur énent
system cap MeRsHE (0t Y Res (d)0R HO QA (0N ddbsdhi® el adove.
direction of wafer stage WST but al so position information in the ey
direction (rdHdmgfloraf, daf ehestagesWWE . ogerrdthissn, i skheoks 74;5 and 76,
enbodi ment, each Z sensor of the nmeasurenment systemis to detect a
grating surf &se Kea vsedrdidro posuirtfiase mefa sdirfeimeadt iage gwdttiohgs) adgotrding
each Z sensor may al so detect a surface different fromthe grating
surface, for ¥x&Eey Qf redenstaaoVeT gl A¥§thREy éBvERS eRposure

ti f . 2QIncidentally, in FI 3, . neasur enent stage T i S
om ttod and FHRTGHPH mier i S0A ERAt 2FbLFor hednBy CuaFBFOEq el G3ce
in the space asur t. . sta nd.tip_.lens_191 |
Idgnot ed g@ aeggjﬁg%ggc§%§ﬁg$ﬁret %?F!XB%%@F?\& ig"asg ?ré er%e!?]%résggd%4ij

78 denotes a d.Qeale 2 -m.ti@ehegdﬁxgigm 2Ret RAL SBkAWSHAr ¥yatLy can
whose tenperature is adjusted to a predetermned tenperature’to the

vicinity of ackeaepabh &1 be satlibinpoh idriére Systiem: 6808, a:000 i B¥ct ion
for exanple, downflow as is indicated by outline arrows in FIG 3.
Furt her, a reffemerfeer ctdgadRWSdematteslan walsdadiong ipdeirtiaad onhenhe the Oy
wafer 68 direction {rolling) of wafer stage WST. Further, in the
15 embodiment, each Z sensor of the measurement system is to
detect a grating surface (a formation surface of diffraction
gratings), but each Z sensor may also detect a surface
different from the grating surface, for example, a surface
of a cover glass that covers the grating surface.
20 Incidentally, in FIG. 3, measurement stage MST is
omitted and a liquid immersion area that is formed by water
Lg held in the space between measurement stage MST and tip
lens 191 is denoted by a reference code 14. Further, in FIG.
3, a reference code 78 denotes a local air-conditioning system
25 that blows dry air whose temperature is adjusted to a
predetermined temperature to the vicinity of a beam path of
the multipoint AF system (90a, 90b) by, for example, downflow

as 1s indicated by outline arrows in FIG. 3. Further, a

reference code UP denotes an unloading position where a wafer



on wafer table WIB i s unl oaded, and a reference code LP denotes a

| oadi ng position where a wafer is | oaded on wafer table WIB. In the
enbodi ment, unl oadi ng position UP and | oadi ng position LP are set
symmetrically with respect to straight line LV. 5 Incidentally,

unl oadi ng position UP and | oading positiat LP nay be at the sane
posi tion. FIG 6 shows the main configuration of the control
syst em of exposu%%eapparatus 100. The control systemis mainl

con:‘( i gured of°Th¥PASEdritt ot NP %lufi%ﬁﬁé‘@éldl%?d g ﬂ?%‘?%%%%&ﬁ’é’te ﬁ%cﬂ@.notes
tati t hat f t f ti t
Corracti on | it APREEEB LT T uhetre Bt i o LPEeER L fa2RRa St
34 that i i t i t ler. . .
20, 1ok Genr o s hEI ko 2 R0 190 008 P BRI GO O LB cton

i |1um nance mRasiyd NGtS ARRlethy M1 AR AJRERUTRAS Wiidg JHIS bl WERk
96 and wavefront aberration neasuring instrunent 98 that are arranged

at measur enerincitdage: Nl aneieeldieet bveliy i5RouR as5d al SRNS0F HAHI IO LP
| n exposure apparatus 100 of the enbodi nent having the 20

confi gur at i omradesey iddedhabmeame giawia itdre pl acenent of X scales and Y
scal es on wafer table WIB as descri bed above and the pl acenent of X
heads and Y heads &3Gde&é&hnchédtkpaaranaga mgpimatedn af theasenbnael gystem
head 66 out of_a total of 18 X heads that bel on% to head units 62B

and 62D f aceLTattHROENT LiARRAT AN OO0 sEBPeCOBTE9%1 SEFteTXS RAANAY

| east one each rg Y. hedad 64 _that res tively belon sﬁo head units

62A and 620 GO HBHAS! By T IR UH P 1 it ) SOUPRSCHGYE it CEgEmputer
Civel . Y ¢ ¢ ;

esPectLYeLY ) hekeCahohy PRaefEcid e Bk anee ol yatal: shade

and the exposiyfQRYIALT BBrreb?ibh {1 SHDOKARRL)be &3 st 18%eMPitdird s
in the drawi ngs such as FIGS. 7A and 7B. That is, at |east one each

of corresponditiyditads & acem Bt Jeasiatd Wearofedtta dfQurstsalRs device
Incidentally, in FIGS. 7A and 76, the heads that face
connected to main controlier 20. Incidentally, in FIG. 6,
various sensors such as uneven illuminance measuring sensor
15 94, aerial image measuring instrument 96 and wavefront
aberration measuring instrument 98 that are arranged at
measurement stage MST are collectively shown as a sensor group
99.
In exposure apparatus 100 of the embodiment having the
20 configuration described above, since the placement of X scales
and Y scales on wafer table WIB as described above znd the
placement of X heads and Y heads as described above are employed,
at least one X head 66 out of a total of 18 X heads that belong
to head units 62B and 62D faces at least either one of X scale
25 39X; or 39X, and at least one each of Y head 64 that respectively
belongs to head units 62A and 62C or Y heads 64y; and 64y; face
Y scales 39Y; and 39Y; respectively without fail in an effective

stroke range of wafer stage WST (i.e. a range in which wafer

stage WST moves for the alignment and the exposure operation,



5 the corresponding X scales or Y scales are indicated by being
circled. Therefore, in the effective stroke range of wafer
stage WST descri bed above, main controller 20 can control position
information (including rotation information in the ez 10 direction)
of wafer stage WST within the XY plane widsh hi gh precision by
controlling each notor constituting stage drive system 124, based on

measur ement val ues of at_ |east three encoders in total, which are
encoders 70A dhdPREMRaH AN easts it fareTpid lirededdoddie Fawvgngpopuch

Vel es of encBUErESTOR T4 700 r BEFVE 1 SESRAT. BHBGANTY ot B gsregLng
‘t"ﬂe“ conpari ng wd - the ‘aﬂ{ efefaeg’t?fﬁ{ B q:)ﬂ‘echsehcﬁqﬁié e mstability of
e nmeasurenent values that 1's affected by air uctuations is

remarkably better than Jehat1af, t Ia; rREeLf eRogRL €fp, 2&&3{&%, rg%erface

waf er stage WST is driven in the X-axis direction as 1ndicated by an

outline aprowhecbkbespbna¥nhertA dNar MBAMISS aiei pastaten bnkhag
Y-axis direction of wafer stage WST is sequentially switched to

adj acent Y heddd@4edas indicated by arrows el and e2 in the draw ng.

For exanple, 25 Y head 64 circled by a solid line is switched to Y
head 64 circl ed by Taegeifoae | incherpéfertive atrokagags ofessfef sthage
measur enment val ues is perforned before and after the swtching. In |
ot her words, W3F fiﬁéCéﬁgaali HRATS/ iR ot gt IderT SPnF e Ui 1hipeg 166 on
Y heads 64 and the li.nka asurenent, v

f .t 7Q |
SOty o APSCRTEL B8 e e fo P oM T e G & i 1 n
head unij§ 6 626 h i dt.h of 39Y1 .
aﬁg 3g$51§n %ﬁé -§X|§ g?rggge% 855?%.%Q§nwft¥%gdﬂaggsl5%%%%?%&%% hign

ion, as i s descr

SFurther, indheanedbyentntséntend Sl %%%rbe&e@%ﬂt@giﬂg%agg drive
heads 66 that are equipped in head units 628 and 620 is sef shorter

than a wi dth sgfsténsaal4gs b3PEH 0 @6 rihete vE1EsS o BCtlicibtat ke
descri bed previously, when wafer stage WST is driven in the Y-axis

di recti on as darmuideatsetin o tEL ,anhoohldreeeacodersn! B &nd78)C Xaheadt: Geast
t hat nmeasures the position in the X-axis direction of wafer stage WST
i s sequenti aldBEhex paRedt tanemijec 9B Xrhede 66 inesgthX hedbussce of air
circled by a solid line is switched to X head 66 circled by a dotted
line), ah ti%%qqqﬂéﬁi@“ﬁ%6@€§st8? PRESHESBEREMERtUSS of encoders T0A 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 interfercometer.

20 Further, when wafer stage WST is driven in the X-axis
direction as indicated by an outline arrow in FIG. 7A, Y head
64 that measures the position in the Y-axis direction of wafer
stage WST is sequentially switched to adjacent Y head 64 as
indicated by arrows e; and e; in the drawing. For example,

25 Y head 64 circled by a solid line is switched to Y head 64
circled by a dotted line. Therefore, a linkage process of the
measurement values is performed before and after the switching.
In other words, in the embodiment, in order to perform the

switching of Y heads 64 and the linkage process of the



15 values is performed before and after the sw tching. Next ,
the configuration of encoders 70A to 70F, and the like will be

descri bed, focusing on Y encoder 70A that is enlargedly shown in FIG
8A, as a representative. FIG 8A shows one Y head 64 of head unit 62A
that irradiates a detection 20 |ight (nmeadurenent beam to Y scale
39Y1. Y head 64 is mainly conposed of three sections, which are

an irradiation system 64a, .an optical system.,64b and_a phot odet.ection
System 64c. MIRARHESIR SR GROGToMdcs o THRE LoHHEen Rep asent ¥

enits a laserhel}ﬁ%néﬂBtihgtaagg %é?gggﬁgn%}g}]?%’iaﬁnf@s aé]ﬁflanocg 6‘&% is set

degrees with respect to the or “exanple,” a

sem conduct orgy ASr E@anaﬁdwﬁdgﬁnggrgiQSai?Q%%hﬂ Lhat 3¢, Pl Maxis

the optical path of |laser beam LB emtted from sem conductor |aser

LD. 71 dirdntiiceg Sy sitemdrite EPHppRMaME.h a pol ari zation
beam splitter PBS whose separation plane is parallel to an XZ pl ane,

a pair of5reflecti durihergr 4 nRitacarthbikidimenens ed nic2a aand stt2bceqbartveen
wavel ength plates (hereinafter, referred to as X4 5 plates) WPl a and
WPlb, refl ectddamaant & serPg afdtRab, aaadewheprpefein head units 62B and

Phot odet ecti on _system 64c includes a pol ari zer }{anal yzer) , a '
phot odet ect or°2bad@ £Ré PRRETeFntRagnRotftly o2 ¥ scarl ase 9L Bredi 39%6d in

from the Y-axis direction as is described previously, when wafer
stage WST is driven in the Y-axis direction as indicated by
10 an outline arrow in FIG. 7B, X head 66 that measures the
position in the X-axis direction of wafer stage WST is
sequentially switched to adjacent X head 66 (e.g. X head 66
circled by a sclid line is switched to X head 66 circled by
a dotted 1ine), and the linkage process of the measurement
15 wvalues is performed before and after the switching.

Next, the configuration of encoders 70A to 70F, and the
like will be described, focusing on Y encoder 70A that is
enlargedly shown in FIG. 8ARA, as a representative. FIG. 8A
shows one Y head 64 of head unit 62A that irradiates a detection

20 light (measurement beam) to Y scale 39Y..

Y head 64 is mainly composed of three sections, which
are an irradiation system 64a, an optical system 64b and a
photodetection system 64c.

Irradiation system 64a includes a light source that

25 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,
a semiconductor laser LD, and a converging lens L1 that is
placed on the optical path of laser beam LB emitted from

semliconductor laser LD,



10 sem conductor laser LD is incident on polarization beamsplitter
PBS via lens LI, and is split by polarization into two beans L131 and
LB2. Beam LB' having been transmtted through pol arizati on beam
splitter PBS reaches reflective diffraction grating RGthat is forned
on Y scale 39Y1, via reflection mrror 1%1R a, and beam LB2 refl ected
of f polarization beamsplitter PBS reaches reflective diffraction
grating RGvia reflection mrror Bib. Incidentally, "split by

pol ari zati on" in tRPEicadeshehAg e ispeaviPRgd oflitdhai prl afehia himbean

%S%Ee"a‘ef’ of m (RREOr 681 POP (VAR Sa0DEa b 'fnaer b8 Garar et b ok plane,
. . - . o LB |
'T1raction %; gr g?ggr ?%&hgﬁl#‘?lél{ Eng%'r%tl’lsoﬁlg az?&%ﬁ%, Elen%%% f?g a 0:9']'_.2}3,

exanpl e, the rac béans "are Several 'y converte

into a circul@fs RYanjARA ddah P dA (ﬁleage%%a\é!%%tf,a&%f\é@'r%d”t%agg A/4

| enses L2b and L2a, and 25 reflécted by reflection mrrors R2b

R2a and t Ben gihae dgame passhd augh p# qdmbtes MRy ankoWPlaa A g@ly) and
and reach pol arization beamsplitter PBS.by tracing the sane opti cal
path in the rweerlsiédt.direction. Each of the polarization directions

of the two beans that 72 have reached pol arization beam splitter PBS
is rotated at an aRflogostetegtdegr sastrint Pdcedpeduides thepoderirgizeal
direction. Therefore, the first-order diffracted beam of beam LBl

that was preViB\E%E T anShiRREPAGHSTRT paATst it2e ildkSeam splitter 5
PBS i flected off | arizati b litt BS i s _Jncident
on phot odet ect | on_ S§'s e BREE Tad Pl 46 SEie SEATGLE0 Bar Lo F7Att e

b f - i 4 f ff |.ari_zat.

op 1t Cor Thas St hRt HaBeot b d Bt B A A R

and is synt hegjized <10 peencent nkeal ty, Wakd {86 li 118t Prfarn diffiagt 6o
beam of beam LB1 and is incident on photodetection system 64c.

Then, the polward BeahoNBlidrRLl.BONS pefard 18, hWihé bderOf fefisHi tfé@ehedugh
beans descri bed above are uniformy arranged by the anal yzer inside
phot odet ect i g lsysitzamiGdchamd sid theanBBE & danthers ee &l att hveadit fotaleerion
to be an interference light, and the interference light is detected

by t he phot odatadding Rarfdhatsl e dipramecedn itns o2 bd 3@ectidiacref patippmirror
accordance with the intensity of the interference |jght. .

15 Ria, and beam LB; reflected off polarization beam splitter PBS
reaches reflective diffraction grating RG via reflection
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.

20 Predetermined-order diffracted beams that are
generated from diffraction grating RG due to irradiation of
beams LB; and LB;, for example, the firsit-order diffracted
beams are severally converted into a circular polarized light
by A/4 plates WPib and WPla via lenses L2b and L2a, and

25 reflected by reflection mirrors R2b and R2a and then the beams
pass through A/4 plates WP1lb and WPla again and reach
polarization beam splitter PBS by tracing the same optical

path in the reversed direction.

Each of the polarization directions of the two beams that



As is obvious fromthe above description, in Y encoder 20 70A, since
the optical path lengths of two beans to be interfered are extrenely
short and al so are al nost equal to each other, the influence by air
fluctuations can nostly be ignored. Then, when Y scale 39Y1 (i.e.

waf er stage WST) noves in the nmeasurenent7xdirection (the Y-axis
direction, in this 25 case), the phase of each of the two beans
changes and thus the intensity of the interference |ight changes.

Thi s change ihﬂ%éfeiamb@ﬁspﬂ}aéﬁZﬁﬁéonnb%@meimiétﬂgﬁ@% is Betekeddhypn
phot odet ecti on syste 4c, and position information in accardgnce

B Ch the i nt IS heilgderS S5a, BAt aBo PRECE 780 i ot v S Gl o -
encoder 70A. co s ~£Q6,. 70C .7 i.ke are_als
configured siTgn¥ arf%q{)b’e(rji%{(;edéfﬁq‘%&A.ogger %?f%g%ﬁ\tﬁ%ﬁ lg?aﬁh %ebv\% %?L%lt r}&gt

WET noves in_v?asdbEQGEBQQ19iﬁfﬁs@ﬁtgé@%kgﬁg%ﬁ%a&idﬂarﬁ% QQa@%ﬁ!)la_Ltter

relative nmotion Tn 5 a direction other an"the direction to

measured 6relmsd vies e dttidt & AOBIRASWATRIH WA @P1aM):drS PBS and is
gener ated between head 64 and Y scal e 39Y1, a neasurenent error

occurs in Y encadEmt/ e ciletaldtestrisdmtd wecamtd 4o, iandesiscasas. A
mechani sm of this measurenent error occurrence will be described

bel ow. 10 Fi risirsgf-ander glifdfiradted beeneed bhrem hBergialy wifs areviously
interference light that is synthesized fromtwo returning beans LB

and LB2 and & Re Rt p@ia.rérzaﬁt@@ Brapl aebieher WBH 1P Readsed)ted

f vy | Y2 flecti. di ff ti r.ati G is deri .15l

o o 5o ¢ TGS T R AULGIO, | deriusd, Join
flecti di i I R t f t

e LS SRR B IO (20,200l 80l ehe 800 L0 ot oo

Gal . Then, aimtunpi Ag beaauehat ohSphetbaetedtabh Lebhent sar mrror
R2a and traces the back route

Then, the pelarizationdirections of the two first-order
diffracted beams described above are uniformly arranged by
the analyzer inside photodetection system 64c and the beams

15 interfere with each other to be an interference light, and
the interference light is detected by the photodetector and
is converted into an electric signal in accordance with the
intensity of the interference light.

As is obvious from the above description, in Y encoder

20 70A, since the optical path lengths of two beams to be
interfered are extremely short and also are almost equal to
each other, the influence by air fluctuations can mostly be
ignored. Then, when Y scale 39Y; (i.e. wafer stage WST) moves
in the measurement direction (the Y-axis direction, in this

25 case), the phase of each of the two beams changes and thus
the intensity of the interference light changes. This change
in the intensity of the interference light is detected by
photodetection system 64c¢, and position information in

accordance with the intensity change is output as the



20 is incident on reflective diffraction grating RG at an angl e of

eel. Then, a diffracted light is generated again. Herein, the
diffracted light that is generated at an angle of eao and proceeds to
reflection mrror Ala by tracing the original optical path is the

nat h-order diffracted Iight that is the 2& sane order as the
diffracted |ight generated in the approach route. On the ot her
hand, beam LB2 reflected off reflection mrror Rib is incident on
reflective difffgsapisanigratliiegeRE ancadean(lz. ofotdlsy; ennddeke 708, 70C,
nbt h-order diffracted light is 74 generated at an angle of Om This
diffracted |i'glt ang 5E8uhliet1d e lsr conidgusrr FamfeaEi bR FRHIIRE RO

and trace the sane tical, path to return.to reflection mrror, R b. ,
In this case, the i %ﬁﬁﬁ%ﬁg"WhQsz %ﬁnﬁﬁ%%ﬁi&%éqq%ﬂﬁJélﬁthHQEtlon

synt hesi zed fo[i%?asﬁlgq(f %r%&n”é?%‘?gggfs @r%@%@eﬁ%}dﬂ%p%?gtwe gnci)teiaorﬁs in

difference inp e (phase erence) 'y urnin

LB2 and LB2 af garpbetedebesti ahROshkl @Ot ide Rhebagel 86t (AN ive

is, lccl+cosy. In this case, the intensities of two returning beans

LBl and LB2 atiassuned honlflebsuegmahtt@ipachiohpels generat¥tAsRtween
difference 9 can theoretically be calculated in the foll ow ng

equati on (7) hdambtdlariche sway et 2P Wera veaphaseecditfd mranocecyrenrdeteaicloder
is omtted herein. = KAL + 47c(nb - no)AY / p 15+ 2KAZ (cosebi +
cosebo- cosedl0A dggsbetihe rplative mphiphi B0 gesy, cRisegenok aeechahiase of
di fference caused by an optical path difference AL between two

returni ng beds S B TSRT AY 1hdn QI LF SdiCSH Mdendift 5 Greiest biedev -

diffractign grating.RGinhs v dirsoion A2 denotes a displacement
interference light that is synthesized from two returning
beams LB; and LB; and a displacement (a relative displacement
with Y head 64) of Y scales 39Y; (reflective diffraction grating
RG) is derived.

15 In FIG. 8B, beam LB; reflected off reflection mirror Rla
is incident on reflective diffraction grating RG at an angle
of Biy, and the n;m—order diffracted light is assumed to be
generated at an angle of €,:. Then, a returning beam that is
reflected off reflection mirror RZa and traces the back route

20 is incident on reflective diffraction grating RG at an angle
of Ba1. Then, a diffracted light is generated again. Herein,
the diffracted light that is generated at an angle of 8,0 and
proceeds to reflection mirror Ria by tracing the original
optical path is the n,"-order diffracted light that is the

25 same order as the diffracted light generated in the approach
route.

On the other hand, beam LB; reflected off reflection
mirror Rly is incident on reflective diffraction grating RG

at an angle of 6y, and the ny,*-order diffracted light is



20 reflective diffraction grating RGin the +Z direction, p denotes a
pitch of a diffraction grating, and nb or no denotes the diffraction
order of each diffracted |ight described above. Herein, the
encoder is assunmed to be configured so as 25 to satisfy the optical
path di fference AL=0 and the synmetric praperty shown by the
foll ow ng equation (8). eao = ebo, ea]. = ebl... (8) In such a
case, a result in the parenthesis in the third termon the right-hand

side of the SRALTTIPY ?) Veebes Yefor- Thiaml Giraped ddwht he assumed
Can' he obt &y HRUCpST LS Ea7ey (¢ AL nz e B I e oS rin bope

ti 9), | f in does .5 nat depend h
vavel engt h o Trgns Dt S TEREH e SRS & 0n ana o

Wi Il be consideredr.as,$k sé%de%ﬁgﬁﬂ nditSbride LRe; Caser Ol flG 1 gnt

9A, an optical path of hea colncides wth the Z-axis direction

(head 64 goeshaai ik REHithR)si ZdeY £i Bm tWaf €8t $hatey WoAmb0 B Sad$ 8By pk@ds
be displaced in the Z-axis direction (AZ#0, AY=0) In this case, since

optical path odi fdf erieifeedNcglaes gidisec hagse g ddreiicd)egnuaitwdid two
ri ght-hand side of the equation (7) does not change. The second term
beconmes zer o Usdcausigobaas ddsuapdi bRz aAY=0 phthi@de tawd itdhi mdstiddmn of
beconmes zero, because 15 the symetric property in the equation (8)

i s satisfied.thaahrdiosfiipchsas &gt fiaredeel cases Aot thhisngeseandhe

also the intensity .of, the_interference |ight does no hange. As a
consequence, éar%‘/?é%sltﬁ'seﬁgn w9a’f%1éu](1?:b‘3ﬁ1tb%\?§lsu 1cﬁm{ Ilr&2e‘?’18%(fesr5%rt?é’st°
not changg. %%O%q;gel %toheeraﬁa%cbhérq the case of FIG 98, the optical

Phase difference ¢ can theoretically be calculated in
the following equation (7}, though the way to derive phase
difference ¢ in detail is omitted herein.

¢ = KAL + 4n(ny, - na)AY / p

15 + 2KAZ {cosBp; + cosByy - Cc0S88,4: — c0SB8.q) . (7)

In this case, KAL denotes a phase difference caused by
an optical path difference AL between two returning beams LB,
and LBz, AY denotes a displacement of reflective diffraction

grating RG in the +Y direction, AZ denotes a displacement of

20 reflective diffraction grating RC in the +Z direction, p
denotes a pitch of a diffraction grating, and ny or n, denotes
the diffraction order of each diffracted light described
above.

Herein, the encoder is assumed to be configured so as

25 to satisfy the optical path difference AL=0 and the symmetric
property shown by the following equation (8}.

Ba0 = Opo, ©a1 = Op1 ... (8)
In such a case, a result in the parenthesis in the third

term on the right-hand side of the equation (7) becomes zero,



path of head 64 inclines with respect to the Z-axis (head 64
inclines). Wafer stage WST is assunmed to be displaced in the Z-axis
direction fromthis state (AZ#0, AY=0). Also in this case, since
optical path difference AL does not change, the 25 first termon the
ri ght-hand side of the equation (7) does mot change. The second term
beconmes zero because of the assunption: AY=0. However, the third term
does not becone zero, because the symmetric property in the equation
(8) is not képd dhie-he SeRE fraditeTr Nef =R he sheadsdhads mnd Ricc@ rodnmiy -

76 changes i ropartion to a Z displacenent AZ. Accordi ngly, phase

di f f erence Wr{éﬁ%ar?g) il %%%&%e@er?@é{ hEE R enent  val ue
changes. Incidentally, el e ad 64 dages not incline, the
symetric proper;y¢Fﬁ“€%§‘g&g§{R82%Pg) 5"#% not kept due to, for

exanpl e, the opti C%‘rgﬁ{‘ﬁﬁgcék%%été%&f/oarf B?)heggagesﬁlfpfﬁ?rﬁ%e (pfﬁhtdoes

telecentricity) , an e measure ¢hanges sTm

i's, charasterict ideddtdigmtimen Wfvdikefigaduniitgt.hat is a factor
causi ng neasurenent errors of the encoder systemincludes not only

t he gradi ent of thé&eleineadsichutzasalssehblve dpt IFA&lS.cbar actevBswiidd bk

t he heads and the |ike. Further, although omtted in the

drawi ng, in tdensdgssrashf @s stagdeWsTaimpldsspl Bresti nia Wig estdowt FIG.
perpendi cul ar_to the nmeasurenment direction (Y-axis direction) and to

the 15 opti calPradls W&l G tizokitead dcdmeidarowiAr=¢heaZ=gsis
a1 d T mes of ARt { BRed i PRECREY SO EHS] ongitA vl SaFFeR T ERy ST
| angi t udTRal i FRECTER o hor 0 AP OBOrd 2184 R TeRed Pan A0 AT=0)
direction, h%{e{’ﬁ{ﬁ JN. SENSEL P15 9PN RT Bl KE BRI hd PR ahe,
proportionate to the andl €.
the first term on the right-hand side of the equation (7) does
not change. The second term becomes zero because of the
assumption: AY=0. Then, the third term becomes zero, because
15 the symmetric property in the equation (8) is satisfied.
Accordingly, phase difference ¢ does not change, and also the
intensity of the interference light does not change. As a
consequence, the measurement value (count value) of the
encoder does not change.
20 On the other hand, in the case of FIG. 9B, the optical
path of head 64 inclines with respect to the Z-axis (head 64
inclines). Wafer stage WST is assumed to be displaced in the
Z—-axis direction from this state (AZ=0, AY=0). Also in this
case, since optical path difference AL does not change, the
25 first term on the right-hand side of the equation (7) does
not change. The second term becomes zero because of the
assumption: AY=0. However, the third term does not become

zero, because the symmetric property in the equation (8} is

not kept due to the gradient of the head, and the third term



Next, for exanple, the four cases shown in FIGS. 10A to 10D will be
considered. First, in the case of FIG 10A, the 25 optical path of
head 64 coincides with the Z-axis direction (head 64 does not
incline). Even when wafer stage WST noves in the +Z direction from
this state to go into a state in FIG 10Bs the neasurenent val ue of
t he encoder does not change because this is the sane as the case of
FI G 9A descri bed above. 77 Next, wafer stage WST is assuned
to rotate arcitrhgsse 10 axopomtdmnt he stat@isplatanenoRio gocomdangly,
state shown in FIG 10C. In this case, although the relative notion
bet ween t he HREE Irenes @ Fengfstr GECLES thaenseawnceyartdisess

e

R

%
f AY=AZ=0, I f.th d [
opt i calpai h W BRI A XaRBedase | B CRRST bt T ore 1" Y o€

WBT. That is,qd a e pt yrRGEUL; i . .

to the incIinaf%gﬁg?t?ﬁ??ggg'ﬁg§%3!stageJ%%%&O%%%gg??ﬂagﬁ%r f§§§q§g$’
is assumed tadmve dewavaid dd,0mdrhexshple, i thEldptldG P8 dRtQ sR1ics
state as shown in FIG 10D. In this case, optical path difference AL

does not changetlsé headvwdech skagel MEhidoiesi ot, antathe méoyeyverent value
because the symetric property in the equation (8) is not kept, phase
15 di f f er encepraeangasnidee ltvo t AbaZ despkbheecaeherAZtby théotrhiatdon of
termon the right-hand side of the equation (7). Accordingly, the
measur ement VAU A (e tEnddddr idhandeéstorngadsital measpigement errors

nmeasur enent v of the encoder in the case of FJ] G .100 becones the
el 1 e e o e E A nb RS e Rt AR LGt AT, (o the

i npl enment gd the.inv r.and the |ik it . found that the
robsur oreRt VAR o ERECehiader Chave Shel ANERHTEITS Gf e dBpsla and
to not only thg pasid.ional change of the scale in the Y-axis

direction,_mhich S the measur enent direcpion,_but also the attitude
change 25 in the exugithesti antbpubehbRgtdenechi ond duliide, @& the case

direction (yawi ng direction), and besides, in the cases such as when
wafer stage WST is displaced in a direction perpendicular to
the measurement direction (Y—agis directicon) and to the
15 optical axis direction (Z-axis direction) (AXz0, AY=0, AZ=0,),
the measurement value does not change as far as a direction
in which grid lines of diffraction grating RG face {(a
longitudinal direction) is orthogonal to the measurement
direction. In the case the longitudinal direction is not
20 orthogonal to the measurement direction, however, the
sensitivity is generated at the gain that is proportionate
to the angle.
Next, for example, the four cases shown in FIGS. 10A to
10D will be considered. First, in the case of FIG. 10A, the
25 optical path of head 64 coincides with the Z-axis direction
(head 64 does not incline). Even when wafer stage WST moves
in the +Z direction from this state to go into a state in FIG.

10B, the measurement value of the encoder does not change

because this is the same as the case of FIG. 92 described above,



the symretric property descri bed above is broken, the neasurenent

val ues depend al so on the positional change in the Z-axis direction.
That is, the theoretical explanation 78 described above and the
result of the sinulation agree. Thus, in the enbodi nent,
correction information for correcting theseasurenent error of each
encoder caused by the relative notion of the head and the scale in

the 5 non-neasurenent direction described above is acquired in the
manner descri bed bélesit, wafer sjagki WET oF absymedi o coritatod |sarow@@l the
drives wafer stage WST via stage drive system 124 while nonitoring

t he measur enefitd®a} e ithe isfiahs dibigier B be 9t érfeer emsttart e 3down
and Z 10 interf te 4 d 43B of interferoneter system 118,

and makes v FEhd B It ed oy e A5G Sk EPHGROF oA LHNT U SR B

an arbitrary Aeadanfl sdddeatad b el ngal Ll ed dn, fl Gp LAl AR

of Y scale 3 he upper surtace of Wwafer ds 'S shovin

in FIGS. 1AJQQ%Ek; —nba u t e
interfer ogjret er al%dss%%lbfnf&g?%gr gﬁe?ggsﬁgﬁgngﬁggagé}ggg?no%gén r oselnl%{g)rdgr
20 drives mf&raﬂgaéﬂ,e_s%%e(B@E%aitﬁg@h\&Tﬁf&%ﬁé@mm%an};eg Q14 Ghe
anount ey and the yaw ng anmount ez of wafer table WIB (wafer stage
WST) becone zertmtainh alfseafhe ptighiWwgr 20 Tarmuns, exhdecormsrandesiaretdr
value ao ( in this case, ao is assuned to be equal to 2001drad).

After the driagayrofimefler arasde WY (iwaf slussttage s nclmmiation (tilt)
controller 20 irradiates a detection light fromthe head 64 descri bed
above to are®Awafery H&d%® W, and stores the measurenent val ue,

thi ch Coffesonds |, 35 oBIRt el eelyLe ol alon.olgnel Lramibe oo
the state in FIG, 10C to go into a state as shown in FIG. 10D.
In this case, optical path difference AL does not change since
wafer stage WST does not rotate. However, because the
symmetric property in the equation (8) is not kept, phase

15 difference ¢ changes due to the Z displacement AZ by the third
term on the right-hand side of the equation (7). Accordingly,
the measurement value of the encoder changes. Incidentally,
the measurement value of the encoder in the case of FIG. 10D
becomes the same value in the case of FIG. 10A.

20 As a result of the simulation implemented by the inventor
and the like, it was found that the measurement values of the
encoder have the sensitivity with respect to not only the
positional change of the scale in the Y-axis direction, which
is the measurement direction, but also the attitude change

25 in the 6x direction (pitching direction) and the €z direction
{(vawing direction), and besides, in the cases such as when
the symmetric property described above is broken, the
measurement values depend also on the positional change in

the Z-axis direction. That is, the theoretical explanation



c. Next, based on the neasurenent values of Y interferonmeter 16 and Z
interferoneters 43A and 43B, nain controller 20 drives wafer table
WB (wafer stage WST) in the 79 Z-axis direction in a predeterm ned
range, for exanple, a range of -100pmto +100pmas is indicated by an
arrow in FIG 11B while naintaining an at®8i tude of wafer table WB
(waf er stage WST) (the pitching anmount ex =ao, the yaw ng anount

=0, the 5 Il t =0 f f tabl e WIB fer, stage
Ger): ani et SREEARIE e PR G e
f the Y head 64 i b t AR _of . . 9Y1, .nmi .
Cont ol Ter 90 aequani i R erbetnBhes, SRateclattl P tiesaRE Ror

to a photoel egfyr 'ee%gfigggfﬁ;%%asémfﬁ UP e O r%%d St gt c%%egn by

received the ref t at predeterm ned sa Ing intervals,

stores them igheA dIHERAIMJIEIGN bof the heddl MXichdTRidR16ONRLY @lHeer 20
changes the pitching anmount of wafer table WIB (wafer stage WST) to

(ex=a0- Aay basedreasuremmessdiesent ovalieecpi bdd iad@rd esogetet rdd.in the
15e. Subsequently, the simlar operation to the operation in the

above c. is mepemtredladarikgte kehlanged attit ude. f. After that,
mai n controller 20 repeats the operations in the above d. and e.
alternately, and |aad§lt‘fﬁ§ ek emarit ¢antEcdfenedd dulves datmigstene

exanpl o, 40piGd TH GEAGEsST hTe RVREERocA] tLLRa ShingE 119 CF bregtigenent
i tchi ng anoynt IS - <ex<+20Qpr.ad. . . Next ,

BI otti ng theq{ééélgé)eéctolsfvgzgg%ar% |mne%[ehe]’| rt écr nléjlteﬁe%rof/ﬁetéﬁé:t q%?a?vgnd 2
been Obtf‘é)neq_rmértﬂé%o%{e%%%s@ﬁ%qn@@ﬁ@ﬁfQ%\éﬁrﬁr&t%ecelrog}(/gtem 118, and

t wo- di mensi onal coordinate systemthat has a horizonta I's show ng
Z positions aptked YehbhOabdakdSaSE@WANERNGRERN ~EISHE SFBHea@l 8L 622

and sequentially connecting plot points at which the pitching anount

is the sane, fane tadhemrdfithtamg adea hemn zeriali nadicstied tie bedhig edlrcled
in FIG. 11A) AR of Y scale 39Y; on the upper surface of wafer
table WIB, as is shown in FIGS. 11lA and 11B.

15 b. Then, based on the measurement values of Y
interferometer 16 and Z interferometers 43A and 438, main
controller 20 drives wafer table WIB (wafer stage WST) so that
both the rolling amount 8y and the yawing amount 6z of wafer
table WTB (wafer stage WST) become zero and also the pitching

20 amount 0x becomes a desiredvalue oy (in this case, o is assumed
to be equal to 200urad). After the driving of wafer table WTB
(wafer stage WST), main controller 20 irradiates a detection
light from the head 64 described above to area AR of Y scale
39Y;, and stores the measurement value, which corresponds to

25 a photoelectric conversion signal from the head 64 that has
received the reflected light, in an internal memory.

c. Nexit, based on the measurement wvalues of Y

interferometer 16 and Z interferometers 43A and 43B, main

controller 20 drives wafer table WIB (wafer stage WST) in the



80 axis direction so that a line (a horizontal line in the center)
that connects the plot points at which the pitching amount is zero
passes through the origin, a graph as showmn in FIG 12 is obtained.
5The val ue of each point in the vertical axis in the graph in FIG 12
is a nmeasurenent error of the encoder at ®ach Z position in the case
where the pitching anount Ox equals a (Ox=a). Then, main controller

.t chi . Ox, the Z-positi d
A T R T -
d t ’ d t > | i f t i 6
Cor recti on' i R or e oo L0BLA, =8 SIPERRLe o0 B Hn A 1R 118

measur ement §i{ife A8 ihRe1MBLEeMRIIGal Jddh ekl PR Of B rA-PRSE [ Zr 3R ge
t he pitching anount Ox, obtai'ns the mathematical function by

conputing 15 ydeteha pedcaoabf babeAt Soksd NIt nkOyafXRIPABouk®2=0, the
| east - squares net hod, and stores the mathematical function as

correcti ob i nfadrinetg emduntrEneil) I wafer tadbldNOKB (waiferc aitage WeT) ,
20 drives wafer stage WST via stage drive system 124 in the -X
direction a @redéignmonéde2drdvénancehnhe| erydlabingg tdetection light
measur enent values of X interferoneter 126 of interferoneter system

118, and as iiF¥hERE ¥ M eaEoi19esrREkRSA\RRRYR touarRat AR ©F dcasedei oYy,

th d It f the - X sid nd. of it 62A (Y head
next Lo the PHELGoBA G Lt G GRPHCRBNT LY 1| SR RA S LA o 225

q  bed | i Cna circl .
BT of VAR AEP SR A BnBRER kDL E X o O DO 1O P L e
i, Then, 18I MGRNEE QB h2Q KL OF B thider & 068588 1 9h 4 8 reeRemined
above to the Y head 64, and stores correction 81

sampling intervals, and stores them in an internal memory.

d. Next, main controller 20 changes the pitching amount
of wafer table WTB (wafer stage WST) to (Bx=0y-Ad) based on
the measurement value of Y interferometer 16.

15 e. Subsequently, the similar operation to the operation
in the above c. is repeated with the changed attitude.

f. After that, main controller 20 repeats the operations
in the above d. and e. alternately, and loads the measurement
value of head 64 in a range of the above-described Z-driving

20 range at Aoa(rad) intervals, for example, 40prad intervals,
with respect to the range in which the pitching amount 6x is
-200urad<ox<+200urad.
g. Next, by plotting the respective data within the
internal memory that have been obtained by the processes of
25 the above b. toe. on a two-dimensional cocordinate system that
has a horizontal axis showing Z positions and a vertical axis
showing encoder measurement values, and sequentially
connecting plot points at which the pitching amount is the

same, and then shifting the horizontal axis in the vertical



information of Y encoder 70A that is constituted by the Y head 64 and
Y scale 39Y1 within nmenory 34. j. Afterward, in the simlar manner,
correction information of Y encoder 70A that is constituted by each
of 5 remaining Y heads 64 of head unit 62A and Y scal e 39Y1,
correction informati on of X encoder 70B tdfat is constituted by each
of X heads 66 of head unit 623 and X scal e 39X1, correction

i nf ion of .Y encoder 700 i s .constituted h of Y head
64 of head ufit530¢ana - o FaLsgh 3 FAER R GGrPEEL: DAY APl RN o)

of X encoder t ' [ : S f.

unit 62D andtiggééggﬁ§%§5£§?§; éggggFg¥g%§%§b$%Fﬁgg%%%ﬁF@Sﬁ?@ﬁgf%%ount
menory 34. Hereizprd bassdsmakbagh that oshghharbyqtQohhes shown in FIG.
above- descri bed case, when perform ng the above-déscri bed 15

nmeasur enent U ng eactnddwead 66 of head unit 628, the sane area on X
scal e 39X1 is used; when perform ng the above-described neasurenent

usi ng each Y head GheofaheacdfuaathGlOinit he Sewearteaadnnyisdal eh8%¥2ph
is used; and when performng the above-described neasurenent using
each X head 66 cﬁlcfreé‘d? J@ @¢nimeseRT et same s the Xnsedler IgXEACh Z
used. This is because if correction of each interferoneter of

i nt er f er omet ACSSYSBMIN §RE FARiIRG Corthec Higshdh b eagiveg §x equals o

reflection surfaces 17a and 17b and reflection surfaces 4la, 41b and
41c) has been %&5i I'etégfanfﬁﬁah?tqoﬁﬁd:éﬁ&feﬁmébears%{%t TPEhnRHed ggount

to a 25 desirgd ahtist g§fyiqu%ﬁé%EF%?%g%éH%&f@h@&@%?&S@%ﬁe%?h%%ﬁnt

of those interferonetér and ‘even | scale surface 1s 1n¢

measur enept ahy @he deapdt c@Cedt . ampngst fgpheadistduesd® dthfres the table
inclination of the scale surfaces, by using the sanme portion of each

scale. 82 data ifrwhdesryRdgarsfswgty FEads) GhycoandcbyR intRirfhation.
controller 20 perforns the above-descri bed neasurenent using the sane
area on Y scéltesm3dyRcendrdd¥eraglt Aesamea thatmésswsatkritorermach 8% the
head 64 of head units 62C and 62A respectively, and
mathematical function of a Z-position z and the pitching amount
6x, obtains the mathematical function by computing
15 undetermined coefficients using, for example, the
least-sguares method, and stores the mathematical function
as correction information in memory 34.
h. Next, main controller 20 drives wafer stage WST via
stage drive system 124 in the -X direction a predetermined
20 distance while monitoring the measurement values of X
interferometer 126 of interferometer system 118, and as is
shown in FIG. 13, makes Y head 64 that is located in the second
position from the -X side end of head unit 62A (Y head next
to the ¥ head 64 of which data acquisition has been completed
25 as described above) face area AR (area indicated by being
circled in FIG. 13) of Y scale 39Y; on the upper surface of
wafer table WTB.

i. Then, main controller 20 performs the processes

similar to the above to the Y head 64, and stores correction



5 obtains correction information of Y head 64yl facing Y scale 39Y2
(encoder 70C) and correction information of Y head 64y2 facing Y

scal e 39Y1 (encoder 70A), and then stores themin nenory 34. Next, in
the simlar procedures to the above-descri bed 10 case when the
pitching amount is changed, main control % 20 sequentially changes

t he yawi ng anount ez of wafer stage WST in the range of

- 200pr ad<ez <hadnAe WH be FUAR BEADALLL YReBLLEM 0. aTRYOE AP e aq

the rolling anount er stage 0 zero, an rrves er table

WIB (wafer stage B ddutdesdh #1aXis diek@Gti @a.in a predeternined
range, for exanple, in a range of -100pmto #100pm at each position ,

and during the drivi.ngftsequart,i dld tHeoadsillke RS Mr nelues of
the heads at predeterm ned sanpling intervals and stores themin the

i nternal nmenomforuedhi areasu¥eracbdes PORf ohatdis ocahdt 2Onthwddsy Ghdr of
heads 66, and each data within the internal menory is plotted on a

t wo- di nen8i ofEmadiguiTdl fateasdstemdavianry tid thddf gmchlY sdasle 39Y1,

i ndicating Z-positions gnd the vertical axis indicating encoder
nmeasur ement \F%%JQWD( HELGHRAtEC Y PEcEdBfesded (PR Heds iapagtituted

b , | ot i nt t ich t i unt . i th
e Pt RO Y e o 2N UBIG AF £ TR P,
l'ine (a hori ZC}(]H}[I%C[#:LI i'n'fo%%tq_%'ﬁt %'EE) Yaégc\f\@&lgp '%? é’l?é’% rngs %%%Lé@ﬁ.t'usced
zero passes through the origin, and thereby a graph simlar T0 the

graph in Fl Gpl2aich ot & REdss TN £ MRidY Rt @hlcebnd0vassyi®s3$Pe ang
yaw ng 83 nount ez, the Z-position, the measurenent error at each

poi nt i n10he cehiraidiehryriaFs ras Hiakl e fdat enande st DU@ScHAE italloa sdatated
as correction information in nmenory 34. O, main controller 20

assunes t he rimasacdneft Xeheadsa$6ot bé hmeHenattc&EDf andtX omcdlof 38K, are
Z-position z and the yawi ng anount ez, obtains the mathenmati cal
function by é@@[ﬁlﬁqtﬁgfﬁ}nﬁé&éﬁﬁw@d sgskftigiashtis wemayy 38 exanpl e,

t he | east-squares nmethaqd, and stores the mathematical function as

correction informafi®6fifn gy FROTRENE fhath sifd legdy £Re tpiet chi ng
arount of el S S A B 3 10LAES! 23250, LIe YA AL
Croode” 0eT SIS R SeLOET aA o8 BPMLIT A S
pi tching amoune-descrd hediabavg and LBEJIERRUHCPBRECERERE the
above-described measurement using each Y head 64 of head unit
62C, the same area on Y scale 39Y; is used; and when performing
the above-described measurement using each X head 66 of head
20 unit 62D, the same area on X scale 39%; is used. This is because
if correction of each interferometer of interferometer system
118 (including correction of bending of reflection surfaces
17a and 17b and reflection surfaces 4la, 41b and 41c¢) has been
completed, the attitude of wafer stage WST can be set to a
25 desired attitude at any time based on the measurement values
of those interferometers, and even if the scale surface is
inclined, measurement errors do not occur among the heads due

to the inclination of the scale surfaces, by using the same

portion of each scale.



15 in accordance with the yawi ng amount. This is because it has been
confirmed as a result of the simulation that the nmeasurenent error (a
count val ue (neasurenent value)) linearly changes in accordance with
the change in the Z-position also in the case where the yawing is
changed. 20l n the follow ng description, gor the sake of
sinplification of the explanation, it is assuned that regarding the Y
heads of each Y encoder, a mathematical function with the pitching
amount ex, the yawlFtdisunregardingd Yt heads ddit@nsht2yof maanarorginggd er
WST that sho a measurenment 25 error Ay, as is expressed in the

fol | owi ng equat iRSHF ‘11?5‘}9,’”15’53 CHPIR P HH- RO MK FU+ SRS 18349 the same

her, it i h di head f h X, der,
o Tt hermat | o4 TRt For A1 CREer BT g LAt Sy e The KT SRR IOT
ez, and the Zpasiiang of JhRl:SLA08 S5 hala SDANS A EASYATP g

84 error AX, as IS expresse oW ng equation

conput ed and st B idbARBH G340 Y mathbh o8Xy 182dd 5484 (2a8Ind ¥ scale
ez(z-b) Ax = g(z, ey, ez) = ey(z-c) + ez(z-d) 5In the above equation
(10), "a" dersAws (anfocear U00at £ndfcEr poittomhierf dntae isir aifghit hkhaesdy,
intersect in the graph in FIG 12, and "b" denotes a Z-coordi nate of

a poi nt wher fadingt¥ aiqte |3918s (entedsect’ 0An ,t hadgtapeh sitwirkar them in
the one in FIG 12 that is obtained in the case the yawi ng amount is
10 changed i MaRYe¥ 3% acquire correction information of the Y
encoders. Further, .in the above equation (11), "c" denotes a )
Z-coordinate of a pG¥h \kl‘?e*f’}éetEh‘é“qjg]'(ar%il"&ﬁ)fgeldi)‘dﬁ(?s'3 FRt e &gy daperibed
graph sipgplar, to the one in.FI.G 12 that, i.s obtained in.the cas he
Pl Ting Adouriiei% "ARangaa PheoF ey T B Sh1808gy BELP drertro1 1EF 20
i nformation D&% I.S.~eandy nd: t - dj

poi nt where t eeci str%%aghrﬁpﬁﬁlﬁége%n?gss %‘tgf{l]ﬁ ﬁ%%%a?gzﬁggi %gﬁéf %{)aﬁgST
one in FIG 13 that rdaggebbai ngdohPzbbezeas80Lh8a Y@M 1Y @MW il Shg both

changed in order to acquire correction information of the X encoders.

the pitching amount and the rolling amount of wafer stage WST
to zero, and drives wafer table WTB (wafer stage WST) in the

15 Z-axis direction in a predetermined range, for example, in
a range of -100um to +100um at each position , and during the
driving, sequentially loads the measurement values of the
heads at predetermined sampling intervals and stores them in
the internal memory. Such measurement is performed to all

20 heads 64 or heads 66, and each data within the internal memory
is plotted on a two-dimensional coordinate system having the
horizontal axis indicating Z-positions and the vertical axis
indicating encoder measurement values in the similar
procedures to those described above, plot points at which the

25 vyawing amount is the same are sequentially connected, and the
horizontal axis is shifted so that a line {(a horizontal line
in the center) at which the yawing amount is zero passes through
the origin, and thereby a graph similar to the graph in FIG.

12 is obtained. Then, main controller 20 assumes the yawing



20Next, a parallel processing operation using wafer stage WST and

measur enent stage MST in exposure apparatus 100 of the enbodi nment

wi |l be described based on FIGS. 14 to 27. Incidentally, during the

operation described below, main controller 20 perforns

openi ng/ cl osing control of each valve 25 gf liquid supply device 5

and liquid recovery device 6 of local liquid imersion device 8 as is

descri bed earlier, and the space on the outgoing surface side of tip

| ens 191 of prdjleBizontbptd tenssiiremtibe neagohnenant |§rifqt pédearl point

wat er. However, q§£c%iptioa regardin% control of liquid sugplg devi ce

5 and 85 | i gt F1%eBVerPeHevreRt Su-PPlheddhf 13t St tafetngl tod dglata

description, in order .t.o nak? t he _description e;ﬁily understand%%!%l

Further, the 301905 1685 SPFRENEA-PEgR? diTRPThe “opePar i Bt hiqq g ler

made using a@%ﬁﬂe@gﬁhe g&étaéuté?ferf@reﬂ:ggcfs %%%eﬁa%eﬁgf%égﬁunction
r t “shown in the ofher

menbers are shown in sone aw ngs and no

drawi ngs. sThadf i$, 740 TefSt encenhgodes ey alto i f fes endpd I pach of
the draw ngs, but these draw ngs show t'he sane configuration

regardl ess ofmaebtistenoes D Euneiiex 5§ ereeuefinkhendet erensed cadasiciaits
same 10 is true also in each of the drawi ngs used in the description
above. Hi@Gg 14 oshewsmalst atlke Vil s -esqostae rigy hadst epdandesearche
method is being performed to wafer W(in this case, to be a md wafer
of a certai n B3RLgHel ¢k fegrtarni ay 25 rectionwptepEnation 46 memory 34.
exanple) on wafer stage WST. At this pqoint in tinme, nmeasurenent stage
MST may wait at a W% wal? posi £39% Wi Pd tCIMds PBRUREL AE Wi 5T stage
st age V\BI IS h?éﬁo'idsednotbmer'on th a%q@qoelk%gg}aw&eggs%#og%ng% aeg Zl\é%-lg)!l S ¢

novi ng foPI ow ng Wafer stage i

di stance bet bteh‘é%sggeIQ?][ﬁleE € hd R SRS @g%%ragft ch encoder

predeterm ned distance is sufficient as a noving distance o

measurement siraae WMBE Bahgkswoeaded cvheR 09t NY ddHiq e CO8ta simple
state (or proximty state) with wafer stage WST descri bed above afteér

t he exposure sands.1izzEur snog)t e P o rofint e@rbrol hedc2dr&ondd @likh
the the pitching amount described above and the measurement error
15 in accordance with the yawing amount. This is because it has
been confirmed as a result of the simulation that the
measurement errcr (a count value (measurement value))
linearly changes in accordance with the change in the
Z-position alsc in the case where the yawing is changed.
20 In the following description, for the sake of
simplification of the explanation, it is assumed that
regarding the Y heads of each Y encoder, a mathematical
function with the pitching amount ©6x, the yawing amount 8z,
and the Z-position z of wafer stage WST that shows a measurement
25 error Ay, as is expressed in the féllowing equation (10), is
computed and stored in memory 34. Further, it is assumed that
regarding the X heads of each X encoder, a mathematical

function with the rolling amount 8y, the yawing amount €z,

and the Z-position z of wafer stage WST that shows a measurement



position (including the ez rotation) within the XY plane of wafer
table WIB (waf er stage WST), based on the neasurenent val ues of at

| east three encoders out of two X heads 66 indicated by being circled
in FIG 14 that face X scales 39X1 86 and 39X2 respectively (X
encoders 70B and 70D) and two Y heads 64 dgandi cated by being circled

in FIG 14 that face Y scales 39Y1 and 39Y2 respectively (Y encoders
70A and 70C), and based on correction information of each encoder
(correction @ﬁﬁﬁ%.ﬂﬁﬁat rEnieorRitees e ithaheglial lonipgoyaertian)ll), is
stored in nenor n .a cordan e Wth the pitching anount or the

rol 1ing amourit® (Jn {0 Wtﬁ & Z-position of wafer

stage WST that are rreas rferorreter sygtem 8. Fu

main controller 20 ont ISt é%&ltlgﬁilnat % ijjjlo dl 1e&c]tlon
and the ey rotatio r_ol ing n he_ (0 t|o i hlng) waf er
tabl e WIB, based onlz\x'f he rreglés)l?lyarr%nzt val es t&g a %afi ? o] %ﬂ(gr

741 and $42], andia pakra®bvd sQnsorsn 4619, aﬂg”7@8@o£8§ta Z ~coordinate
respectively face the end portions on one side and the other side in
the X-axis digkd ippingf wheeenafrer sthaiafhite l\MEssmrftwrese(c‘t‘. dcaltée 32¥bh
and 39Y2 in the enbodinment). Incidentally, the position in the Z-axis
di rection andn FE®By 1ot andonb('r 8enphey afZvederdindte AR m@inse where

controlled based on the mpasurenent val ues of Z sensors 741j and
742j, and 76ThE ShdareRtalaRast hetexseet ath d‘ﬁle( ama@h. AgPikay Be the one

controlled 20Q bﬁ?{' gg H}e rreas errent va nt erferoneter 16.,
In either cas@ “tie F of Q teajﬁbes Cf"ﬁg DY SBH:
th t I

Lhe o, rghat [anagh ok, patat 9 of @%%gfcé@@éé B L1005 4FdDne v
results of t@hd‘&fé&% m@ﬁk@ae&hagnwf@ﬁeZéo@%féﬁm&@f orghandbyehiiges
mul ti poi nt AF system described earlier. The foregoing exposure

operation is gertobiednhyeMBFna GuiiOhhere28heepenii gt a 1A¥H AGitersect
operation between shots in which wafer stage WST is noved to a

scanni ng st aritri ridpepogiaphos im8Zar( acceherahe ngn SEBE L | 1) hed tiisompthdhed
exposure of each shot area on wafer Whbased on the result of wafer
al i gnnent (e.ig tBghanase i@ sivdiling gnrent {EGRIngRst flor aeder to acquire

bef orehand, the | atest bhaselines of alignnment systens AL1 and AL21 to
AL24, 15" correction information of the X encoders, and “d” denotes a

Z-coordinate of a point where the straight lines intersect
in the graph similar to the one in FIG. 12 that is obtained
in the case the yvawing amount is changed in order to acquire
correction information of the X encoders.

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. 14 to 27.
Incidentally, during the operation described below, main
controller 20 performs opening/closing control of each valve

25 of liquid supply device 5 and liquid recovery device 6 of local
liquid immersion device 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,

description regarding control of liguid supply device 5 and



5 and the |like, and a scanni ng exposure operation in which a pattern
formed on reticle Ris transferred to each shot area by a scanning
exposure method. Incidentally, the exposure operation described above
is perforned in a state where water is held in the space between tip
lens 191 and wafer W Further, 10 the ex@gdsure operation is perforned
in the order fromthe shot area |ocated on the -Y side to the shot

area located aon t.he +Y side ipn FIG 14. Incidentally, the EGA nethad
i s disclosed ]i%ﬂulfcﬁrre&%’r?ﬁye,&qetwméw% é’rﬂ M- EL dE 6P dvd ko ng

ke, T SRIGLS G S Shole rca N aer L5 Gn0sed d el 1

control |l er 20 rnoves neasurenmen as

the position showdfhGe 15 PMfEHQI:[ Olchjte”Eoﬁé’ngn%&éﬁ??%&%‘hlz“

based on the neasurenent value of Y interferoneter

mai nt ai ni ng theydRASY eRBNpad k1o iX 11 BEaid & BERY nd39 dPawngs, but

constant value. At this point in 20 tinme, the end surface on the -Y

side of CP bahedGfmmasiverenied alfl & Ml Baman e rend reurdnace, dm tdme

+Y side of wafer table WIB are in contact with each ot her

| nci dent al | y dnehd ngsneawt actt shate (prokendtestdtayimpy. alBmtbhd skephe

by, for exanple, nonitoring the neasurenent values of the 25 _

i nt er f er onet §C TG ANE EREGFeFhPNALE FrRabififer affe 1Y 6B @f rtdw ideRwings,

posi tion of %ﬁﬁht abl e _and, separ,ati ng neasurenent table MIB and wafer
e

table WIB in S5%1 LTI HRET I FIPACTE GPOPaRCRE HFUER GH TSO0TALSSS of
vafer stage VBT and jegsursient, of age. VAT are sel Lo Lhe post tignal ...

rel ati on shown i Ur rng exposure

that, boih the stagesare; fved, s %ﬁet8r5§§8%%2?8%%%&3%?%25ﬁscni tion

relation. Subsequently, as Is shown I n eepi hg
the positionaglpbgw@l.ation in the Y-axis direction between wafer 5 table
WB and neasurenent table MIB, main controller 20 starts an operation
of driving nmeasurefent 5¢ageowSh shat@erhetdiekpokiuer BNt alkep-shadrssan
an operation of driving wafer stage WST toward unl oadi ng position UP
When these opeitdiccons aeéngt perédrmed thewahfbodil nbin , temsiasaverito be a
stage MST is noved 10 only in the -Y direction, and wafer stage WST

is moved in THE YL OécR iCoF tadd Lo€ diorectpogontaining 25 or 50 wafers),

15 as an example) on wafer stage WST. At this point in time,
measurement stage MST may wait at a withdrawal position where
collision with wafer stage WST is avoided, but in the
embodiment, measurement stage MST is moving following wafer
stage WST while keeping a predetermined distance between them,

20 Therefore, the same distance as the predetermined distance
is sufficient as a moving distance of measurement stage MST
that is needed when golng into the contact state (or proximity
state) with wafer stage WST described above after the exposure
ends.

25 During the exposure, main controller 20 controls the
position (including the 6z rotation) within the XY plane of
wafer table WIB (wafer stage WST), based on the measurement
values of at least three encoders out of two X heads 66

indicated by being circled in FIG. 14 that face X scales 39%;



When main controller 20 drives wafer stage WST and neasurenent stage
MST simul taneously as is described above, water that is held in the
space between tip lens 191 of 15 projection unit PU and wafer W
(water in liquid imersion area 14 shown in FIG 16) sequentially
noves fromwafer Wto plate 28, CD bar 4®&6 and neasurenent table MIB,
according to novenent of wafer stage WST and neasurenent stage MST to
the -Y side. entally, during the foregoing novenent, the caontact

Ve
20 state (or aﬁ%ﬁ?%ﬁ?ﬁﬁsaeﬂtei)veclfy WafeRcedpt® \WFeaBAd WagidehBAtY heads
table MIB i i.nt ai ned. i dent al_|. FI,LG. 1 h t i.ght
bef or e wat er G AT ST EFaHoar e S dbTC vl d 1T oA PGS SsgLes
to CD b 46. i i , i |
I e e e R G G

rotation) of afey-Aall &WVEB fnalari o age AN eRased: atdh&ction

measur enent val ues of three encoders 70A, 708 and 70D (and correction

i nformati bn dfm feneedeich MAputl oh TIOO adulttichbrd N1weMeEY (B#) J Nstored in
accordance with the pitching anount or the rolling anbunt and the
yawi ng anountijerayy Bhdn 89cZxpasce ivdrt ot hegfidchsinggemWBTE thratharelling
measured by interferoneter system 118). When wafer stage WST

and neasur emEFCWaged MY BRW1BY mIcUaYe 0B - Nend-BE$ ki oy odr vaBer stage

further in the 5 above-described directions respectively fromthe
state of FI GWSI6-Bostis B 2FH&SEr Rt Ot S/amstedt aYet OB T {fvaf Errther,

ble WIB) by .Y 70A d 700 b f . .
%ﬁergfore? r%b_ng%%bﬁéﬁﬁﬁ ,éég%Q?Qﬁg5?%1%gb9§§é£%%g%ggth@7ﬁﬁﬁ%cﬂ
of the Yl OSIij_I t"i%,t Q%deﬁgéoé%‘tfoq{% foryva(fr%rllﬁtxr%ggea}{@-rt}(%)}err?{%tion

table WIB) fromthe control based on the neasurenent val ues o

encoders 70A @4 cHAGd)0o ke et bBL e S d AR NG, TBASHE LI MY Y8 ues
of Yinterferometer 16 and Z interferoneters 43A and 43B. Then, after

a predeterm nddappatiedodf Ztsa®sons 14 ShM74, Fakd 4 haieasuemilsors

stage MST 15 reaches a position where baseline neasurenent of the

secondary al i"fngeamd sitst eniBat hee shaat 1eel y af sve ridferamst goortdontshen one

Sec-BCHK (interval) as needed) that is perforned at predeterm ned

interval s (i fids sngasbe QFher resfrdn theedchxhal 8treepl aecprie wafer

performef$ Then,. main con%roller 20 20 st ops neasuremrent stage MST at
0

the positPon i@ AFSoSHFFFES FlaRdehaPér Jtage fastm tidegbodinent) -

unl oadi n 0si ti.0 P il e neasur.ing the X.positian of, wafer stage
VET by X nbad s e S B8 co i et S St g ene
scal e 39X1 - i I .enco 7 (] t Y- i

ez 25 rotatf? éﬁ%%ﬁ%?ﬁiéﬁ?%&ﬁﬁ%igﬁgr ergﬁéfggﬁﬁgﬁghgg%sk% %%néf&iled
i nterferonmet ¢:%«30nae 43B s @hetHtoRa 1WRECS £ St 888s¥E3 B4, and 74,4, and

unl oadi ngpositionUP. Incidentally, in the state of FIG 17, water is
held in the smgarkeleegandearsr @&t dwdkie (MIBcandg) imal ans cbdtrolled
20 Dbased on the measurement values of Y interferometer 16. In
either case, the control of the position in the Z-axis
direction, the 8y rotation and 8x rotation of wafer table WTB
{(focus leveling control of wafer W) during the exposure is
performed based on the results of the focus mapping that was
25 performed beforehand by the multipoint AF system described
earlier,
The foregeing 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



90 Subsequently, as is shown in FIGS. 17 and 18, main
controller 20 adjusts the Oz rotation of CD bar 46 based on the

measur enent val ues of Y-axis |inear encoders 70E and 70F descri bed
above that are constituted by Y heads 64yl and 64y2 5 indicated by
being circled in FIG 18 that respectivelgy face a pair of reference
gratings 52 on CD bar 46 supported by neasurenent stage MST, and al so
adj usts the XY-position of CD bar 46 based on the neasurenent val ue

of primary al(afififeifir afyistera At indineaidd iy Heihgxgiossined dfh eRIcB. shgt
that detects 10 reference mark Mthat is |ocated on centerline CL of

neasur ement  t34i5i% ORTB26R T k??\%e‘@/l%} mqﬁ/r?ﬁélléon WHER: dlidmpent (e g-

e L

relative positlans gfa stetl%r{e%uroflgli%&%%% lee%”ﬁlap %ol &5, 5%24,
a fem ta g

respect to primary alignment sys SEVer a

si mul t anegquslapreasuriing r efrff eNGe: 18l Mx@?)sggeb%e%ttlw 1@{ %hlch a
located in the field of each secondary alignnment system using four

secondary al igHUutYn FystesoAL2dt 1 01 ALR4.s kraparfalreld wotda® dHie: area
Sec-BCHK (interval), main controller 20 gives the command and nmekes a

drive systemhyf aarsaariroady axwpdswte stedirgd.unlfoaddeatel 1W onheakeposure
stage WST that stops at unl oadi ng position UP, and al so drives wafer
stage WST i n aafgabli o} descirdhetdoapeve s pﬁéfpémﬁmgn postetervharaivaier
a vertical nove pin 25 CT (not shown in FIG 17, refer to FIG

18), whi ch hds$ gegﬂ l&lrW%ﬁP@ﬁﬁa?%t%%% Cher bR Fileg ik vahrsdl né‘urﬁ:@&tr
upwar d aiLBr edﬁ%t erm.ned_anou hown, in _FI G

mai n control I'er” Z0PABVES ?Peearsab?e%ﬁts %?]éé%hf\‘%% ltnotﬁﬁ Oﬁﬂ%%FOWaW? fgot
position 91 ,/(henejndldfin taEeLyed; 40 85 Al :%E r@ﬁfﬁ "HQt"g’H M%he

position") use to shift a state of neasurenent

state of beiny away fd efcvef£r strRAQMEEING, thﬁecﬁlﬁ ﬁ\%ﬁ:h%ﬁ"ﬁ@ d(l%rclosed
proximty state) with wafer stage WST descri ‘bed previously. I'n

paral | el witHhd,hifsropgaaplen, tm@ivn. OoMat@teNo204 gwesemea@@rﬂrﬁmlke.
and nmakes a drive systemof a |load arm (not shown) | oad new wafer W
onto waf er table WIBern|,nbtlipsechse, lastnchdtharsbabe wheee Weard iecabsed,
nmovenent pin CT is raised upward a predeterm ned anmount is

naintainbg, e wePat riodd@irng Ocapvee measurement stage MST (measurement

table MTB) to the position shown in FIG. 15 by controlling
stage drive system 124 based on the measurement value of Y
interferometer 18 while maintaining the measurement value of
X interferometer 130 to a constant value. At this point in

20 time, the end surface on the -Y side of CD bar 46 (measurement
table MTB) and the end surface on 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

25 interferometer or the encoder that measures the Y-axis
direction position of each table and separating measurement
table MTB and wafer table WIB in the Y-axis direction at a
distance of around 300um. Wafer stage WST and measurement

stage MST are set in the positional relation shown in FIG.



10 perforned in a shorter period of tinme, conpared with the case

where vertical novenment pin CT is driven dowmmward to be housed i nside
the wafer holder. Incidentally, FIG 19 shows the state where wafer W
is | oaded on wafer table WIB. In the enbodi nent, the foregoing

optimal scrumwaiting 15 position of nmeasg enent stage MST is
appropriately set in accordance with the Y-coordinates of the
alignment marks arranged in the alignnment shot areas on the wafer.
Further, in tihed éﬁbaalWn‘?su%%é’foﬁﬁgﬁﬁlwrséﬁﬁln@%@%itﬁ’g?tpobpi:hd?h‘? stsges

so that the shift to the contact stat roximty
descri bed abd&\f& F&H Sﬁ’erafsortrfbd(eaﬁp sﬁot 1&%% é“%é’ftérgpst age WST
stops for the waferu%ll n, Fl

mai n controller 20 noves Iy s?ggles \'\f@'?tw, raS ﬁ%g B%%il?l]%eegf_]ﬁigl 6:he
a position widdywhigh i I*lﬁelt%ﬁé_%dl Ih, ng‘defe hdugisal Ji/ eé%tﬁ'\éfrpfb&%w VIR

plate 25 30 i's set W thi tection ar primry

al i gnnent 5sy d8/MeMtB(dnEmehBarBAshti b MO eITe, thei 4 ebiRrodNesess sehrts
basel i ne neasurenent of the primary alignnment system (Pri-BCHK) is

performed). lam tcheematddire oof drhierimy eterdurar@int cigeoMadr 20 the -Y
switches control of the position 92 within the XY plane of wafer

tabl e WIB fr thneed iconendl abasedant st be opesat o daluéngfvaimoderge
70B regarding the X-axis direction described above and the '

measur enent VAlTuESWEFIYURAPRAIRE PRt ErLas Udhd FhPRt EReee sTRAERE gnare

d 43B 5 th di t dth tati _toth
cont r ol Bfeg?r%ag%mr. 0 e R o Eh e e, ST o, i S =0
val ues Oioat g t@ﬁ%e f'}ﬁq:%%rtl Jo) Vm%%%%?@égt%%a 3 S%%sorgoér%ﬁ in the

heads 661 ndi‘cate eing c¢irc ace

scal es 3eXl afiddq_%t(l%}p%qlq Sx/QB,and s700) and two Y heads 10 64y2
and 64yl indicated by being circled in FIG 20 that face Y scal es

39Y1 and 39Y2 (encadens méOA 208tfOA)lerand BasedsORaGRi’ @¢hiy@NWST and
i nformati on of each encoder (correction information conputed in the

above- descri et seqpeatendns teh@) Malds {dd) fastouetlyi as nesmteps 34 dad above,
accordance with the pitching
water that is held in the space between tip lens 191 of
15 projection unit PU and wafer W (water in liquid immersion area
14 shown in FIG. 16) sequentially moves from wafer W to plate
28, CDbar 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
20 state (or proximity state) of wafer table WIB and measurement
table MTB is maintained. Incidentally, FIG. 16 shows a state
right before water in liquid immersion area 14 is delivered
from plate 28 to CD bar 46. Further, in the state shown in
FIG. 16, main controller 20 controls the position within the
25 XY piane (including the 8z rotation) of wafer table WTB (wafer
stage WST), based on the measurement values of three encoders
70A, 70B and 70D (and correction information of encoders 704,

70B or 70D stored in memory 34 in accordance with the pitching

amount or the rolling amount and the yawing amount, and the



15 anount, the rolling anbunt and the yaw ng anount, and the
Z-position of wafer stage WST that are nmeasured by interferoneter
system 118. Then, main controller 20 perforns the Pri-BCHK
former process in which fiducial mark FMis detected using primary 20
alignment system ALI. At this point in tigge, measurenent stage MST is
waiting at the optimal scrumwaiting position described above.

Next, main controller 20 starts novenent of wafer stage WST in the +Y
direction towaRPH Pt ttforvalr share igiah 25 Meaedwed dhged in

the three first alignnent shot areas are detected, while controlling
t he position%ﬂtﬁﬁﬁ OQégﬁﬁaﬁﬁﬁF%%g%Hﬁdn the measurement val ues of at
| east three encoder ns %ﬂ rrecti i_nf ormation descri bed ove.

Then, when wafer SFQE%I ?%%%ﬁ%% bLe 5%§{FF8ﬁU§ﬁ%ﬁﬁ% g: ﬁQ$ g%%.are
21", main COfEi&QJﬂﬁne?&lssltyO%dNaélefgﬁEﬁg?ﬁ%Ten R JPJZhéP it

operation, main controller 20 activates (turns sensors /72ato

72d and npaswesyd-e: o Piosdd HoRedndohBerd $16d ddiaid O rrbRec iy stakat b PTIG.
and the Ox rotation) of wafer 5 table WIB at the point in tinme when Z

sensors 72a tl®,7pdsfladenwatesutahdet \WiByade rbef ase WITAt wpdepttamle WTB)
tinme. After the stop of wafer stage WST descri bed above, main
control l er 2®vaknescodemal ¥ @heousd v 04hid cendoti daab¢ yf eetett s Theerefore,
alignment marks arranged in the three first alignnment shot 10 areas

(refer to stF-BHapsd ks Kdath meGn ZontIiHG Hr QHﬁﬂﬁﬁﬂhﬁﬁnﬁ?ﬁ Ci?trOl
t AL1 d cali t t AlL22 d AL23, i

The. dot ecti obk Eoa T uAt S aNE i B Gy S G o A Shss A B pg tor
dth | t t i_b

o hott T PR ) € ont ' cPERhL BE 860 0 UK St 9R0N%s

correction by Re GIJREL] o R Mafd ) + 1 AN ERHAES JNRE Idh ahe

i nternal nenory.
measurement values of Y interferometer 16 and Z

interferometers 43A and 43B. Then, after a predetermined
period of time, as is shown in FIG. 17, measurement stage MST
15 reaches a position where baseline measurement of the secondary
alignment systems (hereinafter, also referred to as the
Sec-BCHK (interval) as needed) that is performed at
predetermined intervals (in this case, with respect to each
wafer replacement) is performed. Then, main controller 20
20 stops measurement stage MST at the position, and alsc drives
further wafer stage WST toward unloading position UP while
measuring the X-position of wafer stage WST by X head 66
indicated by being circled in FIG. 17 that faces X scale 39X,
(¥X-linear encoder 70B) and measuring the Y-position, the 6z
25 rotation and the like by Y interferometer 16 and Z
interferometers 43A and 43B, and stops wafer stage WST at
unloading position UP. Incidentally, in the state of FIG. 17,
water is held in the space between measurement table MTB and

tip lens 191,



As is described above, in the enbodi nent, the shift to the contact
state (or proximty state) of nmeasurenent stage 20 MST and wafer

stage WST is conpleted at the position where detection of the
alignment marks in the first alignnent shot areas is perforned, and
fromthe position, the nmovenent in the +¥uirection (step novenent
toward a position where the alignment marks arranged in the five
second al ignnent shot 25 areas are detected) of both stages WST and
MBT in the contact SSRHEEVYEST oSSy sdoamein §FIGSr tldd 3 Adirnmain
controller 20. Priar. to,the start vement iin the +Y direction o
both stages WSF ll\%T,zoa?dijélsgﬁo%&Pei 2FF e aﬁi?nrﬁfnc%ok?ﬁ”f oﬁéé}aiﬁjf on

crars |17l an ol S5Ler 188, 0entp T g LaBeaBt oot e o
this operatiQpsdhg detechicopnhatea ofd i@ﬂééd’%‘g%r tgt%:a %ﬁ]@{‘ L84 64y,

formed on wafer table WIB. Then, during the nove st ages

WET and MST iimdb ddiedr¥ydbeeali @0rcE@n D ety .St 80esa ¥\ie sk tMele I aGRe
the position shown in FIG 22, main controller 20 perforns the focus

cal i brati on feorpearr priocesSsrant graiingya S2lat it et weersdgerted by
measur enent val ues of Z sensors 72a, 72b, 72c and 72d (surface

posi tion i nf orassiranestt tHae g d!Jor targhs low @oy G ssitde Yo polse. tdiome o £
side in the X-axis direction of wafer table WIB) and the detection

result (surf&dePpdst iRAPIHPEr FREITIAS WIS derleet PEPHIaRY Elignment

of a pl ural | £ YT GBTECtFOICHorES) o1 ohE: FdSt Bt ot g o ertts
f t ti point it 9 90b) . d .t at e a

sprfoce B, LIRS ARL oty SRy MLIR AN R

the center of,Jafisledalt! & WIR (i ch §Hb§hépﬂéihyt§;0mg£9§§. Wit f he

center of watfer W coincides with straight line LV.7At this point I'n

time, |iquiddhmersiade,anganlddridQcaiednear 20-tdheHoWantHK

bet ween CD bar 46 and wafer table WIB. That is, liquid i mersion area
14 is about t{driyeededli)veried Wiriarh G dedrinds tof aher deabinela®iB.alignment
Then, when both stages WST and MST further nove in the +Y direction
whi | e keepi ngueins dd:ato dLldne(the pedbxihveyr@sisiane)ofnthe ebehr
the position shown in FIG 23, main controller 20 al nost

si mul t anédus|SECATFAHURVLENBENY Tt erits Wihe 28 SRpTeAC PRiRar aeldmgaent
in the five secgond alignment shot areas (refer tq star-shaped rks
in FIG 23) &9l rL]‘i%vte1 aldgnment® Yer%b(‘ﬂ_:'ﬁec%(n YA %LG?LP,S ¥ nks
the deteCtio%@asuring reference marks M on CD bar 46 that are located in
the field of each secondary alignment system using four
secondary alignment systems AL2; to AL2;. In parallel with
20 the Sec-BCHK (interval}, main controller 20 gives the command
and makes a drive system of an unlcad arm (not shown) unload
wafer W on wafer stage WST that stops at unlcading position
UP, and also drives wafer stage WST in the +X direction to
move it to loading position LP with a wvertical movement pin
25 CT (not shown in FIG. 17, refer to FIG. 18), which has been
driven upward when performing the unloading, kept upward a
predetermined amount.
Next, as i1s shown in FIG. 19, main controller 20 moves

measurement stage MST to an optimal waiting position



95 results of five alignment systens AL1 and AL21 to AL24 and the
measur enent val ues of three encoders 70A, 70C and 70D at the tine of

t he detection (the neasurenent values after correction by the
correction information) , and stores themin the internal 5 nmenory.

At this point intime, since there is no9{ head that faces X scal e
39X1 and is located on straight line LV in the Y-axis direction that
passes through the optical axis of projection optical systemPL, main
control | er 20t ahe fRISRIh 84 138 Rt ORI la e om \weifidring
table WIB based on the 10 measur el};ent val ues of X head 66 faci 2{\9 X
scal e 39X2 (P9 enBEErt T EH Tand SFATHBAM/ARBTI 7 GA2GRITTHEron
As is described,above. .in the e di men ei.ght pi.eces.in total of
position inf of ﬁjé ?Sno%tb\%pgi ‘?‘r’%gi%%ﬁgl W%%Eﬁ%%‘?% ﬁ’% rtr*%tt;l“gn‘fo%?acg state
al i gnnent mar : det - i i j :
detection of ﬁeﬁgpf{gﬁﬁggt&%&r séitdrzlflt e@eg%ﬁééﬁsl%g%%reg?fﬁgﬁ%tprgyéggSly'
ends. Thep, atn bBkS13a0R:tHBIHE LOpLEAkleh, 202 OPtRINS diNR 508l dN8ks the
(shot magnification) of wafer Wby performng a statistical

conmput ati on, adiinend sar sedlesed idyideorsyexanpler Kakaid @lapamese shown)
Unexam ned Patent 20 Application Publication) No. 61-044429 (the

cor r espondi ngddBnefamerfte NG, cat?802627) tahdet WEBL | Kby Wsisngasw since
position information, and based on the conputed shot magnification,

mai n cont rol Itdye Z¢aksy vhlese Hertdcadphprarerhapaet €F i k¢ ixsiwid upward a

projection optical systemPL, for exanple, the projection_ 25

magni ficati o eé&%f}lm'a ﬁ@‘oéﬂﬁtaafd%ﬁ%?ﬁl% i E@%B’aéﬁéf Eragng ¢gn de
6). Adj ustnent vice dj,ust.s opti cal racteristics of .

of of octi B0 OBt Ea ey abrs AT e B aR S i okl SepatFhy ghe oase

movabl e | ens 6ons! LEULL RGO ERLOB1OPET G Y SEEM Bl £08N0L Aused

the pressure of gas I nside the rtight roomthat I rme
bet ween speciifriss dERIRS +Eonst iHdtdd, Prekeeen@a19pt ! @‘Qb_.SS{@t aRLRL, tak
the |ike. Further, after the simnultaneous detection of the

al i gnment mardksatar nateged watdhen fiis e ceetahodralwagiare iatsRotiTs .
In the embodiment, the foregoing optimal scrum waiting
15 position of measurement stage MST is appropriately set in
accordance with the Y-coordinates of the alignment marks
arranged in the alignment shot areas on the wafer. Further,
in the embodiment, the optimal scrum waiting position is set
so that the shift to the contact state (or proximity state)
20 described above can be performed at a position where wafer
stage WST stops for the wafer alignment.

Next, as is shown in FIG. 20, main controller 20 moves
wafer stage WST from lcading position LP to a position with
which the position of fiducial mark FM on measurement plate

25 30 1is set within the field (detection area) of primary
alignment system ALl (i.e. the position where the former
process of baseline measurement of the primary alignment
system (Pri-BCHK) is performed). In the middle of the

movement, main controllier 20 switches control of the position



5 areas ends, nmain controller 20 starts again novenent in the +Y
direction of both stages WST and MST in the contact state (or
proximty state), and at the same tinme, starts the focus mapping in
which Z sensors 72a to 72d and the multi poi nt AF system (90a, 90b)

are simultaneously used, as is shown in KH2G 1023. Then, when
both stages WST and MST reach the position w th which measurenent
plate 30 is located directly bel ow projection optical system PL shown
in FIG 24, rithigorheokl eplaxee pdr vefes tael ®MTBCHKW bheegoproredansed
and the focus 15 calibration |atter process. Herein, the Pri-BCHK
latter procesd MPsnBepRBLBRERESE2 e il ﬁ?%dﬁ%apgdr?ﬁﬁﬁ@én?a@’ﬁ &-axis

f f k | R t hat
o ected by %?%%%%qrﬂ?@%%{%”é S P S RSUPATG, i LT 4F ¥
e oot S SRR P9 APOKPLBAL LORS 20h B80! Aln G o ng
measur emegt r&wlxt%meuﬁledtmeahat ensi by té‘t%f@ﬁd%ecﬂ’é thhdh®1 o

XY-position of wafer table WIB) are stored in the internal menory. In

this process,tisd pdsird o Gride etk digicdms ethddy tdie theSmdahainai
Application Publication No. 2002/ 0041377 described earlier and the

i ke, the projedatesd afirageteastatlipaee efcadasyr enenrth raekstale@ast one of

measured in the aerial image nmeasurenent operation by a slit-scan
met hod usi ng %@er Kaheadaded reddapémeney Qaztnqoamréﬁﬁd B K% .paPrishat face
Further, the focus caI ibration |atter process neans the process

in which, as? $SEHEM PR ARE 3PK: m%d%m%ﬁ 15Ny 7ORe pbdi tYont ipads
th tical t tical st

(Z?Pﬁé’i t£8n) y%na'aéef%aé PAGFRERHSEY (TRHET TS Thlserd dipat face
surtace OSI

nmeasur edpby g gg:r?gcérsg 3%("&5[}%39{7'% andpa%%g e@ﬂ%éﬁ@l’l e?gjg&\éépd on

nmeasures the aarddlt i JRUES Hind e TRAS WL (S (QYrmdand he
mark plate (not shown) on reticle Ror reticle stage RST using aeri al

i mage measur iingr dlend it morgid dansied ok R vBARIENRYG Reti®ns110)
measures the best focus position of projection optical systemPL. The

measur ement  cpet diilon stoped;igtnedoiryadésiofacidoe daasuw b nthermgrikshisg
di sclosed in, for exanple, the panphlet of International Publication
No. WO 05 1248%4nind tlife 1dKenaviemeuwsntansl [tére 2@ wigaiemdvat, and the
measur enent val ues of Z sensors 15 741,0 742,4, 761,3 and 762, 3,

synchr onous| Y W §ia | VadiFi e Tofs tawe SRDdhad Gie masshuest i i mage
nmeasuri ng dev e 45, whil e novin urenent plate 30 in the Z-axis
di recti on. SPRTIT G1Y% tr&?gﬁgéfor es the val ues of Z sensors

741, 4, 742, 4 761 %h%%g %g%n cBH?EoE?%Ee§@%Sgrfgrﬁggjggﬁﬁﬂ_?&ﬂﬁ(fgfmer

p05|t| on of 20 projecti‘on optica (no

| nci dent al | y e Jeaspnnwhy E'ﬂ%ul%%&t hapki futhe @ptdLaly adihg primary
di rection of pr oj ection optical system PL (Z-position) of neasurenent

pl ate 3020wafsridrakdre: WiBtdns zant r akl edidsiagnthensurhacempasiukiefdnt
i nformati on neasured by Z sensors 72a,
stage MST is wailting at the optimal scrum waiting position
described above.
Next, main controller 20 starts movement of wafer stage
WST in the +Y direction toward a position where the alignment
25 marks arranged in the three first alignment shot areas are
detected, while contrclling the position of wafer stage WST
based on the measurement values of at least three encoders

and the correction information described above.

Then, when wafer stage WST reaches the position shown



25 72b, 72c and 72d in the focus calibration |atter process is that
the focus calibration latter process is performed in the mddl e of

t he focus mappi ng described previously. In this case, since
liquid imrersion area 14 is forned between projection optical system
PL and neasurenment plate 98 30 (wafer tajgle WIB) , the
above-descri bed aerial inmge nmeasurenent is perfornmed via projection
optical system PL and water Lg. Further, because neasurenent plate 30
and the |ike iagr €Ipoudiednainvederral e METtonafl vrfeabseayd BISTand Prher
5 photodetection elenent and the |like are nmounted at neasurenent

stage MST, tH& dBove-ed@hised adinalcanggd Lisgadh erdrtvate spditignge §N)
whi | e keeping the contact state (or proximty state) of wafer sta

WET and mastr SRIORS gé n‘f@r,"’?a@é ind SsRRESe MG ZBosien ad the

measur enent descr.i_ bed aboy the 1 asurenent val ues .of .Z
sensors74114,ln"/: ,nf%l%]l,(f%aen Y?@f%q?lio.ne.ansurtlEhéacngpé‘ﬁé.lttaitor?n) of wafer

i nformati an OC.fakﬂaef Girgt QPI 'ﬁié!\@lﬂtn ihhgiﬁé%ﬁewrs%g%o%tsr nghﬂio |7i face

(centerline) In the Y-axis direction passing throu the center o

waf er tabl e \(EFoitdiidesiH ! kSt dHate dentwiircht ig@rr esponds to
t he best focus position 15 of projection optical systemPL, are

obt ai ned. Hieer thensicgniofolkhéer 24 apnpgtiedebbeibadeibove: 0lain
primary alignment system AL1 based on the result of the Pri-BCHK
former procesprdesdrlidyedleathd st samhltthergoesiivt anfl 1hdi PrdudBOHKdetects
| atter process described earlier. Along with 20 this operation, based
on a rel ati ortrife@ he@RNERE NRgdsLRERBRICGdITUE S eoth 2 & dAgEisa TDanmenp shot

72c and d (surface position information of wafer_table WB) and . the
det ecti oigr egqﬁetas( é&@%&fetﬁoﬁ:f‘iraﬁ PREGr AT BnID a1 héUetu@dﬂ%ﬁrlmary
points on th I 3 rf e i poi_nt. AF

Vst em (S0, 8 B0t Rt CREAEL SR D BE PRt Y i [kt Seerr At one
former procesg, ?”Qngag&‘ﬂkgnth ?d@%@%ﬂ&?ﬁe%s‘di‘kg?éf%h e%eaiggﬁmgpt

741, 4, 742,41 76 ,3 and /62,3 (i.e. surface position intormati
waf er table Wity mespondizngate fhe, kst dRCueNAHddOnt falues of at

proj ection optical system PL that have been obtained in the
least three encoders described above at the time of the
15 detection (the measurement values after correction by the
correction information), and stores them in an internal
memory.
As is described above, in the embodiment, the shift to
the contact state (or proximity state) of measurement stage
20 MST and wafer stage WST is completed at the position where
detection of the alignment marks in the first alignment shot
areas is performed, and from the position, the movement in
the +Y direction (step movement toward a position where the
alignment marks arranged in the five second alignment shot
25 areas are detected) 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 +Y direction of both

stages WST and MST, as is shown in FIG. 21, main controller

20 starts irradiation of detection beams from irradiation



99 focus calibration latter process, main controller 20 obtains the

of fset at a representative detection point (in this case, a detection
point located in the center or in the vicinity thereof, out of a
plurality of detection points), of the 5 nmultipoint AF system (90a,
90b) with respect to the best focus positgson of projection optical
system PL, and adjusts the detection origin of the multipoint AF
system for exanple, in the optical nethod so that the offset becones
zero. In thi sydse SPacn the vikbwpodimt @ swpreni (iPa,hPObyhpmugrd@afer
only one of the Pri-BCHK |atter process and the focus calibration

| atter procesigy W8 -pelibhntlisoprehatprBeelilredatigcEhPRt arpat AE the
next process w.thout, perform ng eit heg of the processes.. As a matter

of course, i MYAtPOITE Fife ST I Frodédey £akde §dFror ned,

the Pri-BCHK forne rocess. 15 does not need_.t,0 be perfor ej ,
g, T TS e aereBheca3R A3 Rl R e St U RS 44T in

VST from b0adig sR0Siiticdt {2 1 Qi PRk Qb Rl ISH e bl GATRAL the

mar ks arranged in the first alignment shot areas are detecte

I nci dent al | y pdsi thilke Gkt He Briic.BOK Raa@esonits ot rponf ger@drmshene
basel i ne, 20 which was neasured in the simlar operation just before

exposur e of dowafsercatlliftrats oor fdraws porosafser, \Ahsl kjbectiniso sexpdatien
is used. Further, in the case the focus calibration |atter process is
not perfor nedeteerbebe forssregosit ived uefs pfof extrisor optiecal 28y stdmand
PL that was nmeasured just before 25 exposure of a_previous wafer is
used, sim | ar'2 (EHETRg8ePBF L Ehen bkpyprtion at thenenddrrBfigns jan one

the state . of FIG 24, the focus, pi N scrj bed above is_bei
cont i nueﬁ(.J WidriSnarertig 8§ %lgggg%ggegg?%%idtjir&?t\é‘?é’:/\ﬂfi"ﬁ!%g@table

oo 20 D o A St AL FO a0 81 (DR 31 3068 BT 304MRT AN

the contact state (or proximty s cri ove alfter a

e e TSR RE AT, SRR, SN P DL ORI SUPER e
center or in the vicinity thereof, out of a plurality of
detection points) on the measurement plate 30 surface by the

15 multipoint AF system (90a, 90b) in a state where a straight
line (centerline) in the Y-axis direction passing through the
center of wafer table WIB {which substantially coincides with
the center of wafer W) coincides with straight line LV. At
this point in time, liquid immersion area 14 is located near

20 the boundary between CD bar 46 and wafer table WIB. That is,
liquid immersion area 14 is about to be delivered from CD bar
46 to wafer table WTB.

Then, when both stages WST and MST further move in the
+Y direction while keeping their contact state (or proximity

25 state) and reach the position shown in FIG. 23, main controller
20 almost simultaneously and individually detects the
alignment marks arranged in the five second alignment shot
areas (refer to star-shaped marks in FIG. 23) using five

alignment systems AL, and AL2; to AL24, links the detection



5 of neasurenent stage MST in the +Y direction without stopping it.
Then, main controller 20 al nost sinultaneously and individually
detects the alignnment marks arranged in the five third alignnent shot
areas (refer to star-shaped marks in FIG 25) using five alignnent
systens AL1 and AL21 to AL24, links 10 thes detection results of five

al i gnnent systenms AL1 and AL21 to AL24 and the neasurenent val ues of

at |least three encoders out of the four encoders at the tine of the
det ection (tHeeSedstodnEhveval iaynent &y deamedie mcbﬁl@het@@rlr@cw@rthe
information) and stores th%r1|n t he i nternal nmeno is 15 poin

in tine, the THCUS SRPH TG iUe et nghEsRt FHERELS 708, 7@¢t 8Re dPRet the
hand, ft t d f ti f f fe

Conge veT dede e gs GlIuReEPebL ol pet R bl i OB ct don
waf er stage Wtﬁgléotrsrg thantfx‘?f ﬁf@jt% é@&@gmmﬁ/t@g%@eﬁ%

t he separatlon St at e. 0 After t e separation s

when neasgr engsiiost agﬁtl\@ﬁléq@&ﬂ% BN +8XROS YK o tand raaild BIxPOSAd itPft
wher e neasurenent stage MST waits until exposure is started, main

control l er 2=t meader 0ENtarsd dge IMoEtald bhespoaifhonliNextv irithe
controller 20 starts novenent of wafer stage 25 WST in the +Y
direction towarakis pbsiadtuiorattheti graades dilignunttrerdest aralangeis iaf
three fourth alignment shot areas are detected. At this point in

time, the fodUIRePpiaTyoPsipailngy tort itlucta imeaniiidldemeseorienis the

stage MST is maltln at, the exposure start_waitin osition described
Zbove. 101 BeRTeiRh i ciien ERECRY 1308 Vit Aesc heb LEnUT Bt TeGPn Lhe

VBT andt0l e S atﬁgfc'%héﬁ%'y' BF AR ATy e S e e
ks ar angeshddudie gy o Qi Al GHIRNLe D003 AR “ualer W

(refer to star-shaped marks 1 n Fl 26) using prinmary allgnnent

system AL1 and secopdaiyd@bégmmeataisyad ens Ab22ands Akds:, ld fdg&tpll%ces
detection results of three alignnent systens AL1, AL22 and AL23 and

t he measur enent ﬂtﬁa]e&@fpciﬁlﬂleﬁshﬂﬂvmﬂmﬂd&mﬁ)-@i&ne@sﬂdiﬁlf @Pdsition
encoders at the time of 10 the detection (the nmeasurenent val ues

af ter correctindipdye ttitvm )c ofr ¢t gomenhfoanks i) beaddtstbrdsat hem ipoint
the internal nmenory. Also at this point in time, the focus mapping is
bei ng coﬁﬁlndédtlﬁﬁdwﬁ@@séﬁéﬁﬁﬁﬂo§tQéethéﬂal%G@m¢mt Todel 9§ nigh dthe lsecond

exposure start waiting position. The mai n controller 20
allgnment ot areas ends. Then, at this stage, main

controller 20 obtains the scaling (shot magnification) of
wafer W by performing a statistical computation, which is
disclosed in, for example, Kokai (Japanese Unexamined Patent
20 Application Publication) No. 61-044429 (the corresponding U.S.
Patent No. 4,780,617) and the like, using the position
information, and based on the computed shot magnification,
main controller 20 may also adjust optical characteristics
of projection optical system PL, for example, the projection
25 magnification by controlling an adjustment device 68 (refer
to FIG. 6). Adjustment device 68 adjusts optical
characteristics of projection optical system PL by, for
example, driving a specific movable lens constituting

projection optical system PL or changing the pressure of gas



15 conputes array information (coordinate values) of all the shot
areas on wafer Win a coordinate systemthat is set by the

measur enent axes of the four encoders (e.g. the XY coordinate system
assum ng the center of wafer table WIB as its origin) by the EGA

nmet hod di sclosed in, for exanple, the U S$g Patent 20 No. 4,780,617
and the like, using the detection results of 16 alignnment nmarks in
total obtained as is described above and the corresponding

measur ement \alsigke oihe g tégbdderen Cheasis foenedstwesa$pecific lenses
correction by the correction information). 25Next, main controller 20
conti nues t h&EFEIS- Wrpid My QT Fo\Rtd SRdf &Y sseig@WSPE ithehd ike-
direction again. Then, when the detecti.on_beamfromthe nultipoint AF
system (90a, 90b) % i"HETr 0 3HEL THE Rafer BAPEIPFalE tegs1re Q%o € n

FIG 27, mai %l(igﬁlltrr{e%l(# ?r{ahréc%r %r}drsan:[g%% fi(r)afc l{%en%g_gen%'ecé‘f(%é%)lti%gl%nientlcs) ot

based on the e oregoi-ng waf er "al i gnment orme

bef orehand, 1:he dAlesls bageh! ESﬁtQBlfLie¥e|2 al éﬁé‘?@é‘tafg%/isﬁ %éﬂ’re-%@’}%ytge

AL21 to AL24, ‘and the I'i ke, main controler 20 perforns exposure

st ep- and- scan-vngt keetliBnacki Bt SdfBEVETORNEXAOFULL TR hethtand state
sequentially transfers a reticle pattern on a plurality of shot areas

on wafer W Aidrepwaxdsitiyhetstel | aindper atheoBamar eimepestecty the focus
performed in order to expose the remaining wafers within the |ot.

| nci dent al | ymappimadém whishnpl seépsohe é2pl amatidrard the mvd tipoint AF
f oregoi ng description, main controller 20 is to performthe contro

of the respedisfemtdAle; (1Mt 8761 1hel eapRRET bY 4558 af Bis SaRAVASLA FAC-
stage system,__but the present invention is not |limted thereto, and

it goes t héut® saying that at |east part of the above-descri bed

control perforned ?§F| iQh%ﬁ ngkg?#%§é§2@sfagh§qq q&g&éagég position

performed by a plu ty of ‘contr or exanple,

control | er that P B8 a0l 10f: vafer; sthage PWET And he, ke

based on the nmeasurenent val ues of the encoder system the Z sénsors

and the int erfrerj@mriien systeal mysthen atrangaed iundes. bhe KON eht2010kr
mai n controller 20. Further, the above-described control perfornmed by

mai N contr ol [2€r g0 faoess note &Fnieps H¥ale ithe b @ roealssz ethdoy: Hearfdbwarse,
but it maybe realized in software-w se by a conputer program that
sets an bper atiladrreft yrai i addmy gldosesZ0 oHesadh, ofheeVeiaPCHK latter

controllers that share and performthe, , , , ‘
process means the process in which projected images (aerial

images) of a palr of measurement marks on reticle R that are
projected by projection optical system PL are measured using
aerial image measuring device 45 described above that has

20 aerial image measurement slit patterns SL formed at
measurement plate 30, and the measurement results (aerial
image intensity in accordance with the XY-position of wafer
table WTB) are stored in the internal memory. In this process,
similarly to the method disclosed in the U.S. Patent

25 BApplication Publication No. 2002/0041377 described earlier
and the like, the projected images of a pair of measurement
marks are measured in the azerizal image measurement operation
by a slit-scan method using aerial image measurement slit

patterns SL in pairs. Further, the focus calibration latter



25 control as is described above. As is described above in
detail, according to exposure apparatus 100 of the enbodinent, in the
case wafer stage WST is noved in a predeterm ned direction, for
exanple, in the Y-axis direction when wafer alignnent, exposure or
the like 103 is perfornmed, wafer stage @ﬁT is driven in the Y-axis
di rection based on neasurenent informatidn of the encoder system and
position information (including inclination information, and for

exanpl e, rot @ddcuedNhRammt tor bRotBesexndivhesh| o3 D svafel i strage24,
WST in a direction different fromthe Y-axis direction. That is,

waf er stage WRElies conitredliagt hae¢ pressturenmdmt theropisiofl thel endadertion
system (encoders 70A and 700), which occur due to the displacenent

(i ncl udi ng i dl Pretiest) oof cpsfieplssngbemEAL i (% ek ffigentofdineestirement
fromthe Y-axis direction, are 10 conpensated. In the enbodi nent,

mai n control R0 HH | Ve staft@bla 6 Worsed (R SMIHAE MoSdtion,
based he |, t I f 7 700 t

posi ti on Pnf IPGETE 5 (47 £ COF Ao be P o HEY SR 5 AP B | QYR SRF by
based on CorrZe%tekl%%r'sngggm'Lé]Qp ALOTLREHLAN an%gré@HP{'thér Rk res
in the equation ) “descfi bed abovg) i n~aécordance w position

i nformation it'heaa_@ir&gﬁtix%‘?éé‘%}‘ RRASHE SEBREmEh £ %f]@%fo?lﬁfgﬁ%ﬁrﬁhé @k

the Y-axis direction of wafer stage WST at the tine o

measur ement , dlefteexasplstiovin) & eerdaneer vrtdtefiasid seage M heihgAeeftial
waf er stage WST in the ex 20 direction, the ex direction and the

Z- axi s di r ectinrGyd had sar engeaniced Hy aXdibitsrd endieteeadbranen results,
interferoneters 43A and 43B of interferoneter system 118. In this
manner, bAsede@sunes rbasigEhdrCusaPeest bdn @fcpded scrdAnwrt xgol system
whose neasurenent errors caused by the relative displacenment of head

25 64 and scalle 39%% BEaSYYSTPRTt RBeRBRIRBaSEr BHRAECERFedPPERShlethe

s Cont 1ol I od AREBIET BPESE VBT I e AmIPRec BT S A BerBR =t
Further, in tfje 16336555t 8081 YELti3n"RYCHb WS 24834 and the like.
Main controller 20 loads the measurement values of Z sensors
15 T41,4, T42,4, 761,35 and 76L3, synchronously with the loading of
the output signal from aerial image measuring device 45, while
moving measurement plate 30 in the Z-axis direction. Then,
main controller 20 stores the values of Z sensors 74i,¢, 742,4,
761,53 and 763,53 that correspond to the best focus position of

20 projection optical system PL in a memory {(not shown).
Incidentally, the reason why the position in the optical axis
direction of projection optical system PL (Z-position) of
measurement plate 30 (wafer table WIB) is controlled using
the surface position information measured by Z sensors 72a,
25 72b, 72c and 72d in the focus calibration latter process is
that the focus calibration latter process i1s performed in the

middle of the focus mapping described previously.

In this case, since liquid immersion area 14 is formed

between projection optical system PL and measurement plate



104 X-axis direction, wafer wage WBT is driven in the X-axis

di rection based on neasurenent information of the encoder system and
position informati on of wafer stage WST in a different direction from
the X-axis direction (including 5 inclination information, and for
exanple, rotation information in the Oy djgection). That is, wafer
stage WST is driven so that neasurenent errors of the encoder system
(encoders 70B and 70D), which occur due to the displ acenent

(1 ncluding i itvatfieon)taflandf8) Stidge Ak ddes atifdfeat edriH)l image
direction fromthe X-axis direction, are conpensated. In the

enbodi ment, mEasuENaTy Lerpof eymedyivaper]sthgen Wt igalt hyskemx?ls and
direction, based on the neasurenent val ues of encoders 70B and 70D_

t hat measur e Yo% L8n | hrBERRE i P G sfferssraRentsTl i ke tHWeardahdhs Like

et on, a0 boRSth o PN A% USRI (ST anas ene
seoorcance WS ILOLIB. DL LT, S1898 ML B feopurenent

direction at dihed iver ofcheRAasamENhed Yo AMEL g %e%%w&%@&eis

with position 20 information of wafer stage WST I n the Oy rection,

the 0z directderrcvmbd BRiZedepitig €REIUhHNAL sBE e NRASYF8LiMYLE state)
interferoneters 43A and 43B of interferoneter system 118.

Accor di ngl y, omafwerfest agegBBIST am@cmaasatmnerie sdreigeeMSTH asdesigltedin in
direction without being affected by the relative 25 notion between
t he heads and'lithe &lal &4 thnther sepsorsnenihedeshaibgddrbevei othehat

shoul d be neasured (neasurenent direction). Furt her, according
to expostife ApFsrbtarentosastest et teht4s for dehe Fol agnge’ 62,3 (L. e.

t of f Wand. 105 il i nat i ight |L i i
Tyt ated f oI ARAEROR WYL B SEoT & MRePr b e Vi c e e state
j ecti ' - nai.n .control 20 .. .
eourately o A Adr, e e e ATE LAFOr e pauds o sepson
nmeasur enent \ales, P +fir e EAS0dEE S FesERIIRT ahgye phg @&ﬁaéw@i with

information of the wafer stage in the non-neasurement direction a
the tinme of the-dmasunenenty, AEehdtittdspendatbetie Blestetbehe PRsGaion

be formed on the wafer with high accuracy by scanni ng exposure and
[iquid ifer saforpmexpasiiren optical system PL, are obtained.
Then, main controller 20 computes the baseline of
primary alignment system ALYl based on the result of the
Pri~-BCHK former process described earlier and the result of
the Pri-BCHK latter process described earlier. Along with
20 this operation, based on a relation between the measurement
values of Z sensors 72a, 72b, 72c and 72d (surface position
information of wafer table WTB) and the detection result
(surface position information) at the detection points on the
measurement plate 30 surface of the multipoint AF system (90a,
25 90b) that has been obtained in the focus calibration former
process, and based on the measurement values of Z sensors 74,4,
742,4, 761,3and 76,3 (i.e. surface position information of wafer

table WTB) corresponding to the best focus position of

projection optical system PL that have been obtained in the



10Further, according to the enbodi ment, when acquiring correction

i nformation of the measurement val ue of the encoder, main controller
20 changes the attitude of wafer stage WST to a plurality of

different attitudes, and noves wafer stage WST in the Z-axis

direction in a predeterm ned stroke rangegl5 while irradiating a
detection light fromhead 64 or 66 of the encoder to a specific area
of scale 39Y1, 39Y2, 39X1 or 39X2 in a state where the attitude of

waf er stage BEUs caiiibtraitied basetdr grddessweasiinenentrodiabt®) abtains
interferoneter system 118 with respect to each attitude, and perforns
t he sanpling tdfe 26ferE abastepireAentasivesdeteehormedadr (durtinks chse,
nmovenent. Wth this operation, with respect to each attitude, L
variation i nfordfSIi Bt RHE e Qaf @Rt FhuEsTden ke dicédiér vitginity
accordance w.th the. position in.a directio t he Z-axi s .di.rectian)

or t hogonal t(%:tki € Jtove %tOIBIaarPelLb?a]\/ﬁfyero t I3 Re PR 1t ﬁ’é] the
charactergsti AV i g f.F i t,al :
Then, rrai% c%qu%%gioglr&;gj%%@ (tglg?l( e%@?gr‘fqitn %%n‘g%fz’%nﬂog?: 8tg hkgégg%ocus
measur ement  yajdie 10fn td¥e neRdari d RAGIHanGe M PIPoiHd ARjusts the
i nformati on of wafer stage T in the non-nmeasurenent 106 directi on,
by perform ngiex quteide! eyrfigied oMM atulan geasad 2on e esgMFdrm@xanple,
results, that is, the variation information of the neasurenent val ues
of the encodem itheacgoridsmic enafitidyl tdve thadi ttihen ooff amef érecirage 248D .i n
the Z-axis direction with 5 respect to each attitude. Accordingly,
correction infor matliPof§ ®ICagEr r BN gt hitewidatyt efeHipeey g ¢hromghput,
encoder used by the rel ative change of the head and the scale in

t he non- aswﬁ%mnediqfeaheor?regr? dédit@®d AP Sl emdasad

10Furt her, i h di ' h h | i nf [
s deci ded wieH TIGORT: CBCACBITRATTTS TBH RERR LA LoRE 1 Ed CERgLre

same head unifl,. fQy; £X Itgl’edg}e@tu.rparloi e?‘ssﬁ{wi%h%%%di(?@%oﬁﬁﬁqlgoeitheﬁ 9f

constitute head uni't 62 ectiron Tight i's Irradiat m eac

head 64 to theeSgrBcERsEsl | A ARGA 10 Oh eI LSPORA Nig ¥aSed Be FFYLRCHK
and perforns the above-described sanpling of neasurenent results of

t he encoder, landdhenckasedi omdhecsampiniady £asubtSBLHR BOMLEHOkess
i nformati on of each encoder that is constituted by each Y head 64 and
Y scal e B9Y1 desdrotdeskd Thebefmrefomasededtheequehne, im ghbdpetase, main
error controller 20 only has to move wafer stage WST from loading
position LP to a position at which the alignment marks arranged
in the first alignment shot areas are detected. Incidentally,
in the case the Pri-BCHK process is not performed, the baseline,
20 which was measured in the similar operation just before
exposure of a wafer that is previous to wafer W subject to
exposure, is used. Further, in the case the focus calibration
latter process is not performed, the best focus position of
projection optical system PL that was measured Jjust before
25 exposure of a previous wafer i1s used, similar to the case of
the baseline.
Incidentally, in the state of FIG. 24, the focus mapping

described above is being continued.

When wafer stage WST reaches the position shown in FIG.



20 that occurs due to gradient of the head is also corrected. In

ot her words, when obtaining the correction information for a

plurality of encoders that correspond to the sane scale, main
controller 20 obtains correction information of a subject encoder,
taking into consideration a geonetric ernos that 25 occurs due to

gradi ent of the head of the subject encoder when wafer stage WST is
nmoved in the Z-axis direction. Accordingly, in the enbodinment, a -

cosi ne error 4h&y mevengsedibytih fileféhechiali ehtbarylsésges WST and MST
plurality of heads does not occur. Further, in the case a neasurenent
error occurs IThtPREVHASTF 2D A TR PEINF oY SERARDI IS Tpklighpbove after

characteristics_of such,as telecentricit en.if gradie

o ey oa diBagtrkRenlERd SSHet BY Lindr TRNE Santlo BIER Ao oS elter
occur rence, of, e, FRASULCTRAL BLLOL16AN DRIPLEVSTL Stk | ATKL LIGY Sl chent

reduction 5 in position controi accuraty o : _ _
prevent eds by, sh@klsarkncalt 3t ah8%dhe ncoRs est HQBebEfLBh”@i”%}ﬁtht Hfpping
e

is, in the enbodi nent, wafer stage WST is driven so that

measur ement ery.or Taknt, headnc edart reydkeemoc almbisttg sduwe 1tantbasheadnd
unit (hereinafter, also referred to as the 10 head-attri butable

error) is conpatisgtdtllndedental tlye dldsedent nhakacmerdrgiadsn the five
information of the head unit (e.g. including gradient of the head,

and/ or opti cdlhigithprdéganpati ot arepsekamipte focokaectiared AEakPatl GG .

of the nmeasur nt val ues of _the encoder system may he conputed. 15
Further, in the &Hod %éﬁﬂe, adhIBPFBF EHEE@}éSb%L% t?é)l/%o“inQtli bR dF2yg links

stage as; gesqribed rsvausky.a0¢ tead: al Ly butable ertor dgserpedy,,

above may be TCorrectedindepen ent?y.

confi guration ARdot he, placene Eu%mﬁeﬁ%pﬁ'%gg&roé&%t E%s%@ e encoders

interferoneter system the nultipoint system a sensors

in the embodigmntoArgdTEIR]Y A RS at2thd ttiGRED ANHROW- tSHING (the
that the present invention is not limted to them For exanple, in

t he enbodi memteaaheemerttheralases ke dreero il dif Bl trere mr-qadti fforof Y
scal es 39Y1 and 39Y2 used for the Y-axis direction position
measur enent amf 2% ipai)r aofl dcerad ahe30Xh Emel 138X nadedefmoryt heAt this
X-axis direction position measurenment are arranged on wafer table
WIB, andl8o &Pind dléy rddpond-hieo kot marding dfs heddiaumiansigpecand
62C are placed on qne side and_ the other side of the X-axis . ]
On the other hand, after a predetermined period of time
from the stop of wafer stage WST described above, the state
of measurement stage MST and wafer stage WST shifts from the
contact state (or proximity state) to the separation state,
20 After the shift to the separation state, when measurement stage
MST reaches an exposure start waiting position where
measurement stage MST waits until exposure is started, main
controller 20 stops measurement stage MST at the position.
Next, main controller 20 starts movement of wafer stage
25 WST in the +Y direction toward a position at which the alignment
marks arranged in three fourth alignment shot areas are
detected. At this point in time, the focus mapping is being

continued. Meanwhile, measurement stage MST is waiting at the

exposure start waiting position described above.



direction of projection optical systemPL and a pair of head 108
units 62B and 62D are placed on one side and the other side of the
Y-axis direction of projection optical system PL. However, the
present invention is not limted to this, and only one scal e of at

| east either pair of Y scales 39Y1 and 5189Y2 for Y-axis direction
position neasurenent or X scales 39X1 and 39X2 for X-axis direction

posi ti on neasurenent may be arranged al one, not in pairs on wafer
table WIB, or only T8¢& h#RETuHRESSr SERIPEHST XFAFRSS peie ReSifdap shown

its 62A d 6 d its 62 d. 62D b d. Furth
Phe 30 a1 v oocibR Ion 3Rt de LR SuarasTar & RN atany S Hase s o 2o
in which th d i : i m .
di'rect ons subh g he 1n0F, SLARREEHeBREIN el A S LB T R, v
in the enbodifERnahay s it a@@la%g@?\é_eknt thetﬁféécfdﬂ_%té%qt%r}]meent shot

i ntersect each other. Further, the periodic direction o

diffracti en giddnegnnpyrde 1a (defeeti®Brart-Rogeed méokédn FIG. 26) using
intersecting) a longitudinal direction of each scale, and in this

case, a pluradnimemf afegdneot bhetenrkles pondsagohdady unl tgromdyt kgrseems
to be arranged in the direction orthogonal to the periodic direction
of 20 diffradiidencigdailideg. 1Enkehehre defeiaad rasivl tyagt Haveee alignment
plurality of heads that are arranged w thout clearance(s) in_a

di rection or tHoysTs Ald it AdperPedPe2eFut thlsh e SHERATY Vadyesn of at

0120100, T el LBl ERBRSL TRl B Ge 15 CERRNER DEEN 22 cne of
cont ST g1 oI 0LED 5,10 B S55LLER (00, S0 c0-E0 Y iy e

face the scal® St it Head dH)it iaégi he Jtheadzrand the Y headsh

are placed outside the wafer stage.
memory. Also at this point in time, the focus mapping is being

continued, and measurement stage MST is still waiting at the
exposure start waiting position. Then, main controller 20

15 computes array information (coordinate values) of all the shot
areas on wafer W in a coordinate system that is set by the
measurement axes of the four encoders (e.g. the XY coordinate
system assuming the center of wafer table WTB as its origin)
by the EGA method disclosed in, for example, the U.S, Patent

20 No. 4,780,017 and the like, using the detection results of
16 alignment marks in total obtained as is described above
and the corresponding measurement values of the encoders
(measurement values after correction by the correction
information).

25 Next, main controller 20 continues the focus mapping
while moving wafer stage WST in the +Y direction again. Then,
when the detection beam from the multipoint AF system (90a,
90b) begins to miss the wafer W surface, as is shown in FIG.

27, main controller 20 ends the focus mapping. After that,



However, the present invention is not limted to such an encoder
system and an encoder system having the configuration in which
encoder heads are arranged on a wafer stage and so as to face the
encoder heads, two-dinensional gratings (or 5 two-dinensionally

pl aced one-di nmensi onal grating sections)late placed outside the wafer
stage may al so be enployed. In this case, when Z sensors are al so

pl aced on theqql%per surface of the wafer stage, the two-dinensional
gratings (or FaREYiHFerdtor@I4t pIdcddof@radRng srediegrdidigngent (EGA)
sections) 10 may. al so, be .used as, t refl ection surfaces that reflect
t he neasur err%%yfboeré[}?sd FoRE 8“%’3@&?0%%@% ?@Sie HRE 83 g iignment

encoder syst %:Qoécgegﬁé"%ﬁ“gﬂ}cﬁﬁ%f kggégég%goﬂﬁ ntgrlg'lax%g’ r&q%ir CAll e r

i
the simlar ures 't ose’in e, Wwafer stageé

VBT can be driy eiedasets ekddig i asire ity b dualdigs e e i‘?{‘%gqeﬂq%id

whose neasurenent errors due to the relative displacenent of

heads andst heiraeatSisor redgiesen rEasd effents cueatdiOn arer L iae ed

by correction information. Wth this operation, wafer stage WST can

be driven i n retdeslia gthtdigmctdrom witdrdliigly adt whady ,aseashaut wedieng W20
‘affected by the relative notion between the head and the scale in

di rections otfHdrenwidiflahé&hg pepdilel ppebethensrerl (aneaiadiemerformed
direction). Further, in a sinple method simlar to the gne in the
enbodi ment  abdv T I et t5XRP I TGS BtS B THAY Cice Mg Hea e et

f th by .25 t | at] f t.h ds ,
T O L, STCOLS gl by 20 g ELobl RGO e NSRS 1,

| nci dent §b|y’tﬂé.fto'}%.g%mgdnggﬁp%ig?qgﬁ’ ﬁ%ﬁ%gﬂ%@[%ﬂé% el i

direction (the pitchi'ng wafer s 'S to be neasure

by interferomelcatHAMS L §hdUle spbtQ ithae cﬁirﬁs‘fll"cl%n%@w tihy e%'p?)%%re

be obtained from for exanple, the neasurenent values of a pair O

sensors 74i| appafSBenseush’HPEHI sthee €xarah e o@nehdrpveddit i@k ehtion
sensor(s) is/are arranged adjacent to each head of head units 62B and
62D, 5 sim | ard ynato lHedd aghitthe 824 archdb2d, gord twhie hpiuttc ayg nanmabat: at
may al so be obtained fromthe neasurenent val ues of the Z sensors

that face X s&ASdsP3TE gAdtRex@beespéesryebed ewntrehinewimmad &y, main
position_pnformatiqon of wafer stage WST in directions of six de%—rlees
of freed%h] ﬁyﬁﬁtqq%quugoxméyigg Shared and performed by a plurality of

controllers. For example, a stage controller that performs
the control of wafer stage WST and the like based on the
measurement values of the encoder system, the Z sensors and
the interferometer system may be arranged under the control
20 of main controller 20. Further, the above-described contrel
performed by main controller 20 does not always have to be
realized by hardware, but it may be realized in software-wise
by a computer program that sets an operation of main controller
20 or each of several controllers that share and perform the
25 control as is described above.
As is described above in detail, according to exposure
apparatus 100 of the embodiment, in the case wafer stage WST
is moved in a predetermined direction, for example, in the

Y-axis direction when wafer alignment, exposure or the like



10 Y-axis, Z-axis, ex, By and Bz directions can be neasured using the
encoders and the Z sensors, wi thout using interferoneter system 118.
The above-descri bed neasurenment of position information of wafer

stage WST in directions of six degrees of freedom by the encoders and
the Z sensors maybe perfornmed 15 not onl ypgn the exposure operation,
but also in the alignnment operation and/or the focus napping

operation described earlier. Further, in the enbodi nent above, the
measur enent wéiB@§f©¥m§ﬁeV@ﬁ%ﬁﬁétag§§ﬁﬁh1aﬁéiﬁﬁﬂbenG@M#%taéds@ag@@t@@n
the 20 correction information described earlier so that the

neasur ement &3S G t“l*?é‘séH’r?é‘t?é‘r sl;rsf&rmahwncwfo&éﬂ& £ngesiero sygéem and

di spl t _of f di t of _th ad
and' the. scal E0TH AU RECEIBA AP [ e T EL Sﬁégﬁfgaﬁmﬁamnf and

direction 'nfMygga¥B{8rf%fg¥i&N¥hf ﬁgﬁf L4ns ere 0 %Fﬁ&ﬁdofwafer

However, the present  1niéntion Ts no

exanpl e, § tafgRfe MBS {h ANadkeWRi6A dherPOShL irgR Ot nual e, S faa%e\éﬁon
is set may be corrected based on the correction information described

above, while ThdwiiBg wafer sizagewdBTipaseid o sbhehatasal AiedtieMalkiesrs
of the encoder 111 system O, in the exposure operation in

particul ar, wi tkedenwoder wafsrens dgacdBErbased and 7001 ,exanpheycdie due
neasurenent val ues of the encoder system the position of reticle
stage RST rra;tcbéf@om@@tl@d:em@g@d Gmalvelicer dectilew tiiwhdr gt vt el stage
descri bed above. ther, in the enbodi nent above, only wafer
stage WST is"WF B& ar Wéﬁeﬁﬁ%ddbﬁe%é"ﬁe@é‘ﬁi‘?eiiﬁe%tY i digrdtien, are

xanpl ¢, Tn. GREBR 2ot PrEtena e eterte Basnt FBRCGPLIBr &l grdves
Stage RST i adds SRl Yo anasd A net il lage BILIRYlgg be

dri ven based on the asurene s encoder s em an
based on cor &%@Lﬁ@méﬂtormtdéyﬁ ACH ARG < & ROSAd ovd 'tfh%rt%a%r%f

the reticle stage in the non-nmeasurenent direction that is neasured
by reticle peositioninformation of wafer stage WST in the Y-axis direction,
and based on correction information {(correction information
15 computed in the eguation (10) described above) in accordance
with position information in a direction {non-measurement
direction) different from the Y-axis direction of wafer stage
WST at the time of the measurement, for example, in accordance
with position information of wafer stage WST in the 6x
20 direction, the 6z direction and the Z-axis direction that are
measured by Y interferometer 16 and Z interferometers 43A and
43B of interferometer system 118. In this manner, based on
the measurement values of encoders 70A and 70C, whose
measurement errors caused by the relative displacement of head
25 64 and scale 39Y; or 39Y,; in the non—-measurement direction have
been corrected by the correction information, stage drive
system 124 is controlled and wafer stage WST is driven in the

Y-axis direction.

Further, in the case wafer stage WST is moved in the



15 interferoneter 116. Further, in the enbodi ment above, the
case has been expl ained where one fixed primary alignnment system and
four novabl e secondary alignnment systens are equi pped, and alignnent
mar ks arranged in 16 alignment shot areas on the 20 wafer are
detected in the sequence that is proper fopg the five alignnent
systens. However, the secondary alignnment systens do not have to be
novabl e, and _the nunber of secondary alignnent systens may be any
nunber. The FoidilS SIARAT AN sRfehom@d MHTem SyistemirhithecFraxis

detect alignnent rks.on a wafer 25 only has to be arranged.

et dental [y Eike et R it T Cha XHOSIRE et encoder
equi pped w t ur t 1. separatel y. fr waf.er s ST,
whichis i mivar aﬁm%gq’é’xs?}gg’%e I\%ﬁfﬁa{:rnfaét%&fq o W B iy sy

exanpl e, the pamlet: of; gl Ratienal Byl igatd o0 HNo. (W21 yqs
2005/ 074014 and the Iikéfvis eséﬁ{be . The presen?k%nventi&ﬁgg gdﬁgﬁ

limted t thHireltiyRe iofh HFITHE idpPardidSobWxapless doretased in,

for exanpl e, Kokai (Japanese Unexam ned Patent Application

Publ i cati on) imfiNomatld-a2l4783handyt Heéreotieapondingt U S. WRefteantstiige WST
6, 341, 007, and the panphlet of International Publication No. WO

98/ 40791 and itshé rdgiame syvoridiarig mMgaSurRateerit eflgord, 262 the6 enandetrheystem
like, also in a twn wafer stage type exposure apparatus in which an
exposur e opeﬁé@@&ﬁeéﬁh7QBn§§§u?@HéntWBb@Fa@?%ﬁF( 1gy. tovdhie gdsplacement

det ecti b Li t St ted tantial].y i

par | el ) g N DRor AT gEE LBa Y e oo nah Vi Satge
b f ' det, . i_hed I .

n this thse iy SRsPonr i a1 A8 3L FRRERM e i e ORA RS Fongtth e

of each 15 heafdirden0RhE hORLLPPLIE 0L+ 0F ) RACGK ML EE S 8085EsPE n the
performed using the encoder system described above w thout “any

change, not omlakiwhenr&Beiexpasiie opefné ik his RRIHOTARdeBUW £ @h$8ders
when the nmeasurenent operation is performed. But, another head unit

that can be U9@daddr?0D theet measurerepsi2Qoapénadirnathay &f safleer stage
arranged separately fromthe head units descri bed above (62A to 62D).
For exanpl e, WSduinhéde &maxd st Idkireartd opl,aced ba selde ogr e raatdmge nent
assumi ng_one or_ two alignnment sg$ten(s% as its cente% arenarranged,l
and posi t? on indraFediosn (6PrEaEhl AR i Winrfel MEFORRY taldks bn He qreagardan
ustng {11) described above) in accordance with position information
of wafer stage WST in a direction (non-measurement direction)
different from the X-axis direction at the time of the
measurement, for example, in accordance with position
20 information of wafer stage WST in the Oy direction, the 8z
direction and the Z-axis direction that are measured by 2
interferometers 43A and 43B of interferometer system 118.
RAccordingly, wafer stage WST can accurately be driven in a
desired direction without being affected by the relative
25 motion between the heads and the scales in directions other
than a direction that should be measured (measurement
direction).

Further, according to exposure apparatus 100 of the

embodiment, for the relative movement of wafer W and



25 these head units and correspondi ng noving scales (62A to 62D) when
t he neasurenent operation is performed. In the twin wafer stage type
exposure apparatus, at |east two noving scales are arranged on each
of two wafer stages, and when an exposure operation of a wafer
nounted on one stage is finished, the 11850ther stage on which a
next wafer whose mark detection and the |i ke have been perforned at a
measurenent pqsition . is to be nmounted is placed at an exposure

position, in lﬁﬁﬁlfﬁbﬂéagttﬁ%fdﬁ@‘g%&ée?rFﬁﬁiﬁE?? FHE reddOy @fEArn

PP fed to. madie et a0 FO Pt st & e o B TP Re) B 00 o Ghbh e S tem
t but t i f i i i

T For mat i on) ot ST MR, B RaPa CoftPBLLEP 40 MR Wi, pprer

detection or JuxdeONBIrNaldOhowhth 2 PR KbdBe &I Ehkafe a 4 MEd MO "i’rlall%ﬁs

in the enbodi ment above, the case has been expl ained where while eac

waf er repbaceterhe snkebagspeetornpddoabbhe aved efo Sitaigeh WBF ointdeidrher
Sec-BCHK (interval) is perfornmed using CD bar 46 on the neasurenent
stage MST si dée v¥afHowevege ihelpr esentncasvertican d$raotibnnat echd dime
this, and at | east one of uneven illum nance neasurenent (and

i 1lum nance ®dasticcheasyirernental Apedinakor enpattenavefrogiticle R can
aberration asurenent and the_ |ike may be perfornmed using the
measuring in Eﬁﬁﬁ?@ C(%Q@Wae%%fﬂ%%éae)a%ﬁuwxf@mﬁwg sERgsure

MST, and the e ?gfqupg_resuLt n@g{also be reflected in exposure of
a wafer to b& Berteien AFtar tRaC SS5aiT cal |y, for exampl e,

adj ust mepg  of proj2%&%%@r0p%%%gkg§é§;%@ %hecg%b%%iEEB gggﬁgpb%cquﬁﬁing

adj ust ment devi ce based on t sur ement resu her’,

the enbodi meRl3RMA.orl PEESERAESONRY DEe alS-aNGR6cRHSPa D MBASHE €PRBLer,
stage MST and position control of the neasurenent stage may al so be

performed usiadri kemgneader 2WSi@mnghead henizits) tdeiRc Lifbed frabove agEhakT
is, a novabl e body whose position information is neasured by the
to a plurality of different attitudes, and moves wafer stage
WST in the Z-axis direction in a predetermined stroke range
15 while irradiating a detection light from head 64 or 66 of the
encoder to a specific area of scale 39Y;, 39Y,, 39¥; or 39X,
in a state where the attitude of wafer stage WST is maintained
based on the measurement results of interferometer system 118
with respect to each attitude, and performs the sampling of
20 the measurement results of the encoder during the movement.
With this operation, with respect to each attitude, variation
information of the measurement values of the encoder in
accordance with the position in a direction {(the Z-axis
direction) orthogonal to the movement plane of wafer stage
25 WST (e.g. the characteristic curve as shown in the graph of
FIG. 12) is obtained.
Then, main controller 20 ocbtains correctiocn information

of the measurement value of the encoder in accordance with

position information of wafer stage WST in the non-measurement



114 encoder systemis not limted to the wafer stage.
Incidentally, in view of decrease in size and wei ght of wafer stage
WET, the scales are preferably placed as close as possible to wafer W
on wafer stage WST. Wen it is allowed 5 that the size of the wafer
stage is increased, however, two each of ipesition information in the
X-axis direction and the Y-axis direction, that is a total of four
pi eces of position information, may be constantly neasurable at |east
in an exposurdlERErERn 0P b WRERINK\A | Higdals Hy e GBRteR e beped
waf er stage and .increasing the di%tangg betmeeqﬁa ai r of scales

A 2 TR

pl aced faci nfedf SEHELIDEuFEREL tSirn _Edl%f i Hgt Phe iorgage on
the waf er St@ﬁ?%ﬁ&?%e%@%&%h%@&b aﬂﬁ%%”%k”gPé?§%$§§|§ fﬁ)étggﬁéafgf with

portion of the scale pro romthe wa , Oor prac

scale on the (i §lossiide. 8 :0fabe YBLEL iAYS FAENZSEELL A ASLG A1 ch

auxiliary plate on which at | east one scale Is arrange e di stance

bet ween aspaireffescal ®Seadt anget d@ei n@c@@mi@@h%r, RRY- r2l9 ohe
increased simlarly. Further, in the enbodi nent above, in order to

prevent 20 r edutdrmoat ion neas urenmesntt Ao Wise inalen tanadhesnenne «of the
foreign particles or stains to Y scales 391.1 and 39Y2 and X scal es
39) (1 and 39Xncdanr eranpHayy tdat Talp hiye vbaagesl ¢Edhechehe aqur thescd e
as to cover at |least the diffraction gratings, or a cover_ glass my

be arranged. i th&i BorzEeaspreEent (i Tt sponcesiasdstasiie the simple
appar at us inrgﬁéguiular, aliquid repellent protective filmmy al so
be coated on Xtales (grating surfaces), or a liquid repellent

filmmay,glso be f%ﬁﬁﬁﬁmﬁﬂ Egetﬁgrﬁﬁgga%ﬁ§$fégiyEE%08£§8ftﬁ§$ﬁ%§¥%%gon

gl ass. reover, each scal’e’is ave I on gratrngs

115 consecut i Metyrd A R 100 dR8 REDGH AR E@EF&C%”E&J§ 821t IS heads
| ongi tudinal direction, but for exanple, ditfraction gratings may

al so be intergAdi einsyt ifterednhens amdl wead idni tof fdirvidedpdepas plQirality
each noving scal e naybe constituted by a plurality
of Y heads 64 that constitute head unit 623, a detection light
is irradiated from each Y head 64 to the same specific area
15 of corresponding Y scale 39Y; and performs the above~described
sampling of measurement results of the encoder, and then based
on the sampling results, the correction information of each
encoder that is constituted by each Y head 64 and Y scale 39Y;
is decided. Therefore, as a consequence, a geometric error
20 that occurs due to gradient of the head is alsoc cerrected.
In other words, when obtaining the correction information for
a plurality of encoders that correspond to the same scale,
main controller 20 obtains correction information of a subject
encoder, taking into consideration a geometric error that
25 occurs due to gradient of the head of the subject encoder when
wafer stage WST is moved in the Z~axis direction. Accordingly,
in the embodiment, a cosine error that is caused by different

gradient angles of a plurality of heads does not occur.

Further, in the case a measurement error occurs in the encoder



5 of scales. Further, in the enbodi mrent above, the case has been
exenplified where an encoder by a diffraction interference nmethod is
used as the encoder. However, the present invention is not limted to
such an encoder, and an encoder by a so-called pickup nethod, or a
magneti ¢ nethod may al so be used, and ini13® addition, a so-called

scan encoder that is disclosed in, for exanple, the U S. Patent No.
6,639,686 and the |like may al so be used. Further, in the

enbodi ment abBifetoasiemnexznpdps PRt 1¢hkchadasterictéensot thy hded (such
optical pickup method described 15 earlier, for exanple, a sensor

havi ng the T 619 bRARGSEbALFUEYARTER FAPTAMS e Idaead fhidaes nohoccur,
configuratioQX¥QLgh i S e%yhﬂﬁgd with: a ﬁgrst sensor (which 2@%19? a
sensor by an Opt1cai™pi Kup met ot Brebt her= Gt ¢ &1 Hiinte men = 'e
sensors) that,ont]caldy ads Egﬁegésgkéggﬁgga,Ognﬁlégérefo%f reduction

nmeasur ement - subj ect surface in the xrs drrection by irradiating a
probe beam t o hodRaKH eBHtrSub Ralr SUF fac e, and raGRie i the be
reflected light; a drive section that drives the first” sensor in the
Z- axi s dir ectgraniersyet , abgeciond -86ns0bt § $HEhgaheaabo AEOHEs) ifFirmation.
nmeasures the displacenment of the 25 first sensor in the Z-axis
di rection. | ThateiZ,sensdre leakiongmemth weffirgsrage BT tisedf blréowaghat
modes can be set, that is, a node (a first servocontrol node) in
whi ch the drithe gegsigrmgnitvesrehect ithy es@esier piisthRB geairsing due to
direction bas?p %%E%re out put of the first sensor so that a distance
in the z-axi £'9 MEELS o TSRS She ISR e ) & &% f ace,
for exanple, ;the surface of .the scale .and the first sensor .is
copstan??gt &ﬁa%i%%££f§§%?%%%nﬁﬁ§%%2é%%éﬁﬁﬁﬁﬁ%&%%ﬂnrEPCﬁSSQfa%AY'
uhich the tanfdledailiendhathie 38¢00d 9RPSGhaES ol ¥ENAL ML W e (o .
I eP) and the e

outside (the contro rive sectron marntains t positio

of the first iSRNSEMiHY dhRI%rAXicy diHEeHdRN Shdhat ddie dmasur ement
val ue of the second sensor coincides with the target value. In the

case of the fadhrstacrnieaorid)gl feRdexahbibe plWWditte Gfi drhenfiBagHE €BRGE the
section (second sensor) can be 10 used as the output of the Z sensor,
and in the casasofrantsentsamin: s arly ddentarglodmdesy stiem oatypute afortrheed.
first sensor can be used as the output of the Z sensor. Further, in
the casel8ucHUsthesenddr the gibgdangnin eRcodeer | 2w dpedhes pasdtion
second sensor,_as a conse%%ggfe, osition informati on of wafer stage

15 WST (waf e’ 3A5TE IR 57 iRt PEREL 8RS §Y felPaesa bF T Hrekdoht Gator
Up ToaSur 0 0 s BHSeTya LU I LS gl poove,

enpl oyed. Further’IE%i%@%t%ﬁgggi@ﬁ@%oﬁ?Q%ﬁraEE%n%ﬂﬂiEHQE%E&%QEQﬂgofthe

encoder system, the interferometer system, the multipoint AF

20 system and the Z sensors in the embodiment are merely examples,

and it goes without saying that the present invention is not

limited to them. For example, in the embodiment above, the

case has been exemplified where a pair of Y scales 39Y; and

39Y; used for the Y-axis direction position measurement and

25 a pair of X scales 39¥; and 39X, used for the X-axis direction

position measurement are arranged on wafer table WTB, and so

as to correspond to them, a pair of head units 62A and 62C

are placed on one side and the other side of the X-axis

direction of projection optical system PL and a pair of head



20 the conmbination of a plurality of interferonmeters that neasure
position informati on of wafer stage WST are not limted to the
configuration and the conbi nati on descri bed above. Any configuration
and any conbi nation of the interferoneters nay be enployed as far as
position informati on of wafer stage WST 25gin directions other than

t he neasurenent direction of the encoder system can be neasured. The
point is that a neasurement device (regardless of whether it is an

i nt er f er onet éMitsufizdh aggh %@aggeepé;és;eﬂu on Pneophde i B gthewgftdyer side

stage WST in directions other than the nmeasurenent 117 direction of
t he encoder é-V%s Gt habl 3 e R F §5F IR GiEalo SRbem PL.

d t d b F | th de
Sensors may AU BE UsalP 45 SIRE redS O BTG e e | MRIhG, W %hend
erbodi Ment” abgye, e £SENSQF S,anele e ALLapged pech des.1be sov, ana

mul ti poi nt Al wever, for exanp e nul i porn

system cap deigs! sS4t ase sPOSH&éOIbi BhRR ARG 24 u LXRATHBE- )‘é'é@a@%ts 39X,
shot areas of wafer Wwhen exposure is perforned, the Z sensors

not al ways hauel 13Px.0 fhe &-aaigedirectionl peisdenbal hpasutetnbet may be
enbodi mrent above, pure water (water) is to be used as |iquid,

however, the gresered iadverd,i opti $nnodifs mnt e fexr thidea¥Thatderomfy one
course. As the liquid, liquid that is chemcally stable, having high
transni tt ancérers! il lafmdkatrestl pghherLPrahd @ﬁf]ée@f@) Wkt s Ridh ansl $2C
fl uori ne-cont ai ng |ner uid ma be used. As th

fl uori ne- cont®i ﬁslééhu%Pdf %eaﬁq%EW$%erFurépﬁé bt&fd

name of gbﬂaﬁgaofrgegccgﬁqaggg (fitnbe useds, The A vorine-qontai nlng, i ert, o

in which the head units are arranged are not limited to
orthogonal directions such as the X-axis direction and the
Y-axis direction as in the embodiment above, but only have
to be directions that intersect each other. Further, the

15 periodic direction of the diffraction grating may be a
direction orthogonal to (or intersecting) a longitudinal
direction of each scale, and in this case, a plurality of heads
of the corresponding head unit oniy have to be arranged in
the direction orthogonal to the periodic direction of

20 diffraction grating. Furthexr, each head unit may have a
plurality of heads that are arranged without clearance(s) in
a direction orthogonal to the periodic direction of the
diffraction grating.

Further, in the embodiment above, the case has been

25 exemplified where the encoder system is employed that has the
configuration in which a grating section (the X scales and
the Y scales) are arranged on the wafer table (wafer stage),
and so as to face the scale section, the head units (the X

heads and the Y heads) are placed ocutside the wafer stage.



20 point of cooling effect. Further, as the liquid, |iquid which has

a refractive index higher than pure water (a refractive index is
around 1.44), for exanple, liquid having a refractive index equal to
or higher than 1.5 nay be used. As this type of liquid, for exnpale,

a predetermned liquid having GH 25 bi nglgeeg or 0-H bi ndi ng such as

i sopropanol having a refractive index of about 1.50, glycerol
(glycerin) having a refractive index of about 1.61, a predeterm ned

i quid (orgadavestsiyeritie sustseas Hewand, L dreptsan®torl idddame toosuch an
decal i n (decahydronapht hal ene) having a refractive index of about
118 1. 60, or ¥Ked9keyYehfitheand tp@nchdes pus B hpviag thrpicendboriraédon

by m xing arhitrary two or, nore gf t he above- dgscri bed predet erm ned
1 qui ds ey D& JEEFR SRCRAREqHPASSbRAPNRRE BYISA G (154 nAEadte and so
pr edet er m ne i.qui 0 it re ter may,.al so .be ysed._, .

N Cernat fveryte 50 s it @hegtn i Sl BB aaial Bhekinge (-

base or agi d SrCh AR AT o1 S b1aled 0p @ %rimeds iRRRE- i@ G R RYLEs)
ob addi ig

wat er may al so be used. Mreover, a |liquid obtained by

(mi xing) partdrd @3 aekdAbubxide Ofetiterdd k& dge Gght Bl sBUbe M BIydWY In
al so be used. 10 These liquids can transmt ArF excinmer |aser |ight.
Further, as tiie d cgued, whemqui denwbirshatmalaospbdtedhsothtiwsper surface
coefficient of light, is |ess tenperature-dependent, and is stable to
a proj ecti on adptihcalwasiest exhaas,p tdst itewl-dieererlorerdd/oatangs (or

phot osensitive agent (or a protective film (topcoat film, 15 an
antirefl ecti SWFidimersi e 1y PR ceshred Ginens iovefageaging weréions)

i ferable._Further, in th 2.1 i d as_the |ight
Sour Co, FOMbIAY BHPomRy BECSdt eat BT CRRPEREPT FHEEAES ol TuthLoct the
bove, th i qyj d Ln this case, a filt
hat F emoves S0 ABITY BEFPoRECRe T BobvaPRRCFPui th 2 T G gty The

arranged in g ddfdd HRGUEMEAENY ict? & %%%‘ﬁ@%r%ét &Pl o 'é?ngrlgdé%éif

I ncidentally, in the énbodi ment above, the case€ een des

where the expRsilce 1aRPah atHes stifiidaki g cbdUFE Sbothd YPeneXPe bR diment
apparatus. However, the present invention is 25 not limted thereto,

but can al so dmveyi waliky sippdde BT oaa lde Wripmen bxpesuse Eppakalsusement
that performs exposure of wafer Wwithout liquid (water).

15 wvalues of the encoders whose measurement errors due to the
relative displacement c¢f the heads and the sceles in the
non-measurement direction are corrected by correction
information. With this operation, wafer stage WST can be
driven in a desired direction with high accuracy, without being

20 affected by the relative motion between the head and the scale
in directions other than the direction to be measured
(measurement directicn). Further, in a simple method similar
to the one in the embodiment above, correction information
for correcting measurement errors of the encoders caused by

25 the relative change of the heads and the scales in the
non-measurement direction can be decided.

Incidentally, in the embodiment above, rotation

information in the 6x direction (the pitching amount) of wafer

stage WST is to be measured by interferometer system 118, but



Further, in the enbodi ment above, the case has been described where
the present invention is applied to a scanning 119 exposure

apparatus by a step-and-scan nethod or the |ike. However, the present
invention is not limted to this, but may al so be applied to a static
exposure apparatus such as a stepper. Evepgwith the stepper or the

i ke, by neasuring 5 the position of a stage on which an object

subj ect to exposure is nounted using encoders, occurrence of position
neasur enent dérropicaised byoaint fihycaliatiloasolwaasebsiam, ddry elzemple,
nulled likewise. In this case, it becones possible to set the

position of tHe Beagur@MeRthHTyHI? €d sikAl hadel sonaied T6:nesstsensers

val ues of th% encoders and the correction information described .
above, and as aacorfeqddic XMy R Hrafe PeldnSfe? SENEOXdS) clig/are

attern onto the object,..can _he .perfaormed. Further,,the . pr t
hvent on caf BEE0 4k ST (% £ TEIAEAD o PEeh (P S in 7 62D,
appar at uss by sa_nﬂiﬁa%tlgpt%r‘ﬁ'eﬁ&' ﬁﬁﬁmm%n@%bcsygﬁaeﬁﬁgﬁh@c&ﬁ[}%} aHoBftc
and a shof area, an exposure apparatus by a proximty t hod,

M rror projegldyor1dld MREObtYidhe Addie the meastWiddr vdiRRs of the 2
magni fi cation of the projection optical systemin the exposure

appar at us of descenbadiatefiacabevedad e20 399t andl §9R, reshisddoivs)st emith
but al so may be either an equal magni fying systemor a magnifying
system and puidjsecipiear® taptn,c gossiysittemiPif drsaridtono iy wa féiroptteige WST in
system but also may be either a catoptric systemor a catadioptric

system and iH r&ddiitangn 0% Bd pdsjeessd dindgeedop béhaitt Her &he X-axis,
i nverted 25 image or_an upright i nage. feover, the exposure area to
which il }ﬁm Yoo Fgﬁf‘lgt 4 @Wr%‘g‘gﬁtzg/gl’é‘?ﬁtb?’éf &an BR W%%@gusmg

system PL ist%1 gn-a issare t.ha gncg%des 0 t%gallﬁgjs AX g&%h&g %Q%r
field of project on optical SYAT &L SRS el e 10 o r e g & S T4E TR
di scl osed 'rléfg%eQ?QHHietTﬂg abB¥e-described measurement of position

information of wafer stage WST in directions of six degrees
of freedom by the encoders and the Z sensors may be performed

15 not only in the exposure operation, but also in the alignment
operation and/or the focus mapping operation described
earlier.

Further, in the embodiment above, the measurement values

of the encoder system are to be corrected based on the

20 correction information described earlier so that the
measurement error of the encoder system, which occurs due to
the displacement of wafer stage WST (relative displacement
of the head and the scale} in a direction different from a
predetermined direction in which wafer stage WST is driven,

25 is compensated. However, the present invention isnot limited
thereto, and for example, a target position at which the
position of wafer stage WST is set may be corrected based on
the correction information described above, while driving

wafer stage WST based on the measurement values of the encoder



| nternational Publication No. WO 2004/ 107011, the exposure area may

al so be an off-axis area that does not include optical axis AX

simlar to a so-called inline type catadioptric system in part of

whi ch an optical system (catoptric systemor 5 catadioptric systen)
that has plural reflection surfaces and fefnms an internediate inmage

at | east once is arranged, and which has a single optical axis.
Further, the illum nation area and exposure area described above are
to have a reciyangin.ar cshapea. thewexposuteoséppei o Nwtpd ttiidech#,0 Wil le
rectangul ar, but may al so be circular arc, trapezoidal, parallel ogram
or the like. driving Wadkedentat|MET kalskghon sdlncexefipilhe Expomasairement
apparatus in the enbodi ment above is not limted to the ArF exciner

| aser, but a puuas |ofséhe P@ﬁedeéuﬁyétemchte@ RoKt Fexcohereligslea stage

15(output wave t h: 248n an F2 | aser t put wavel ength: 157n
an Ar2 | aser TOMCTN SEnTRRTES St R R o 1o

mavelengtg %ﬁgg@lbég qp‘extra hi gh pressure mercury |anp that
generat es an em Ssion 151e such as a g-1ine (mavelength 436nm) or an

i -line (wavel engt hip,3630Y ¢an F}ésé}uggdit}ﬁemf%%o 2ur Toﬁ %f@éfé@élj& WST

wave generatlng unit of a YAG aser or can a e used

Besi des, as iis diosiké eaadrdhbakbel Sxame ﬁeabﬁ@e]ﬂéﬁ’@h}aﬁﬁuﬁ of the encoder
Internatlonal Publ i cati on No. WD 1999/46835 (the correspondi ng U. S.

Patent No. 7,02%d0)fom drwamimle C whee, expi 0ird si ohfeat fednddy, but for
anplifying 25 a single-wavel ength | aser beamin the infrared or
visible r angee:eamnlt%d aby N OB s g S udtay nesurras fhdarod dsiam a5f
vacuun1u|traV|oIet with a fiber anplifier doped with, for

exanpl e, 18r blliﬁﬁl(cdre l§ tfi‘l‘il‘:—‘elgﬁ|Tu1=ﬁ3 ﬁ?&i%%%ﬂ%mﬁ)‘fra@ﬁédb?néo’?ﬁ/@ﬂ%ﬁtage

the wavel engtEDSﬂ 915% éj Ly %VI 8'1:?279.11 aseé‘sI n\ghe meazslurement values of this

encoder system and based on correction information according
to position information of the reticle stage in the
non-measurement direction that is measured by reticle
15 interferometer 116.
further, in the embodiment above, the case has been
explained where one fixed primary alignment system and four
movable secondary alignment systems are equipped, and
alignment marks arranged in 16 alignment shot areas on the
20 wafer are detected in the sequence that is proper for the five
alignment systems. However, the secondary alignment systems
do not have to be movable, and the number of secondary alignment
systems may be any number. The point is that at least one
alignment system that can detect alignment marks on a wafer
25 only has to be arranged.
Incidentally, in the embodiment above, the exposure
apparatus equipped with measurement stage MST separately from
wafer stage WST, which is similar to the exposure apparatus

that is disclosed in, for example, the pamphlet of



nonl i near optical crystal, nay al so be used. Further, in the
enbodi ment above, illumnation light IL of the exposure apparatus is
not limted to the Iight having a wavel ength equal to or nore than
100nm and it is needless 5 to say that the |light having a wavel ength
| ess than 100nm may be used. For exanplellén recent years, in order
to expose a pattern equal to or |ess than70nm an EUV (Extrene

U traviol et) exposure apparatus that nakes an SOR or a plasnma | aser

as a |ight sowreengenenate pamlEYthioghto.nwe $00k /X7uay 418nHanee like,
(e.g. a wavelength range fromb5 to 15 nm, and uses a total

refl ection reédudesseribptl.calhsystesedesigned: nders v éXpdsedeto this
wavel ength (e.g. 13.5nnm) and the reflective mask has been devel oped.

I n the EWV exposur e expostaeusppa hetas r dugeneas disaddsdd scanfvngzanple,
exposure is perfornmed by 15 synchronously scanning a mask and_a wafer
using a circ 5@1aﬁ€aPPP@ﬁﬁngpﬁéﬁmééﬁdbgaé8ﬁ§iaépg&FaﬁﬁﬂntﬁéPéﬂﬁﬁé}on)

th t i [ | b itably, lied_t h

exposur o AppiPa 1.2 e LFHaRe The SpR e P AToI 1 tn PaGRAR Ry Be 341,007,
applied to an, Pﬂg:ffa?n;%ﬂpeacr 3%”fn§@ﬁa%§&§af%ﬁoﬁ%%a&§%%ﬁ$? M@?zti 0791
such 20 as an el éctron -beam of an ion beam arther; ‘in the

enbodi ment  akayer & dJrARYPCEIYE YRS PRI 6L I M, WY CAnhS e 1ike,
transm ssi ve substrate on which ™ predeterm ned |'ight shielding

pattern (or aiphase RathehMwefed $i4d BidERUPIATDAPRIAUSS in which
formed, is used. Instead 25 of this reticle, however, as is disclosed
in, for exanpheextoSurPabeeartathoon Griél 8, 26asuaameheotpars ek (Ewhi.chark
is also called a variabl e shaped mask, an active nask or an inage
gener at ok adétestiodedy bor adigmpleat syBVBM()Dicgint e Wkecoiwedr or
Device) that is a type_of a non-enission type image 122 display , |
devi ce (spat PEPSIERGRt Atddula: BRF g eh&SERe FWen WahE&h S§ages, position
light-transm tting.pattern, a_reflection patter or an em ssion
pattern is fSPHE&%& %%@&%Wﬁﬁeélse%&l%ﬁia@p%%tpfr 6 Patreri's Racorer

;gsﬁei gxgggggsg% g'd%%c%\;\%ﬁe%bo% }(*%%GF? %gfe PHC hfﬁ‘své‘éégﬁ' JSYSEaP.ed
) ge on Icn a warer, a ass plate or e T1T1Ke IS
mounted is sgapRed WakR1y setting the placement and the length of each
15 head unit, position control of each wafer stage can be
performed using the encoder system described above without
any change, not only when the exposure operation is performed
but also when the measurement operation is performed. But,
another head unit that can be used during the measurement
20 operation may also be arranged separately from the head units
described above (624 to 62D}). For example, four head units
that are placed in the cross arrangement assuming one or two
alignment system(s) as its center are arranged, and position
information of each wafer stage WST may also be measured using
25 these head units and corresponding moving scales (62A to 62D)
when the measurement operation is performed. In the twin
wafer stage type exposure apparatus, at least twomoving scales

are arranged on each of two wafer stages, and when an exposure

operation of a wafer mounted on one stage is finished, the



respect to the variable shaped nask, and therefore, by neasuring the
position of the stage using the encoder and by driving the stage

based on the nmeasurenent values of the 10 encoder and correction
information according to position information of the stage in the

non- measurenent direction that is nmeasur e by the interferoneter, the
effect equivalent to that of the enbodlnEn% above can be obtai ned.
Further, as is disclosed in, for exanple, the panphlet 15 of

| nt er nat i onalotPudal img@thi\Aa 200A3%HRr e s aset deteestliodn and
can al so be applied to an exposure apparatus (lithography system

that forns |ithe dndespave path erersf @med waf ermbgshvemeny pod Erien drecéo
fringes on the wafer. Mreover, the present invention can also be

appl i ed to 2®amaxpgesiris et @B (ate ERNRURSS DA i r 6 @lusler to
patterns on a wafer via a projection _optical Ksten1and al npst

S|nultaneousﬁ?ﬁ%ﬂqq)qﬂ?(ﬁﬂﬂﬂ%?%%%osgPétB?roné §h8€aéPé§mﬁﬁttﬁEe%ﬁFéPn

(publ s shea D EDTECE ] Ak T Ot 98 s RIS IR Ton & 6P°°
Patent Appli g)%ﬂloe@d Wy 0%4 "RAWAA %ef CONARRO NG %.J.[]{Datbﬁ{]

No. 6,611, 31 an apparatus t forms a

an obj ect '5dﬂﬂgﬂﬂéﬂ@ggsﬁemthﬁn?&@@é%ﬁﬁoﬁﬂﬂﬁ%%EQ%c@iﬁfﬁ%ﬁé%&Wh level
systen) described above, and for exanple, the present invention can

123 al so be apdfieatkrdde amfappardicly dRttHomaE ar palit enscobeaneelficetled
by an ink-jet nethod. I ncidental ly, an object on which a

pattern is tdnstdagl pédtiiamant) detestibpactrtion expbinad ito whtbhtlremmark
ener gy beam
10 detection.
Incidentally, in the embodiment above, the case has been
explained where while each wafer replacement is being
performed on the wafer stage WST side, the Sec—-BCHK (interval)
is performed using CD bar 46 on the measurement stage MST side.
15 However, the present invention is not limited to this, and
at least one of uneven illuminance measurement (and
iiluminance measurement), aerial image measurement,
wavefront aberration measurement and the like may be performed
using the measuring instruments (measurement members) of

20 measurement stage MST, and the measurement result may also
be reflected in exposure of a wafer to be performed after that.
Specifically, for example, adjustment of projection optical
system PL can be performed by adjustment device 68 based on
the measurement result.

25 Further, in the embodiment above, the scales may be
arranged also on measurement stage MST and position control
of the measurement stage méy also be performed using the

encoder system (head units) described above. That is, a

movable body whose position information is measured by the



5 is irradiated) in the above-described enbodi mrent and nodified
exanple is not limted to a wafer, but may be anot her object such as

a glass plate, a ceram c substrate, a filmnenber, or a mask bl ank.
The use of the exposure apparatus is not limted to the 10 exposure
apparatus used for manufacturing sem con ? tor devices. The present

i nvention can be widely applied also to, Tor exanple, an exposure
apparatus for manufacturing liquid crystal display devices which
transfers a ldmpddbreraisdtalm displaay denditesl pat teid Wweifled &tage.
squar e- shaped gl ass plate, and 15 to an exposure apparatus for

manuf act uri ng or gadinciBlentelily, f Lhmwimgodt decheads,in magiengndew st of
(such as CCDs), mcromachi nes, DNA chips or the like. Further, the
present i nvemaieT cdnad $6he té‘{?plsic'@detso e Wﬁsﬁ;@@@p@éﬁﬁe@s ashgose
transfers a circuit Eattern onto _a glass substrate or _a silicon 20

waf er not onlay'S RASH P Bdefe i S Er FaeitedsSEaen Wser‘?@@é’nﬁﬁc‘t%lﬁllowed
devi ces, put t% Ot“r‘{t'a prodgc;ﬁg%t et cle or, a. mas use n_an

exposur e ApparitudSucH %8s reﬁ‘b%%%rjes dﬁbcd:reﬁ &?w‘gﬁ\?r, two
exposure appyahlys ggfl(tiéﬂ f‘?’;‘%&ﬁ&p%{% WSy Qggsa@lf&‘?ﬁ&?%rﬁf%@e

exposur e appar at us. nci dent e novabl e bo drive system

the novabl e hody iy iveetRtbad, tRELt e aﬂ%t%uoefnﬂsw%f@éé@%fofpofsh%mn
present invention can be appl ied not only to the exposure appar at us,
but can al so ibe& cappitiec wrdgl bd eoistemtSubsdgateapiecessSilkgist in an
apparatuses (such as a | aser repair apparatus, a 124 substrate

i nspection app@cEws apereldon ké) a safen appnaresesneduippeideancth the
nmovabl e body such as a stage that noves within a two-di nensi onal

pl ane suth ag'afqFoHtEIN 6t t%ﬂﬁ?gf%é@at% fogs I et Weena amneér of

bondi ng appar at us |n oth )r eci si n chines. Further, th
exposure app t % %paF&FEg?rof lPﬁEead of
enbodi nent aboveei X fact ur e ed ssen‘bIJt %tvarl o? subs Shems,
whi ch i ncl udent%earélg]ﬁe S EES S (U i Hat” "G T 68 & ]t@He Y

claims of th%r&%&ﬁﬁ%@'the scale so that a portion of the scale protrudes
from the wafer stage, or placing a scale on the outer side
15 of the wafer stage main section using an auxiliary plate on
which at least one scale is arranged, the distance between
a pair of scales arranged facing each other may also be
increased similarly.
Further, in the embodiment above, in order to prevent
20 reduction in measurement accuracy due to adherence of foreign
particles or stains to Y scales 39Y; and 39Y; and X scales 39X.
and 39%,, for example, coating may be applied to the surface
so as to cover at least the diffraction gratings, or a cover
glass may be arranged. In this case, in a ligquid immersion
25 exposure apparatus in particular, a liguid repellent
protective film may also be coated on the scales (grating
surfaces), or a liquid repellent film may also be formed on
the surface (upper surface) of the cover glass. Moreover,

each scale is to have diffraction gratings that are



10 application, so as to keep predeterm ned nechani cal accuracy,

el ectrical accuracy and optical accuracy. In order to secure these
vari ous kinds of accuracy, before and after the assenbly, adjustnent
to achieve the optical accuracy for various optical systens,

adj ustment to achieve the mechanical accyyacy for 15 various

mechani cal systens, and adjustnent to achieve the electrical accuracy
for various electric systens are perfornmed. A process of assenbling
vari ous subsystreescutritve tyh€oerposan et lap patattas tiindllydest reehanecaln its
connection, wring connection of electric circuits, piping connection
of 20 pressur@ngitugdinal dhgecheon; katafongxeapileusdt pescoion gratings
subsystens. Needl ess to say, an assenbly process of individual .
subsyst em i s "5t PditedehePbPENERECPEb¥es BRI aRR ehi it Itifey \Pfr ddiyd ded

b t into th tus. W th \ f .
assenbl i ng 1 ¢ S Bhes SubLYET I SCALE B8Y tife CORFBATTE AP aplurpdity
conpl et ed5 a @E@glégl U%Mef SiH%I‘I@EHEQd%Qn%f%%o S, \Fllzg s%fh ?been
accuracy as the entire exposure’ apparatus are secured. ncidentally,

the making ofeddi 10XAQINE ARPHAINT I PR & JlE RLQNMB LR farence
cl ean room where the tenperature, the degrée of cleanliness and the

like 125 arenetOitdd 06h8hd as the ehBetdent alidwyevdhe taboyee skis€ liaFehes on
of the various publications, the panphlets of the International

Publ i cat i ons,isandt tlhailled tFateht agpldocsy, cmnPuln éxtatdendyandotical led
U.S. 5 Patents that are cited in the enbodi mrent above and related to
exposur e appaidtkifedeiRedy her| & Keagnet kadlethasormgsr aled peresedbypnd in
reference an enbodi nent of a device manufacturing_ nethod

in whi ch'®he W%geéﬁgaeﬁﬁagaiéeam%tw% oAk fBrfREFHpea® in, for
apparatus) | Sexua%% ei,nt%el {Jt lo:J(.)(‘:]]_Baa QXt oo.c%s,%?;\gi,lé86bgnge§ﬁéiff]gé may also
be used.
Further, in the embodiment above, as the Z sensors,
instead of the sensor by the optical pickup method described
15 earlier, for example, a sensor having the following
configuration may also be used, that is, the configuration
which is eguipped with: a first sensor (which may e a sensor
by an optical pickup method or other optical displacement
sensoxs) that optically reads the displacement of a
20 measurement-subject surface in the Z-axis direction by
irradiating a probe beam to the measurement-subject surface
and receiving the reflected 1ight; a drive section that drives
the first sensor in the Z-axis direction; and a second sensor
{such as an encoder) that measures the displacement of the
25 first sensor in the Z-axis direction. 1In the Z sensor having
such configuration, the following modes can be set, that is,
a mode (a first servocontrol mode) in which the drive section
drives the first sensor in the Z-axis direction based on the

output of the first sensor so that a distance in the Z-axis



FIG 28 shows a flowchart of an exanple when manufacturing a device
(a sem conductor chip such as an IC or an LSI, a liquid crystal

panel, a CCD, a thin filmmagnetic head, a m cromachi ne, and the
like). As is shown in FIG 28, 15 first of all, in step 201 (design
step), function and performance design of device (such as circuit
desi gn of sem conductor device) is perforned and pattern design to
realize the function is perfornmed. Then, in step 202 (mask

manuf act ur i nglisteri)iora haskeaan titd e&eédm:eiﬁtg—rtﬂxbjcédtmﬁdrﬁ&qqatﬂc&r n
is formed i s manufactured. Meanwhile, in step 203 (wafer

manuf act uri ngxsirg)s, & hwafsrrfaceraniuftict wed aisind tiet diirdts surtoras s
silicon. Next, in step 204 (wafer proce55|ng step), the actual
circuit and taraStiaRe afeakbrigesonarfe naser ( wepppﬁo@fﬁﬁaw%r@l moKe )

like in a manner _that be described | ater, using the npsk and the
waf er preparéed* " §$bﬁg%253r98t2 uq1ﬂ§1tqenS§F8Bd283n§aﬁv$§mglven from

o masaddi o e, S8LC08CAT SR Nt o PRLL OTIRE R 08 b0 E 8 i madngigs
process, the r§fa_:na rﬁqt hJeoﬁ%rfr %%Sﬁr@edséﬂsoeaf%a@w%%b&ﬁ%&ﬁe%l%n so

encapsul ati o i ke when necessar In step

206 (inspect ithtStBR)medASEEnaHL QEQhété@@hedéJé@&héi Istewso%ngoizh@laégeuth
are perfornmed on the 5 devices nade in step 205. After these steps,

t he devi ces ate cappketeilwnd I ppedtaid of the filkkG s@2BvbSo@trol mode,
fl owmchart showi ng a detail ed exanple of step 204 descri bed above.
Referring to theGou2guti nfstlep syt isertdtep) sechedsseface) afan be
wafer is_oxidized. In step 10 212 (CVD step), an insulating filmis
formed ohVt he'segt &S YT seeEPuth ot e #3 sEstsedt r sl figy fds Gﬁlsﬁ &f) the

an electrode is forned on the fer, by depositi.on. 214 (ion
o ant at L on ety SRS aRE T ﬁmaﬂ?edtfa%t%lﬁw fifr the “EEERE erta can

above steps 211,10 214 eROSLLIYLESE NG PRLRALEESS Fltner, in the case

such a Z sensor is used and an encoder is employed as the second
sensor, as a consequence, position information of wafer stage
15 WST (wafer table WTB) in directions of six degrees of freedom
can be measured using the encoder. Further, in the embodiment
above, as the Z sensor, sensors by other detection methods
can also be employed.
Further, in the embodiment zbove, the configuration and
20 the combination of a plurality of interferometers that measure
position information of wafer stage WST are not limited to
the configuration and the combination described above. Any
configuration and any combination of the interferometers may
be employed as far as position information of wafer stage WST
25 in directions other than the measurement direction of the
encoder system can be measured. The point is that a
measurement device (regardless of whether it is an
interferometer), which can measure position information of

wafer stage WST in directions other than the measurement



15 each stage of wafer processing, and the necessary processing is
chosen and is executed at each stage. 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 (resi st
formation step), a 20 photosensitive agepi,is coated on the wafer.
Then, in step 216 (exposure step), the circuit pattern of the mask is
transferred onto the wafer by the exposure apparatus (pattern

formati on apphrmsdasiordesttihzednabave apdtehe ewposhie tRtdwdiaidert in
formati on net hod) thereof. Next, in step 217 25 (devel opnent step),
the waf er thatddidsidyeen Eheposeddes dmitainpedsrdnddialbcstesp 288r example,
(etching step), an exposed nenber of an area other than the area

wher e resi st Y@y e HesHOARRE By Sanaf iy Mathen,sq PstuEeDEF (fhesi st
removi ng step), when etching is conpleted, the resist that is no

| onger neces@gﬁfu?ﬁﬁﬁq% i By repeatedly performng the

d
pre-procegs and th t-proce [tiple cincuit tterns are
Formed onthe waf o 258 sithig: the Tevt B Ha b ur P g LB ROt 512 1h&o

enbodi ment_descrihed AboYe.siBRCAUSE HIT:eXBORYT EraPPBEahUS HARKEN for

formati on apparatus) 1 n the enbodi nent above an exposure netHho

(pattern formatdn dretiodhd henedfpdnt: used 9t diheSXRRMEE HifFace
(step 216), exposure with high throughput 10 can be perforned while

mai nt ai ni ng tdeesihiigh dwveplrag tdoaus Bk pANOE-B wig] o6t shetpaoddstoVivayfer
of highly integrated m crodevices on which fine patterns are forned
can be i nprovedhenNBUSTRIYAE 1APPRrEaBhed T he Z sensors do not always have
10 to be arranged.
Incidentally, in the embodiment above, pure water
(water) is to be used as liquid, however, the present invention
is not limited to this as matter of course. As the liquid,
ligquid that is chemically stakle, having high transmittance
15 to illumination light IL and safe to use, such as a
fluorine-containing inert ligquid may be used. &As the
fluorine-containing inert liguid, for example, Fluorinert
{the brand name of 3M United States) can be used. The
flucrine-containing inert ligquid is also excellent from the
20 point of cocling effect. Further, as the liquid, liquid which
has a refractive index higher than pure water (a refractive
index is around 1.44), for example, liquid having a refractive
index equal to or higher than 1.5 may be used. As this type
of ligquid, for exmpale, a predetermined liquid having C-H
25 Dbinding or O-H binding such as isopropanol having a refractive
index of about 1.50, glycerol (glycerin) having a refractive
index of about 1.61, a predetermined liquid (organic solwvent)

such as hexane, heptane or decane, or decalin

(decahydronaphthalene) having a refractive index of about



15As is described above, the novabl e body drive systemand the

novabl e body drive nmethod of the present invention are suitable for
driving a novabl e body in a novenent plane. Further, the pattern
formati on apparatus and the pattern formation nmethod of the present
invention are suitable for 20 formng a @%gtern on an obj ect.
Furthernore, the exposure apparatus and the exposure nethod, and the
devi ce manufacturing nethod of the present invention are suitable for
manuf act uri ngl @) asteviteesl i lfndcdiheo sl e tstdn- takiergatdtiedd, o Heuid
present invention is suitable for deciding 25 correction information

of measur enembiailngsbymigniransodéet rahy cvonenswres hobetakmve-described

informati on of a novabl e body in a predeterm ned direction within the
novenment pl arEedapgrrgngqes iquids may ben wiRehb| < Fodyl Ariid ©bfisined by

that drives a mpvabl e . bady substantjally along.a predeterm ned plane,
the system 5 SHHIT (g0 TS Elrdstergnad 3t dHES G0 HEAGR HRpLe Water
i rradiat °g.a ectdon,d i gty 10,3 3G Iag.irx]r ving g grathn u"“&?sﬁ liquid
periodic direction 1S a predetermne irecti'on~paral I'e 0't Ae

predet er m nedyyl aneand, 5@9%\?%%%5? eﬁ]&g & s %%ght be scalet, kt,

and 10 neasures position information 0 e novabl e body 1 n the

predet er m neccdi,r gelfQnoramd,*” to (watlhi pRrdeviaeer! haly dnisweset hRed.
nmovabl e body in the predeterm ned direction, based on a neasurenent

val ue of the Mnooderr, and icurikeobitathniedf bynatdbngi maciwog darece: Mélds of
15 position information of the novable body in a direction different
fromthe predet extidredmithectliids &b tWeth) npubé vakenvesyiralmnthe used.

2. The npvabl e body drive system according to Caim1, 20 wherein
10 These liquids can transmit ArFexcimer 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 system (tip optical member} and/or a
photosensitive agent (or a protective film (topcoat f£ilm),
15 an antireflection film, or the like) coated on the surface
of a wafer, is preferable. Further, in the case an ¥, laser
is used as the light source, fomblin o0il may be selected.
Further, in the embodiment above, the recovered liquid
may be reused, and in this case, a filter that removes
20 impurities from the recovered liquid is preferably arranged
in a liquid recovery device, a recovery pipe or the like.
Incidentally, in the embodiment above, the case has been
described where the exposure apparatus is a liquid immersion
Ltype exposure apparatus. However, the present invention is
25 not limited thereto, but can also be suitably applied to a
dry type exposure apparatus that performs exposure of wafer
W without liquid (water).
Further, in the embodiment above, the case has been

described where the present invention is applied to a scanning



the scale is placed on a surface of the novable body that is
substantially parallel to the predeterm ned pl ane, and t he
head is placed outside the novable body so as to be capabl e of facing
the scale. 25 3. The novabl e body drive system according to
one of Clains 1 and 2, wherein theiposition information of the
nmovabl e body in a

directiondifferentfronthepredeterm neddirectionincludes 129 position
i nf or mat i on GFERITILED\EFaE oty bh aatsasasindorseadi medthiash coutthef ld ke.
direction orthogonal to the predeterm ned plane, a_rotation direction

within a pl ad®4raied dihe PRGN edeteditiioted Spingrte ?ﬁ&t@i $eatthgs, but

di [ d iS5 i [ ti .orth to t

or edet e1 i ned 0t FLGK] G1F VAHEH 17k 15 e Prial IS R0 o @ PaST i 25
| : . ' ing. t .

o Oraims 1 Co PP Tner Teanher b hoe ToSEtE AT A0 LR e

correction i MY gBELERohSo S E0EEdge MIEWBERN an objddiesdbl¥etd8Y e osure

obtains the correction informatidn in accordance with position
i nformati on dfs hbentedals ihdedyotibra, dbdact teicdoff ©s ent i o a@alsheement

predet erm ned direction, based

error caused by air fluctuations can substantially be nulled
likewise. In this case, it becomes possible to set the
position of the stage with high precision based on the

10 measurement values of the encoders and the correction
information described above, and as a conseguence, highly
accurate transfer of a reticle pattern onto the object can
be performed. Further, the present invention can also be
applied to a reduction projection exposure apparatus by a

15 step-and-stitchmethod that synthesizes a shot area and a shot
area, an exposure apparatus by a proximity method, a mirror
projection aligner, or the like.

Further, the magnification of the projection optical

system in the exposure apparatus of the embodiment above is

20 not only a reduction system, but also may be either an equal
magnifying system or a magnifying system, and projection
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

25 image or an upright image. Moreover, the exposure area to
which illumination light IL is irradiated via projection
optical system PL is an on-axis area that includes optical
axis AX within the field of projection optical system PL.

However, for example, as is disclosed in the pamphlet of



15 on the position information of the novable body in a direction
different fromthe predeterm ned direction and information stored in
t he storage device, at the tine of nmeasurenent of position
informati on of the novable body in the predeterm ned direction using
t he encoder. 20 5. The novabl e bodlg0dri ve system according to
Claim4, wherein a plurality of the encoders are provided,

the correcti !%Eﬁg'“u'5¥]ﬁgbfﬁgéiﬁﬁq3Q3d§@fgﬂﬁ%ﬁﬂgfﬁ)%vﬁéﬂk9%£538ure

t he storage

corr ecti on i nfor gLl an iy gosordance; ui Lh. posi tien informetion. of e,

novabl e body TTha erent “from the pre

di rection w tfyregpect;1iq 4 @aoéolgﬁfé@gﬁﬁﬁﬁe %???Qdigﬁt 9§is'yits%%m,

130 information of the novable body in a directi eren rom

pr edet er m ned rdigaed icm wandn Hordption Syed | eddwp il agaswdeyige.
56. The novabl e body drive systemaccording to any one of Clains 1 to
5, wherei i catadiagptirhie sgaten)athat Haspaleallhatfhastaograitfgres and
whose periodic direction is a first direction within a plane parall el
to the predetf@mmisen glirdesnehidte sewged adedlea stthamdeas sa ak@ agigad, ngnd
whose periodic direction is a second direction that intersects the
first directi"6H% DFiSn2aSpREAE PREAFREI 2EbSt he Pridwitertficndd Lpdmation
are providedhgggjand exposure area described above are to have a
rectangular shape. However, the shape is not limited to
10 rectangular, but may also be circular arc, trapezoidal,
parallelogram or the like.

Incidentally, & light source of the exposure apparatus
in the embodiment above is not limited to the ArF excimer laser,
but a pulse laser light source such as a KrF excimer laser

15 (output wavelength: 248nm), an F; laser {output wavelength:
157nm), an Ar; laser (output wavelength: 126nm) or a Kr; laser
(output wavelength: 146nm), or an extra~high pressure mercury
lamp that generates an emission line such as a g-line
(wavelength: 436nm) or an i-line (wavelength: 365nm) can also

20 be used. Further, a harmonic wave generating unit of a YAG
laser or the like can also be used. Besides, as is disclosed
in, for example, the pamphlet of International Publication
No. WO 1999/46835 (the corresponding U.S. Patent No.
7,023,610), a harmonic wave, which is obtained by amplifying

25 asingle-wavelength laser beam in the infrared or visible range
emitted by a DFB semiconductor laser or fiber laser as vacuum
ultraviolet light, with a fiber amplifier doped with, for

example, erbium {(or both erbium and ytteribium), and by

converting the wavelength into ultraviclet light using a



as the encoder, a plurality of first encoders each of which has a
plurality of first heads placed at different 15 positions in the
second direction and neasures position information of the novabl e
body in the first direction by at |east one of the plurality of first
heads that faces the first scale, and a pkurality of second encoders
each of which has a plurality of second heads placed at different

positions in 20 the first directio nd neasures .position information
of the movabl™bodiFd™m Cf%%%@co%%%e’cﬁaé’n t&i éJaFSﬁCRone of the

plurality of second fieads ! bl faCRpCHIRRECANS, 030 S AR A BL U, 11

257. The novabl e bo rirve system accordi ng y - one o

to 6, further,cQmRrbshpg; RcABASURRITENL dRUCEL AL TRASUNGS ;
position i nfc?rrrati on gf Fﬁg ?r%%%ﬁl e body In algi recti 8nﬂg%f]f erent +hg

from the predetenmilredtdi egabloto od3dore than 800MHE ARNaPt & Pedediess
drive systemaccording to Claim?7, wherein the neasurenent device

i ncl udes an ittt eefyetbaktiehe tlhathtbherdsyr @ wapaslidrigrh ileker thah i @fm may
t he novabl e body in a direction different fromthe predeterm ned

di rection by d& H&6icat | Rgr opamplet wih gredaiYie YRe&SUr énearddeans apae a
| east one reflection surface arranged at the novabl e body. 109. The

novabl e body BRGNFFIS\RIEh S HdilfF S ¢hete Be &EUY afxteemeur t her

conmprising: Ultraviolet) exposure apparatus that makes an SOR or a plasma

laser as a light source generate an EUV light in a soft X-ray
10 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 developed. In the EUV exposure apparatus, the
arrangement in which scanning exposure is performed by
15 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. Besides, the present invention can alsobe applied
to an exposure apparatus that uses charged particle beams such
20 as an electron beam or an ion beam.
Further, in the embodiment above, a transmissive type
mask {(reticle), which is & transmissive substrate on which
a predetermined light shielding pattern (or a phase pattern
or a light attenuation pattern) is formed, is used. Instead
25 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
generator, and includes, for example, a DMD (Digital

Micromirror Device) that is a type of a non-emission type image



a controller that obtains correction information of a subject

encoder, by changing an attitude of the novable body to a plurality
of different attitudes, noving the novable body 15 in a predeterm ned
stroke range in a direction orthogonal to the predeterm ned pl ane
while irradiating a detection |ight fromitazhead of the subject
encoder to a specific area of a corresponding scale in a state where

the attitude of the vabl e, body, i s_nmaint ai ned based on asurenent |
results of Zﬁ%%%ggﬁrlgﬁefﬁp% T T9Rd PRAFHF Ml OFarpt il Sdf or which

nmeasur enent resul af t coder ring the movenment wth respect

to each of thaeslggt%% Sgdre@sﬁg%ﬁ'{}:lpneq fpoa&%eﬁ:d'g’a %rree SrmTied actt)ﬁﬁflﬂ’atqror?n
based on resuylts;0f Saml g, @5&% I Y e
according to oliﬁsfn*%r? [b\%ner el n 191 ean 0 J{Hg':{-ﬁqbr;tgo ﬁ%%égg:drn‘g;%t %ﬁga 3

information file paddedl ithatofi ereoder éxbb@tedcaégeépgadbé Outd€. SAE the
scale, the controller obtains correction information of a subject

132 encodér tadengualt a cansiaddratdpeal gesietid asyd,ola tstatgeoesuigich
due to gradient of the head of the subject encoder. 11. A
pattern fornet Weikeapparatass womm iogi hje Blle ripy ablhetlkddys oscarmed warth
obj ect is nounted and which can nove substantially al ong a novenent

pl ane, hol di AFIRCOMRdhe variable sdiarachimas be\Ack thirite ffdifor ates

j ect; an h vabl e body drive system
gcggltf Ejle:lg ?gnth%gs ob, e%ft’heapgs}ggog oF 'he stageyusing thé encoder and by

driving the stage based on the measurement values of the
10 encoder and correction information according to position
information of the stage in the non-measurement direction that
is measured by the interferometer, the effect equivalent to
that of the embodiment above can be obtained.
Purther, as is disclosed in, for examplie, the pamphlet
15 of International Publication No. WO 2001/035168, the present
invention can also be applied to an exposure apparatus
(Lithography system) that forms line-and-space patterns on
a wafer by forming interference fringes on the wafer.
Moreover, the present invention can alsoc be applied to
20 an exposure apparatus that synthesizes two reticle patterns
on a wafer via a projection optical system and almost
simultaneously performs double exposure of one shot area on
the wafer by one scanning exposure, as is disclosed in, for
example, Kohyo (published Japanese translation of
25 International Publication for Patent Application) No.
2004-519850 (the corresponding U.S. Patent No. 6,611,316).
Further, an apparatus that forms a pattern on an object
is not limited to the exposure apparatus (lithography systemn)

described above, and for example, the present invention can



Clainms 1 to 10 that drives the novable body for pattern formati on on
t he obj ect. 12. An exposure apparatus that fornms a pattern
on an 15 object by irradiation of an energy beam the apparatus
conpri si ng: a patterning device that irradi ates the energy
beamto the object; and t he kd¥abl e body drive system
according to any one of 20 Clains 1 to 10, wherein driving of

e P U5 O oL D e RUSIEN <o
and the ObjeQﬂx%QQJ%n{éﬂ1%ﬁﬂg%%&?n%ﬂﬁﬁkﬁtus t hat exposes an obj ect

with an energy beam ‘the apparatus conpri sing: a novabl e body

that can nove in atri@agdhtizingt, and cx8eend i (AGIHHORS Johdk @ €5 to be
orthogonal to each other within a predeterm ned plane, holding the

object; 133 formed (an ebfedersBysdeEmtionebbstirens ahiahgaatdd@rgy beam
section and a head unit is arranged on a surface of the novabl e body
on whi ch bhe igbjecedisthd) dirantetdizootriesof ilbdrk egbatiimgnseznd owddid ed
the head unit is arranged facing the surface of the novable 5 body,
and whi ch ne&SRWEE Has PPEnliRi BeAEE? on veff cthebibvadY D adptiheaprbiect
| east one of the first and second directions; and a drive

devi ce that dHYe£s KKe P3Gy it S YhsddétSrniendd 1B graler,
based on neasyre t_Jnfarmation of the encoder system and position
information O tngﬂﬁ%%ég1éﬂgody

The use of the exposure apparatus is not limited to the

10 exposure apparatus used for manufacturing semiconductor
devices. The present invention can be widely applied also to,
for example, an exposure apparatus for manufacturing liquid
crystal display devices which transfers a liquid crystal
display device pattern onto a square-shaped glass plate, and

15 to an exposure apparatus for manufacturing organic EIL,
thin-film magnetic heads, imaging devices (such as CCDs),
micromachines, DNA chips or the like. Further, the present
invention can also be applied to an exposure apparatus that
transfers a circuit pattern onto a glass substrate or a silicon

20 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
apparatus, an EUV exposure apparatus, an X-ray exposure
apparatus, and an electron beam exposure apparatus.

25 Incidentally, the movable body drive system, the movable
body drive method, or the decision-making method of the
present invention can be applied not only to the exposure
apparatus, but can also be applied widely to other substrate

processing apparatuses (such as a laser repair apparatus, a



10 in a different direction fromthe first and the second directions.
14. The exposure apparatus according to Caim 13, wherein 15t he
novabl e body is driven so that a neasurenent error of the encoder
systemthat occurs due to a displacenent of the novable body in the
different direction is conpensat ed. 124 15. The exposure
apparatus according to Claim 14, 20 wherein

tioni nf t i onf tingth t e to b d
for driving GTT4He oyl S Tod T SRR TEG AMhodtF ort e fU51 1 on
i nf ti | i N i f i.rectiaon. 25
ol or ] on ol Tabe 08k £, GBIl SELAA 1 %cce cha

wher ei n mo&é@ﬂﬂ%ﬁ%Hﬁﬁgﬁgidiﬂ%ﬁéfgé%P%ﬂyhé£ﬁb§@%qgﬁ53§¥§ég@é¥£fﬁg

target position at which the nova y'is positioned is _
corrected ba%q%;@fa&m RS islde@ rieM @Bt {70he 0bohlEn HOMAM L2 00dYid Bther
t ai

the differen rection.
5 precision machines.

Further, the exposure apparatus (the pattern formation
apparatus) of the embodiment above is manufactured by
assembling various subsystems, which include the respective
constituents that are recited in the claims of the present

10 application, so as to keep predetermined mechanical accuracy,
electrical accuracy and optical accuracy. In order to secure
these various kinds of accuracy, before and after the assembly,
adjustment to achieve the optical accuracy for various optical
systems, adjustment to achieve the mechanical accuracy for

15 wvarious mechanical systems, and adjustment to achieve the
electrical accuracy for various electric systems are
performed. A process of assembling various subsystems into
the exposure apparatus includes mechanical connection, wiring
connection of electric circuits, piping connecition of

20 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.
When the process of assembling the various subsystems into

25 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

where the temperature, the degree of cleanliness and the like



17. The exposure apparatus according to anyone of Clains 5 13 to 16,
wherei n the object is exposed by the energy beamvia a mask,
and when the exposure is performed, the mask is noved so that a
measurenent error of the encoder systemthat occurs due to a

di spl acenent of the novable body in the debferent direction 10 is
conpensated, while driving the novabl e body based on the neasurenent
i nformati on of the ncqgfr system 18. The exposure apparat us
according to AP ASd s 13 to 17, wherein 15the different

di rection includes I%tcilc%%sc';atlﬁ.gﬁ g:_fhea a?)ioﬁr%(:tdi%%l rsgll}%%og%l t:h[%ht\;%%ious

predet erm ned plané, aro irection around an axi's o ogonal

to the predet&iiingd piaecnhanh il%t%%&?“ck@ Eﬁ%kﬁ&ﬁ%ﬁﬁ‘%%‘h@gﬁons,

parallel to the predetern ned plane. e exposure
appar at us accaidlivig tw, anyene o P%g@!i@atli%rt euld. i hergia dile vy aplse
[

body is novable in the different rection, and 25t he exposure
appar at us5f urRdteEmteonirats esrea qigasurienediie debccE et aeasumes] related
position information of the novable body in the different direction.
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 formation
10 apparatus) is used in a lithography process will be described.
FIG. 28 shows a flowchart of an example when
manufacturing a device (a semiconductor chip such as an IC
or an LSI, a liquid crystal panel, a CCD, a thin film magnetic
head, a micromachine, and the like). As is shown in FIG. 28,
15 first of all, in step 201 (design step), function and
performance design cf device (such as circuit design of
semiconductor device) is performed, and pattern design to
realize the function is performed. Then, in step 202 {(mask
manufacturing step), a mask on which the designed circuit
20 patterﬁ is formed is manufactured. 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 like are formed on the wafer by lithography
25 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



135 an energy beam the apparatus conprising: a novabl e body
that can nove in at least first and second directions that are
orthogonal to each other within a predeterm ned plane and can incline
wWith respect to the 5 predeterm ned plane, hol ding the object;

an encoder systemin which one of a gratilag section and a head unit
is arranged on a surface of the nmovable body on which the object is
hel d and t he ot her of the rating section and the head unit_is

arranged facifPIFRe s hEBe 2T MRITRY BAEEF 6889@ AneeRPPERtlon) » and
nmeasur es posdhjl Ol’h_lnf ar rreatl on ofsthe novabl e body in at |east one of
the first and Second erE:trf 5 aa% a drive device that

drives the novabl eﬂq@al\gﬁ hhe i (t%fsggr%}gt%ﬁll ?\gﬁ%pﬁas%s% on

measur ement i nf or mat’i on 0 er syst dtion

i nformation Q:faéﬂﬂ:lwahi&é&m and the 213 y Ther EXROSHH B AP R alHES

according to aim 20, wherein t he novabl e body is driven so
that a neasurdseidemzae 20 Oiep PORNCAdEErSYisd enditls ,0€BEI SedllCed Gire
inclination of the novable body is conpensated. 22. The

exposur e apparannis st armti nghigped adui 21, wherein '

25correctioni nf or mati onf or conpensat i ngt he measurenent error to be
used for driving offithe2fvhad|fd B itsshpranaeddebaséaderampde of step

inclination inforpmati on of the novabl e bad
£H4 escribed above, Referf%ﬁ% to FIG. 29, in step 211

(oxidation step), the surface of wafer is oxidized. 1In step

10 212 (CVD step), an insulating film is formed on the wafer
surface. Instep 213 (electrode formation step), an electrode
is formed on the wafer by deposition. In step 214 (ion
implantation step), ions are implanted into the wafer. Each
of the above steps 211 to 214 constitutes the pre-process in

15 each stage of wafer processing, and the necessary processing
is chosen and is executed at each stage.

When the above-described pre-process ends in each stage
of wafer process, post-process is executed as follows. 1In the
post-process, first in step 215 (resist formation step), a

20 photosensitive agent is coated on the wafer. Then, in step
216 (exposure step), the circuit pattern of the mask is
transferred onto the wafer by the exposure apparatus (pattern
formation apparatus) described above and the exposure method
(pattern formation method) thereof. WNext, in step 217

25 {(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



136 23. The exposure apparatus according to one of Cains 21
and 22, wherein t he neasurenent information of the encoder
systemor a target position at which the novabl e body is positioned

is 5 corrected based on the inclination informati on of the novabl e

body.

24. The exposure apparatus aecording to anyone of C ains

20 to 23, wherein 10the object is exposed by the energy beamvia a
mask, and when the eﬁgﬁsure is perforned, the mask is noved so that a

measur enent er¥ oY

e encoder systemthat occurs due to the

incli i f th ble.b i d, while drivi
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system

Clains 13 to
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characteristiyy®0-information of the head unit that is a factor
causi ng a neasurenent error of the encoder system 26. An
exposur e appar at us Byhaisiexpases daviel ecinuwiddt @i enefsphdiean the
appar atus conprising: 25a novable body that can nove in at |east

first and secmgbdiment described above, because the exposure apparatus

10

15

20

25

(pattern formation apparatus) in the embodiment above and the
exposure method (pattern formation method) thereof are used
in the exposure step (step 216), exposure with high throughput
can be performed while maintaining the high overlay accuracy.
Accordingly, the productivity of highly integrated

microdevices on which fine patterns are formed can be improved.

INDUSTRIAL APPLICABILITY

As is described above, the movable body drive system and
the movable body drive method of the present invention are
suitable for driving a movable body in a movement plane.
Further, the pattern formation apparatus and the pattern
formation method of the present invention are suitable for
forming a pattern on an object. Furthermore, the exposure
apparatus and the exposure method, and the device
manufacturing method of the present invention are suitable
for manufacturing microdevices. And the decision-making
method of the present invention is suitable for deciding
correction information of measurement values of an encoder
which measures position information of a movable body in a

predetermined direction within the movement plane.
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CLAIMS

1. A movable body drive system that drives a movable body

along a predetermined plane, the system comprising:

an encoder system that has a plurality of heads that
each irradiates a detection beam to a scale, the scale being
parallel to the predetermined plane and having a grating, and
receives a reflected beam from the scale, the encoder system
measuring first position information of the movable body in a
predetermined direction using one or more heads of the plurality
of heads; and

a drive system that drives the movable body in the
predetermined direction based on the first position information
and correction information of a measurement error of the encoder
gsystem, the measurement error of the encoder system being caused
by a relative motion of the head and the scale in a direction
different from the predetermined direction, wherein second
position information of the movable body that shows the relative
motion is measured at the time of the measurement of the first
position information, wherein

the one or more heads used in the measurement of the
first position information are at least partially switched to
another head of the plurality of heads according to movement of

the movable body in the predetermined plane.

2. The movable body drive system according to claim 1,
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wherein

the scale is placed on a surface of the movable body
that is substantially parallel to the predetermined plane, and
each of the plurality of heads is placed outside the movable body,

facing the scale.

3. The movable body drive system according to claim 1,
wherein
the second position information includes position
information of the movable body in at least one direction out of
a direction orthogonal to the predetermined plane, a rotation
direction within a plane parallel to the predetermined plane and
a rotation direction around an axis in a direction orthogonal to
the predetermined direction within a plane parallel to the

predetermined plane.

4. The movable body drive system according to Claim I,
further comprising:
a storage unit in which the correction information is
stored, wherein
the drive system obtains the correction information
based on the second position information of the movable body and
information stored in the storage unit, at the time of measurement
of the first position information of the movable body using the

encoder system.
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5. The movable body drive system according to claim 4,
wherein
the correction information with respect to each of the
plurality of heads is stored in the storage unit, and
| the drive system obtains the correction information
with respect to each of the plurality of heads, based on the second
position information of the movable body and the information

stored in the storage unit.

6. The movable body drive system according to claim 1,
wherein
the scale includes a first scale that has a grating
whose periodic direction is a first direction within a plane
parallel to the predetermined plane, and a second scale that has
a grating whose periodic direction is a second direction that
intersects the first direction within the plane parallel to the
predetermined plane, and
the encoder system includes a plurality of first heads
placed at different positions in the second direction and a
plurality of second heads placed at different positions in the
first direction, and measures position information of the movable
body in the first direction by at least one of the plurality of
first heads that faces the first scale and measures position
information of the movable body in the second direction by at least

one of the plurality of second heads that faces the second scale.
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7. The movable body drive system according to claim 1,
further comprising:
a measurement unit that measures the second position

information of the movable body.

8. The movable body drive system according to claim 7,
wherein

the measurement unit includes an interferometer that

measures the second position information of the movable body by

irradiating one, or two or more measurement beams to at least one

reflection surface arranged at the movable body.

9. The movable body drive system according to claim 7,
further comprising:

a controller that obtains the correction information
of a subject head, by changing an attitude of the movable body
to a plurality of different attitudes, moving the movable body
in a predetermined stroke range in a direction orthogonal to the
predetermined plane while irradiating a detection beam from the
subject head to a specific area of the scale in a state where the
attitude of the movable body is maintained based on measurement
results of the measurement unit and performing sampling of
measurement results of the head during the movement with respect
to each of the attitudes, and performing a predetermined

computation based on results of the sampling.
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10. The movable body drive system according to claim 9,
wherein
when obtaining the correction information for a
plurality of heads that correspond to the same scale, the
controller obtains the correction information of a subject head
taking into consideration a geometric erroxr that occurs due to

gradient of the subject head.

11. A pattern formation apparatus, comprising:
a movable body on which an object is mounted and which
can move substantially along a moving plane, holding the object;
a patterning unit that generates a patterxrn on the
object; and
the movable body drive system according to claim 1 that

drives the movable body for pattern formation on the object.

12. An exposure apparatus that forms a pattern on an object

by irradiation of an energy beam, the apparatus comprising:

a patterning unit that irradiates the energy beam to
the object; and

the movable body drive system according to claim 1,
wherein

driving of the movable body on which the object is
mounted by the movable body drive system is performed for relative

movement of the energy beam and the object.
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13. The movable body drive system according to claim 1,
wherein
the grating is a two-dimensional grating with periodic

directions in two directions orthogonal to each other.

14. The movable body drive system according to claim 1,
wherein

the predetermined direction is one of a direction

parallel to the predetermined plane and a direction perpendicular

to the predetermined plane.

15. A movable body drive method in which a movable body is
driven along a predetermined plane, the method comprising:
measuring first position information of the movable
body in a predetermined direction using an encoder system that
has a plurality of heads that each irradiates a detection beam
to a scale, the scale being parallel to the predetermined plane
and having a grating, and receives a reflected beam from the scale,
and
driving the movable body in the predetermined direction
based on the first position information and correction
information of a measurement error of the encoder system, the
measurement error of the encoder system being caused by a relative
motion of the head and the scale in a direction different from
the predetermined direction, wherein second position information

of the movable body that shows the relative motion is measured
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at the time of the measurement of the first position information,
wherein

one or more heads of the plurality of heads are used
in the measurement of the first position information, and the one
or more heads are at least partially switched to another head of
the plurality of heads according to movement of the movable body

in the predetermined plane.

16. The movable body drive method according to claim 15,
wherein

the scale is placed on a surface of the movable body

that is substantially parallel to the predetermined plane, and

each of the plurality of heads is placed outside the movable body,

facing the scale.

17. The movable body drive method according to claim 15,

wherein

the second position information of the movable body
includes position information of the movable body in at least one
direction out of a direction orthogonal to the predetermined plane,
a rotation direction within a plane parallel to the predetermined
plane and a rotation direction around an axis in a direction
orthogonal to the predetermined direction within a plane parallel

to the predetermined plane.

18. The movable body drive method according to claim 15,
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wherein:

in the process of measuring and driving, the correction
information is obtained with respect to each of the plurality of
heads based on the second position information of the movable body,
and the movable body is driven based on a result of correcting
a measurement value of each of the plurality of heads using the
correction information of each of the plurality of heads

respectively.

19. The movable body drive method according to claim 15,
wherein
the scale includes a first scale that has a grating
whose periodic direction is a first direction within a plane
parallel to the predetermined plane, and a second scale that has
a grating whose periodic direction is a second direction that
intersects the first direction within a plane parallel to the
predetermined plane, and
the encoder system includes a plurality of first heads
placed at different positions in the second direction and a
plurality of second heads placed at different positions in the
first direction, and measures position information of the movable
body in the first direction by at least one of the plurality of
first heads that faces the first scale and measures position
information of the movable body in the second direction by at least

one of the plurality of second heads that faces the second scale.
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20. The movable body drive method according to c¢laim 19,
wherein

the first scale and the second scale are placed on a

surface of the movable body that is substantially parallel to the

predetermined plane, and the first heads and the second heads are

placed outside the movable body, facing the scales.

21. The movable body drive method according to claim 15,
further comprising:
obtaining the correction information of a subject head,
prior to the process of measuring and driving, by changing an
attitude of the movable body to a plurality of different
attitudes,
moving the movable body in a predetermined stroke range
in a direction orthogonal to the predetermined plane while
irradiating a detection beam from the subject head to a specific
area of the scale in a state where the attitude of the movable
body is maintained,
performing sampling of measurement results of the head
during the movement with respect to each of the attitudes, and
performing a predetermined computation based on

results of the sampling.

22. The movable body drive method according to claim 21,
wherein

in the process of obtaining the correction information,
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when obtaining the correction information for a plurality of heads
that correspond to the same scale, the correction information of
a subject head is obtained taking into consideration a geometric

error that occurs due to gradient of the subject head.

23. A pattern formation method, comprising:
a process of mounting an object on a movable body that
can move within a moving plane; and
a process of driving the movable body in the movable
body drive method according to claim 15 in order to form a pattexrn

on the object.

24. A device manufacturing method including a pattern
formation process, wherein

in the pattern formation process, a pattern is formed

on a substrate using the pattern formation method according to

claim 23.

25. An exposure method in which a pattern is formed on an
object by irradiation of an energy beam, the method comprising:
driving a movable body on which the object is mounted,

using the movable body drive method according to claim 15, for

relative movement of the energy beam and the ocbject.

26. The movable body drive method according to claim 15,

wherein
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the grating is a two-dimensional grating with periodic

directions in two directions orthogonal to each other.

27. The movable body drive method according to claim 15,

wherein

the predetermined direction is one of a direction
parallel to the predetermined plane and a direction perpendicular

to the predetermined plane.





