1 DESCRI PTION  MEASURI NG“ARPARATUS AND METHOD, PROCESSI NG APPARATUS
AND METHOD, PATTERN FORM NG APPARATUS AND METHOD, 5 EXPOSURE
APPARATUS AND METHOD, AND DEVI CE MANUFACTURI NG METHOD TECHNI CAL FI ELD
The present invention relates to nmeasuring apparatuses 10 and

nmet hods, processing apparatuses and net hods, pattern form ng

appar atuses and net hods, exposure appar at]uses and net hods, and devi ce
manuf acturing nmet hods, and nore particularly to a nmeasuring apparatus
and a neasuring method that neasureppgdirhtPfronf ormati on of a novabl e
body that noves 15 within a plane, a processing apparatus and a
processi ng nmethod that performa predeterm ned processing to an

obj ect nounted on a novabl e body that noves within a plane, a pattern
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measuring met DEVICEEeMANUERSTURTNG METHORE exposure apparatus or

t he exposure nethod is used. 25 BACKGROUND ART Conventional |y,

in a lithography process for manufacturing el ectron devices

(m crodevi ces such as_senm conductor devices (integrated circuits or
the Iike) or CHNICAL FIELD
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The present invention relates to measuring apparatuses
10 and methods, processing apparatuses and methods, pattern
forming apparatuses and methods, exposure apparatuses and
methods, and device manufacturing methods, and more
particularly to a measuring apparatus and a measuring method
that measure position information of a movable body that moves
15 within a plane, a processing apparatus and a processing method
that perform a predetermined processing to an object mounted
on a movable body that moves within a plane, a pattern forming
apparatus that is equipped with the measuring apparatus or
the processing apparatus and a pattern forming method that
20 includes the measuring method, an exposure apparatus and an
exposure method that expose an object with an energy beam via
an optical system, and a device manufacturing method in which
either one of the measuring method, the processing method,
the exposure apparatus or the exposure method is used.
25
BACKGROUND ART
Conventionally, in a lithography ©process for
manufacturing elgctron devices ({(microdevices) such as

semiconductor devices (integrated circuits or the like) or



2 liquid crystal display devices, exposure apparatuses such as a
reduction projection exposure apparatus by a step-and-repeat nethod
(a so-called stepper) and a projection exposure apparatus by a

st ep-and-scan nethod (a so-called 5 scanning stepper (which is also
called a scanner)) are nainly used. However, the surface of a
wafer as a substrate to be exposed is not? always flat due to, for
exanpl e, undul ation of the wafer or the |ike. Therefore, in the
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performed, in which position information (focus information) of the
waf er surf acestep-andplansdt nxiodli{pertiaal 118l steppgriopedta pnodett bal
systemat a plurality of detection points set in an exposure area is
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optical 20 axisedlirection and the tilt of a table or a stage that

hol ds the wafer is controlled so that the wafer surface constantly

conforns to the i mipsrgvleanethé shefpco| @fta orefept izcak sybsepaé tty rbe

the exposure area (so that the wafer surface is within a range of

depth of focuRisachds megeaprane)flat [due dfer for 2Bapatent uciekatiom
e, _int t he scanner or the |ike, the
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proj ection optical systemis gradually getting
a reticle pattern to a certain shot area on the wafer by a
scanning exposure method, a so-called focus-leveling control
is performed, in which position information (focus
information) of the wafer surface in an optical axis direction
15 of a projection optical system at a plurality of detection
points set in an exposure area is detected using, for example,
a multipoint focal position detecting system {(hereinafter,
also referred to as a “multipoint AF system”) or the like,
and based on the detection results, the positionin the optical
20 axis direction and the tilt of a table or a stage that holds
the wafer is controlled so that the wafer surface constantly
conforms to the image plane of the projection optical system
within the exposure area (so that the wafer surface is within
a range of depth of focus of the image plane) (e.g. refer to
25 Patent Citation 1).
Meanwhile, in the stepper, the scanner or the like, the
wavelength of used exposure light is getting shorter year by

year due to finer integration circuit, and also the numerical

aperture of a projection optical system is gradually getting



| arger (larger NA) , which is intended to inprove the resolution. On
the other hand, there has been a possibility that the focus margin at
the time of exposure operation becones insufficient because a depth
of focus becones so narrow due to the shorter 5 wavel ength of
exposure light and the | arger NA of the grojection optical system
Therefore, as a nmethod of substantially shortening the exposure |ight
wavel ength and al so increasing (wdening) a depth of focus conpared
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met hod has been gathering attention recently (refer to Patent

Ctation 2). On the othewVend, i therpbsareapparedaited ittlyathankée feeus
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apparatuses, It is required that highly accurate surface position
control of therowderiors 3ptieal i 8@ tef.or dEhetOfGEd) e¥e expasyhedwidh
hi gh precision, and besides, high throughput is also required.
Further, in t$ebstagpalln sbostanhng ohe tdwpdske lpgbkt wavelength and
measur ement of_ a st%%p that holds a substrate to be exposed (e.g.
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long as severmdtiBHa8®bdBA gathering attention recently (refer to Patent
Citation 2).

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

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

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

Further, in the stepper, the scanner or the 1like,
position measurement of a stage that holds a substrate to be
exposed (e.g. a wafer) is generally performed using a laser

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

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

higher accuracy has been required due to finer patterns to



or nore, and in addition, position control of the stage w th higher
accuracy has been required due to finer patterns to 4 cope with
sem conduct or devices wth higher integration, and therefore,
short-term fluctuation of nmeasurenent val ues of the |aser
interferoneter which is caused by tenperature fluctuations (air
fluctuations) of the atnosphere on the b&am 5 path of the |aser

interferoneter is becom ng unignorable now ~Patent Citation 1:
Kokai (JapaneggpdRadnk Bt Sadeitlo ABRYLE8E AR PHELLEALI )M 1on, and
06- 283403 Patent G tation 2: the panphlet df International

Publ i cati on Nohe280dtd)5 3N t10 ebh SELOSHRG: In |INVENEISONMEANSYEOR:s of
SOLVI NG THE PROBLEMS The present invention has been nade in
consi der ati ontle¢ laser interferometer which is caused by temperature
fluctuations (air fluctuations) of the atmosphere on the beam
5 path of the laser interferometer is becoming unignorable now.
Patent Citation 1l: Kokai ({(Japanese Unexamined Patent
Application Publication) No. 06-283403
Patent Citation 2: the pamphlet of International
Publication No. 2004/053955
10
DISCLOSURE OF INVENTION
MEANS FOR SOLVING THE PROBLEMS
The present invention has been made in consideration of
the situation described above, and according to a first aspect
15 of the present invention, there is provided a measuring
apparatus that measures position information of a movable body
that moves within a predetermined plane, the apparatus
comprising: an encoder system that includes a plurality of
gratings arranged on the movable body and a plurality of heads
20 that each irradiate a light toeach of the plurality of gratings
and individually receive a reflected light from each of the
plurality of gratings, and measures position information of
the movable body within the plane; and a surface position
measuring system that includes a plurality of surface position
25> sensors that, by irradiating a light to the movable body from
adirection orthogonal to the plane and receiving the reflected
light, measure position information of a surface of the movable
body in a direction orthogonal to the plane at an irradiation

point of the light, and measures position information of the



the situation described above, and according to a first aspect 15 of
the present invention, there is provided a neasuring apparatus that
nmeasures position informati on of a novable body that noves within a
predet erm ned pl ane, the apparatus conprising: an encoder systemthat
includes a plurality of gratings arranged on the novabl e body and a
plurality of heads 20 that each irradiate a |ight to each of the
plurality of gratings and individually receive a reflected light from

h of th I t rati nd nmeasur es 05|t| n information
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sensors that, Irradiating a he nbva ody from
With this apparatus, the encoder system whose

measurement values have favorable short-term stability
5 measures position information of the movable body within the
plane with high precision without being affected by air
fluctuations, and also the surface position measuring system
measures position information of the movable body in a
direction orthogonal to the plane with high precision without

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

According to a second aspect of the present invention,

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

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

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

According to a third aspect of the present invention,

there 1s provided a processing apparatus that performs a



a direction orthogonal to the plane andreceivingthereflected |ight,
measure position information of a surface of the novable body in a
direction orthogonal to the plane at an irradiation point of the

| ight, and neasures position information of the 5 novable body in a
direction orthogonal to the plane and in a tilt direction with
respect to the plane. Wth this apgparatus, the encoder system
whose neasurenent val ues have favorable short-termstability 5

measures posi | ] [ of the vabl e body within the plan
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surface positadniyrsdsiy n§ systaon dPeetidy sermorsethdte, dyr f acedbatine

novabl e baody, sjpple and direct posjtion control of the novabl e body
can be pertorfe ﬁﬁﬂtéﬁ%gﬁﬁbﬂPaaa echody BEPr@ U echd opr agERpgonal to

i nventi on, 15tlt1£' rl%niesarpcﬁ Q‘\éicgjggiﬁgfﬂ.t res;:eggéé&%cgg.ggﬁm %a%@%rﬁésgftion

that forns a pattern on an object, the apparat onprising: _
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nount ed on the novabl e body; and a pattern generating unit that
gener at es t heopdidgrmal to the plane at an irradiation point of the light,

and measures position information of the movable body in a

10 direction orthogonal to the plane and in a tilt direction with

respect to the plane; a surface position detecting unit that

detects surface position information of a surface of the object

at a plurality of detection points by irradiating a detection

beam to the object mounted on the movable body and receiving

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

makes the surface position measuring system and the surface

position detecting unit be in a state of a simultaneous

operation, and converts detection results at the plurality

of detection points by the surface position detecting unit

20 that have been obtained by the simultaneous operation into

data assuming measurement results of the surface position

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

Herein, “to make the surface position measuring system

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

simultaneous operation” is not limited to the case where the

surface position measuring system and the surface position

detecting unit are made to start up simultaneously, but also

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



20Wth this apparatus, since the nmeasuring apparatus can highly
accurately control the position within the plane and the surface
position of the novable body on which the object is nounted, and

t hus, of the object on the novabl e body, highly accurate pattern
formati on on the object can be performed with 25 few pattern
formati on defects that are caused by position control error wthin
the plane and surface position control error. 6 predeterm ned
processing tocancablegt1yPUNERd 08 B MDyabl g bodyn t At ABMeS yWhERL M1 &
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direction orthogondfitlo thie ppPaarats, rtdeeiceonhgol her refiascitbe bighace
measure position, ipformation of a surface of the novable body in a

di rection ortRBGORLP" EEHEL PP LA™ 2R FhaGUarPER Rty dppecting
i ght, i ti i i h bl hody .i 10
g and; mﬁ%g%% Eﬁsé L-9Re! D QF h.?ﬁa‘ggﬁﬁ ‘§p§?¥€l?§ a%\ﬂyglﬁgegtlon

direction ort o the plane an I'Fection

respect to theephpHe;atd todl paGLaPOSY td s Hotdeteehi PO thy RAk deLests
surface position information of a surface of the object at a

plurality of gdesiciomndpbeatsndyundtaditatt rigave detent iobrabaath thy ttiee
obj ect nounted on the novabl e body and receiving 15 a reflected |ight
of the det ect FHRUBLEIRROUMACRCEIAD| PER CI9AVERERES ife sdAtacassuming

position neasurin_ S sten1ang thqhggrface ositioP,detectin_ unit be
ina state ofm%la%g%ﬁ}%{‘?%ﬁﬁé-%g b A At EnS U E R CBRTEF Q" dASIGH System
results t i f 110 i nt.s: r it

ot oot nao Mgy Wile el B SAbL DRy POLD S1cftl cellR Bl LBEEPOSH 40N,

operation int@agi@ha assustAhBASUbEMeBtaliasHYt 8hef ddiesteliacita in
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position information of the movable body in a direction
15 orthogonal to the plane and in a tilt direction with respect
to the plane by the surface position measuring system, without
acquiring surface position information of the object surface.
The present invention can be suitably applied to an exposure
apparatus in which a working distance is short as described
20 above, or the like.
According to a fourth aspect of the present invention,
there is provided a second pattern forming apparatus that forms
a pattern on a target object, the apparatus comprising: the
processing apparatus of the present invention in which the
25 target object is mounted on the movable body; and a pattern
generating unit that genexrates the pattern.
With this apparatus, since the processing apparatus can

control the surface position of the movable body on which a

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



si mul t aneous operation” is not limted to the case where the surface
position nmeasuring systemand the surface position detecting unit are
made to start up sinmultaneously, but also include the case where both
of themare nade to start up not 7 concurrently. The point is that
both of them eventually becone in a state of sinultaneously
operating. Wth this apparatus, t#e controller nakes the
surface position neasuring systemand the surface position detecting

5 unit be in goedpte BEaR $ Ml LRGROUSCOPLER! | Rilyh APda dSl £4¢d OBattern
results at the plurality of deteciion point's by the surface position
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are converted into data assum ng neasurenent results at the surface
posi ti on neasteimatisysdefrabs tthat e cavsed nbsurfiede ppstifdon control
si mul t aneous operation as a datum Accordingly, by obtaining the
converted dat@ T -advance, afterward, surface position control of the
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is short as o%%ﬁqlﬁé@gzoamleogoﬂh@ﬂ FRéch the object is mounted and

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

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



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

provi ded a second pattern form ng apparatus that forns a pattern on a
target object, the apparatus conprising: the processing apparatus of
the present invention in which the 25 target object is nmounted on the
novabl e body; and a pattern generating unit that generates the
pattern. Wth this apparatus, since the processi ng appar at us
can control the surface position of the novable body on which a

target object ahg nBustEss Fduissicdf ihRerhat 96t &Obi@fd ¥abie b8dy in a
novabl e body with high accuracy, highly accurate pattern formation on

t he obj ect cardibecpéoh ermmbdgwnntal tfetheatltaerenafdims itdd toef mettsi drivai th
are caused by surface position control error. 5According to a fifth
aspect of theTpFesehttq frenPiane’ therefzce masniitdoy deterrnpamdsr phat

System’ the aBPar A ST ESHETTS | Rb: ECRYABE o PBOAY SorFhRh cHER hESbh ot®
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and a 10 second axis Intersecting the first axis, holfding obj ect,
of first heads along a straight line in a direction orthogonal

to the first axis, and detects surface position information

of a surface of a target object at the plurality of detection

points by irradiating a detection beam to each of the plurality

10 of detection points set on the target object and individually
receiving a reflected light of the detection beam from the

target object; and an adjusting unit that measures surface

position information of a surface of the object, using a

detection value of the surface position detecting unit and

15 taking , as a datum, surface position information at end
portions on one side and the other side of the movable body

in a direction orthogonal to the first axis that is detected

by the surface position sensor at least one each of which is

placed in the vicinity of each of two detection points located

20 near both end portions among of the plurality of detection

points of the surfacepositiondetecting unit, and when pattern

formation is performed, adjusts a position of the object in

an optical axis direction of the optical system and in a tilt

direction with respect to a plane orthogonal to the optical

25 axis based on the surface position information that has been
measured, taking, as a datum, surface position information

that is measured by the two surface position sensors that

measure surface position information at end portions on one

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



and on a surface of which a first grating having a grating whose
periodic direction is a direction parallel to the first axis and a
second grating having a grating whose periodic direction is a
direction parallel to the second axis are 15 placed; an encoder
systemthat includes a first encoder that has a plurality of first
heads whose positions are different in a Qirection orthogonal to the
first axis and neasures position information of the novable body in a

direction paraktbgé®al e fiHeStrid%itSalyst he head facing the first
grating, 20 and a second encoder that has a plurality of second heads
whose positions arevidilf f ettet iaprarditiiect | aheor ehogdeal spstde Setomsd
axi s and neasures position information of the novabl e body
measurement values have favorable short-term stability
measures position information of the movable body within the
5 plane with high precision without being affected by air
fluctuations, and also the surface position measuring system
measures position information of the movable body in a
direction orthogonal to the plane with high precision without
being affected by air fluctuatioms. In addition, the
10 adjusting unit measures surface position information of the
object surface using the detection values of the surface
position detecting unit, taking surface position information
at end portions on one side and the other side of the movable
body in a direction orthogonal to the first axis, for example,
15 ©prior to pattern formation, and also when pattern formation
is performed, performs position adjustment of the object in
an optical axis direction of the optical system and in a tilt
direction with respect to a plane orthogonal to the optical
axis, taking surface position information at end portions on
20 one side and the other side of the movable body in a direction
orthogonal to the first axis. Accordingly, although surface
position information of the object is measured prior to the
pattern formation, surface position control of the object can
be performed with high accuracy when actual pattern formation
25 1is performed.
According to a sixth aspect of the present invention,
there is provided a first exposure apparatus that exposes an
object with an energy beam via an optical system, the apparatus

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



in the second axis direction by the head facing the second grating; a
surface position neasuring systemthat includes 25 a plurality of .
surface position sensors that, by irradiating a light to the novable
body froma direction orthogonal to the plane and receiving the
reflected light, nmeasure position information of a surface of the
movabl e body in a direction orthogonal t&lthe plane at an irradiation
point of the light, 9 and measures position information of the

novabl e body {f.a,gifect '%t%rrr%:%gl%ggﬁl pggttcpf AL Age a%%uégtlegt ‘l:llréa of

direction with respect to rface posi i
unit that the object is arranged, and that is movable in first and second

directions within a predetermined plane; and a measuring unit
that has a plurality of sensors having detection pointslwhose
5 positions are each different in at least one of the first and
second directions, and can measure position information of
the suriace of the movable body in a third direction orthogonal

to the plane at the plurality of detection points.
With this apparatus, the measuring wunit highly
10 accurately measures position information of the surface of
the movable body in a third direction orthogonal to the plane,

being hardly affected by air fluctuations.

According to a seventh aspect of the present invention,
there is provided a second exposure apparatus that exposes
15 an object with an energy beam via an optical system, the
apparatus comprising: a movable body that is movable in first
and second directions within a predetermined plane, holding
the object; and a measuring unit that includes a first
detecting system that has a plurality of sensors having
20 detection points whose positions are different in at least
one of the first and second directions and can measure position
information of a surface of the movable body in a third
direction orthogonal to the plane at each of the detection
points, and a second detecting system that is different from
25 the first detecting system and measures position information
of the object held by the movable body in the third direction.
With this apparatus, position information of the surface
of the movable body in a third direction orthogonal to the

plane and position information of the object held by the



has a plurality of detection points that are set at a 5 predeterm ned
di stance parallel to an array of the plurality of first heads al ong a
straight line in a direction orthogonal to the first axis, and
detects surface position information of a surface of a target object
at the plurality of detection points by irradiating a detection beam
to each of the plurality 10 of detection %oints set on the target
object and individually receiving a reflected |ight of the detection

beam from t hemb&apet bfjyeeh; trandhand adh tsdtiRG v5hbd BBEa IBES WHBSg the
surface position information of a surface of the object, using a
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as a datum surface position infornation at end . o .
making use of a relation between the obtained information,

afterward, surface position control of the object can be

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

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

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

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

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

a light to the movable body from a direction orthogonal to



portions on one side and the other side of the novable body in a
direction orthogonal to the first axis that is detected by the
surface position sensor at |east one each of which is placed in the
vicinity of each of two detection points |ocated 20 near both end
portions anmong of the plurality of detection points of the surface
position detecting unit, and when patterh3formation i s perforned,

adj usts a position of the object in an optical axis direction of the

optical systephanfdnd andiddcediviagti QN YWl B £8R8GHLT %&ﬁ@ggsition

or t hogonal

to the optical 25 axis based on the surtace positi

i nformati on t hafohast beervfmeasutfdce takitlg mdvaBldapsdy isuaf da€eection

position information that is nmeasured by the two surface position
sensors that ©orthogonal to the plane at an irradiation point of the light.

10

15

20

25

With this method, position information of the movable
body within the plane is measured with high precision without
being affected by air fluctuations using the encoder system
whose measurement values have favorable short-term stability,
and also position information of the movable body in a
direction orthogonal to the plane is measured with high
precision without being affected by air fluctuations using
the surface position measuring system. In this case, since
both the encoder system and the surface position measuring
system directly measure the upper surface of the movable body,
simple and direct position control of the movable body can
be performed.

According to a tenth aspect of the present invention,
there is provided a pattern forming method, comprising: a
process of measuring position information of the movable body
in a state where an object is mounted on the movable body,
using the measuring method of the present invention; and a
process of forming a pattern on the object by irradiating an
energy beam.

With this method, since the position within the plane
and the surface position of the movable body on which an object
is mounted, thus, of the object on the movable body can be
controlled with high accuracy by the measuring method of the
present invention, highly accurate pattern formation on the
object can be performed with few pattern formation defects

that are caused by position control error within the plane



measure surface position information at end portions on one side and
t he other side of the novable body in a direction 10 orthogonal to
the first axis. Wth this apparatus, the encoder system whose
measur enent val ues have favorable short-termstability neasures
position informati on of the novable body_within the 5 plane with high
preci sion wi thout being affected by air }xtctuations, and al so the
surface position neasuring system neasures position information of

the novabl e bedy borfadch rrefitanokbhegenaktrtert he plane with high
precision without being affected by air fluctuations. In addition,
the 10 adj usting urddcaomsdagres apefeammtbosspe anof rwherpetseort dhvéeion,
obj ect surface using the detection values of the surface position
det ecting uni theFaKiThgretidet e PBYELER drnufRGERELneMalthashdoperEi oinrg:
on one side and%]t:g(? e _of _the vabl e body.in a, direction

e

o ;
ort hogonal to°t ?sros'gst&;xfisog%lpgr qeRa f]ér? o5 4t 167 %5 Bt %g?npattern
f or et on,s ang #h50; Wt Reldierihd YN shoeREL bR B PELIGLISs or

position adjustnment” of the object in an optical axis direc

optical systenranessing thiel bbdlec®cdn amiwht hheespetdri had pkafeformed.
orthogonal to the optical axis, taking surface position information
at end portions onZFosdang e aakde l figh eshert sifdéhefprgsenroiabért body
in a direction orthogonal, to the first axis. cpordingly, al.t hough

surface posit 8RS AfdHREISH %Prpﬁésﬁl%fl%rtetih? nea¥tLel HPFefeterted
f . . F ;
THEERE N BN S e g

performed w g cy when act ual ormati

perfornedo that AR RGthena §i XpPedSaGtineld t BeaRESSEPhe method
invention, there is provided a first exposure apparatus that exposes

an obj ect w ¢dmpri simgr:gya bEamtvipr@reoptd L ahalsiysy ean st iiea @p pad i tison
conpri st ng- %ngggg¥¥é% ggg¥e%qghigagu?fggézﬁﬁgiigglggtéé%?ﬁg unit be in
a state of a simultaneous operation, the surface position

measuring system including a plurality of surface position

15 sensors that, by irradiating a 1light to the movable body from
adirection orthogonal to the plane and receiving the reflected

light, measure position information of a surface of themovable

body in a direction orthogonal to the plane at an irradiation

point of the 1ight, and measuring position information of the

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

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

position detecting wunit detecting surface position

information of a surface of the object at a plurality of

detection points by irradiating a detection beam to the object

25 mounted on the movable body and receiving a reflected light

of the detection beam; and a second process of converting

detection results at the plurality of detection points by the

surface position detecting unit that have been obtained by

the simultaneous operation in the first process into data



11 the optical systemand on part of which a nmounting area of the
object is arranged, and that is novable in first and second
directions within a predeterm ned plane; and a neasuring unit that
has a plurality of sensors having detection points whose 5 positions
are each different in at |east one of the first and second

di rections, and can measure position i nfb? mation of the surface of
the novabl e body in a third direction orthogonal to the plane at the

plurality of ses@gtddn rRRistremeNtt hrtbhBr AP ats, %h%f%@suﬁb.@ﬂtlon
unit highly 10 accurately measures position information of

surface of theeanwvalbie shedymitthset hlvedoekn @@ta@nedrbﬁmnaimmbtért@aus
pl ane, being hardly affected by air fluctuations. According to a
sevent h aspecePefatinn @ﬁe@edﬁtpmventlon there is provided a second

h t th b
SﬁpSEE?ﬁaﬁpii‘;?éﬁw&ﬁ%@%ﬁ% Refhed atn St %Ce\g"ﬁ%gg?gﬂ% % 1Pgagve dem
movabl e ir fifst t‘?l%dsﬁ @999 a,gle&tanora%t\é.nctc P edet nsg S Ao

I ncl u es

hol di ng the obj ect; asuring unit | St
51mu1taneously (the first process), and detectlon results at

the plurality of detection points by the surface position
detecting unit that have been obtained by the simuitaneous
operation are converted into data assuming measuremént

10 results of the surface position measuring system that have
been obtained by the simultaneous operation as a datum (the
second process). Accordingly, by obtaining the converted
data in advance, afterward, surface position contreol of the
surface of the object can be performed by only measuring

15 position information of the movable body in a direction
orthogonal to the plane and in a tilt direction with respect
to the plane by the surface position measuring system, without
acquiring surface position information of the object surface.
The present invention can suitably be applied to an exposure

20 apparatus in which a working distance is short as described
above, or the like.

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

25 the processing method of the present invention in which a
processing of forming a pattern on the object is included;
and a process of processing the object on which the pattern
has been formed.

According to a fourteenth aspect of the present



detecting systemthat has a plurality of sensors having 20 detection
poi nts whose positions are different in at |east one of the first and
second directions and can neasure position information of a surface
of the novable body in a third direction orthogonal to the plane at
each of the detection points, and a second detecting systemthat is
different from25 the first detecting sy%ﬁen1and measures position

I nformati on of the object held by the novable body in the third

direction. W tRhvbht SoRPRAEREUSs iban Rk r@zﬁc%fa‘ mEJE'ﬁoé urf @6 e
of the novable body in a third direction orthogonal to the plane anc
posi tion i nfoenmaihjectofs ekecebfeditthah énbygl/eam via an optical systemn,
the method comprising: a process of mounting the object on
a movable body that has a surface, which faces the optical
5 system and on part of which a mounting area of the object is
arranged, and that is movable in first and second directions
within a predetermined plane; and a process of measuring
position information of the surface of the movable body in
a third direction orthogonal to the plane by a measuring unit
10  that has a plurality of sensors having detection points whose
positions are each different in at least one of the first and
second directions.

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

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

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

20 comprising: a process of mounting the object on a movable body
that is movable in first and second directions within a
predetermined plane; and a process of measuring position
information of a surface of the movable body and the object
in a third direction orthogonal to the plane, using a measuring

25 unit that includes a first detecting system that has a
plurality of sensors having detection points whose positions
are different in at least one of the first and second directions
and can measure position information of a surface of the

movable body in the third direction at each of the detection



12 novabl e body in the third direction can be obtained using the
first detecting systemand the second detecting system By naking use
of a relation between the obtained information, afterward, surface
position control of the object can be 5 performed by only neasuring

position information of the novabl e body 1n the third direction and
inatilt direction with respect to the b ane by the first detecting
system wi thout acquiring surface position information of the object

surface. 10Acgeifii$g anel ans@tdd Redspethg fydthen PhaselY difrertheNtrom
there is provided a device manufacturing nethod, conprising: exposing

an obj ect usi bige driyrstndebéctirey Syssemart seesndeexpositienappio atatsiem
of the present _invention; and developing t he exposed obj ect.

| : I, . :
15Accor di ng t 9t 0% pRiecs hedd Ry thRrdugs podyighEhe k- himgedbreation.
provi ded a neasuri

met.hod in i ch position information of a .. .
movabl e body t hat %\Fél_s %%iﬂe¥%$’edg?eF enesaeﬁﬂnégepf%cﬁasuﬁ’%%l,%%
met hod compri sh A%ema ifidd Yt &%@P%%ifQEengﬁsHhénﬂ099§lé'666&rﬁﬂ”é“ﬂﬂ@ﬁh
of the novable body within the 20 plane, using an encoder systemthat
i ncl udes a pldiaddtioroforghabongs a6 rengesl ot e stevahl enbetyaeish af

plurality of heads
the object held by the movable body in the third directiomn,
and a relation between the position information can be measured
using the measuring unit that includes the first detecting
10 system and the second detecting system.

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

exposure methods of the present invention; and developing the

15 exXposed object.

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

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

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

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

FIG. 5A is a plan view showing a measurement stage, and

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



that each irradiate a light to each of the plurality of gratings and
individually receive a reflected |ight fromeach of the gratings; and
a second process of neasuring position 25 information of the novable
body in a direction orthogonal to the plane and in a tilt direction
with respect to the plane, using a surfaff positi on neasuring system
that includes a plurality of surface positlion sensors that, by
irradiating a light to the novable body froma direction orthogonal

to 13 the planetkndhgenpianieng shageefl ected |ight, measure position
i nformati on of a surface of the novable body in a direction
orthogonal to the pgil&nebdts apduspaditavieonigoshowbhgttie vighit bEhhe
this method, Bgsé%&gﬂgd&T%%&g?%hogfOL_éﬁEgrgﬁgﬂgéz 80 and 81 in FIG. 2.
FIGS. 7A to 7D are views used to explain the operations
5 of a stopper mechanism.

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

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

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

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

15 of the encoder, and FIG. 10B is a view showing the case where
a laser beam 1B having a sectional shape that is elongated
in a periodic direction of a grating RG is used as a detection
light.

FIG. 11 is a view used to explain grating pitch

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

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

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

table WTB {(wafer W)}.

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



5 body within the plane is neasured with high precision wthout being
affected by air fluctuations using the encoder system whose

nmeasur enent val ues have favorable short-termstability, and al so
position information of the novable body in a direction orthogonal to
the plane is neasured with high 10 precision w thout being affected
by air fluctuations using the surface po%?tion measuring system In
this case, since both the encoder system and the surface position

measuring sysheasdréReht YopBASUIS I aUBPehaSY" £ ACEH bl e
body, sinple and direct p%gai?ti on cont raoP of at e m)vablneéb ggg\é'gn 15

be perf orned. FRezoribAgaha asBeride aspaod ©F &ke1PeS&Nbaseline
invention, there is provided a pattern form ng nethod, conprising: a
process of nmeBSAFNAGUORS t PRArIHIwY netd ors esfortdee ynowdbloembotly Bpshems
state where an ogéect is mounted on the povabl e body, 20 using the

measuri ng et RGHL BF EhetQrastHies ArehPFofeadnet &2 pkdcess of forming a
pattern ongthe objegfs by, rradiati nerg ith this

nmet hod, since the p&g%li%% %?t%?ﬁigﬁeggfgnggaﬁéBﬁﬁgﬁs%*%33%Pb%%i?F%ﬁ#
of the novabl epbegyion dhithe afe@UERGly 20 iighn@RNtdehBUSer86-hdE at
obj ect on the novabl e body can be controlled with high accuracy by

t he neasuri ngevethodeér tdeplmcewent.i nventi on, highly accurate
pattern formation on the object can be performed with few pattern
formation defects tH&S -afd®canddd Bherposieqvmasshtporxrkaisy anbosinion

the plane adjustment operation of the secondary alignment systems.

10 FIGS. 18A to 18C are views used to explain focus mapping
performed in the exposure apparatus related to the embodiment.
FIGS. 19A and 19B are views used to explain focus
calibration performed in the exposure apparatus related to

the embodiment.

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

FIGS. 21A and 21B are views used to explain
traverse-Z-moving correction performed in the exposure

20 apparatus related to the embodiment.

FIG. 22 is a view showing a state of the wafer stage and
the measurement stage while exposure by a step-and-scan method
is being performed to a wafer on the wafer stage.

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

25 the measurement stage when exposure to wafer W has ended on
the wafer stage WST side.

FIG. 24 is a view showing a state of the wafer stage and
the measurement stage right after a state where both stages

are separate has been shifted to a state where both stages



14 and surface position control error. According to an

el eventh aspect of the present invention, there is provided a device
manuf acturing nmethod, conprising: a process of formng a pattern on
an object by the pattern 5 form ng nmethod of the present invention;
and a process of processing the object og,which the pattern has been
f or med. According to a twelfth aspect of the present
invention, there is provided a processing nethod in which a

pr edet er m nedapeotessomgadts wictf emckdothean abiectespusiired cddsa
novabl e body 10 that noves within a predeterm ned plane, the nethod
conprising: a firstFpfod@sgsof Wekw rijiavingr kagtaposif imthmssegesnghen
system and a g%rface position detecting unit be ip a state of a

si mul t aneous bPRIEEIOTIERE at® ;s ngldharﬁ;a‘gﬂ??%@%ryéf’@rﬁhe wafer
including a pé#%g%;{§'ﬁgvfﬂﬁw%%ggfgo%h;g9?0$§h§f3%%ﬁ§ik%?&hi?%og%ﬁgﬁng

irradiating a to the“nova 0 rom rection or

to the pl ane apdsiecehyl1e1bheohefdtteltdid GAter FRBSHIR PO RELEQPement
information of a surface of the novable body in a direction

ort hogonal totalhke plrare Yataxas diradtabnon point of the light, and
measuring position information of the 20 novabl e bod¥ in a direction
orthogonal to the pikhe2fnis rriviet shevwdngeretafer fheespler stegermnd
pl ane, and the surface position detecting unit detecting surface
position inf o?hn%tn}eoc‘r?uérfa% néu?t?aa%eewhfmt#égérkﬁa&?e%ng Tﬁ%’ﬁea yrefched
det ection poiftso oy idd afedlel 2958 dﬁ&ﬁﬁt'f’ﬁ‘té}%rﬂtqt ereBi-fkl, 25
nount ed on the %%vagie body and rgceiving a ref gctgd% tht %?'the
det ecti onObeanm andrIz&.SETddaprianestoninganvente gy dabegd FoN stageldrg
at the plurality of detection points by the surface position

det ecti ng unitha meeskHageebbatasst aherd ey welier sittadet Aneousvashérani hre

in the first LE)roce S into data 15 . o .
nloading position to a loading position in parallel with the

Sec-BCHK (interwval) being performed.
FIG., 28 is a view showing a state of the wafer stage and
15 the measurement stage when the measurement stage has moved
to an optimal scrumwaiting position and a wafer has been loaded
on the wafer table.

FIG. 29 is a view showing a state of both stages when
the wafer stage has moved to a position where the Pri-BCHK

20 former processing is performed while the measurement stage
is waiting at the optimal scrum waiting positionm.

FIG. 30 is a view showing a state of the wafer stage and
the measurement stage when alignment marks arranged in three
first alignment shot areas are being simultaneously detected

25 using alignment systems ALl, AL2; and ALZ2j.

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

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



assum ng nmeasurenent results of the surface position nmeasuring system
t hat have been obtai ned by the sinultaneous operation as a datum
Wth this nmethod, the surface position neasuring system5 and the
surface position detecting unit are nade to operate sinultaneously
(the first process), and detection resulﬁﬁ at the plurality of
detection points by the surface position“detecting unit that have
been obtai ned by the sinultaneous operation are converted into data
assum ng neastienmidsuk@measubt sgefwidie alughaeat st ks A RIS iR ive
system t hat have been obtained by the sinultaneous operation as a
dat um (t he seeserrhdrdcespent Abodraierny grelpeiogt aimihgeidmisdonder¢aickd
data in advance, aftervvard surface gositi on control of the surface

of the obj ectUTLHe %Wn@éfsﬁ?mén 91@‘&%&1’1@19@5%85{ tion
f t f th bod di, t t |
i nformation of the 5‘535. able body i %sﬁow'lzrqec ' %; %%ﬁ%gaaogpr[ ﬁ.éage and

plane and in a tilt ‘récti‘on respe

surface pesi t{NBB3SYENBET %\r{:%tg%mzhélﬁ faﬂorgasa&gwdmhéwla%%ﬂmﬁﬂ&n
information of the object surface. The present invention can suitably
be applied tpwtesquosurand dapfacaisusalibwht cbnalwet &t NProtsd Anee iss

short as descri bed above, or the like. According to a
thirteenth adpridtg d?’eﬁftﬁ?@rfﬁldesent [ nventi on, there is provided a

devi ce manuf acturl g g: a process_of formng

pattern on an obj e 55 A& Jg ¥ihg netAbl of tflﬁé’”bfreé'séﬁt"‘ge and

I nvention in dy@ %a@-u%ﬁe Sgeg @fwhfe%r g% %@?9@%&6{& Q7 hﬁgﬁabiﬁt%{lde

i ncl uded; process o proc Ssi ng ect on Wi ¢l € pattern

has been 1bor ridh r AeCohHinast tshot hodhs epitt Be 28pabimOft dnk@ubl 9@t e otk
invention, there is provided a first exposure nmethod in which an

obj ect is expuosley wiltignameneneygyebeatl.ViandmIcpt toakl.ay.stem the
met hod conprising: a _process of nmounting the object on a novabl e bod
that has a surfaceFfhi th iSag sslavheheping § state of the wafer stage an

the measurement stage when alignment marks arranged in three
fourth alignment shot areas are being simultaneously detected
15 using alignment systems ALl, AL2; and AL2j;.
FIG. 36 is a view showing a state of the wafer stage and
the measurement stage when the focus mapping has ended.
FIG. 37 is a view used to explain a modified example of
a head unit in which placement of Y heads and 2 sensors is
20 different,.
FIG. 38 is a view used to explain another medified
example of a head unit in which placement of Y heads and Z
sensors is different.
FIG. 39 is a flowchart used to explain an embodiment of
25 a device manufacturing method.
FIG. 40 is a flowchart used to explain a specific example

of step 204 in FIG. 39.



5 system and on part of which a nounting area of the object is
arranged, and that is novable in first and second directions within a
predeterm ned plane; and a process of neasuring position information
of the surface of the novable body in a third direction orthogonal to
t he plane by a neasuring unit 10 that hag a plurality of sensors
havi ng detection points whose positions fe each different in at

| east one of the first and second directions. "Wth this

net hod, positp@ST MODERIFCH CARRIYIN®'boTe iRt hRvERMERdR body in a
third direction orthogonal to the 15 plane is nmeasured wth high

accuracy by the neasueinhgdimént offdiheggphaseily iafrbeti en Wiy 1de described
fluctuations. According to a fifteenth aspect of the present
i nvention, thBFLOYs By ERIPENSECERIFERPoslir ke it hod in which an

object |5 exposed Wih 29 SIGLUBENY Qa0 QL BSOS

met hod 20 conpri sing: 'a process nou

body that gs QPgééﬁﬁb'é%fdﬂéﬂhsamgoSféiHEédﬁtB?Ehbogﬁbdﬂfﬂgd%.a ExXposure
predet erm ned plane; and a process of neasuring position |nforH%t|on
of a surface asppitetuwvallite hedya artaning nabj egbobird tdppadadusechiyom
orthogonal to the plane, using a neasuring 25 unit that includes a
first detectideRyEndricammeiheda Plak abity ssf-csddsdrscémndmg As will
det ecti on points, whos poiiEions,ar different in at | east one of the
first and secondehobabietaRd tartifes PEIPBRE t i HRTCALGEARRI FRF 2l

e 1 LIS SO B A, 15

detection 17 points, an S i'ng-sys eren
from the 1fgi r sha @tetRahiMihs o N: AR drSBRSIH §SaROSId) @8 LA 8pFRtA PMofs
the object held by the novable body in the third direction. Wth this
met hod, in theX secprdiprcddensopipisalt isystem Ri.of sed iaxdk Hheesuidmce
of the novable body in a third direction orthogonal to the plane,

posi tion i nf AAHERTOPToED thd CHIF BB E1REE 4nB\A VYA RBVFEDTRl HddELivns ¢draned

iy ot e AN 8 £sk ablanletisen.t be,oenld Lol oL Lop can
det ecting direction and a direction that is orthogonal to a Z-axis and
15 aY—axisisanlx—axisdifection,androtation(tilt)directions
around the X-axis, the Y-axis and the Z-axis are 6x, Oy and
0z directions respectively.

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

On wafer stage WST, wafer W is mounted.
Illumination system 10 includes a light source and an

illumination optical system that has an illuminance



10 system and the second detecting system According to a

si xteenth aspect of the present invention, there is provided a device
manuf acturing nmet hod, conprising: exposing an object using any one of
the first and second exposure nethods of the present invention; and
devel opi ng the 15 exposed object. BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 is a view schematically show ng a“tConfiguration of an exposure
apparatus related to an enbodinent. 20FIG 2 is a plan view show ng a

stage unit inuflferdity opticafll GysBehScantd Biing &N DREWCAY LAfegrator
pl acenent of various neasuring apparatuses (such as encoders,

al i gnnent sysae@rshealipié igiol at rFE s bénndaat Zheehs be sjndrirabfasteich
equi pped in the exposure apparatus in FIG 1. 25FIG 4A is a plan

vi ew showi ng Wit age IsAdseleseddn s farsexamnet e c kokad (Jappnese

Show 19,2 PGl 98 SRChLOB L UL S0 SR Lep) yo, NGRS
si de vi ewsshow g & RAJRHIREOESsSesitt A lication Publication No.
2003/0025890) and the like. 1In illumination system 10, a
slit-shaped illumination area IAR on reticle R that is defined
by the reticle blind (masking system) is illuminated by
illumination light (exposure light) IL with substantially

10 uniform illuminance. In this case, as illumination light IL,
an ArF excimer laser light {(wavelength: 193nm) is used as an
example. Further, as the optical integrator, for example, a
fly-eye lens, a rod integrator ({(internal reflection type
integrator), a diffraction optical element or the like can

15 be used.

On reticle stage RST, reticle R having a pattern surface
(the lower surface in FIG. 1) on which a circuit pattern and
the like are formed is fixed by, for example, vacuum suction.
Reticle stage RST 1is finely drivable within an XY plane and

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

25 Position information of reticle stage RST within the
moving plane (including rotation information in the 8z
direction) is constantly detected at a resclution of, for
example, around 0.5 to 1l nmwith a reticle laser interferometer

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



of the measurenment stage. FIG 6 is a perspective view show ng the
vicinity of the +X side end portion of X-axis stators 80 and 81 in
FIG 2. FIGS. 7A to 7D are views used to explain the operations 5 of
a stopper nechani sm FIG 8 is a block diagram showi ng a main
configuration of a control system of the_exposure apparatus rel ated
to the embodi ment. FIGS. 9A and 9B are vfeéws used to expl ain position
10 neasurenment within an XY plane of a wafer table by a plurality of

encoders eachviac wdvagla Rl tred Ny (of a@@@iﬂﬁ&ra(@@ BvibEee ﬁl&@br {or
arrangenent, and the transfer of measurenent val ues between t he

heads. FIG leArétreradlastsiiwhaging @xsfileetdbnaseofddgwrahogbndd o
the encoder, and FIG 10B is a view show ng the case where a | aser
beam LB havi n§"& éfeé‘txllénaﬂilrﬁ%é’q md i gnelfongavedle nmarperi d@iving a

O ection of BSlahiith Tolfdrat Aactadt 32 gt Kl Bicdlod St
o T RECERAIN, oA SR S S o petteatl
expl ai n waf er1aé i grevesdntpard @ fRani Boh HECEXPOAU e(rafpahatusSinerat edy,
to the enbodi nment.
refer to FIG. 8). Main controller 20 controls the position
(and the velocity)} of reticle stage RST by computing the
position of reticle stage RST in the X-axis direction, the
10 Y-axis directiocn and the 6z direction based on the measurement
values of reticle interferometer 116, and controlling reticle
stage drive system 11 based on the computation results.
Incidentally, instead of movable mirror 15, the end surface
of reticle stage RST may be polished in order to form a
15 reflection surface (corresponding to the reflection surface
of movable mirror 15). Further, reticle interferometer 116
may be capable of measuring also position information of
reticle stage RST in at least one of the Z-axis, 6x and 6y
directions.
20 Projection unit PU is placed below reticle stage RST in
FIG. 1. Projectionunit PU includes a barrel 40 and projection
optical system PL having a plurality of optical elements that
are held in a predetermined positional relation within barrel
40. As projection optical system PL, for example, a dioptric
25 system that is composed of a plurality of lenses (lens
elements) that are arrayed along an optical axis AX direction
parallel to the Z-axils direction is used. Projection optical

system PL is, for example, both-side telecentric and has a

predetermined projection magnification (such as one-quarter,



25FI GS. 13A to 13C are views used to explain sinultaneous detection
of marks on a wafer by a plurality of alignnent systens perforned
whi | e changing the Z-position of a wafer table WIB (wafer W. FIGS.
14A and 14B are views used to explain a baseline 19 neasurenent
operation of a primary alignnent system FI GS. 15A and 15B
are views to explain a baseline measur enent operation of secondary

al i gnnent systens perforned to a wafer at the head of a lot. 5FIG 16

i s a view usednéof £xph arrore-eagikhnamehrgck oReratd ) Whet RelsRCRAEBSY
al i gnnment systens perforned at every wafer replacenent. FI GS.
17A and 17B apeedi AR used ildusipbhed dyposilunimadjarst ibght ogér afron
of the secondary alignnment systens. 10FIGS. 18A to 18C are views used
to explain fo%hi%‘ﬂ«@“&é’ 8Pkl it e neskdesut &b Jdr SeudnpePasap

to the e”bOdigi?PéUgh reticle R whose pattern surface is placed
5 substantially coincidently with a first surface (object
plane) of projection optical system PL forms a reduced image
of a circuit pattern (a reduced image of part of a circuit
pattern) of reticle R within illumination area IAR on an area
(hereinafter, also referred to as an “exposure area”) IA that
10 is conjugate with illumination area IAR on wafer W, which is
placed on a second surface (image plane) side of projection
optical system PL and whose surface is coated with resist
(photosensitive agent), via projection optical system PL
{projection unit PU). Although not shown in the drawing,
15 projection unit PU is mounted on a barrel platform that is
supported by three support columns via a vibration isolation
mechanism. As is disclosed in, for example, the pamphlet of
International Publication No. 2006/038952, however,
projection unit PU may also be supported in a suspended state
20 with respect to amember such as a main frame member (not shown)
that is placed above projection unit PU, or a base member on
which reticle stage RST is placed.
Note that in exposure apparatus 100 of the embodiment,
since exposure applying the liqguid immersion method is
25 performed, the aperture on a reticle side becomes larger when
the numerical aperture NA of projection optical system PL
substantially increases. Therefore, in a dioptric system
made up of only lenses, it becomes difficult to satisfy the

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



FIGS. 19A and 198 are views used to explain focus calibration
perfornmed in the exposure apparatus related to the enbodi nent.
15FI GS. 20A and 20B are views used to explain offset correction anong
AF sensors perforned in the exposure apparatus related to the

enbodi nent . FIGS. 21A and 21B are views used to explain
traverse-Z-noving correction perforned i #°t he exposure 20 apparat us
related to the enbodi nent. FIG 22 is a view showing a state

of the wafer stage ardjbbeisRaspiANtystage W b@defp@@la%ﬂaysach an
st ep- and- scan nethod is being perforrred to a wafer on the wafer

stage. FIG 2Bnésease/i ew stibae ngpfa shat erafjeididonaf @gtisdadge sgatde@d a
t he nmeasur enent stage when exposure to wafer Whas ended on the wafer
stage WBT si deatadioptricrpgsten a@l&d}mwsﬁWﬁ@r@ senpges gfan adso be

f d t ht . af t at th
Stages are sopdn o THEETBEGA OKTI POl (15908t RreaiAsPas ot e deages g
are in comt aCélé’&”Eoeza“e@;aﬂlb;ﬂé abL&te &4 glleinﬁWCE%gcoat £11m) Fz%zth'?eS

is a view showng a state 0 both st ages asurenmen age
i's nmoving in Bike'thbtestdtuttantdhé hefeaf 6f tHaagRot Ssémyititrd QWREHs iy

unl oadi ng position while keeping

be formed.
Further, in exposure apparatus 100 of the embodiment,
in order to perform exposure applying the liquid immersion
10 method, anozzle unit 32 that constitutes part of a local liquid
immersion unit 8 is arranged so as to enclose the periphery
of the lower end portion of barrel 40 that holds an optical
element that is closest to an image plane side (wafer W side)
that constitutes projection optical system PL, which is a lens
15 (hereinafter, also referred to a “tip lens”) 191 in this case.
In the embodiment, as shown in FIG. 1,Athe lower end surface
of nozzle unit 32 is set to be substantially flush with the
lower end surface of tip lens 191. Further, nozzle unit 32
is equipped with a supply opening and a recovery opening of
20 liquid Lqg, a lower surface to which wafer W is placed facing
and at which the recovery opening is arranged, and a supply
flow channel and a recovery flow channel that are connected
to a liquid supply pipe 31A and a liquid recovery pipe 31B
respectively. As shown in FIG. 3, liquid supply pipe 312 and
25 liquid recovery pipe 31B are inclined at an angle of 45 degrees
with respect to the X-axis direction and the Y-axis direction
in a planar view (when viewed from above) and are symmetrically
placed with respect to a straight line LV in the Y-axis

direction that passes through optical axis AX of projection



5 a positional relation between the wafer table and a neasurenent
table in a Y-axis direction. FIG 26 is a view showing a

state of the

waf er stage and the neasurenent stage when the

measur enent stage has reached a position where a Sec-BCHK (interval)

i s perforned.

and the measurement stage when the wafer?

10 FIG 27 is a view show ng a state of the wafer stage
tage has noved fromthe

unl oadi ng position to a |oading position in parallel with the

Sec- BCHK (i nt gpyatd1 bgjdiepenf ormed. FIG 28 is a view showing a
state of the wafer stdge and 15 the neasurenent stage when the

measur ement stage has mddedft @ sGpppyiphde Sﬁ{dﬂns\r@wl)nﬁlspeghﬁé@ﬂe@ﬁ@b
a wafer has been | oaded on the wafer table. FIG 29 is a view
showi ng a st al&gweid sopklytpies iBevwhihe thef ethet agel héstosedply @lpe
position where the Pri-BCHK 20 fornmer processing is performed while

the measuremeht STHFEHS HRid iligc FHBPOPLITER OséRak shaw Ag FIG. 1,

pOSI tion.

0 f at f .th
stage and > her?r%%rslﬁroeGHIIanf és age\g\/\/ﬁen %?%N né‘ﬁfg‘ﬁr%'r?i‘éfw&ﬁéaafc'%mm)
three first aldgymidcrshot o ari qa&eceeepg pag@b&@mﬁgfﬁé grdebertedep

usi ng alignment systens AL1, AL22 and

31 1s a view

showi ng a stat® tife treecwaterpipade anvtntheedess W QiR dStagevabgniihe
focus calibration former processing is being performed. FIG 32 is a
vi ew showi ng & 6teft shefmt Ra WhFer st Bgeemridd FIG. 8).

10

15

20

25

Liquid supply unit 5 includes a liquid tank, a
compression pump, a temperature controller, a valve for
controlling supply/stop of the liquid to liquid supply pipe
31A, and the like. As the valve, for example, a flow rate
control wvalve 1s preferably used so that not only the
supply/stop of the liquid but also the adjustment of flow rate
can be performed. The temperature controller adjusts the
temperature of the liquid within the liquid tank to nearly
the same temperature, for example, as the temperature within
the chamber (not shown) where the exposure apparatus is housed.
Incidentally, the tank for supplying the 1liquid, the
compression pump, the temperature controller, the valve, and
the like do not all have to be equipped in exposure apparatus
100, and at least part of them can also be substituted by the
equipment or the like available in the plant where exposure
apparatus 100 is installed.

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

of liquid supply unit 5. Incidentally, the tank for



21 the neasurenent stage when alignment marks arranged in five second
al i gnnment shot areas are being sinultaneously detected using

al i gnnent systens AL1 and AL21 to AL24. FIG 33 is a view showi ng a
state of the wafer stage and 5 the measurenent stage when at | east
one of the Pri-BCHK | atter processing and the focus calibration

| atter processing is being perforned. 28 FIG 34 is a view

showi ng a state of the wafer stage and the neasurenent stage when

al i gnment ”ar}:‘éc@ééz:}ﬂ%g‘%hienlﬁ&ﬁ?d,lotﬁ !s&%t%hggﬁt é{@%f%%?si\ﬁ ©he

bei ng si nmul t aneousl tected“usi hg al i gnnment ems ALT and lto

AL24. 15k&5do3fot 21a Niewtshewier@ippstiaire e@bobite WRiRITa% 1180800,
and t he neasurenent stage when alignnment marks arranged in three
fourth alignnamd athoteamtedardr efbthay samalsmésusinpsidteteddbgSthe
using alignment systenms AL1l, AL22 and AL23. FIG 36 is a view
showi ng a st a¥®IMeHe2 WAt 2fP L d9etn @ 1ERE TREESUPEREAL S BRPE rRfas 13

focus mappi ng. has . FIG 37 is a view used to explain a
nodi fi ed ICe}-’xarr:f) ?%&%ﬁ%@dd unit in which placenent of Y heads and Z

sensors is 20 di ffemelhe embodimdihG a3&ie 18quigWdsed By axblal bure
anot her nodified exanple of a head unit in which placenent of Y heads
and Z sensor svatedi(hkerenbfter, 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

10 nm) is to be used. Pure water can be obtained in large
gquantities 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.

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

Liquid supply unit 5 and liquid recovery unit 6 each have

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

25 Dbetween tip lens 191 and wafer W via liquid supply pipe 31A,
the supply flow channel and the supply opening. Further, when
the water is supplied, according to instructions from main
controller 20, the controller of liquid recovery unit 6 opens

the valve connected to liquid recovery pipe 31B to a



FIG 39 is a flowhart used to explain an enbodi ment of 25 a device

manuf act uri ng net hod. FIG 40 is a flowhart used to explain a
specific exanple of step 204 in FIG 39. 22 BEST MODE FOR CARRYI NG
OUT THE | NVENTI ON An enbodi nent of the present invention wll

be described below, with reference to FIGS. 1 to 36. FIG 1
schematical |y shows a configuration of aR95 exposure apparatus 100
related to the enbodi nent. Exposure apparatus 100 is a scanni ng

exposur e gpsmb?}aﬂétgi‘mﬁné&e@é@f% SCARMBLARALnENRL LS, £ 25 Qrlshade

scanner . be described later, in the enbodi nent, a projection
optical systebePuets aipabges,1Andndheafell @vingo dBs@iiPireebveirk! uhet
10 nmade assunming that a direction parallel to an optical axis of
proj ecti on opfi ¢hhesysuweid Alarile &i2- fkesrdcoeery orperdndi,r ébei orcbmery
which a reticle and a wafer are relatively scanned within a pl ane

or t hogonal tofiﬂ

¥ channed andddiqudnd Frecavekupiped? iRet PER1IBAdhe supply

di ti h ' .a_Z- axi S5 aY-axjs i,
an. axi 017 e PP ent CmeRg i Bk ader S EREef Bl ate compracs
the Y-axis andotdi &oRrxi818£€s OF, 1 QuiRNFusB1 Jid8d & R Iﬁﬁﬁ%ﬁ:&%{%?

Exposure apparatus 100 is equipped wth an iTlum nation system 10,
reticle stageuRRBI 6hat tldtdthe rebhcheyRof heat@0 sippllilednicpatrd byase
illumnation |ight for exposure (hereinafter, referred to as an
"illuninati onb?gg‘h@m tap kans éRposdreafgrghconstentdridquadisrizhe gnantity

system 10, a ojection unit PU_that includes projection optical
sgst em PL tha$£ p‘%aoiiee%trch’lvleﬁﬁpngf?r&ntn? FREFL gﬁ‘?%‘? W‘%r}é'mpPeFPEFEaW

on a 10 quantity of liquid (water) Lg (refer to FIG. 1) is held in
the space between tip lens 191 and wafer W. In this case,
ligquid {water) Lg held in the space between tip lens 191 and
wafer W is constantly replaced.
As is obvious from the above description, in the
15 embodiment, local liquid immersion unit 8 is configured
includingnozzle unit 32, liquid supply unit 5, liquid recovery
unit 6, liquid supply pipe 31A and liquid recovery pipe 31B,
and the like. Incidentally, part of local liquid immersion
unit 8, for example, at least nozzle unit 32 may also be
20 supported in a suspended state by a main frame (including the
barrel platform) that holds projection unit PU, or may also
be arranged at another frame member that is separate from the
main frame. Or, in the case projection unit PU is supported
in a suspended state as is described earlier, nozzle unit 32
25 may also be supported in a suspended state integrally with
projection unit PU, but in the embodiment, nozzle unit 32 is
arranged on a measurement frame that is supported in a
suspended state independently from projection unit PU. In

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



25 wafer W a stage unit 50 that has a wafer stage WST and a

measur enent stage MST, their control system and the |like. On wafer
stage WST, wafer Wis nounted. [1lum nation system 10 i ncl udes
a light source and an illum nation optical systemthat has an
illumnance 23 uniformty optical system containing an opti cal
integrator and the like, and a reticie bPfPnd and the like (none of

whi ch are shown), as is disclosed in, for exanple, Kokai (Japanese
Unexam ned Patgng 4R éﬂagd(ylg%@bllcatlon) No. 2001-313250 5 (the
corresponding U S. Patent Application Publication No. 2003/0025890)
and the like. In ilInmideattiadnysyslsmihOtha calsietmedhapeshanit! sidaaMiseni.s
area AR on reticle Rthat is defined by the reticle blind (masking
system) is il loaphed deklsw indaugichacnonnit ght, (Yxponace bieghepnl & with

substantially 10 uniform.llum nance. In this case, as |Ilun1nat|on
light IL, an BPESBXTIMRT 13ds <|ti°g?h°- @%%Jr%%t#ﬁ SrI3aRf F4Pusers akdl
an exar’rpl & F!',’Eutxh@e[ ’flﬁ?.ehhﬁ r 'J.Ht ast,fJ] :L’laro a ﬁ‘éfmé °th@ manner
fly-eye lens, arod egra nterna refl éction ype ntegr ?or
a dlffraCtIOﬂd@@&tfﬁédEﬁﬁﬁ&gﬂ or the |ike can 15 be used. On

reticle stage RST, reticle R having a pattern surface (the | ower
surface in FIG 1) bridenthlayei ioutbe paihdes rdeaructiphte ohi kenar biduwidred
is fixed by, for exanple, vacuumsuction. Reticle stage RST is flnely
drivabl e wit hFRPRRY YRS AM©2816) 2008 ee ok i vl eenovesyi gmaeeanozzle
scanni ng veI00|tyt%3?a scanni ng direction s the_Y-a

di rection beifg® § ZMEAT e Péc??oﬁx%?aﬁﬁe %@agvgﬁrfBE% Qﬁeiﬂqi
1), by ajetigheestage driye ARl £d e, shawg fdhn(%ﬁg%%artggﬁrhé'\plng

FIG 8) including, for exanple, I'i near notor or

25Position i nﬁmmlemo@leteeta@lcﬁﬁlmd?ﬁ,wéblékérﬂiﬂewvhagp&h
(including rotation information in the 6z direction) is constantly
detected at aof ebuianniadricofl Poblésganpde, Nar AL IB0R ,t may absoibéd a

reticle laser interferponeter (hereinpafter, referred to as a "reticle
i nterferonet e?mglcm%j, in the case such arrangement is possible taking into

consideration a relation with adjacent members. The point is

15 that any configuration may be employed as far as the ligquid
can be supplied in the space between an optical member in the
lowest end (tip lens} 191 constituting projection optical
system PL and wafer W. For exmpale, the liquid immersion
mechanism disclosed in the pamphlet of International

20 Publication No. 2004/053955, or the ligquid immersion
mechanism disclosed in the EP Patent Application Publication
No. 1 420 298 can alsoc be applied to the exposure apparatus
of the embodiment.

Referring back to FIG. 1, stage unit 50 is equipped with

25 wafer stage WST and measurement stage MST that are placed above
a base board 12, an interferometer system 118 (refer to FIG.
8) including Y-axis interferometers 16 and 18 that measure
position information of stages WST and MST, an encoder system

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



24 via a novable mrror 15 (in actuality, a Y novable mrror (or a
retroreflector) having a reflection surface orthogonal to the Y-axis
direction and an X novable mrror having a reflection surface
orthogonal to the X-axis direction are 5 arranged). The neasurenent
values of reticle interferoneter 116 are sent to a nmain controller 20
(not shown in FIG 1, refer to FIG 8). Rhin controller 20 controls
the position (and the velocity) of reticle stage RST by conputing the

position of rebkshe.sia9erRRkdNsth egﬁ@ﬁiegéss&&é %@,Eﬁﬁ-&gégg&&e

direction and the Oz direction base asur enent value

reticle interfefogeiwtehlb24anbfeontoottid NG)r eha€ldeivbader sy HST and
system 11 based on the conputation results. Incidentally, instead of

nmovabl e mirroMS1ph, andhetlend ider.f ace of reticle stage RST may be

polished in order to forma 15 refl ection_surface (correspondi ng to
the reflection surfHc&hs DRsEam 8uEfRredrodsyachrad Weferr trgpeWST and

it ormat | on Rt St IR EEAEBRETy & aPEPRHE R RBeRRnBRE ot By or
and By directépigp1eO0R QlRGAOBHAbLAPEybE RIGEED f8low;irehkehengt age
RST in FIG 1. Projection unit PU includes a barrel 40 and projection
optical systeth&teireadvey arpfetrabdt yo ofs apt Madk ghenMeENss alrfiahgateat a
held in a predeterm ned positional relation within barrel 40. As
proj ecti on ope}erdlisieEmPINts, rn@NafprestegdVOPendonezs unamanh stage
's conposed OI*]:IS'J.a c‘PJ:!eurs%lpgo tgfd :!.r?na;s%son lo%ril.séct manner via a clearance of
10 around several um above base board 12, by static pressure of
pressurized air that is blown out from the air pad toward the
upper surface of base board 12. Further, stages WST and MST
are independently drivable in two-dimensional directions,
which are the Y-axis direction {a horizontal direction of the
15 page surface of FIG. 1) and the X-axis direction (an orthogonal
direction to the page surface of FIG. 1), by stage drive system
124.
To be more specific, as shown in the plan view in FIG.
2, on a floor surface, a pair of Y-axis stators 86 and 87
20 extending in the Y-axis direction are respectively placed on
one side and the other side in the X-axis direction having
base bocard 12 in between. Y-axis stators 86 and 87 are each
composed of, for example, a magnetic pole unit that
incorporates a permanent magnet group that is made up of plural
25 pairs of a north pole magnet and a south pole magnet that are
placed at a predetermined distance and alternately along the
Y-axis direction. At Y-axis stators 86 and 87, two Y-axis

movers 82 and 84, and two Y-axis movers 83 and 85 are

respectively arranged in a noncontact engaged state. Inother



el enents) that are arrayed along an optical axis AX direction
parallel to the Z-axis direction is used. Projection optical system
PL is, for exanple, both-side telecentric and has a predeterm ned
proj ection magnification (such as one-quarter, 25 one-fifth or
one-eighth tinmes) . Therefore, when illumnation area AR is
illuminated by illumnation light IL frodillumnation system 10,
illumnation light IL having passed through reticle R whose pattern

surface is plgoeds 5 slifistantial Jné!v&fé g dgntl ysw i @ fi gktﬁgréééein

(obj ect plane) of projection optical system PL forns a reduced 1 nage
of a circuit pagdies vf(Beigdunest itERyen ofhdainedf spasd Idxuivt aRALt &F Mor
of reticle Rwithin illumnation area | AR on an area (hereinafter,

al so referred8bwmdlanhberpsEusectaresl) shAfahat hdd 4 I-ddkiughipe i drid
illumnation area | AR on wafer W which is placed on a second_surface
(i mage pl ane)2%F GEVEF2pi¥jBBHOGFGpitTt 8 dlonSpattamtmang fhe secherTanse
is coated Wth-resis ol osensitive agent), .vi rQjection opt.ical
syst em PL é(Mpr(?)ij’egt%:ro%lx%“%hte P@f?ﬁﬁﬁtﬁ?gﬁéﬁin%% v&ﬁo@?ﬂgiaﬁrt rﬁ%a grng%i HYP s
proj ecti on unitiPUdspe@uRbedoPRedpdialirg] Rt EOLMtbAlgd $SBRPOTE LM,
by three support colums via a vibration isolation nechanism As Is

di scl osed i n,of Uragxamuwerd 82, Banpdd ahdods Lt esmipddeanat, Rkl écatpler)
No. 2006/ 038952, however, projection unit PU may al so be supported in

a suspended s3ateETRGUWNEt Nt Esleat ineozparabes stRALwse swals piraeed at

nmenber (not shown) that,is, placed abgve projection unit PU, or_a base
nenber (()n m%ﬁr?éﬁ%%l%%%gﬁ%%% §RBP83@(§% IR Bhaectieex pddaite s-

apparatU%010Qu9ﬁjﬁb%n%%%9%kﬁﬁ?tY—axis movers 82 and 84 made up of the

armature units and Y-axis stator 86 made up of the magnetic
pole unit constitute moving coll type Y-axis linear motors
respectively. Similarly, Y-axis movers 83 and 85 and Y-axis
stator 87 constitute moving coil type Y-axis linear motors

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

20 Movers B2 and 83 of two Y-axis linear motors 82 and 83
out of the four Y-axis linear motors are respectively fixed
to one end and the other end in a longltudinal direction of
an X-axis stator 80 that extends in the X-axis direction.
Further, movers 84 and 85 of the remaining two Y-axis linear

25 motors 84 and 85 are fixed to one end and the other end of
an X-axis stator Bl that extends in the X-axis direction.
Accordingly, X-axis statorxrs 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.



si nce exposure applying the liquid imersion nethod is 25 perforned,
the aperture on a reticle side becones | arger when the nuneri cal
aperture NA of projection optical system PL substantially increases.
Therefore, in a dioptric systemnade up of only | enses, it becones
difficult to satisfy the Petzval condition, which tends to lead to an
I ncrease in size 26 of the projection OB§|caI system In order to
avoi d such an increase in size of the projection optical system a

catadi optric systemddipl b, mir LoLeoRRds) SRS MY, AckBoleal3ed cor

Further, on wafer W not only photosensitive [ayers

exanpl e, a prekeapiype 41 ldendapeoahiti tAkt oinddhepdddiad E@inal@ﬁ@éeééﬁls
the wafer or the photosensitive |ayers may be forned. Furt her
in exposure appared as dpoedetehelredddsbents ailongrider Xtaxpediveation.

exposure applying the Liquid i mrersion 10 nmethod, a nozzle unit 32
that constitutes pafte &f lﬁoé&FtPFquxda¥¥ﬁmﬁ§ﬂ§ﬂ¥ @Hiﬂs8aF§aBG?%nybd3

o oo 85 5 RNl LA ROAPENAL o S 0B eL 0
(waf er e\r/l\éSI dey éhaje GRS kbetesnPs O] ﬁf&ﬂ %oqat iﬁah@y% SBRer YHI B1;
o8 1) that constitutes part of wafer stage WST. Inside the
opening of stage main section 91, for example, a magnetic pole
unit, which has a permanent magnet group that is made up of
10 plural pairs of a north pole magnet and a south pole magnet
placed at a predetermined distance and alternately along the
X-axis direction, is arranged. This magnetic pole unit and
X-axis stator 81 constitute a moving magnet type X-axis linear
motor that drives stage main section 91 in the X—axis direction.
15 Similarly, the other X-axis stator, X-axis stator 80 is
arranged in a state of being inserted in an opening formed
at a stagemain section 92 that constitutes part of measurement
stage MST. Inside the opening of stage main section 92, a
magnetic pole unit, which is similar to the magnetic pole unit
20 on the wafer stage WST side (stage main section 91 side), is
arranged. - This magnetic pole unit and X-axis stator BO
constitute a moving magnet type X-axis linear motor that drives
measurement stage MST 1in the X-axis direction.
In the embodiment, each of the linear motors described
25 above that constitute stage drive system 124 is controlled
by main controller 20 shown in FIG. 8. Incidentally, each
linear motor is not limited to either one of the moving magnet

type or the moving coil type, and the types can appropriately

be selected as needed.



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

and a suppl y | ry f| |
1B rospoct fvely. A STy & BEPRE ARG dobl BRI o5

liquid recovegynptrpeedldy af @dinclifnedaal san: f8gk andfo 4D gdegneegswhsh

respect to the X-axis direction and the Y-axis direction in a planar

vi ew (when vi ehedhtlpmififerentanghaimey Symtettiboald yhel @z et reictthon) of
respect to a straight line LV in the Y-axis direction that passes

t hrough opti ciffaxistamr W8T 5og) keGamtrodedpt i Bartheyst bynmRking thrust

d of i h i . | | qui.d |
i pe a1a vhi1 EoPREY SRBEATY afheiled BuTS B o s Foarl A i3 ohators
l'i qui d suppl yg2inidq @3(19t9t51%2§‘?1‘@'1yi ﬁiﬁf(g}er}t, ?aﬁﬁk ro%%é%lsgreﬁ)éntaggage

one end of a recovery pipe (hot “'shown) 1s connected to liqu

recovery pipeM3l8&ahide ddigrotthed.end of the recovery pipe is

connected to a liquid recovery unit 6 (not shown in FIG 1, refer to

FIG 8). Liquid supffprusitegds WAE| imebudes ishagd tmaik, sacton 91 and a
nperature controller, a valve for controlling

Suppl v/ st op BTAT4E HATE BIEcH AP CmeRREE g 9 56298 A0a Hh GAAOR] RE VI
th v, f e f rat 0 al.ve i s_preferahl se
S that i3 oS IBHE Ena ReChEMER Gt B (i) YELKE do%s REELEALImSES]

adj ust ment ofard oW FaheldArGaRnbeePef {8 MRAstIhe f8MPEEAL YEL 91 in the
controller adjusts the tenperature of the liquid within the liquid

tank to nearl3razis shHmedtéoper ahar éx dioreexiompland ahet Be tieppet Bonr e
wi thin the chamber (not shown) where the exposure apparatus is
housed. | nci deftigiantalie danRI€or 8 supprye rir itvee slvisgeind 124 hés 2ghown

[ unp,  f.he t t troller, th dthe lik
do not al I V{555 SRIMHBEATR BRRtRU O R e FO (ARRL RS

| east pang oﬁnégygﬂfg%pd%gggiggdsggggé}uted by the equi pment or the
| i ke available in the plant where exposure apparatus 100 is

i nstall ed. 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,

but in the embodiment, the wafer holder and wafer table WTR

20 are separately configured, and the wafer holder is fixed inside

a recessed portion of wafer table WIB, for example, by vacuum

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

table WTB, a plate {ligquid repellent plate) 28 is arranged,
which has the surface {liquid repellent surface)

25 substantially flush with the surface of a wafer mounted on

the wafer holder to which liguid repellent processing with

respect to liguid Lg is performed, has a rectangular outer

shape (contour), and has a circular opening that is formed

in the center portion and is slightly larger than the wafer



25Liquid recovery unit 6 includes a liquid tank, a suction punp, a
val ve for controlling recovery/stop of the liquid via liquid recovery
pi pe 31B, and the like. As the valve, a flowrate control valve is
preferably used simlar to the valve of liquid supply unit 5.

I ncidental ly, the tank for 28 recoverin% the liquid, the suction
punp, the valve, and the |like do not all 3Rave to be equi pped in
exposure apparatus 100, and at |east part of them can al so be

substituted b e iﬂ§qﬂg- i.L.ab pnt ant ROSUr
appar at us 100Y%ﬁpgrig§ta ed?ﬁy%rgg B?ntﬁ%éngﬁggdin%%??gggfpﬁéﬁgﬁgng
described abowerepuabswait a hewetsed tfieritt of bhe shaml ki JiRher E8EN
to as "water" besides the case when specifying is necessary) that
transmits theaaAr flaxeesmrr lcagemikbsghsuch iaghtZewotihra ( tew édrengt maek) 188
10 mu) is to be used. Pure water can be obtained in |arge quantities

at a seni condGEPBFT ffrufdePur 1999 TpFant 3¢ Ahdhe rerfipeacnf plate 28, a
difficulty, a i I S advant age, of Vi ng na adyverse, effect
on the pho orggﬁggd%ﬁgfg%ggﬁ%@}? Jtso_??ﬁ e%g’é’i’rc%r ?’gﬂgpg'se’o%[f‘ﬂ%%’?? kgsin
15Ref racti ve jndexim&f fheMaleloibl LeSPRChatOr 4G AErexei Mer

| aser light is around 1.44. In the water the wavel ength o

i |lumi nation pbihtettafud®Rthinlenk/ (Teghont eded s @ind rh3émaik) ),
Liquid supply unit 5 and liquid recovery unit 6 each have 20 a

control | er, aferyhic eesigcmpteriahsr ot erid igre seniewldesdnbpatarhals.
controller 20_(refer to FIG 8). Accgrding to instructions from main

control I er 207U eS0T SMP df Pi BUPR SHpHISE UHfeTs toheRs "ERe (vafee

connect edid 0 %ggg%]gqsggggléyﬁéP%A?;lélgeeazé”h%%egeﬂ‘}é"teqi%%%e%eﬁgnent

area 28a whose outer shape {contour) is rectangular enclosing

a circular opening, and a second liquid repellent area 28b

that has a rectangular frame (annular) shape placed around

first liquid repellent area 28a. On first liquid repellent

15 area 28a, for example, at the time of an exposure operation,

at least part of a liquid immersion area 14 that is protruded

from the surface of the wafer is formed, and on second liguid
repellent area 28b, scales for an encoder system (to be

described later) are formed. Incidentally, at least part of

20 the surface of plate 28 does not have to be flush with the

surface of the wafer, that is, may have a different height

from that of the surface of the wafer. Further, plate 28 may

be a single plate, but in the embodiment, plate 28 is configured

by combining a plurality of plates, for example, first and

25 second liquid repellent plates that correspond to first liquid
repellent area 28a and second liquid repellent area 28b

respectively. In the embodiment, pure water is used as liquid

Lg as is described above, and therefore, hereinafter first

liquid repellent area 28a and second liquid repellent area



25 between tip lens 191 and wafer Wvia liquid supply pipe 31A the
supply flow channel and the supply opening. Further, when the water
is supplied, according to instructions frommin controller 20, the
controller of liquid recovery unit 6 opens the valve connected to
liquid recovery pipe 31Bto a 29 predeterm ned degree to recover the
water fromthe space between tip lens 1936 and wafer Winto liquid
recovery unit 6 (the liquid tank) via the recovery opening, the
recovery flo el d_lLiquid,.recqve Lpe.31B. During.th u
V‘égﬁ'aa{l% 2139 rjalfg;y}:gd ncf 2% %érgjﬁ water Srea?m% sP @'?rf%d&y

5 and recovery operations, narn control 'er 20 give

control |l ers ofndishbshe YRRy gg%{el@eﬁ@dpig@éjig:hg.ecovery unit 6 so
that the quantity of water supplied to the space between tip lens 191

and waf er W const arminl yhegusdse t kepgsanti 1yghaf Tuat erifeehvereedtbrbitst
t he space. Accordingly, a constant 10 quantity of liquid (water) Lq

(refer to FIGratgr jrepigdllgninPiake spi @nbehaekmer pidens whdle agrpomins
W In thi cas in the space between tip |ens

191 and \ fer*%l}tls&g‘g;r%dpgggﬁ?i’é%%% Bg_sles‘z_o(’i’gy?’%ﬁ%rﬁe@ﬁl _ﬁ&téb]_tﬁ/t@
description, j %ﬁetﬁé &Hq§¥quﬁgt’ féﬁﬁﬂ%J%hﬂg'fg MR 8§ng?§%ﬁé%#5%,

configured including nozzle unit 32, supply unit

recovery unitithbidibddiisienR!, Va FiRet3dfandepbé QUL gt :8GAVES YhRERE TS
and the like. Incidentally, part of local liquid imrersion unit 8,
for exanpl e, mEpdldastt euxz hevingts 3X imdynal 95 bt 2estuppapbedrenljaght
suspended state by a main frame (including the barrel platform that
hol ds proj ectilonfldsit PO, 2oVafmay apkleraieidetafgedoar aRothbs $338le is

mber that i te f the main f .. in. th
oroj scti 08 w0 £ ERBRRIAET Sa EaER Rt L HPLSAE 8 ABBEA RS
earlier, nozzlg ughda _c%ﬁxd‘ﬁé(t@%) %%pES%EHP%‘%%Ta% nhgaiéh%}é%%ﬁ‘: Bilef®

integrally with projection unit \ inthe e ment, nozZzle

unit 32 is argangadvongarsebstuenenio expaButdalidise Juppartedor nt@ the
suspended state independently fromprojection unit PU. In this case,
proj ecti on udiltrspuialrs repelhant anedes sppadedets formed on the surface

of second water repellent plate 28b. In general, since it is

15 difficult to apply water repellent coat having sufficient
resistance to exposure light IL (light in a vacuum ultraviolet
region, in this case) to a glass plate, it 1s effective to
separate the water repellent plate into two sections in this
manner, i.e. first water repellent plate 28a and second water

20 repellent plate 28b around it. Incidentally, the present
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
plate in order to form the first water repellent area and the

25 second water repellent area. Further, the same kind of water
repellent coat may be applied to the first and second water
repellent areas. For example, only one water repellent area
may also be formed on the same plate.

Further, as is obvious from FIG. 4A, at the end portion



30 in a suspended state. Incidentally, also in the case measurenent
stage MST is |ocated bel ow projection unit Pt), the space between a
nmeasurenent table (to be described later) and tip lens 191 5 can be
filled with water in the siml|ar manner to the manner descri bed
above. I ncidentally, in the above description, one liquid
supply pipe (nozzle) and one liquid recovéry pipe (nozzle) are to be
arranged as an exnpal e. However, the present 10 invention is not

limted to thig.crRhdy 8iGQ0d LAt | 90 haulng: oud thoke J¥2zl 88 BShqular
Agddssy TBFFaag

di sclosed in, for exanple, the panp I ntefnationa Ircatron

No. 99/49504, ctrayputlisof dagneph @Yietheritert BErEa5E i U RF42WaMe8ttisdn,
possi bl e taking into consideration a relation with adjacent nenbers.

The point is aBdthacaanyeneont pdatat3dnsnenbdideiiheydd @ tactasgther
| i quid can be supplied  in the space between an optical nenber in the
| onest end (tﬁbaggn%n%gif EBRSTURAUE I nEPPE of B ANIiPs6pt PE dihes p¥tent mnd

o w31 BRCoRYTRRE IS LR e > e RS BT RS
3 o TSRS 5L 380 A ER Ao 0 b bent
appar at us of pheterfiiodbneatcerRefrarinienyL baf kiatferFt @o1d, W )g0@ndni tpHilr
i s equi pped with 25 wafer stage WST and neasurenent stage MST that
are placed abefeaerial image measurement slit patterns (slit-shaped
measurement patterns) SL are formed in the symmetrical
10 placement with respect to the center of the fiducial mark on
one side and the other side in the X-axis direction of the
fiducial mark. As each of aerial image measurement slit
patterns SL, an L-shaped slit pattern having sides along the
Y-axis direction and X-axis direction, or two linear slit
15 patterns extending in the X-axis and Y-axis directions
respectively can be used, as an example.
Further, as shown in FIG. 4B, inside wafer stage WST
below each of aerial image measurement slit patterns SL, an
L-shaped housing 36 in which an optical system containing an
20 objective lens, a mirror, a relay lens and the like is housed
is attached in a partially embedded state penetrating through
part of the inside of wafer table 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
25 in the drawing.
The optical system inside housing 36 guides illumination
light IL that has been transmitted through aerial image

measurement slit pattern SL along an L-shaped route and emits

the light toward a ~-Y direction. Incidentally, in the



a base board 12, an interferometer system 118 (refer to FIG 8)
including Y-axis interferoneters 16 and 18 that neasure position

I nformati on of stages WST and MST, an encoder system (to be descri bed
| ater) that is used for neasuring position 31 information of wafer
stage WST on exposure or the like, a stage drive system 124 (refer to
FIG 8) that drives stages WST and MST, ahd the like. On the bottom
surface of each of wafer stage WST and 5 neasurenent stage MST, a

noncont act beapi t . for : a el o
hydrostatic a??lggg%%gd 2 Eergi rllao fe?l?é(r elsjraeld Sygggﬁs{qarggwlaﬁ r%%b’ltgé% .3%;
arranged at aipldaseddiBedfaspai M ht-avhndfiat iH@g9s Vel #®y using the
nmeasur enent stage MST are supported in a noncontact manner "via a

cl earance of sénanededesececrale pmlalmiagh?ds ddothie siRe &y cehaknience.
pressure of pressurized air that is blow out fromthe air pad toward
the upper surface JPUPETEORR §heNPPEYT$ Heface pAFeropsTWaliRy METehtent

| ndependent | vedhiyobbie Wt d enel el gy celd st choshe. e
F1G 1) and theededd: fl (AUMOB16AY ObLROgENAluAIdiRRl O pe L e page
surface of FIG 1), by stage drive System 124. To be nore
specific, as spawifidelilie phasryiLwn Onkl £ de . amNtdel O r SUHACE, tlke
pair of Y-axis stators 86 and 87
X-axis direction of second water repellent plate 28b (both
sides in the horizontal direction in FIG. 4A), Y scales 39Y;
10 and 39Y; are formed respectively, and 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 grating lines 38 having the longitudinal direction
in the X-axis direction are formed in a predetermined pitch
15 along a direction parallel to the Y-axis (Y-axis direction).
Similarly, in areas on one side and the other side in
the Y-axis direction of second water repellent plate 28b (both
sides in the vertical direction in FIG. 4A), X scales 39X; and
39X, are formed respectively, and X scales 39%X; and 39X; are
20 each composed of a reflective grating (e.g. diffraction
grating) having a periodic direction in the X-axis direction
in which grating lines 37 having the longitudinal direction
in the Y-axis direction are formed in a predetermined pitch
along & direction parallel to the X-axis (X-axis direction).
25 As each of the scales, the scale made up of a reflective
diffraction grating RG (FIG. 10A) that is created by, for
example, hologram or the like on the surface of second water

repellent plate 28b is used. In this case, each scale has

gratings made up of narrow slits, grooves or the like that



20 extending in the Y-axis direction are respectively placed on one
side and the other side in the X-axis direction having base board 12
in between. Y-axis stators 86 and 87 are each conposed of, for
exanple, a magnetic pole unit that incorporates a pernmanent nagnet
group that is nade up of plural 25 pairs of a north pole magnet and a
south pole magnet that are placed at a prR&determ ned di stance and
alternately along the Y-axis direction. At Y-axis stators 86 and 87,
two Y-axis no A4 0 LA Vel s. a re.
respectively \aé%;eg?l%écﬂq%t §4pnroncont actngg%aszceagq%et g%‘eéa])nggétgﬁ%rdﬁagions'

words, four Y-l $ypever sdBfirdthicid g2Rdils LBelOtd} A& igkadeSatengt
being inserted in the inner space of Y-axis stator 86 or 87 whose XZ

sectional surflagethds andrdéokeorslhaphe didfanetsen egnd i yngs wper uedoifn
a noncontact manner via a clearance 5 of, for e_xanEI e, around several
pm vi a the ai BXpUSTE Sodkewrhat ragpaechapical i gshorifichg bvtagiso,

stator 86 pr .. Each of Y-axi s/ rs .82, 84, 83 d 85 is conposed
of, for exgnpgér gﬁaﬁ?ﬁ%'t uﬁée dﬁ%/fertaﬁ&ﬁOpngﬁébb?%?@?%r%tclﬁe@t@gi gg

pl aced at apr i neodi st anceal Y= axXi i fsq%.j = oEh kS,

in the enbodi %g%%,gﬂ\%axi S lsrr_ri)vers 8(2%5}2?115@891&% elgt%}]rc) 0 s?%évgr ?f%tshlr%emég
units and Y- akesuséal OHoR@veR(deetphOfcdle iB@IREHIePBemERking the
constitute nmoving coil type Y-axis linear notors respectively.
Similarly, Y-axiduapiensoddhendi B5-autdov-grdtsing,afor e8Zmpbestintapitch
novi ng coi | t%ge Y-axis |linear notors 15 respectively. In the _
fol | owi ng desBFFPEFRN 38 ko f Minet 9% HXaPPILr s 2| PREGR Fptloson a thin

descri be bo i rr a -axi-s. linear notor 8 Y- axi s
| i near m(iltd(;)‘r é%tg %—E%’%Fsgf?#e)hr %rl}%fq%rsa@easnars cﬁ?”-vaexrieéj V%ﬁ%&'—?‘%%%?ld
85 as needed, rdgéNOeAt e SMTE Waeler 28681 COLESE At NRId A TRLE! Sp8%e. 84,

83 and 85. 20 Movers 82 and 83 of two Y-axis linear notors 82 and 83
out of the folinchdendiaslllyi,nedre mitehsofir ehe eppecing dlsy shiowadmtioh oftder
end and the other _end in a longitudinal direction of an X-axis stator
80 that extendB H4F-t R thaaxthe giqtaedi pH:clrufphdihe gakeraf ganuenigcof
the remai ning . two Y-axis |linear 25.notors 84 and 85 are fixed to one

end and the o?%%rs fd o SN ex8ARPs 18t QHoPT AT %ext ends in the
N L o0 RS 3 B 06 0, B R o
pair of Y-axisepélgart Mllaeks 28% abndeBd coSPEOIite he scales, a glass
plate with low-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
20 or the like with low~thermal expansion on which a grating is
formed may also be fixed on the upper surface of wafer table
WIB, for example, by a plate spring (or vacuum suction) oxr
the like so as to prevent local shrinkage/expansion. In this
case, awater repellent plate to which the same water repellent
25 coat is applied on the entire surface may be used instead of
plate 28. Or, wafer table WIB may also be formed by materials
with a low coefficient of thermal expansion, and in such a

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

formed on the upper surface of wafer table WTB.



33 Each of X-axis stators 80 and 81 is conposed of, for
exanple, an armature unit that incorporates armature coils placed at
a predeterm ned distance along the X-axis direction. One X-axis
stator, X-axis stator 81 is arranged in a 5 state of being inserted
in an opening (not shown) fornmed at a stage main section 91 (not
shown in FIG 2, refer to FIG 1) that cdAstitutes part of wafer
stage WST. Inside the opening of stage main section 91, for exanple,

a magnetic pol e uni j A ; ne roup that .is de
Gp of 10 pl urar pai rrift $insoR. SRLORCER HBRREEG F0HR bofie Rshare
placed at a pwedetgeniwnegdisstk-ance and,adernghel ¥ral kg the axkson
direction, is arranged. This magnetic pole unit and X-axis stator 8%
constitute a sovifagenHimelnd §peeKaatiiond snedacant s shbah dni vEs. St age
main section 91 in the X-axis direction. 15 Simlarly, the other

X-axi s stator foxmasd: s Byt feyiersd lyspapi apigbel ian dndeatferoficberngean

inserted in an_opening fornmed at a sfage main section_ 92 that .
constitute pgfn?gﬁlflr RURSAER T8 & %é'ﬂ’:oq FEFGacehe! e fgfspction

tage main segt.i 2 i l.e i i I implar,.tq the
rgneti o por e bEERegRt 18 RIS S Pp el ddhd OB on Beplle

91 side) , isvaakangbskerfchitnfetEINe! haaPahex s Al - dchetlat 9b6
BO constitute a noving magnet type X-axis |linear notor that drives
measur enent stAgexMsTintretfizeroMiedeirs 186 r &g tricdn shbant e BEhbodi,nertter to

each of the |linear notors described 25 above that constitute stage
drive system 124-iQ ebitteriedonstanisystem k1 (epfon WhEwh- i Fe&use

ot et 34, o SIG0,bUGRL: T 1l BoPPct At el BLLBeL o0 ol Mo
appropri ately(§ensed e6f ed #3x086Hefror 3% placed on the side surface of
projectionunit PU, and the surface is used as a datum surface),
that is, position information of wafer stage WST within the
XY plane, and the measurement values are supplied to main
15 controller 20. In the embodiment, as both of Y-axis
interferometer 16 and X~axis interferometer 126, a multiaxial
interferometer having a plurality of optical axes is used,
and based on the measurement values of Y-axis interferometer
16 and X-axis interferometer 126, main controller 20 can
20 measure rotation information in the 6x direction (i.e.
pitching), rotation information in the 8y direction (i.e.
rolling), and rotation information in the 6z direction (i.e.
vawing) of wafer table WIB in addition to the X-position and
Y-position of wafer table WTB. In the embodiment, however,
25 position information within the XY plane (including the
rotation infoxmation in the 8z direction) of wafer stage WST
(wafer table WTB) is mainly measured by an encoder system (to
be described later) that includes the Y scales and the X scales

described above and the like, and the measurement values of



Incidentally, by making thrust forces severally generated by a pair
of Y-axis linear notors 84 and 85 be slightly different, yaw ng
(rotation in the Oz direction) of wafer stage WST can be controll ed.
Further, by making thrust 5 forces severally generated by a pair of
Y-axis linear notors 82 and 83 be slightly different, yaw ng of
measur enent stage MST can be controlled. 4 Waf er stage WST

i ncl udes stage main section 91 and a wafer table WIB that is nounted

on stage main;seckORo Vi 1%Oaﬁdzréae‘é§}ai£@c£%ﬁpéf%é8%q D) se

(such as a voice coil notor) and Is finely driven atrve to stage

mai n section fdchrad kBed- BxhG-threEl u8Buat ien Q¢ dhbardd AUraeitt 181 6¥s
direction. Incidentally, in FIG 8, stage drive system 124 is shown

i ncl udi ng eachf dfthe lradddegasysbenr e and duee t2- Hefetnagl &b avechanins ot
descri bed above. On wafer table WIB, a wafer hol der (not

shown) that hblESSRACEr W BPevhEiRIM s RAGIETteE (PRlibrated) -ar FunrkRer

The waf er hol de I for integrally with wafer tgble B
UL 1 Lhe enboii MeRTC SR SBF BFF ) HorSara G PEP SCED E B oBo} Eron
separately cogfigfadt AN wWie Wal ehe Nl dermd s fiRedini1B8h98g%00si tion
recessed portion of wafer table WIB, for exanple, by vacuunrsuction

or the like. ¢mrtherloaaiiddheosppebnsytdase dfsaowifteid tlakke) WBor awafer
plate (liquid repellent plate) 28 is arranged, which has the surface
(l'iquid repel Fenkacangrdce) FoEthebstaltd dnl povement vk vatflee sbafadéShi

a wafer nmountged on the wafer holder_to which |iquid repellent,

processing wt%r et c?elti“'&ﬁf‘daL&]O?gllb%r‘?lﬁﬁrr%,orhéé‘daaPeE%éﬁ’@‘ﬂ?‘é’f
outer sh (&é)é]; r S LLcul ar enj s far in
t he cent Ziibepor |oa(r)1éia0)nnd ?‘gl(as/:ai%gﬁtaFggFgr%@re%ﬁoagry%eo&)\%g%écko%gﬂg?%%r (a

mounting ar eaudfoddigg\@iRivht 1Bnat fle28ui-smdvadel o ltabnabg With a | ow
coefficient of thermal expansion, such as glasses or ceram cs (such

as Zerodur (thedrfambmede) spbtSoHat®, Aat A203t deadt Qne afidoods ttivn
surface of plate 28, a 5 liquid repellent filmis formed by, for
exanpl e, fluckifFmadsion fit Sirgrsions wf i hers daxeese itn fraedenafshe

such w5 polyLet R0l v as g0 plellen R AL adhrmio)
as shown jisn ar i iaQWyOf amabgbt (AR Co M B WAL Bometer system 118 (such
as an optical system) may be arranged at the main frame that
holds projection unit PU, or may also be arranged integrally
with projection unit PU that is supported in a suspended state
as is described above, but, in the embodiment, interferometer
20 system 118 is to be arranged at the measurement frame described
above.

Incidentally, in the embodiment, wafer stage WST is to
include stage main section 91 that is freely movable within
the XY plane and wafer table WTB that is mounted on stage main

25 section 91 and is finely drivable relative to stage main
section 91 in the Z-axis direction, the 6x direction and the
Oy direction. However, the present invention is not limited
to this, and a single stage that is movable in directions of

six degrees of freedom may also be employed as wafer stage



10 stage WST) in FIG 4A plate 28 has a first liquid repellent area
28a whose outer shape (contour) is rectangular enclosing a circular
opening, and a second liquid repellent area 28b that has a
rectangul ar frame (annul ar) shape placed around first liquid
repellent area 28a. On first liquid repellent 15 area 28a, for
exanple, at the time of an exposure oper&tion, at |east part of a
liquid imersion area 14 that is protruded fromthe surface of the
wafer is for d SE&60 igqui.d r b,cs f,
an encoder sggggn??t%q%% des%&f%gggkgfe?ﬁﬁgﬁgﬂﬁo?éégggﬁngfcéﬁﬁéﬁﬁ%ﬁgh
at | east partsaff26e e stdfragecet iphahie 2%e008s, ROhohaNEe 18 rRerfhatsh
with the surface of the wafer, that is, may have a different height
fromthat of vhefarfley@ronitrher wafyealsélnet Aerangtdtad @8femyabdediTB.
single plate, but in the enhodinent, plate 28 is configured b

conbi ni ng a pYRFEPTRSr SOHTACEs infermekirmieL Wafeq Séﬁéezﬁs"ée%l%n*ep be
l'iquid repell . corr ond to first liquid repellent
ar ga 28a %d rgé;%:%%ﬁ# Iq(qulfll'l ?&gﬁefﬁgzgcg%%% FEs 5% c%#\?efﬂlge‘firfn}%‘jr

enbodi ment, puFLaN@dErad %Jrkb?_%@ti‘én! LA ok G PS I3 tdgSShLPELe APAVE the
and therefore, hereinafter first liquid repellent area 28a and second

| i qui d repel | poditaiea whaGe28he atat udl sarfeferireglhoedsid inost 1vat €8d to
repel lent plate 28a and second water repellent plate 28b. In
this case, exPoRlAE-idighinitlPis dng adsatédnt onformatign of vaper |srage
pl ate 28a on inner_.si de ile exposure 5 light IL is hardly

i rradiat ed to&@]g%ﬁa Rt & W#%ﬁ)\,\glﬂf“@ﬂio E? e SHEIHT Infete tdredinfg ror.
Taki ng thRigs fact i +fansi derat i o, A e ' t LISt ter
repellent area to v%gc wat efr? ?Ité%eﬁbednc{h&cegﬁt’ %g\%glﬁgggu%??%%ﬂégn’%onm%f

resistance taresRosibgel #ghimdalsulbohy iidted ré@eriLel 4§ Ohel is not
region, in this case) is 10 applied is forned on the surface of first

wat er repel | em bplased 28aan angpasusecoper alatar orepelald ghmane aoder attioth
wat er repellent coat having resistance to exposure light IL inferior

to the first et &e deseriere arkar) Pppls 8@ s Fedndd vBASE hen sur f ace

of second vvaterl.rb%etliloent é’} t.e 28 r al ince It i

.ln gen JE% .
difficult to caappﬁ Y Watrer ¥ epagtlﬁoéh?Pé:&?terﬁ%ﬁ%%ﬁ???c‘ﬁéﬁt ‘f‘a:]_sli a&ﬁ@é‘
to exposyge |dhtealsh bbbt vhudsyagHumdlitinavi Ohg&eé(%_g,' QbadutehBh
case) to a glass plate, it is effective to separate the water
repel | ent pl aitref drad itowoo § et t X fSe doineltlirs s pBOART 116 . (.. ef.i BBt1adtelone
repel l ent plate 28a and second water
of position information in directions of five degrees of
freedom) may also be used in operations such as the exposure
operation and/or the alignment operation. In the embodiment,
20 the encoder system measures position information of wafer
stage WST in directions of three degrees of freedom, that is,
position information in the X~axis, Y-axis and 6z directions.
Then, in the exposure operation or the like, out of measurement
information of interferometer system 118, only position
25 information related to different directions from measurement
directions (the X-axis, Y-axis and 9z directions) of position
information of wafer stage WST by the encoder system, for

example, related to the €8x direction and/or the 9y direction

may also be used. Or, in addition to the position information



20 repellent plate 28b around it. Incidentally, the present invention
is not limted to this, and two types of water repellent coat that
have different resistance to exposure light IL may al so be applied on
t he upper surface of the same plate in order to formthe first water
repell ent area and the 25 second water repellent area. Further, the
sane kind of water repellent coat may be4dpplied to the first and
second water repellent areas. For exanple, only one water repellent
area may al so S . i i

rom FI G an ot he S e AE R B BHELREn, (AR ki 00 S are

repel lent plate €8 sand @at-apgibas £t messhoeRBAL i i ANR iCRRE 8F the
portion in the X-axis direction, and a neasurenent plate 30 is

enbedded i nsi decotier recttangUliae. spackqsnsingde of hehe W-and)s,t Nabxis and
encl osed by the cutout and 5 second water repellent plate 28b. A
fiducial mar kKSEMHECFokoR) MRt Rd S€eheensed. t Halutdegi t kutaaferometer

di rection of asure t_plate 30 (on enterline LL of wafer table
WIB), and 5 parTCobii Horid AIRgEonEaBaPthent A1 A @ere tion
(slit-shaped SPEH S f:ar b . Xﬁ%ﬁ‘ ical
10 pl acenent gmﬁf@ﬁ%espect&?ya?[ﬁg %:%n eraﬁsgff l?hgﬁgi %u%%%fe diFrlratr tc#?'nc')neln
side and the phbercsdale posithen XSt iRCtihothefztdie § dduetah oAbhiky
As each of aerial inage neasurenent slit patterns SL, an L-shaped
slit pattern bavised siddgdhealespgsulie ypaxatleh recttihen lahks.X- axi s
direction, or two linear slit 15 patterns_extending in the X-axis and

Y-axis directions rEGSIEEMFRES WRT jeedudgs sipoedEad eection 92 and
Furt her, 135 SQ%AJ‘:&A %t @g lien 'gemg\@ rdscg age WET _bel ow_each 052
3 Fed o Shae8, B THodS Rgc36 7

aerial inmage neasurenment slit patterns asi I h

whi ch an opt i 4&d s eyaie? €81 8IMIENGSs adudQefULeLhYE BRSsed B B9ra1 &b
relay lens and the like is housed is attached in"a partially enbedded

state penetrating Thleouvghimantcbéntidre (nosi steovaf) wafiewetab) e hdlB-essht

stage main section 91. Housing 36 is arranged in pairs correspondi ng

to the pair OfTERIHiIN 1PAgE hudedeehhis) ndpdiQresrammle, BEePOLRent

om tted stage MST having a so-called coarse/fine motion structure in

15 which measurement table MTB is configured finely movable with
respect to stage main section 92 in the X-axis direction, the
Y-axis direction and the 8z direction may also be employed,
or a configuration may also be employed in which measurement
table MTB is fixed on stage main section 92 and stage main

20 section 92 including measurement table MTB is drivable in
directions of six degrees of freedom.

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

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

image measuring instrument 96 that measures an aerial image

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



25 in the draw ng. The optical systeminside housing 36 guides
illumnation light IL that has been transmtted through aerial inage
measurenent slit pattern SL al ong an L-shaped route and emts the
light toward a -Y direction. Incidentally, in the 38 follow ng
description, the optical systeminside housing 36 is described as a
light-transmtting system 36 by using thé4sane reference code as
housing 36 for the sake of conveni ence. Moreover, on the upper

surface of seg@%@c§@F§§s£éﬂeﬁﬂﬁQﬁm§an%B%f%éHF Qyéfiﬁ%ﬁg?%% EQQikgnes

are directly formed in"a predetermne pitch along ea our si des.
More speci fi cahbyrunentr@#dbyonhenghstideiarshdrhacehbeartisdwle s Aikbeosed
X-axis direction of second water repellent plate 28b (both sides in
t he hori zont alindi Fett ¢xample Flthe pamph¥escaf edn Bviatli®nauld PBBY2cat don
fornmed respective Y scal es 39Y1 and 39Y2 are each conposed of

spectively,  and _. “each comp
a reflective §PatP QOEEL%ﬁ M9 s tlildR grat PREIOYRA ngsavpErEveRt

a reflecti AGOREIE: el fiiocio gFat PRBIOYei ngeavpER: ok
he- T ong b ABETHEF Se FERETR PG L es, Pk Bbs BEBoTRatd i dror

predet er i nedephh§he 1ot ed QRhnh 1Y 8¢ TABePARBL 6841 LA ING Y4 8N R0,
(Y-axis direction). Simlarly, in areas on one side and the

ot her side i n99PHé0¥enxitbedidmtispondihgEpatenmheplli epelderubpiateion
28b (both sides in the vertical direction in FIG 4A), X scales 39X1
and 39X2 are Fernkd072spedt iGRsl plsanBexusedt es 39X1 and 39X2 are 20

cach composed of @ JSILSNE IiRILAG (e 0, dilrac i oncaraling) oo
0 ol P b e U S B
X-axis (X-axi $J8pa19edd Ahexamined Patent Application 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, a configuration similar to the one that is
15 disclosed in, for example, Kokai (Japanese Unexamined Patent
Application Publication} No. 2002-014005 (the corresponding
U.S. Patent Application Publication No. 2002/0041377) and the
likecanbeused. Incidentally, three measurement members (94,
96 and 98) are to be arranged at measurement stage MST in the
20 embodiment, however, the types and/or the number of
measurement members are/is not limited to them. As the
measurement members, for example, measurement members such
as a transmittance measuring instrument that measures a
transmittance of projection optical system PL, and/or a
25 measuring instrument that observes local liquid immersion
unit B, for example, nozzle unit 32 (or tip lens 191) or the
like may also be used. Furthermore, members different from

the measurement members such as a cleaning member that cleans

nozzle unit 32, tip lens 191 or the like may also be mounted



25 As each of the scales, the scale nmade up of a reflective
diffraction grating RG (FIG 10A) that is created by, for exanple,

hol ogram or the |like on the surface of second water repellent plate
28b is used. In this case, each scale has gratings nade up of narrow
slits, grooves or the like that 39 are marked at a predeterm ned

di stance (pitch) as graduations. The typéd5of diffraction grating used
for each scale is not limted, and not only the diffraction grating

made up of grQav i re nechanically formed, but
p of grog ﬁaaeﬁﬁrb&é f%ﬁafaagc{%sza y

al so, 5 for exanple, e di ion‘grating that is created by

exposing interferenne dHd RGBSR RenRHOLESERS] Bd VEedrP b1 cRE SHSEfhe
However, each scale is created by marking the graduations of the

di ffracti on geetsngs thet aveafpéguennl rupet cuchetsweepnedd3Bamit dudpiance
for exanple, a pitch of | pmon a thin 10 plate shaped gl ass. These
scal es are covEREArw4 An¢ Rediiaduinage peasssing| inat(nmnest P6fald phaced

fil d ib b .. l.nci dent al th itch of th ti [
Shown muore vi §br &1 SCRI R T Tan Y A8 PaaF LBF (OHEoT Gt Wite cdkETHf of
conveni ence. FBEs§AReAS JtdiR M0 | PnOtdES A qy o eihébﬁiﬂ[h@hg,
manner, in the enbodi ment, since second water repellent plate 23b

itsel f constihatesrémentsualieg, thegelSserise ciht Pe | gy tdi8id®by moving
expansion is to be used as second water repellent plate 28b. wever,
the present imngaferenents st@ge MUt edlyoinhils Yarekis Sdaleethenbeithade
up of a gl ass Iateté.(f) or the like with | owthermal expansion on

whi ch a gratifg7 39 fOtsEEAPRy SHPEG BE3FPxeR Oif theXigpéiirsatiage of
CERE P ER SR e e T

or the like so as to prevent | rinkagérexp :
a water repel } enémilaie ﬁl@nm_ﬁQhﬁ*&%é@mi}eﬁk&&e&%@%&hgrge&ﬁ_o%%virﬁg

applied on the entire surface may be used i'nstead of plate 28. O
waf er tabl e WBnedetdirsdniee boenediby tisderdcades vaist A laulm@nation light
coefficient of_ thermal expansion, and in such a case, a pair of Y
scal es and a Paion bhe xmegg| i foer o satdinopbt el sy tenePlippgralso

surface of mﬂggreﬁﬁﬁgf%dwwﬁhicgois disclosed in, for example, Kokal

15 (Japanese Unexamined Patent Application Publication) No.
11-016816 (the corresponding U.S. Patent Application
Publication No. 2002/0061469) and the like. The illuminance
monitor is also preferably placed on the centerline.

Incidentally, in the embodiment, liquid immersion

20 exposure is performed in which wafer W is exposed with exposure
light (illumination light) IL via projection optical system
PL and liquid (water) Lg, and accordingly irregular
illuminance sensor 94 (and the illuminance monitor), aerial
image measuring instrument 96 and wavefront aberration

25 nmeasuring instrument 98 that are used in measurement using
illumination light IL receive illumination light IL via
projection optical system PL and water. Further, only part
of each sensor such as the optical system may be mounted on

measurement table MTB {and stage main secticon 92), or the



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. By severally
projecting an interferometer beam5 (measurenent beam) to reflection
surface 17a and reflection surface 17b agd receiving a reflected

i ght of each beam Y-axis interferonete ©16 and an X-axis
interferonmeter 126 (X-axis interferonmeter 126 is not shown in FIG 1
refer to FIG edligé sielseifeiopBtabcesdeitdd8rén&itetab e M8 (Rd stage
measure 10 a di splacenent of each reflection surface froma datum
position (genseahl gecidn x¥) .mrror is placed on the side surface of
projection unit PU,_ and the surface is used as a datum surface) ,

that is, position i G éR BECwaifer asfageeveTened Mt adhaexy pemery
and the reasupSnPOt-MALNISS 3he SIRRLLEA AL JIPLRe 12y S OF $Lad ndfh
| nterferonpt eiLeRNdK oI5t MRIdPLAlRECEL20e st F@Xhal o the end
interferometer having a plurality of optical axes I'S usel, an hased
on the measureuefdce adriahedf-YYsadeSoENt i€ NAET &eckBoand2)X- 8XhSir of
interferoneter 126, main controller 20 can 20 nmeasure rotation

i nformati on iphetredesedfiigctsiystefms. 4 are chixay) i dthat vdoinntorofittiten
inthe ey direction (i.e. rolling), and rotation information in the
ez direction $FEET PARLAGP0FT £~ XbF AARESH 1PN 48P #B AR @PERENG Of
X-position angd Y [ L. f er, e B. In.the enmbodi t
however, 25 B%%E%@gﬁén?n%ﬁhffrg%’wl%ﬁ%\et aWe&taﬁSPEgﬁa ﬁgfﬁﬁéjtrf%a

rotation jionf osamt i N 1iyHNE r@ Al £ eEhé 08y s imdVefeer BLage, BT (waf er
table WIB) is mainly neasured by an encoder system (to be descri bed
| ater) that iprodustetddidon syakemsadd ihecofuseriedidaacbpbeda Bboyeem
and the |like, and the neasurenent values of 41 interferoneters 16
and 126 are s¥Shddr id yeds¥d lERSt he tiglkls mrtivigonMedsmeohgsuehnas a

fluctuation of_ the asyr.enent, val ues of the encoder system (e.g. due
to def or mati cﬁ‘t‘oc;f\?érf‘urﬁilrpgl&fr Fﬂlée'sc%dzg,h%‘ﬁsﬂ% t‘lf‘ialzelﬁo‘il%e%&l}e@bt efys is
(calibrated). s # IS 'Qﬁﬁif r t IS fqr .
measuri ng theot!\:{d:i[)c%)dsg?tflrtc))ﬁl g%[éévéfileﬁf ta I5§ 8\5{% g}?e 'g%eéﬁsrilﬁﬁ%gagot Flaér, n
unl oadi ng5positd @mbid et Oadi A0sPoss tikurd v e deseli hed Lager),
for wafer replacenent. Further, also in novenent of wafer stage WST,
for exanpl e, Meaanaemeat! sstdongMdPernt i olosad tageahegnwenhidOa
operation, and/or between an exposure operation and an unl oadin
operation, mEHSHEFERLTCA! 8L AEAT N 0¥ thEt Bridk v rbimectdpst dimaledindat

is, at |east of, iLthon,information j.n.directions, of five

degr ees of frcg)glcefgﬁt(gﬁétg- éxf‘%?u&%%(lls?n dxl,gl'%y Ii‘n%h@f BRPeRBFBns) is
used. 15 I ncidemsalittedatnkeagh Oa6h Hridtt ehf-ge0 i
(such as an opti call s?sterr) rrgy be arrarnged ata%ltéhg@rgrg{hﬁé%‘?%ﬁg%%t
hol ds pr @pectdagrtewni SLPYf measayemd:so gimtay anged guntiedr By yasht h

projection unit PUthat is supported in a suspended state as is
descri bed abdightpiranspithéngnpyeierenie dnd aefceiordtby the

light-receiving element of each photodetection system 44.
That is, measurement plate 30, light-transmitting systems 36
and photodetection systems 44 constitute an aerial image

25 measuring unit 45 (refer to FIG. B8), which is similar to the
one disclosed in Kokai (Japanese Unexamined Patent
Application Publication) No. 2002-014005 (the corresponding
U.8. Patent Application Publication No. 2002/0041377)

referred to previously, and the like.



20 system 118 is to be arranged at the neasurenment franme descri bed
above. Incidentally, in the enbodi nent, wafer stage WST is to
i nclude stage main section 91 that is freely novable within the XY

pl ane and wafer table WIB that is nounted on stage nain 25 section 91
and is finely drivable relative to stage in section 91 in the
Z-axis direction, the Ox direction and tﬁgaBy di rection. However, the
present inventionis not limted to this, and a single stage that is
novabl e in directi omsagtashiesegennsr a2, eeaotusmy:al 5Or Q@ceeRho¥Es:,
as wafer stage 42 WST as a matter of course. Further, instead of

refl ecti on suphactll7ecteniredkfticedsi en“Slrbact) 146, ttmindsabldeniprof a
made up of a planar mrror nay al so be arranged at wafer table WB.

Mor eover, posPEFoRtfRTOMRERSIN NGV IRGT 8r rehaed WisT seqtd 9pals shers ured

using the ref ion.surface of the fixed,mrror arranged at .

proj ecti on un%ggéégaggagpéﬁﬁﬁ%%ﬁﬁgf%@g%eﬁufstﬁﬁFiﬂgﬁéi?ﬁ%%ﬂ%épg tRethe
dat um sur facexisxpb agerbdiSidiPt bbMba£dsé 0 PNGJRGLIAR AL vﬁ{ao?{%d on
position information of wafer stage WST does not al ways have to be

measur ed usi nges Serémered sHageoMSTIBYFHnL hekinémat e reydndisteltture.
position information of wafer stage WST neasured by interferoneter
system 118 is not t9lisEe GPedarndfnsexpes e vmpucdgtaweostandard gnnent

operation (to _be described later) but is to be mainly used.in a
calibration o %?%T?Eﬁm%ﬂtt%#?daifgéer°E§§?%%1?%?%ﬁ EHFHCR HoRD18 HEY

neasur ement values). ol d %%(#ﬁgﬁn%ﬁp@\éﬁgioﬁﬁa%ghgg%n%eégéﬂ r@h'e ra?r];d

interferoneter system 1l e. ast “oné osi tion i nformation

in directitonsngtef b¥esdRAeRs a0t dniaedet)adble Hat@rl8145€dHd F1at ness
operations such as the exposure operation and/or the alignnent

oper ation. | ndedmecemiothasrgner28urhecengddesusystemaeadusas 48055 tdedn
information of wafer stage WST in directions of three degrees of
freedom thath}el fodie RERPAEOFPRUSIT AENEX- a%i % Sor-apliledaddtenr plane

measur enent {PrSrSiat FOACBEL Arey TP B e it B EES e IR S 350 [ r?-
25 [ nfor mati o s @kAlab:d oralt figy 6t jsreegéffmﬁ)é SPREBASLE TR v-axi s
directions (the X-axis, Y-axisand9z directions) of position

i nfor mat ilan odivedteirorstiageeddcbivéhe fneedelinsSysd emcifi@k ve¥a8Mph€ end
related to the Ox direction and/or the 9y direction may al so be used.
O, in additiBertieonshenpeset pbde iarfdhtint pbher side in the longitudinal

direction of CD bar 46. The pair of reference gratings 52 are
formed apart at a predetermined distance (which is to be “L”)
in the symmetrical placement with respect to the center in

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

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

25 three-row arrays in the Y-axis direction in the same pitch,
and the array of each row is formed belng shifted from each
other by a predetermined distance in the X-axis direction.
As each of reference marks M, a two-dimensional mark having

a size that can be detected by a primary alignment system and



43 related to different directions, position information related to
the sanme directions as the neasurenent directions of the encoder
system (i.e. at |least one of the X-axis, Y-axis and ez directions)
may al so be used. Further, interferometer 5 system 118 nay al so be
capabl e of measuring position information_of wafer stage WST in the
Z-axis direction. In this case, position4?nfornation in the Z-axis
direction may be used in the exposure operation or the I|ike.

Measur enent stagenlyBlyi 1G] gHiRS tSE PGB (RoSBEId Y32 caNHadOr A is used.
measur enent table MIB nounted on stage main section 92. Measurenent
table MIB i s Ref@atedcemastkdfaageIiscsketdidife®2nal S0skape g cénlsevelitbhon)
mechani sm (not. shown). However, the present

i nvent i oni snof FPHi F Gt Far&nd!, petekandie embadimentntr eficrgackBvark
havi ng a so-cglled coarse/fine ion structure in 15 which

measur enent tgb?%ghﬁﬁﬁﬁ%fﬁﬁnﬁ355J dgFVﬁeﬁ§en%@ﬂ%l%PWEHH#uFéQBeEPdtﬁlso

stage mai ng S_eemefma%% £ Re e e 5 ity gxt{l:% e X axi 5 ARG Rk
and the Oz direction nmay al so be enployed, or a configuration nay

al so be enpl oyeded fewii.chIneasaremant, tabtiee MEB IS mEh¥ 0K ser@88e of
mai n section 92 and stage main 20 section 92 includi ng nmeasur enment
table MIB i s @Pibatblé amd diheestt Hnce off Béxsdegnests teblerMERiqwhich may
Vari ous types_of}gﬁgsurenent nmenbers are arranged at neasurenent

table MIB (ani™$ ThE MeRSUEEBRNG 2R S cdegpn e absewnarn FLes,
2 and SA . 5 i lar. illugi .
sensor 04 t nat HEREE T AP PR ke bt dr® e 1 P, B PR, ELimy

receives 1d | usgpatdony i ght 1L on an inmage plane of projection
optical system PL, an aerial inage neasuring instrument 96 that
measures an aeri al Almagen( phej ett edd i smgi)cofara] paiet eknehBatut Bace of
projected by projection 44
measurement table MTB, reflection surfaces 19a and 19b are
formed similar to wafer table WIB as described above (refer
to FIGS. 2 and 5A). By projecting an interferometer beam
15 (measurement beam), as shown in FIG. 2, to reflection surfaces
1%a and 19 and receiving a reflected light of each
interferometer beam, Y-axis interferometer 18 and an X-axis
interferometer 130 (X-axis interferometer 130 is not shown
in FIG. 1, refer to FIG. 2) of interferoneter system 118 (refer
20 to FIG. 8) measure a displacement of each reflection surface
from a datum position, that is, position information of
measurement stage MST {e.g. including at least position
information in the X-axis and Y-axis directions and rotation
information in the 8z direction), and the measurement values
25 are supplied to main controller 20.
Meanwhile, as shown in FIG. 2, stopper mechanisms 4B8A
and 4BB are arranged at X-axis stator 81 and X-axis stator

80. As shown in FIG. 6 that shows the vicinity of the +X side

end portion of X-axis stators 80 and 81 in a perspective view,



optical system PL, and a wavefront aberration nmeasuring instrunent 98
by the Shack-Hartman nmethod that is disclosed in, for exanple, the

panphl et of International Publication No. 03/065428 and the |like are
enpl oyed. As wavefront 5 aberration neasuring instrunent 98, the one
di sclosed in, for exanple, the panphl et gg I nternational Publication
No. 99/60361 (the corresponding EP Patent”Application Publication No.
1 079 223) can also be used. As irregular illum nance sensor 94, a

confi gurati onstBppesihechd srhagAnené Nated & dhsekos®sbiver 49R serving
exanpl e, Kokai (Japanese unexam ned Patent Application Publication)

No. 57-117238a¢thbudberegpdnihay i4 SrrPayentatNe-asid6Ta368)8Rrtd hade
|'i ke can be used._ Further, as aerial_inmage neasuring instrunent 96, a
confi gurati onUBifh 4 &Prt eXmelynant fibt dadres, dansdosButier 4%y arranged

| e, Kokaj ese U ined P i i Pub] i i
Sxamls, Tokal (Japatese oot ravent oL oo en P LG L
Publi cati on N9or 2092y QQ»{H@LE%%SG- Lide dd %ﬁa@af?gQ%g&g‘cﬁk lagggggtgia& 1,

t hree neasurenent nenbers (94, 96 and 98) are ange

measur ement shaghdVpésioibhen?R-axbe Gumnir, 8 hAMRME FactB&HOHRESh ShekhF
t he nunber of neasurenent nenbers are/is not limted to them As the
measur enent néfberan dpaninoadpRe isn€asmednent nmenbers such as a
transmttance neas%%iggginstrunent t hat nmeasures a transm ttance of

proj ection optical * ¥R PR, Fidf oS PR RS T RS U (95 Viske BrivhBhE e e hans
obser ves, | ocae sk WIRLERON (0t B o[ PSP, OEELE MLyt
di f f erentiof r oyas hevaeasuperBite dRADERS SHGE RS 02 ShERMNNG 1REFRShe4 Nt
cl eans nozzle unit 32, tip lens 191 or the |like may al so be nounted
45 on neasur efrenti St BSE0 and includes, for example, an air cylinder
and the like. Accordingly, shutter 492 can make opening 51A
be in an opened state or a closed state. The opened/closed
state of opening 51A by shutter 49A is detected by an
15 opening/closing sensor 101 (not shown in FIG. 6, refer to FIG.
8) that is arranged in the vicinity of shutter 494, and the
detection results are sent to main controller 20.
Stopper mechanism 48B has a configuration similar to
stopper mechanism 48A. In other words, as shown in FIG. 2,
20 stopper mechanism 48B includes a shock absorber 47B that is
arranged in the vicinity of the -X end portion of X-axis stator
81, and a shutter 49B arranged at a position on X-axis stator
80 that faces shock absorber 47B. Further, at the +Y side
portion of shutter 49B of X-axis stator 80, an opening 51B
25 1is formed.
Herein, the operations of stopper mechanisms 48A and 48B
will be explained based on FIGS. 7A to 7D, focusing on stopper

mechanism 4BA as a representative.

In the case shutter 49A is in a state of closing opening



In the enbodi ment, as can be seen fromFIG 5A, the sensors that are
frequently used such as irregular illum nance sensor 94 and aeri al

i mage neasuring instrunent 96 are placed 5 on a centerline CL (Y-axis
passi ng through the center) of neasurenent stage MST. Therefore, in

t he enbodi nent, measurenent using thesessiensors can be perforned by
novi ng neasurenent stage MST only in the”Y-axis direction wthout
novi ng the nmeasurenent stage in the X-axis direction. 10 In addition
to each of thélaessehswedestrIged7mbeven wier K-l BaGR oFOP1 O/d khadi s
has a |ight-receiving section having a predeterm ned area size that
receives ill uﬁtﬁ&@togo | ¢gptr  ¢llo sen togethawgas ptlamen afn (M1G.edBi, ol-axis
optical systemPL may_al so_be enpl oyed, which is disclosed in, for
exanpl e, KokaPt35°F3apnrffh 8hEramPReBOPaI T AHI9T &Y shock absorber

Publ i cati on) 6 e rresponding U S.. Patent licatian
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enbodi ment, liquid i rmersilon 20 exposurelq]%apérforned #}n thligjh vﬁ.flecrh
Wis exposed wafdér expoburntdH iaght méebhvamemt i tibld MTE) doln¥tacome into
projection optical systemPL and liquid (water) Lqg, and accordingly
i rregul ar il | GfrhaGe @idbnsach otheangvemen thargarmebensrd heay, seetic

i i i, NSt t 96 ,and f t ab ti 25 [
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wat er. Further, only part of each sensor such as € optical system
may be naunt ethétn MAEL &FehotabhBs MiBek aNh LAGE IRIsNS8EL | 8Ad 9le

or the 46 entire sensor nay be placed on neasurenent table MIB (and
stage mai n seetéml DDength becomes shortest) as shown in FIG. 7B.

Cn the other hand, when shutter 492 is driven downward
via drive mechanism 34A as shown in FIG. 7C, opening 51A is
in an opened state. In this case, when X-axls stators 81 and

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

20 stators Bl and 80 are closest to each other, wafer table WIB
and measurement table MTB (CD bar 46) can be made to come into
contact with each other (or, to come closer together at a
distance of around 30Qum) {(refer to FIG. 14B and the like).

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

25 so that a gap is formed between shock absorber 472 and a
termination portion (a portion corresponding to a bottom) of
opening 51A even in a state where X-axis stators 81 and 80

are closest to each other, or may be set so that head section

104d of piston rod 104a of shock absorber 472 touches the



As shown in FIG 5B, a frane-shaped attachnent menber 42 is fixed to
the end surface on the -Y side of stage main 5 section 92 of

nmeasur enent stage MST. Further, to the end surface on the -Y side of
stage main section 92, a pair of photodetection systens 44 are fixed
inthe vicinity of the center position iﬁ the X-axis direction inside
an opening of attachment nenber 42, in t & pl acenent capabl e of
facing a 10 pair of light-transmtting systens 36. Each of

phot odet ect i onespshatboddpd Bt icanposadtbér ANLOMIdA toy prereadChhask a
relay lens, a light-receiving el ement such as a photonultiplier tube,
and a housingabﬁatbﬁéué%&'ﬁhgﬁiEﬁdli90©b¢bougff¢mﬂnﬂﬁg3§lA4Bramdc5ﬁﬁng
and the description so far, in 15 the enbodinent, in a state where

waf er stage WEFLAnPHARUMHBNEASH AjPRBTVER it thSeFa s B gETaTes RERRPRS
a predetermn istance in. Y-axis.di tjon (ingluding a contact
state), ill umggag}lign@?ilg%jtéﬁ%%afn gﬁgslgeéﬁgt}r{aanxslrﬁ t lert?ﬁtﬁ'ggﬂgﬁ ‘éh@ﬁh
aerial inege gepagid &PBNIng bbkt28n RRktLI4b Bk Kt TRAMLEFRM QE@Bfﬁéche
is guided by each light-transmtting system 36 and received by the

| i ght - recei vi ngtlel 2nemntoft padh theotedet teé i movaysitem 44. That i s,
measurenent plate 30, light-transmtting systens 36 and

phot odet ecti on syst®EiE.dentaddsri 0t Bhencmeediatertrage P23 rmeésatopoer
unit 45 (refer to FIG , [ is simlar to the one disclosed in
Kokai (Japane@%cm%ﬁédamgtﬁh a&ﬁp‘:i’ctéﬁ 8T 3BE6A ehtf Gt sngtator 81
2002- 014005 ( : eSand] u g nt i i i i

No. 2002/ 0041%@(%& Paterre ol e\%"é’ggﬁ,’ oHIPPhE s fbrnty heehislons,

att achmerito meqgreand2;9 Emspafseert i atahiprd,(beeeitidd me N 1dYsimi lar
referred to as a "CD bar") 46 that is nade up of a bar-shaped nenber

havi ng a rectan§licapns gesiconbedsitape nad slerovbe asangedf @t eade rnerdps
is arranged extending in the 5 X-axis direction. CD bar 46 is
ki nemat i cal | YLt fepsyyement stage MST.

Referring back to FIG. 2, a clearance detection sensor
43A and a collision detection sensor 43B are arranged at the
15 +X end portion of X-axis stator 80, and a plate-shaped member
41A that is elongate in the Y-axis direction is arranged
protruding to the +Y side at the +X end portion of X~axis stator
81. Further, as shown in FIG. 2, a clearance detection sensor
43C and a collision detection sensor 43D are arranged at the
20 -X end portion of X-axis stator 80, and a plate-shaped member
41B that is elongate in the Y-axis direction is arranged
protruding to the +Y side at the -X end portion of X-axis stator
81.
Clearance detection sensor 43A is composed of, for
25 example, a transmissive photosensor (e.g. LED-PTr
transmissive photosensor), and includes a fixed member 142
having a U-shape, and a light-emitting section 144A and a
light-receiving section 144B that are respectively arranged

on a pair of surfaces facing each other of fixed member 142,



nmeasurenent stage MST by full-kinematic nmount structure. Since CD bar
46 serves as a prototype standard (neasurenent standard), optical
glass ceramcs with a | ow coefficient of thermal expansion, such as
Zerodur (the brand 10 nane) of Schott AG are enpl oyed as the
materials . The flatness degree of the ugg{gr surface (the surface) of
CD bar 46 is set high to be around the s level as a so-called
datum pl ane plate. Further, as shown in FIG 5A a reference grating
(e.g. diffracasoshgrmatiimg)c52e8hosepar ¢ ek eideelet@rt SbheSErdrS 43R, in
direction is respectively fornmed in the vicinity of the end portions
on one side ahbetAesetFrerxisi dtator B kodgKtadimastator 81 come close
di recti onof ar4 The pair of reference gratings 52 are forned

6. f
apart at a predsEReRitREd td'}esFEﬁE%o(fvﬁGchsi§1ﬁ535é?132°%“ieﬁb?§e413 comes
trical ty wth t e ce | N e _X-.axls
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Further, @ tbectpperiay baeetRE GRRAE 4R, 1 8gRELUER] dddhPhebrl SheNEE
marks Mare forned in the placenent” as shown in FIG 5A~ The _
plurality of iefigrtenceptadksy M asweef uiEdodrt 2 blirEeEstHWhabedyhedibe r

the Y-axis direction in the same pitch, and the array of each rowis
formed bei ng $kif Pad 2 dd@héa@eantity received by light-receiving section

144B gradually decreases and the output current gradually
becomes smaller. Accordingly, main controller 20 can detect
10 that the clearance between X-axis stators 80 and 81 becomes
equal to or less than a predetermined distance by detecting
the output current.
As shown in FIG. 6, collision detection sensor 43B
includes a fixed member 143 having a U-shape, and a
15 1light-emitting section 145A and a light-receiving section
145B that are respectively arranged on a pair of surfaces
facing each other of fixed member 143. 1In this case, as shown
in FIG. 6, light-emitting section 145A is placed at a slightly
higher position than light-emitting section 144A of clearance
20 detection sensor 43A, and light-receiving section 145B is
placed at a slightly higher position than light-receiving
section 144B of clearance detection sensor 43A so as to
correspond to light-emitting section 145A.
With collision detection sensor 43B, at the stage where
25 X-axis stators 80 and 81 further come close to each other and
wafer table WIB and CD bar 46 (measurement table MTB) come
into contact with each other {or at the stage where wafer table
WTB and CD bar 46 (measurement table MTB) come closer together

at a distance of around 300 um), the position of the upper



ot her by a predeterm ned distance in the X-axis direction. As each of
reference marks M a two-di nensional mark having a size that can be
detected by a primary alignnent systemand 48 secondary alignnent
systens (to be described later) is used. Reference mark M nay al so be
different in shape (constitution) fromfiducial mark FM but in the
enbodi nent, reference mark M and fi duci aI5 mar k FM have the sane
constitution and also 5 they have the sane constitution with that of
an alignnent haillf pbruhbderoiNplatei-denatall yembart hEn endbaditTeritwekhe
surface of CD bar 46 and the surface of neasurenent table MIB (which
may i ncl ude t BeghEasufbhibhy srerber d 4§8surd bedhtibovesiving s¢culaolébRd

with aliquid_repellent film(water repellent film 10 severally. .
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FIG 2, to reflection surfaces 19a and 19b and receiving a refl ected

| i ght of eachcontact eridimeezech béhar (Yraxosmeialtosefrerarmiterr 48 addsaance

X-axis interferometer 130 (X-axis interferoneter 130 is not shown in
FIG 1, refer®forFPend 230hiimnkyr feterbing shsteufpMs curerat f2gomo
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-X end portion of X-axis stator 80 are also configured similar
to clearance detection sensor 43A and collision detection
sensor 43B described above, and plate-shaped member 41B is
also configured similar to plate-shaped member 41A described
15 above.

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

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

25 of avoiding intricacy of the drawing. Primary alignment
system ALl is fixed to the lower surface of a main frame (not
shown) via a support member 54. On one side and the other side

in the X-axis direction with primary alignment system ALl in

between, secondary alignment systems AL2; and AL2,, and AL2,



Meanwhi l e, as shown in FIG 2, stopper nechani sns 48A and 48B are
arranged at X-axis stator 81 and X-axis stator 80. As shown in FIG 6
that shows the vicinity of the +X side end portion of X-axis stators
80 and 81 in a perspective view, 49 stopper nechani sm 48A includes a
shock absorber 47A serving as a buffer ugj,t that is arranged at
X-axis stator 81 and nade up of, for exanple, an oil danper, and a
shutter 49A arranged at a position (the end surface on the -Y side of
the +X end 5 podt AbR) whese aeitecsiaboceBlethatrd avkstahadklabpsor ber
47A. At the position on X-axis stator 80 that faces shock absorber
A7A, an openi A§MBERriSa}bf RIfced with nespRetnte stHadols, lghet LErare

4921 is driva ' irections of _.arrqws A and A (Z-axis direction
by a drive macgz §ﬁ%§ﬁ?{§%&&%ﬁat Tt Sanbbie (?r}ltgﬁélep$ Y Heepyy ALL and
openi ng 51A f i - axd r .80 e , e

air cylinder gﬁg{a?ﬁeﬂ%? Z%gig?gr%%?na?y?ﬁgﬁu%%y%}eggggﬁaéggg%)%%ié?\%e
51A be in 3n ppeced st ati€fereatchosti@iatio. thbexopenediceesednst @i
of opening 51A by shutter 49A is detected by an 15 openi ng/cl osing
sensor 101 (nd%: shbawed Rlong the Kebsistdife@id). that is arranged in

the vicinity of shutter 49A and the detection results are sent to
mai n controll er 20.A8 15 rep&egppbrtigehantRonudy sesordasis afignnsen

simlar to st anj i t rds, as _sh in EFlG 2,
205t opper meehanTAIe el chse SRER otk TG ne SR Th (Pl €0 A
arranged in the Mx@dtbya ofig NeurXiRgMQIY b2Nah Xeaisy, SLA Oko3Y) Al
a shutter 49? arranged at a position on X-axis stator 80 that faces
shock absdr becam 7ABIrFatdverd, aatrotheisl semisepa@ tasonhef cehdbikein49? of
X-axis stator 80, an opening 51B 25 is forned. Herein, the
operations ofPEYINIMEchaA0 AsTaBIE o GBEHiilSe Baderplarhedkbbsed

(r)gerIE:SGeSht ;.:[A\i E/cgi:ge%tjfo%csusz.iranISP ft O&%eEhgegrE&%]éjﬁnngn 8,Aaa?pa%tial section
of each secondary alignment system AL2, (e.g. including at
least an optical system that irradiates an alignment light

15 to a detection area and also leads the light that is generated
from a subject Amark within the detection area to a
light-receiving element) is fixed to arm 56, and the remaining
section is arranged at the main frame that holds projection
unit PU. The X-positions of secondary alignment systems AL2,,

20 AL2;, AL23 and AL24 are severally adjusted by turning around
rotation center O as the center. Inother words, the detection
areas (or the detection centers) of secondary alignment
systems ALZ;, AL2;, AL23 and ALZ2, are independently movable in
the X-axis direction. Accordingly, the relative positions of

25 the detection areas of primary alignment system ALl and
secondary alignment systemsr AL2,, AL2,, AL23 and AL2, are
adjustable in the X-axis direction. Incidentally, in the

embodiment, the X-positions of secondary alignment systems

AL2,, ALZ2;, AL23 and AL2; are to be adjusted by the turning of



In the case shutter 49A is in a state of closing opening 50 51A as
shown in FIG 7A, even when X-axis stator 81 and X-axis stator 80
cone cl ose together as shown in FIG 78, X-axis stators 81 and 80
cannot conme any cl oser by shock absorber 47A and shutter 49A com ng
into contact with (contacting) each 5 othgr. In this case, a
configuration is enployed in which wafer table WIB and neasur enent
table MIB do not cone into contact with each other even in the case
where a head %86t Roms104tbwWeivead the gotegerdf imvehstion ifodcdil4dmited to
shock absorber 47A noves tq the npst -Y side (i.e. in the case where
a spring 10 (h8tSshdih)2 GrigroRcharbibdhaty Arévae reraendrsyt alaaanensd

[ h in FlG . , On_t he,
other hand. wAYSCERTTR abhes ALPT B Abaniark 9 Tarthetnadm aie
34A as shown Hﬂrgbﬁ.oﬂ%aﬁ@l@d‘%é%rﬁﬁggﬂ.ag‘ﬁ"tﬁpaqf%‘?:q sta Sa?kg?ﬁgiﬁf

case, when X-axis stators 81 and 15 80 Cone ose to each o

| east part5 of sacongapprdliomnentpisybeans ®wLI04a105, HIPGKkasdhFOIhehadBe
can be inserted into opening 51A as shown in FIG 7D, which nmakes it
possi bl e to nErEaklexios enky dnhgXamei Bdicentiohdsdralaw eadtheoY hexis

than the state,shown in EIG, 78, In such a state where X-axis 20
stators 81 and*BRCHI¥ ¢l JSELFCREAehEN DG Pakds &F £ashes sxmnddvey

TR Tent AP OR, OB AR A e b, IR D SPOLREL o
300pm (referotatd fartdthandst fitkdd k@) arfdS 63hP¥helaBuFLG al &&nsor
depth of opening 51A may be set 25 so that a gap is fornmed between
shock absdr befnd7 fshavth)a suehmiasagnohnper f¢ ooméiae Pordr @n eacba8pondiHg
to a botton) of opening 51A even in a state where X-axis stators 81
and 80 are cl38R¥T e &1 YoMREFUTEr PR bEOR etnfymatdonhéadtbeck Tl s
104d of pi st O&ifeocgciloonélgf Osfed%rﬁggzlgyaéqsl%lh%eelﬁtégyp\sée?nul(-‘;:lr,]fns, élh I(ralay be capable
of measuring position information in another direction, for
example, the Y-axis direction and/or the rotation direction
15 (including at least one of the 6x and 8y directions).
On the upper surface of each arm 56, a vacuum pad 58,
{(n=1 to 4) that is composed of a differential evacuation type
air bearing is arranged. Further, arm 56, can be turned by
a rotation drive mechanism 60, (n=1 to 4, not shown in FIG.
20 3, refer to FIG. 8) that includes, for example, a motor or
the like, in response to instructions of main controller 20.
Main controller 20 activates each vacuum pad 58, to fix each
arm 56, to a main frame (not shown) by suction after rotation
adjustment of arm 56,. Thus, the state of each arm 56, after
25 rotation angle adjustment, that is, a desired positional
relation between primary alignment system ALl and four
secondary alignment systems AL2; to ALZ24 is maintained.

Incidentally, specific rotation adjustment of each arm, that

is, an adjusting method of relative positions of four secondary



51 term nation portion. Further, in order to prevent shock absorber
47A and a wall portion of opening 51A fromcomng into contact with
each other even in the case X-axis stators 81 and 80 rel atively nove
in the X-axis direction, a width 5 of the opening portion may al so be
set in advance in accordance with a quaz%%ty of the relative

novenent . Incidentally, in the enbodi nent, a pair of stopper
mechani sm 48A and 488 are to be arranged at X-axis stator 81 and
X-axi s stator a8@gnieneveystom VMIgietof AB2 ppieh mespact ste diEA and
488 may al so be arranged, or a stopper nmechanismsimlar to the one
descri bed aboféifyelf sty Heemufldngdd labendfaerHredel kBT -and

measur enment stage T.. Referring.,back to FIG 2, a clearance |,
det ection sensor 4%%%\*%%%&”% SPohPY TR PoROSERR Oy e gin frame

arranged at t + i - axi &, stat gnﬁ

pl at e- shaped ?}gﬁ%g? %&fg\%?ﬁgl?g }asﬂgggégia%ga%d}'t %g %i%%?rso | ee(aict 'S ?%50
arranged (@ ot bademgl dged Nithst¥asi @& abctb| padeswl portion of X-axis
stator 81. Further, as shown in FIG 2, a clearance detection sensor
43C and a col | i si onlrdéheceiord searsor a438ach @faprangey ati dnimen20system

end portion of_ X-axis_stator 80, and_a pl ate-shaped nenber 41B t hat
i s el ongate i ALLNENY-EBY% SECOREAEEN 2L 9BReRR gBP TR Addinke tAL2he Loy

side at the _%(xgr&glé),oratr{. %AOf(E%(éi‘éi EmgégtzgiigSn]fﬁent) system by an image

processing method is used that irradiates a broadband

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

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

20 Incidentally, each of the alignment systems described
above is not limited to the FIA system, and for example, an
alignment sensor, which irradiates a coherent detection light
to a subject mark and detects a scattered light or a diffracted
light generated from the subject mark or makes two diffracted

25 lights (e.g. diffracted lights of the same order or diffracted
lights being diffracted in the same direction) generated from
the subject mark interfere and detects an interference light,
can naturally be used by itself or in combination as needed.

Further, five alignment systems ALl and AL2, to AL2,; are to



Cl earance detection sensor 43A i s conposed of, for 25 exanple, a
transm ssi ve photosensor (e.g. LED- PTr transm ssive photosensor), and
i ncludes a fixed nenber 142 having a U-shape, and a light-emtting
section 144A and a light-receiving section 144B that are respectively
arranged on a pair of surfaces facing each other of fixed nenber 142,
52 as shown in FIG 6. Wth clearance detdction sensor 43A, in the
case X-axis stator 80 and X-axis stator 81 cone close further from

the state of MeGar@anhbat &n ShiedatHmhRnt41AGHRS: Paireimber of
i ght-receiving section 144B and light-emtting 5 section 144A and

the light fromligghtnertstiensg b2 abitdninti44l ts fiveermaphed Haytite hamber
hal f portion of plate-shaped nenber 41A, and a light quantity
recei ved by | ieghelr e s megestbanciva 402 gaaaldic prdéeseathan diediry her

t put t d | b |1 . A i ly, i
control |er 20 8 dnPHeFEE P HE T AT e te1 5r AES bA BERH: S P8 YsPa 5he
80 and 81 becques AMd: 10Ok hkeSH m@e@ p&%@%@gr@‘ &%gtﬁé %@B&ﬁm@{t,
) shown I'n G766, CO

detecting the output current I'sion
det ecti on sengake43d8igmedntdas, s ensXad1MmBARCATAA80NANE DGR YoSBRPRixed
and a 15 light-emtting section 145A and a |light-receiving section
1452 t hat aretpeshecdiowes] punfaanged the majpaifraofe shatf doElkid acbhgeehsch
ot her of fixed nenber 143. In this case, as shown in FIG 6,

li ght-emtting?sEcFYon" 4 5NRROLH Fe8@eat 24  sIHGIRVSE  hitg§BePrpdsnti on

th light-em.tting. A 144A. of ,cl 2 tecti .
43A and |1 gntov RGO g SBE TaMi Sas et Hiacaacat oh SISy SRRgRLYS
posi tion ihanghi ghtek €S95¥LRS r iﬁ\bé%@aﬁtgeglo%%ﬁ@ﬁsa9@£&ﬁéﬂtgv9¥ﬁne

sensor 43A so as'to coriespond fo light-emtfing section 145A
col li sion det descotbea®nanrli4e¥l3, at the stage where 25 X-axis stators
80 and 81 further conme close to each other and
In exposure apparatus 100 of the embediment, as shown
in FIG. 3, four head units 62A to 62D of the encoder system
are placed in a state of surrounding nozzle unit 32 on all
15 four sides. In actuality, head units 62A to 62D are fixed to
the foregoing main frame that holds projection unit PU in a
suspended state via a support member, although omitted in the
drawings such as FIG. 3 from the viewpoint of avoiding
intricacy of the drawings. Incidentally, for example, in the
20 case projection unit PU is supported in a suspended state,
head units 62A to 62D may be supported in a suspended state
integrally with projection unit PU, or may be arranged at the
measurement frame described above.
Head units 62A and 62C are respectively placed on the
25 +X side and -X side of projection unit PU having the
longitudinal direction in the X-axis direction, and are also
placed apart at substantially the same distance from optical

agis AX of projection optical system PL symmetrically with

respect to optical axis AX of projection optical system PL.



waf er table WIB and CD bar 46 (neasurenent table MIB) cone into
contact with each other (or at the stage where wafer table WIB and CD
bar 46 (neasurenent table MIB) cone cl oser together at a distance of
around 300 pn), the position of the upper 53 half portion of

pl at e- shaped nmenber 41A is set between Iight-enitting section 145A
and light-receiving section 145B, and thefefore the light from
light-emtting section 145A is not incident on |light-receiving

section 1456. pAeeRéA] Nl BRI B280RKE0EIBTa R0 Ldphlatioel vt Pak 00t dh

tabl es cone into contact with each other (or conme Cl oser together at
a di stance of theotids30O g vy sdeleecfi pgoidet i puttitc B @akihgothe

| ight-receiving section 145B beconmi ng zero. Note that clearance
detecti on sens®rg¥BEiimwml ddirecsion 1m et dcerkdn densoriargPrchareaakso

dinth icinity of the -X. en ortion of X-axis stator 80
e nteo contPiaved e OF SubserBiialal i Sarbors ohacs Tron apkical

e o3 L SRR RS P o i 2 S
described 15 above.As shown in FIG. 3, head units 622 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
LH that passes through optical axis AX of projection optical
10 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) 70A
(refer to FIG. 8) that measures the position in the Y-axis
15 direction (the Y-position) of wafer stage WST (wafer table
WTB) using ¥ scale 39Y;. Similarly, head unit 62C constitutes
amultiple-lens (six-lens, in this case) Y linear encoder 70C
{(refer to FIG. 8) that measures the Y-position of wafer stage
WST (wafer table WTB) using Y scale 39Y,. In this case, a
20 distance between adjacent Y heads 64 (i.e. measurement beams)
equipped in head units 62A and 62C is set shorter than a width
in the X-axis direction of Y scales 39Y; and 39Y; (to be more
accurate, a length of grating line 38). Further, out of a
plurality of Y heads 64 that are equipped in each of head units
25 62A and 62C, Y head 64 located innermost is fixed to the lower
end portion of barrel 40 of projection optical system PL (to
be more accurate, to the side of nozzle unit 32 enclosing tip

lens 181) so as to be placed as close as possible to the optical

axis of projection optical system PL.



I n exposure apparatus 100 of the enmbodinent, in actuality, a primry
al i gnment system AL1 is placed on straight |ine LV passing through
the center of projection unit PU (optical axis AX of projection
optical system PL, which also 20 coincides with the center of
exposure area IA in the enbodi nent) and being parallel to the Y-axis,
and has a detection center at a position®Phat is spaced apart from
the optical axis at a predeterm ned distance on the -Y side as shown
in FIG 3, although ! i G 21 Vi -SRQl :
avoi di ng intricacy %fgr@t%eﬁgrl;\?viﬁgf BY| %?g‘g ﬁ:]nérrent @sy%tg[uéﬁp%%lw%gh &
fixed to the bowealstuyfefgsekea Mmivhifs agBe( NMOtheshiaWa) What 2 reUPDREEd
menber 54. On one side and the other side in the X-axis direction
with primary &hi ghnehghsykiremIA Bti a beevdetarmseednifatarald giimegt the
systems AL22 gnd AL22, and AL22 54 and AL24 whose detection centers
are substanti arf+s FHICR-| yPRIERST Rieed Pkl L8 eauinraft vithea

LV are severa B i i iLgnnent syst.ens ALl an
AL22 to ALD4 g#ér%%’ggg&go(%%gent 15, %hégt ‘g%‘:? o1 e o YRR % BFigﬁd
at different pefb{épNSHR RNSEEXEEAHI SRELT §Raky i 811 gYnReed

the X-axis directi on}.q © As is rgpr esente%qip\?el y %homl/r?q{)y 3%9&9
secondary al i §hheate Syst ethodn?24n £ach 3pcontedds dd ghaenhreyplesedlch
(n=1 to 4) is fixed to a tig (turni ng end) of an arm56, (n=1 to 4)
that 10 can t8FredgBuddng F¥tak foRreentermined dissavent erHdas anit 62B

det i d i [.ockwi d ticl kwi di tions
PR G 3 e ORe ERa me At EABIATLRRr  CeeTRn 1 oath CYesorasr) X
al i gnment; ;sysi 8RR AL 2o dfRied- ('heegwﬁafgeér éﬁ@é%lff}e%%&lr% 'gﬁyageg‘nt@?t

irradiates an alignment light 15 to a detecti area an so | eads

the |ight thaénisdgeneraiedecheomta” HPhheeledRIHBM t&idly LREFEe! @614 10
area to a light-receiving elenent) is fixed to arm 56" and the

remai ni ng sedt¢diss she gogedian irhehedi-axfisaher actdonhid ldsX ppoeg Bcidmn
unit PU. The X-posjitions of secondary alignnent systens AL22, 20
AL22, AL23 arf AL Sagsy ¥rd Waéafu%%*ége BERIumasiing #r 6aader 9%t on

center 0 as t e@erh'ealdnugtigeﬁzl}ﬁpégﬁs%%{]@%/é:sft eCtui&Lgﬁ’%%Egﬁgor t he

det ecti on centérs) df secondary arignie AL23

and AL243gre {dspapdend,y ifo¥abEecifet Ne Poid:S HibaEL 98p {refer to

Accordingly, the relative positions of 25 the detection area

primary ali grimgu 83ystemméhiuans theconses yt idn gARRITe rSySi§AWSALAa fer
AL22, AL23 and AL24 are adjustable in the X-axis direction.

| nci dent al | y,t3%l e fEBRnYedngehtscalre 38posiBinherof isetbademyodiment,

al i gnnent systens AL2 AL22. AL23 and 24 are to be adjusted by the
turgi ng of y or examp%é, at the ti2me of allgnment (to be des]cribed layter)

or the like, two X heads 66 out of eleven X heads 66 that are

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

25 Herein, some of eleven X heads 66, in this case, three
X heads are attached below support member 54 of primary
alignment system ALl. Further, a distance between adjacent
X heads 66 (i.e. measurement beams) that are equipped in each

of head units 62B and 62D is set shorter than a width in the



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

X-axi sdirection but also in the Y-axis di®fecti on. I ncidental ly, since
part of each secondary alignnent system AL2 is noved by arm 56,

posi tion i nformakianidfed@nidf k dBled Fok] X648 308, AW RPmok8 accurate,
measur abl e by a sensor 10 (not shown) such as an interferoneter, or

an encoder. The leagsbrofiayraniyg MeEasuRg ) posittthed NfxomRL 68 1B8chhed
X-axis direction of secondary alignnment systemAL2,, or may be
capabl e of neaduerngspodtt ivh & ploradttvrd X asetlhef 6 dilat tanen qufipped

exanple, the Y-axis difrection and/ the rotation direction 15
(i ncl udi ng atlpeﬁg?hd%%qEﬁaql$Qléﬁ g%% A fqedei Sk¥gd to the dowegeend

upper surf C:pg{c};?@ﬁrbﬁ!’t Barrél V&C#E?;géchlé]?#ﬂ:c%lt 8}7%11):%1% g%% be

COI’TpOSGd (0] erential evacuati o e alr earil ng rran

Further, arm R6reCadcheatdy nedl die 1Bt aki APz £1é Mg I carieM88ng( PES
to 4, not shown in FIG 20 3, refer to FIG 8) that includes, for

exanpl e, a notensdrl)hso kiskey bernpleesgbas elbsei axspoasibbascofharepBical

controller 20. Main _controller 20 activates each vacuum pad 58, to

fix each arm 8BASt ot PTRIFFFANOPEAGRLsRERREM YL suct i on aft er

rotation adjustnent,of arm56". ,Thus, the state of each arm 56, after
t?ﬂﬁ'$%?

25 rotation angle adj st o0 1de fds PREQNHBEY 13 N Y PR
bet i . I
etween prd Maay2 AldngnWBNELSY Sk eM L1 and fo%sfﬁsgfﬂg%hyq? SN BLo,,

systens AL21 to AL24 is nmaintained. Incidenta specific rotation
adj ust ment of Yeheddareny,t batl 68y, alrcadiespleichgvary hasrHige®) altowr
positions of four secondary
detection points are placed on a straight line parallel to
the X-axis that passes through the detection center of primary
alignment system ALl and are substantially symmetrically
15 placed with respect to the detection center. The distance
between Y heads 64y, and 64y, is set substantially equal to
distance L described previously. Y heads 64y; and 64y, face
Y scales 38Y; and 39Y; respectively in a state where the center
of wafer W on wafer stage WST is on straight line LV as shown
20 in FIG. 3. On an alignment operation (to be described later)
or the like, Y scales 39Y; and 39Y, are placed facing Y heads
64y; and 64y: respectively, and the Y-position (and the 8z
rotation} of wafer stage WST is measured by Y heads 64y; and
64yz (i.e. Y encoders 70C and 70A composed of Y heads 64y, and
25  64y,;).
Further, in the embodiment, at the time of baseline
measurement of the secondary alignment systems (to be

described later) or the like, a pair of reference gratings

52 of CD bar 46 face Y heads 64y; and 64y, respectively, and



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

In the enbodi nent, as each of primry alignnent system AL1 and four
secondary alignnment systens Al21 to AL245T¢ or exanple, an FIA (Field
| mage Alignnent) system by an inmage processing nethod is used that

irradiates a preadbshsh dibWededd @arbeam & hatasloess Al +exPRS8:iEeSh Sb+
on a wafer to a subject mark, and picks up an i nage of the subject

mar k f ormed osaehlofgie Eemosie/angt plgng2 by ¥ headefddgtaad ¢4 ghind faring
the subject mark and an image of an index (an index pattern on an

i ndex plate af?é‘ﬁ@%‘élc_waf(’ﬁtﬁ-rﬁlfcﬁz% Enrigt fs?lsi{oyrwh HRg( d@fczﬁgm ),

ng an i maging device (such as , en out puts ir ,
:J?r:ag?ng si gng?ggo%ﬁés |)%had:l i i &WRPS%Poﬂ?Qgc}he%é]s p%ﬁa??da??}éh@ﬁﬁ'ng
system ALls an ' I 4 .Sy . o:
SUppl 1 ed To Mar h RoNT oS0 Th e B ke P T ek Y
al i gnnent syslemsasiesciddiats alayants70pt (Fdrat eb texd.he)Fl A system
and for exanple, an alignnent sensor, which irradi ates a coherent

detection |ight to Thesubiserementk vahdesietfesls 1d neeatdrereekrsi Hia tor7 GF

diffracted Iight generated fromthe subject mark or makes two
di ffracted 255F¢ gHRPIIE Y toumpinacPrbretipr Lbf anske "adreceorbeelipr 20

diffracted controls the position within the XY plane of wafer table WTB
10 based on the measurement values of linear encoders 70A to 70D,
and also controls the rotation in the 8z direction of CD bar
46 based on the measurement values of linear encoders 70E and
70F.
As shown in FIG. 3, in exposure apparatus 100 of the
15 embodiment, a multipoint focal position detecting system
{(hereinafter, shortly referred to as a “multipoint AF system”)
by an obligue incident method is arranged, which is composed
of an irradiation system 90a and a photodetection system 90b,
and has a configuration similar to the one disclosed in, for
20 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
25 placed on the -Y side of the +X end portion of head unit 62A
in a state of opposing irradiation system 90a.
A plurality of detection points of the multipoint AF
system (90a, 90b) are placed at a predetermined distance along

the X-axis direction on the surface to be detected. In the



lights being diffracted in the sane direction) generated fromthe
subject mark interfere and detects an interference |light, can
naturally be used by itself or in conbination as needed. Further,
five alignnent systenms AL1 and AL21 to AL24 are to 57 be arranged in
t he enbodi nent. However, the nunber of alignment systens is not
limited to five, but may be the number effial to or nore than two and
equal to or less than four, or nmay be the nunber equal to or nore

than six, or gR¥o@Eméle, BheYRIMNUTRES of Rk ERE R iWQEe%%%gygfcgr

in the enbodi ment, five alignment systens AL1 and AL21 to 0
be fixed to tarahohes iurfhacerebntbrenti of f4 arey halrikohdsingobestisn
unit PU, via support nenber 54. However, the present invention is not
limted to th#Rd Mreplumsexiinpsea takalivenddr alfi gierectiopspenst spyor
al so be arranged. on the neasurenent frame described earlier.

In exposure appatd J&0186%5rathd’ EnfoteM 2%s BALhPT @ EpEalnuman
reed U1 o201 40 o, e, Excos pret o e plaeer a8 slels ol

sur roundi ng nozzi e unlf[ on ou_r di _ n ac
units 62A to Sehed ed bxeeh togbhect 9680 40 188E BodF AB, thabqhatds are

projection unit PUin a suspended state via a support ‘nenber,
al t hough om tned individually shown, but are shown as an elongate detection
area AF that extends in the X-axis direction between
irradiation system 90a and photodetection system 90b. Since
10 the length of detection area AF in the X-axis direction is
set to around the same as the diameter of wafer W, position
information (surface position information )in the Z-axis
direction across the entire surface of wafer W can be measured
by only scanning wafer Win the Y-axis direction once. Further,
15 since detection area AF is placed between liquid immersion
area 14 (exposure area IA) and the detection areas of the
alignment systems (AL1l, AL2,, AL2;, AL23 and AL2,) in the Y-axis
direction, the detection operations of the multipoint AF
system and the alignment systems can be performed in parallel.
20 Themultipoint AF systemmay also be arranged on the main frame
that holds projection unit PU or the like, but is to be arranged
on the measurement frame described earlier in the embodiment.
Incidentally, the plurality of detection points are to
be placed in one row and M columns, or two rows and N columns,
25 Dbut the number (s) of rows and/or columns is/are not limited
to these numbers. However, in the case the number of rows is
two ormore, the positions in the X-axis direction of detection
points are preferably made to be different even between the

different rows. Moreover, the plurality of detection points



drawi ngs such as FIG 3 fromthe viewpoint of avoiding intricacy of
the draw ngs. Incidentally, for exanple, in the 20 case projection
unit PD is supported in a suspended state, head units 62A to 62D may
be supported in a suspended state integrally with projection unit PU,
or may be arranged at the neasurenent frane described above. Head
units 62A and 62C are respectively placeB3on the 25 +X side and -X
side of projection unit PU having the longitudinal direction in the

X-axis directppg, tar;ge a;_—.rl_eacaéos%1fgk130%ﬁeaﬂa£§i§td§éb§t&%t.i aﬂ{w‘g}i&&% Sa{E

di stance fromoptical axis AX of projection optical system

symet ri cal | yprnesént especiciba dDptricall iaxXited Ao afhipr,0pREtd XN cdPbi-Codme
system PL. 58 Further, head units 62B and 62D are respectively

pl aced on t heoi¥hepflurmldtyvoEddéest ipn pjodatisors wipé plRUeHat djfféeent
| ongi tudinal direction,in the Y-axis direction and are al so pl aced

apart at subsP@PtFHPHS IRAESSHIAR IR dLERek 37 onF BhiCAPLS  ShePANTRLtY
j ecti } 1 P j F 3. _head It
BoA and 69c vt BegUdsBn s, rav pEREARY A0S & wPrslERfe Bhes,

Y heads 64 thpttéwsedAeReEhabrar R efel ardTiady db Staness ONTaast 181 Ao
line LH that passes through optical axis AX of projection opti cal 10

system PL andpositpiaored lodl the pheradtiby ©f dboagtide péiantiss cdilenbvorco
Head unit 62A constitutes a multiple-lens (six-lens in this case) Y

| i near encoddre (Herfgupartt 8t 1eR6EL Ly Foe Fratia dligeciioy. entwddrer or
an "encoder" as_needed) 70A.(refer to FI 8), that neasures,the
position in tcﬂeetef?céﬂns)b : mdil%eg?i %ﬁ i‘fﬁ%‘%ﬁ%‘%itﬁ %ﬁ')e B Hiﬁﬁ éfys?gge
VST (vl gl t &bl othn Y8hRes YirP (kCertBddinell {1 bAE! X1 19 belt
constitutes a nultiple-lens (six-lens, 1n thi's case) i near ~encoder

70C (refer t@mlHdGbe)irradliafeastbpsrdheeanosd,t it ehtwakerrshage WST
(wafer table WIB) using Y scale 39Y2. In this case, a 20 distance

bet ween adj actgitect ivmagseH AN . Burhraswwmavenhe leagth efjdepped ion diesd
units 62A and 62C is set shorter than a width in the X-axis direction

of Y scal es 39YiNamf Lov3igtdIReiciedqes dicit Bave teehgtieail yithei spe

l'ine 38). Furaguecrhe intam%fte§ Bkuaglﬂiﬂt:ywpf Y heads 64 that are equi pped
in each of head units

15 In exposure apparatus 100 of the embodiment, in the
vicinity of detection points located at both ends out of a
plurality of detection points of the multipoint AF system,
that is, in the vicinity of both end portions of detection
area AF, one each pair of surface position sensors for 2

20 position measurement (hereinafter, shortly referred to as “2
sensors”), that is, a pair of Z sensors 72a and 72b and a pair
of Z sensors 72c¢ and 72d are arranged in the symmetrical
placement with respect to straight line LV. Z sensors 72a to
72d are fixed to the lower surface of a main frame (not shown).

25 As 7 sensors 72a to 72d, a sensor that irradiates a light to
wafer table WTB from above, receives the reflected light and
measures position information of the wafer table WTB surface
in the Z-axis direction orthogonal to the XY plane at an

irradiation point of the light, as an example, an optical



25 62A and 62C, Y head 64 | ocated innernost is fixed to the | ower end
portion of barrel 40 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 possible to the optical axis of projection
optical systemPL. 59 As shown in FIG 3, head unit 62B is
equi pped with a plurality of (seven in thts case) X heads 66 that are
pl aced on straight line LV at a predeterm ned di stance al ong the

Y-axis direct| i IS I d_w .

ol ararity of (orByerctery prasBs Wsch Bl S BUN ARREALASAE, hnjgp has
three X headsatdvaifigueskapnprivEsy oahk gaMslc SYSt S8 Ahla 8Dk ShHowWN
in FIG 3) X heads 66 that are placed on straight line LV at a

predet er m nedidistehcelntitdentally 62Z3senasts t 12 $ ca7 pallrd phbe- bensnged
(seven-lens, in this case) X 10 linear encoder (hereinafter, shortly
referred to aStahbhe Yearg@dientofrane daserred fpdededr 0B Likeer
to FIG 8).that neasures th osition_in.the X-axis direction (the
X-posi tion) of waf g‘forsetoéraé.’ %Mﬁgr6%§&seew§3p i“’r]r{:}k)('z1 ?&éﬂlré‘gég)ﬁc?f
Furt her, head i D castd tyt ul tadvpl.e- 1 n- | ens,
in this case) (él({% }er?ggr' encodée?HYﬁ)ta?r'g%rﬂ{ios E%%él)sg)g?%&(é%%ﬁgéﬁr gislsi'
the X-positioR, of=wafxr -st-age , W] (naf esrd abl-8TBt BSpRed&c8emt€ad
39X2. Further, in the enbodinment, for exanple, at the tine of

al i gnment (t odbetaiesor dedgl ageh)obrtwchetkakeht tlimeé Hbadsadé butaimfd

el even X heads 66 that are 20 equipped in head unit 62D ) )
si mul t aneous| S fR& St aNe §§ﬂ1°5ﬁ I X6k e vie steapabti veng R in

SONe casqs, | e . iy a X head 66 facin . scal
39X1 congtii tul?eeé I ﬁiei:?ﬁ‘ge#codé% bgﬁgg%gnbfﬁ%ggai:%n%%&s aanahﬁgﬁi(égyé%fe
facing X scal end8d2 euoppbidrd gaXalideab ANGAdet YR 125Hef QiR sSUR:
of eleven X heads 66, in this case, three X Heads are attached bel ow
support nenbet s&dsofs prdippayd aldgnmekd nes pgtein Akk .plRdddheymmétrrically
di stance between adjacent X heads 66 (i.e. nmeasurenent beans) that
are equi pped ¥iFle&8RPBFt Head toRiobt 6P Ad - 6 2Dy hesmronshoplvrat et s

width in the (s6i0x pairs, in this case) of Z sensors 74:,5 and 743,; and a

15 plurality of ¥ heads 64 are placed alternately in the X-axis
direction. As each Z sensor 74i,;, for example, a sensor by
a CD pickup method similar to Z sensors 72a to 72d is used.
Herein, a distance between each pair of 2 sensors 44,5
and 742,; that are located symmetrically with respect to
20 straight line LH is set to be the same distance as a distance
between Z sensors 74c and 74d. Further, a pair of 2 sensors
74,,, and 74,4 are located on the same straight line parallel
to the Y-axis direction as with Z sensors 72a and 72b.
Further, head unit 62A is equipped with a plurality of
25 (twelve in this case) Z sensors 765, (p=1, 2andg=l, 2, *----- '
6) that are placed symmetrically to a plurality of Z sensors
74;,5 with respect to straight line LV. As each Z sensor 76
p.qr @ Sensor by a CD pickup method similar to Z sensors 72a

to 72d is used, for example. Further, a pair of Z sensors 764,31



Y-axis direction of X scales 39X1 and 39X2 (to be nore accurate, a

| ength of grating line 37). Further, X head 66 |ocated innernost out
of a plurality of X heads 66 that are qui pped in each of head units
62B and 62D is fixed to the lower end 5 portion of the barrel of
projection optical systemPL (to be nore accurate, to the side of
nozzle unit 32 enclosing tip |lens 191) s6%as to be pl aced as cl ose as
possible to the optical axis of projection optical system PL.

Moreover, on the 78, side QBpﬁ@é@r&ﬁrﬂﬁeabéﬁ@Mai%ﬁt emhd 05 f\lehk ang, o
the +X side of secondary alignnent system AL24, heads 64yl and 64y2

are respectivdliyeatiamgssl,wittiose seeiseeti 8dcpandtB2dr e pl aced on a
straight line parallel to the X-axis that passes through the
detection center ofIptideartpldlicgareRiCsy3: dngamremeitaséage MST is
substantially_s rically.15,pl aced with respect to the detection
center. The d9§¥gﬂgé‘%Efﬁbiﬁq?lﬁeﬂﬁ§e%§EEQL%Eﬁ& BhpH 13 ‘umed By water
substanti al | ypgonai gt o, dirsd L j |HS N dg, 64
and 64y2 face g scal es 39Y2%§%§e38%§§§é§gg%%$%§¥$ |r1%§%§§ap§%m%%$eggp

the center of lsasersiien swabhar byt age-185krice eadst 1ai ghiurddhee, LYnas1g.
shown 20 in FIG 3. On an alignnment operation (to be described |ater)
or the like, ¥ szatete39¥2 mode3d¥lindicptased Ffamingi¥-weads thdying
and 64y2 respectively, and the Y-position (and the Bz rotation) of

waf er stage VBISFEM fedurR@Ysy d¥Yhaalsvbasa ampearare 16, add sakediehs
[0C and 10% GrBRgf alns X adsobENd AU EB e LU B ol bl
L ITEnEY ST g daciiag s A Lok, b5, upiloele
respectivel y,damiflddat He indiostddiny ohtChnbakrdbwissinreasuned abirthe-,
position of each of reference gratings 52 by Y heads 641/ 2 and 64y2
and facing @& reference code UP indicates an unloading position where a
wafer on wafer table WTB is unloaded, and a reference code
LP indicates a loading position where a wafer is loaded on
15 wafer table WTB. In the embodiment, unloading position UP and
loading position LP are set symmetrically with respect to
straight line LV. Incidentally, unloading position UP and
loading position LP may be the same position.
FIG. 8 shows a main configuration of the control system
20 of exposure apparatus 100. The control system is mainly
configured of main controller 20 composed of a microcomputer
(or workstation) that performs overall control of the entire
apparatus. Incidentally, in FIG. 8, various sensors such as
irregular illuminance sensor 94, aerial image measuring
25 instrument 96 and wavefront aberration measuring instrument
98 that are arranged at measurement stage MST are collectively
shown as a sensor group 99.

In exposure apparatus 100 of the embodiment having the

configuration described above, since the placement of the X



reference gratings 52. In the foll ow ng description, encoders that
are conposed of Y heads 64yl and 64y2 facing 5 reference gratings 52
respectively are referred to as Y-axis |inear encoders 70E and 70F
(refer to FIG 8). The neasurenent val ues of six |inear
encoders 70A to 70F are supplied to main _controller 20, and nain
control ler 20 controls the position withPf the X plane of wafer
table WIB 10 based on the neasurenent val ues of |inear encoders 70A

to 70D, and aksg169MdPNSsthEed Shalh for itAph BentE Al HECLL O @farERebA 4

46 based on the nmeasurenent val ues of linear encoders 70E and 70F. As
shown in Fl G tBe phastpasurcf appax diessisl Ghdofr hbedd S e deediriBBel, alBove
mul tipoint focal position detecting system (hereinafter, shortly

referred to ad8T8 eTRAQAVSDI it SARLlepsBEKY rnsy 38%: ovdd uend moiden2B and

hod i whi ch d of i dj ati 90
and o phot odcPal Ibegrt &) 0B Pacl T S368nPR Gl ST SPHh Farcties
the one di C|9§?1dah8’ gﬂrar?t?hgéé 1%§6§§?&Q%Wﬁgayg%ﬁgg%fﬁghﬁ%s

Pat ent Application Publi“cation) he corresp

Patent No. 5, 849, 334) capdrtBpett keely FatBec2ARAIHEN L tRSUAFLXAMR
irradiation system90a 1s placed on the -Y side of the -X end portion

of head unit é2eciidreotmdet eanigenc ysd Bar e des WET pliaeedaonahdee inY
side of the +X end portion of head unit 62A in a state of opposing
irradi ati on syRtemvedgr stage WSR mavigsaf ¥ yrhefa biegraren toan@ dinet sxp@sytee
mul ti poi nt AF_syst.em (9Qa %(r)eb) re.placed at a predeterm ned
di st ance al on%g%( A0y & e(?f“gSﬁl'ﬁﬁmf)n’e FUrfaseETH Bglagt SRt B 1n
the 62 empodifBiMngd Rechl Hsatidy. ah g&4 8.l ORLPOLBLSARI$ Hhaﬁfﬁf. foy
exanpl e, in the arrangenent of a row matrix having one row and
col ums (M i sard t98,altheunbedsofthadletfeele @RepObAt &3p&idiiay iXNgches remsy
and N colums (Nis a half of a total nunber
scales are indicated by being circled.
Therefore, in the effective stroke range of wafer stage
WST described above, main controller 20 can control position
15 information (including rotation information in the 6z
direction) within the XY plane of wafer stage WST with high
precision by controlling each motor constituting stage drive
system 124, based on the measurement values of at least three
of encoders 70A to 70D. Since the influence of air
20 fluctuations that the measurement values of encoders 70A to
70D receive is small enough to be ignored when comparing with
the interferometer, the short-term stability of the
measurement values that is affected by air fluctuations is
remarkably better than that of the interferometer.
25 Incidentally, in the embodiment, the sizes (e.g. the number
of heads and/or the distance between the heads) of head units
62B, 62D, 62A and 62C are set in accordance with the effective

stork range of wafer stage WST, the sizes (i.e. the formation

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



5 of detection points) . In FIG 3, the plurality of detection points
to which a detection beamis severally irradi ated are not

i ndividually shown, but are shown as an el ongate detection area AF
that extends in the X-axis direction between irradiation system 90a
and phot odetection system 90b. Since 10 the length of detection area
AF in the X-axis direction is set to aroffAd the same as the dianeter
of wafer W position information (surface position information ) in

the Z-axis di Reebr@InGLy 098 e EPLEE £y UREBRE ARl £lia PG DR wsT,

measured by only scanning wafer Wn the Y-axis direction once.
Further, 15 sabteoflef®ct isaralaceddRf; i3pxp| agey, bekdween, |fidpd Gead units
i mersion area 14 (exposure area |IA) and the detection areas of the
al i gnnent sysf@éhs ‘%%1,62,&_2%1 ALQ e X imed vALRYY 4hl tihe Yoaxi scales

direction, thg detgl%éi on of%grati ons of the nultipoint AF system and
the al i gnment yStetV T 4R &S 6P rEESPoRGHthl pef Wn2G5The FruPKapR} o

AF syst emdray S 0 Ln.fra th hol d

proj ecti onjrﬁn?l?élﬁﬁf gfsfa;hggggf%fl %ﬁ{jhlfgs*%aéﬂgééﬁrfnaené’%i'oﬁc?i%s 39Y; and
measur enent fganpqdeacbkhest eakki €5 fdtd RecCHDOGIUER.. In the case one
Incidentally, the plurality of detection points are to be placed in
one row and ME£d snadesod X wend B&atud dleCoEWMmsa125 1oN, the Inmbedes
(s) of rows and/or columms is/are not limted to these nunbers.
However, in thet dese the haaBernbi, rdwes scehesofaemridie hisadposits oirs

in the X-axis_direction of detection points are preferabl de to be
di fferent evehh%fﬁ&?%lf’ﬁes%?]?ee@ﬂ?ero .a%%r%@\%‘,’m'?h@%jl EE%F???F%‘
detectio oi : I -.ax] i T iop. .

Hovever . Uhe Brosent” Pentr ot Siercft Mg st L IR, ey

sone of the pind akidireaftideisesdn eBnpeant By MRYHRE: Alaced ahrdhéfenantne
positions in the Y-axis direction. For exanple, the plurality 5 of

det ecti on poi¢ase mne v Bl acedleal 3% andi 38k i @nd tdret dintYerssedkes BBYH
of the X-axis and the Y-axis. That is, the positions of the pluralit

of detection PY cL20 Porafece Fhse hgpererint, &Wol egates fagsetiedg
vl o0 of AN a7 cHE" EEELOD PEUT ke’ Bafife! SF WAL S ehe BT, ana
15 therefore, position information of wafer stage WST in the 8z
direction cannot constantly be measured, but position
information in the X-axis and Y-axis directions can constantly
be measured. 1In this case, position control of wafer stage
WST may also be performed using position information in the
20 8z direction of wafer stage WST measured by interferometer
system 118 in combination.
Further, when wafer stage WST is driven in the X-axis
direction as indicated by an outlined arrow in FIG. 93, Y head
64 that measures the position in the Y-axis direction of wafer
25 stage WST is sequentially switched to adjacent Y head 64 as
indicated by arrows e; and e; in the drawing. For example,
Y head 64 circled by a solid line is switched to Y head 64

circled by a dotted line. Therefore, the measurement values

are transferred before and after the switching. In other



10 detection points in the enbodi nent, but a detection beam nmay al so
be irradiated to, for exanple, the entire area of detection area AF.
Furthernore, the length of detection area AF in the X-axis direction
does not have to be nearly the sanme as the dianmeter of wafer W 15In
exposure apparatus 100 of the enmbodinent, in the vicinity of
detection points |located at both ends ou@aof a plurality of detection
points of the nmultipoint AF system that is, in the vicinity of both

end portions qQbrdstect i %ﬁ%d@ﬁen@nelﬁ%eﬁa‘t% BEr?&'ﬁﬁa&Fe QQ?EEHQ;S@;

sensors for Z 20 p03|t|on measur enent (herelnafter, shortl erre

to as "Z sensofsY)hesdiat64 sanda Hha mrahszeseGSOtﬁe7&@a§ﬁﬁbﬁ6&& Faduas

pair of Z sensors 72c and 72d are arranged in the symmetri cal

pl acenent wi t Erpespbys 4cﬂ%ﬁﬁaﬂqﬁﬂbeﬁwﬁeandjics@hsbrEEQQafﬁothzu are

fixed to the |lower s rfgﬁ f amain frame (not shown). 25 As
sensors 72a t59¥dPe upgiE §94 apd 1% Sieitgﬂ?r%’W%FEﬁntaaB’r@th

W'B fron1qpov§f %eggg %§%§Iég§1§§sﬁr ﬂ%@t a?%egeg§gég%5' 05|t|3%

information o ace |1 n Z-axrs dir'ec

or t hogonal todéggrfgedrgggvidﬁsyyﬁ irradiation point of the light, as
an exanple, an optical 64 displacenent sensor (sensor by a CD pickup

met hod), whi ch has Rumdef,gunathenehb&eimmpptsicade pi chupatsedbétween
CD drive unit, is used. Incidentally, Z sensors 72a to 72d may be
arranged on t &) MRRRkIMe Meadst Pankhafesnia sayivneri én lpad haritisk62B5and

oefve T n §orGebld, oBf b RaSibt DG, oSy p (b LYo 048 2 3 o
6) that are p&@@qdaaélsa p&@eeasmm% digtange ;g,lh L%qy gewafer
e ot SI

straight lines that are located on one side an e havi ng
strai ght |inestayd mslo ibetiveesni in thee X-axis direetion dshahdsennegtisy

a plurality of
an outlined arrow in FIG. 9B, 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
15 circled by a solid line is switched to X head 66 circled by
a dotted line), and the measurement values are transferred
before and after the switching, similarly to the
above-described case of Y heads 64.
Next, a configuration and the like of encoders 702 to
20 70F will be described, focusing on Y encoder 70& that is
enlargedly shown in FIG. 103, as a representative. FIG. 10A
shows one Y head 64 of head unit 622 that irradiates a detection
light (measurement beam) to Y scale 38%Y;.
Y head 64 is mainly composed of three sections, which
25 are an irradiation system 64a, an optical system 64b and a
photodetection system 64c.
Irradiation system 64a includes a light source that

emits a laser beam LB in a direction inclined at an angel of

45 degrees with respect to the Y-axis and 2-axis, for example,



Y heads 64 and are parallel to straight line LH In this case, Z
sensors 741d and 742d making a pair are placed symmetrically with
respect to straight line LH Furthernore, plural pairs (six pairs, in
this case) of Z sensors 741d and 742d and a 15 plurality of Y heads
64 are placed alternately in the X-axis direction. As each Z sensor
74, for exanple, a sensor by a CD pickupsﬁethod simlar to Z sensors
72a to 72d is used. Herein, a distance between each pair of Z

sensors 741d anfenfdofdidsr ah8ek a0t adasy M@l Leallp Wist b4 EsPest £40
20 straight line LHis set to be the sane distance as a distance

bet ween Z senspkiciidpatido?ddseFurddnel.B emidied £if orsseisondudtdls 4aapd
742,4 are |ocated on the sane straight line parallel to the Y-axis
direction as WPth Z sensors 72a and 72b. Further, head unit 62A is
equi pped with a pl lve inthis case) Z sensors

[it f 25
L PPed N S PR, 8583y QAR ¥ B e GREE R e A bt argbean

plurality of ] j f§ﬁ¥§ﬁ r.al | : h
Z sensor 7% Ptggfﬁgﬁgfeﬁgéfmgi/é@ag%é pi c upp%g?%é‘gﬁg%*aérln?%lag}%Zgﬁ%%?%’
72a to 72d isayseid; offore sxedpldh mEuEbherR 1A apal K119f 14n8€8SIZS 24113,
65 and 762,3 are | ocated on the sane straight line in the Y-axis
direction as @Raht@r servedeagZicpkakks’Adereinaftet poiedentrald yo dsnaR Q@
3, measurenent stape MST is omtted and a liquid inmersion area that
is formed by Ratk?) FEiG ARAJELR ¢ RRELecicehaLkEens i anandii, endgehe
MST and tip leps 191 is shown by a reference code 14. Further, in

FIG 3, a reference code 78 indicates a local air-conditioning system

that bl owsp dry air pMasRidieerebat Yyerds odi ustadhddd a Bredet sLpi ned
tenperature to the vicinity of a beam path
(analyzer), a photodetector, and the like.

In Y encoder 70A, laser beam LB emitted from
semiconductor laser LD is incident on peolarization beam
splitter PBS via lens L1, and is split by polarization into

15 two beams LB; and LB;. Beam LB; having been transmitted through
polarization beam splitter PBS reaches reflective diffraction
grating RG that is formed on Y scale 39Y;, via reflectionmirror
Rla, and beam LB; reflected off polarization beam splitter PBS
reaches reflective diffraction grating RG via reflection

200 mirror Rlb. TIncidentally, “split by polarization” in this
case means the splitting of an incident beam into a
P-polarization component and an S-polarization component.

Predetermined-order diffraction beams that are
generated from diffraction grating RG due to irradiation of

25 Dbeams LB; and LB;, for example, the first-order diffraction
beams are severally converted into a circular polarized light
by A/4 plates WPlb and WPla via lenses L2b and LZ2a, and

reflected by reflection mirrors R2b and R2a and then the beams

pass through A/4 plates WPlb and WPla again and reach



10 of the multipoint AF system (90a, 90b) by, for exanple, downflow
as is indicated by outlined arrows in FIG 3. Further, a reference
code UP indicates an unl oadi ng position where a wafer on wafer table
WIB i s unl oaded, and a reference code LP indicates a |oading position
where a wafer is |oaded on 15 wafer table WIB. In the enbodi nent,

unl oadi ng position UP and | oadi ng positia% LP are set symmetrically
wWth respect to straight line LV. Incidentally, unloading position UP

and | oadi ng pgsiitDisdRiieahe sbhetsapepPOSh{ itWhciflGrnd Shawss d1
configuration of the control system 20 of exposure apparatus 100. The

control systepatls imithe reonfrsgdr ddreéthahn control |l er 20 conposed of
a mcroconputer (or workstation) that perforns overall control of the
entire apparatus. |FRGhdehthpRplardzptEonglingstions afehietyodaamsathat
irregular illyumnance,sensor 94, aeri [ e, neas 25 instrunpent

¢ | [
96 and waver r5hY® ABAFTEE bR Wenkl 1y P At SR te o8 BOhbe SHL CAF Ahgel
At easur efTeningf 208 YTa8h eSO A LUSHUCENENNAS 3130801 1OEQUR 39,

| n exposure appara avi ng the confriguratTon

descri bed abomesrsfdies the P acerrderoliFheadt i®O Ketal 68 Beuh Y.B5CalAS
on wafer table WIB as descri bed above and the placenment of the X

heads and Y heagipravidesty itbedsmbbived aheoceghlpwjied izXtdoaleanG9Xli et
39X2 and head _units 62B and 62D (X heads 66) respectively face each
other, and Y ZR31%% spidgetednaisovolantr Haal Bisias Sp2AthRY BBT gnd is

heads o0 01 GERS, MY EnRRO.B0NE. serertiaelar L acgaeachoother

without fail Than e iveé STroke ran

range injphi chi M-Qrdatrader VEI-fmNeHehal ok hse Al Loe: 38d theriously

exposure operation, in the enbodinent), as is exenplified in the 10
drawi ngs suchrefldetEs ofA poilth 2R atline deamaspyitidr FRGSL sy anshided
the heads that face the corresponding X scales or Y scales are

i ndi cat ed by Haivghcpodegdzation beamesrffigiter PBSt hadeffesynresizaske

ran f fer ri Y in r ol r 2 n
cgn?remo p\ggi teqoﬁea}l%e:t‘i\é\g lgirev?fth l13:%% gfgsteior er d(J;.%Q}:agt:ngn be%mcgf beam

IB; and is incident on photodetection system 64c.

15 Then, the polarizationdirections of the two first-order
diffraction beams described above are uniformly arranged by
the analyzer inside photodetection system 64c and the beams
interfere with each other to be an interference light, and
the interference light is detected by the photodetector and

20 is converted into an electric signal in accordance with the
intensity of the interference light.

As is obvious from the above description, in-Y encoder
70A, since the optical path lengths of two beams to be
interfered are extremely short and also are almost equal to

25 each other, the influence by air fluctuations can mostly be
ignored. Then, when Y scale 39Y; {i.e. wafer stage WST) moves
in the measurement direction (the Y-axis direction, in this
case), the phase of each of the two beams changes and thus

the intensity of the interference light changes. This change



15 information (including rotation information in the Az direction)
wi thin the XY plane of wafer stage WST with hi gh precision by
controlling each notor constituting stage drive system 124, based on
t he measurement val ues of at |east three of encoders 70A to 70D.
Since the influence of air 20 fluctuations that the measurenent

val ues of encoders 70A to 70D receive is’Snall enough to be ignored
when conparing with the interferoneter, the short-termstability of
the neasurenemnh vhbuBstddwity oathect 8debyebficd | ILdMatiORRtested by
remarkably better than that of the interferoneter. 25 Incidentally,
in the enbodi phatodetectsigessysteq 6dhe andbessbfideadsfandtabnt be

di stance between the heads) of head units 62B, 62D, 62A and 62C are
set in accor dAREerIRIE tH efhecdnfensi by kehamge I awlfet ssagheWST,
the sizes (i.e,_ the formation ragge of , diffractiqn gratings f the
scal es, and tﬂ%a%'lil{(%men%ya BSO?%E}n%ﬂ‘iﬂdq%%ﬁe ecf’ia'éec‘tgre%"g‘%%lzg]?’ra?‘u%
of wafer ag . . e
nead uni 1 690 GBS CE3A ARG RICF BRnoR veTyC Baliaft Yharrades 10F
scal es do notAbauehtendoaie,t &g ca0b868PRNANGG Read1upiés orfFatorex B,
5 one of X scal es 39X1 and 39X2 and/or one of Y scales 39Y1 and 39Y2
do/ does not haveund G.deo tikeuhedd dmicidehhalhg, casetlonencbdXrscaf eshe
39X1 and 39X2 or one of Y scales 39Y1 and 39Y2 does not face the head
unit, three s%%?‘égmfe&te e 55048 tRi F5Ci nl{Bre ¥93ctiopn EBr BREIRGIMYe

f waf t T . 1 Ltion inf tiqn_of. waf
otage T i nFrehondl 8nklel LAl Sre B oRER L ROy i R e BEe oS Hen
measur ed.10FUrdhefrath Agt e neSL1 LNBe0fsal,Saal £43EL 130G 32 and pne

of Y scales 39Y1 and 39Y2 do not face the head units, two scal es face
t he head uni ts0B,nbeha B fieckehlergéd Dk ashoangexafqwbs esd1st agapXBEdd wilth
15 therefore, position information of wafer stage WST in the 8z
direction carfiicttidééndCant |y be neasured, but position
i nf or mati oni nt heX- gxi ghand Y-Exi s di.rectiqQns can constantl

&sé&,

b
measured. In this , SpBSRET B coritT §1°3 el-N8t PE° %1”%# dihso
be performed mgﬂ&&%&ngbggngg%ggggrgmfgn Rl Sl heeki ol o,

waf er stage WST nmeasure _ rometer system 113 1 n conbrnati on.
Furt her, 16hergraafiely 54 a@EohEd duedtbd LR rind 1tdig A swdSo HidtBell Qb sths,

indicated by an outlined arrowin FIG 9A, Y head 64 that neasures
t he position the tiéch- afi thdi deffiartishn wafdrin?s pstragel WsTox sentirely
sequentially switched to adjacent Y head 64 as indicated by arrows el
and e2 in t h&EMdM8RiSng OTFERCexakipl 2100 ddd dLPSe Gfedrpyabirg| time i ne
is switched tg Y 64. cirecled b a.dot?rj?lin Therefore, th
neasur ement va elfeers}%gcgé %lrnacnesﬂé?reé:g%ﬁ(“f‘,fl&c uggd Jaxft%gle nler"f‘esué‘-\ﬁ“%ﬁivr?é.uelsn
ot her become larger along with lapse of operating time, the errors
20 need to be corrected. In the following description, grating
pitch correction and grating deformation correction of scales
that are performed in exposure apparatus 100 of the embodiment
will be described referring to FIG. 11.
In FIG. 11, reference codes IBY1l and IBYZ indicate
25 nmeasurement beams of two optical axes out of multiple axes
that are irradiated to reflection surface 17a of wafer table
WIB from Y-axis interferometer 16, and reference codes IBX1

and IBX2 indicate measurement beams of two optical axes out

of multiple axes that are irradiated to reflection surface



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

di stance between adjacent Y heads 64 that are equipped in head units
62A and 62C is set narrower than a width 5 of Y scales 39Y1 and 39Y2
in the X-axis direction, as is describegkgreviously. Furt her,
in the enbodi ment, since a distance bet n adj acent X heads 66 t hat
are equi pped in head units 62B and 62D is set narrower than a width

of X scales 39% oangh RIX2aple ¥OntMOmKAsS FhiSLFUhAS, B2 €leSahibad
previ ously, when wafer stage WST is driven in the Y-axis direction as

i ndi cated by easeunkbpedenenowebnsMpB1 £&id IXYhead HladdthsyRR@SHHESL 1y
the position in the X-axis direction of wafer stage WST is

sequenti al | y ¥k ciRspaad d¢j aceatialXt hbirk 667 (ehg.chXchéadiegs16ith a
circled by a solid.line is switched to X head 66 circled, by a dotted
line), and the-TieEth LABRCPRGETEr Y% FRREPEF AR HoRe Ll Rk igads

(e, S1LCH nsc MG Lok b phovesdiscrhied cse oF Yheeds of

Next, a configuration and t e of enco W ll be

descri bed, fonusd A mete@NCOEBhnd Dde tiah &S Har 98l Y.vshowe i dedHG
10A, as a representative. FIG 10A shows one Y head 64 of head unit

62A that i rrafiieties iatdefectmorer ilghtaf messuwrenehe baaygi tionYogaafer
39Y1. Y head 64 is nmainly conposed of three sections, which
25 are an irri@hie FoR wihah dbhe e upt-i ciinkiatbim segsunamant beams

Fi'aht  sour ce TR SARTES & eR LA HLAHITE TS Yotk FORPRRE o ko in
angel of 145 degleLeeaWiii &SRAALLILBE YA & 8P0a £gRXiSind QbnBYXAIRAS the
centers of a plurality of Y heads 64) that passes through the
optical axis of projection optical system PL and is parallel
to the X-axis, and the substantial measurement axes of X-axis
interferometer 126 coincide with straight line LH parallel
15 +to the X-axis that passes through the optical axis of
projection optical system PL. Therefore, X-axis
interferometer 126 can measure the X-position of wafer table
WIB without Abbe errors.
First, deformation of grating lines (warp of grating
20 lines) of the X scales and correction of pitch of grating lines
of the Y scales will be described. Herein, reflection surface
17b is assumed to be an ideal plane, for the sake of
simplification of the description.
First of all, main controller 20 drives wafer stage WST
25 based on the measurement values of Y-axis interferometer 16
and X-axis interferometer 126, and as shown in FIG. 11, the
position of wafer stage WST is set at a position with which
Y scales 39Y; and 39Y; are placed just below corresponding head

units 62A and 62C {(at least one head) respectively, and also



69 a sem conductor |aser LD, and a lens LI that is placed on the
optical path of laser beam LB emtted from sem conductor |aser LD.
Optical system64b is equipped with a polarization beamb5 splitter
PBS whose separation plane is parallel to an XZ plane, a pair of
reflection mrrors Rla and R b, |enses L2a and L2b, quarter

wavel ength-plates (hereinafter, referred {0 as a X/ 4 pl ate) WPl a and
WP1b, reflection mrrors R2a and R2b, and the |ike. 10Phot odetection

system 64c i nehydafisRoROtPs Lxesi dand YZeddles ggﬁb%gdg!;@zct(a&ffaﬁ@tﬁm
i ke. In Y encoder 70A, |aser beam LB emtted from

sem conduct or gtasengd)Ddod nchdedenth eprpebpondhng dredacami spl 28 end RBR
via lens LI, and is spllt by polarization into 15 two beans LBl and
LB2. Beam LB rRSReFiglYRleh transnitted through pol ari zati on beam

splitter PBS reach reflectlve di ffrac rating RG that is forned
oﬁ Y scale 39Y1, vitsdter PE&Ri SRNIER T 0 mogﬁﬁ ‘b%g‘?ﬁ IR I PEctR e

off pol arizalipraneam ohl il ot PREiceachas, 4] laldwe dif %Féctﬁbfnat a

grating RGvia reflection 20 mrror cidentally,

pol ari zati on"low dpde’] egse DEads itrhehsphi éﬁd)f‘@-@efrr@rfl'ul&hﬁ%ﬁbnb@ﬁmhe
into a P-polarization conponent and an S-pol arization conponent.

Pr edet er m nedneasierentintf vasve oyt Neamns st iraterdiceogeneral édcdr bm ignored
diffraction grating RG due to irradiation of 25 beans LSI and LB2,
for exanple, ¥H& Y Fhﬁrla%?s‘ﬂlfefr?er%t"laéﬁeb‘éﬁr?%‘adﬂes é@a:@rréprrymeter 126

o MLt BBl B AL R IR A,
R2a and tigen dhe e ching amount, the rolling amount and the yawing

amount to zero based on the measurement values of Y-axis
interferometer 16 and Z sensors 74i,s, 7434, 761,z and 76,,3,
until, for example, the other ends (the ends on the -Y side)
of Y scales 39Y; and 39Y; coincide with corresponding head units

15 62A and 62C respectively (in the effective stroke range
described above}. During the movement, main controller 20
loads the measurement values of Y linear encoders 70A and 70C
and the measurement values of Y-axis interferometer 16 (the
measurement values by measurement beams IBY1 and IBY2) at

20 predetermined sampling intervals, and obtains a relation
between the measurement values of Y linear encoders 70A and
70C and the measurement values of Y-axis interferometer 16
based on the loaded measurement values. That is, main
controller 20 obtains a grating pitch (a distance between

25 adjacent grating lines) of Y scales 39Y,; and 39Y, that are
sequentially placed facing head units 62A and 62C according
to the movement of wafer stage WST and correction information
on the grating pitch. The correction information can be

obtained, for example, as a correction map that shows a



pass through X/ 4 plates WP1lb and WPl a again and reach 70

pol ari zati on beam splitter PBS by tracing the same optical path in
the reversed direction. Each of the polarization directions of
the two beans that have reached pol arization beamsplitter PBS is
rotated at an 5 angle of 90 degrees with_respect to the original
direction. Therefore, the first-order diffraction beam of beam LB1
that was previously transmtted through polarization beamsplitter

PBS is refl ecteta®idn %%bﬁ%b@rﬂn%%@@réﬁbhﬂ%l@éslﬁng i ydiCh §RB 0
on phot odetecti on system 64c, and also the 10 first-order diffraction

beam of beam tiB2 ¢dwt a/va‘ﬂarplze:wtamshyls efneitarbofthepakashzaheon Rehne
splitter PBSis transmtted through pol ari zati on beam splitter PBS
and i s synt he®f Ziete c@f@ﬁqﬁ%@tﬁy andha trerfioat agrigedndititast tlom

b f b LB1 d hot odet ecti on tem 64c
e %t ho® nol B Yt e So e BRe T SRCTTR 1 ot Cheaai e f (0%t i on

beams desay i hgd above Ar %aliﬂgfsOzlglf”%a%rfsa%%gr?&&ﬁ& allsyg_ﬁr,(%{)g ’%59

phot odet ecti on” syst em 64c an eans interféere WI eac

be an interfefenendtdighi wasd §dnhrs ﬁa&eé@ngeall;é YT ia% EREeSkEfbr®ly
t he photodetector and 20 is converted into an electric signal in

accordance wi tdv tspecidntienskiyedfalidwe,i andr tkepaterd, ght cafsbé sthought
obvi ous fromthe above description, in Y encoder 70A, since the
optical path afgths rf@ra%%mséar&a%%%reﬁ RCEPEeted e seln wén@hwrror

7 St L AR I U B
waf er stage Weh) JMeg 'sﬂo&hetgﬁﬂsﬂmt i atden c6hB&qy
direction, in this case), the phase of eaclh of the t % c anges
and thus the fintctnsittipnefort bire ilakers ey el ¥ Lgblu@étﬁimgame It SuedRige
values. Incidentally, a grating pitch (a distance between
adjacent grating lines) of ¥ scales 39Y; and 39Y; and correction
information on the grating pitch may also be obtained in the
15 procedures similar to the above, by moving wafer stage WST
in the -Y direction within the range described above as is
indicated by an arrow F/ in FIG. 11. Herein, wafer stage WST
is to be driven in the Y-axis direction across the range where
both ends of Y scales 39Y, and 39Y; traverse corresponding head
20 units 62A and 62C. However, the drive range is not limited
to this, and wafer stage WST may also be driven, for example,
in the range in the Y-axis direction in which wafer stage WST
is moved at the time of exposure operation of a wafer.
Further, during the above-described movement of wafer
25 stage WST, main controller 20 alsc obtains correction
information on deformation (warp) of grating lines 37 that
have sequentially faced a plurality of X heads 66 by performing

a predetermined statistical computation, using the

measurement values obtained from the plurality of X heads 66



71 in the intensity of the interference light is detected by
phot odet ecti on system 64c, and position information in accordance
with the intensity change is output as the neasurenent value of Y
encoder 70A. Ot her encoders 70B, 700, 5 70D and the like are al so
configured simlar to encoder 70A. As each encoder, anencoderhaving a
resol ution of, for exanple, around 0.1nm’Ps used. Incidentally, in

t he encoders of the enbodi nent, as shown in FIG 10B, |aser beam LB

having a sect bgniashiapest §3 ahd &2 onuatesdrd Rdfenpehl 0¢if Mideehi Pog
10 of grating RG may al so be used, as a detection lightT In FIG 10B;

beam LB i s enKasgprldis/38kpandeaggerateding cormper eovemdrit gfaidfg REage
In the neantinme, the scales of the encoder |ack the long-term
mechani cal st 46| #RY, thR diRassineReny valuet pHninBerfiendmedeirs 16ef or ned

due to th I ' t h , the pitch of th
di T1raction gPREFRGERATTIAINS) B e FOFy MERANGERST b7 20NESt | KO afRfmg

wi th | apses of ;gpenakt figh b i n l]i'a%‘c%ﬂ r 5b n&ﬁg 2508 Sekgﬁgygggtﬂ@

S
t he neasurenent val ues becone | arger along w psSe “of oper

tinme, the errmess@femeet daluee qokr ael elmet {c the JiRldOWeRE) of the
description, grating pitch correction and grating deformation
correction of pdeakksty heff heeslsperkf bepddun it xRS wrel HZPartabtsatd)0 of

the enbodi ment wil | Pe described referring to FIG 11, In FIG 1],
reference cod@SWBYAIHNY PEYoeT fardagel 252 heasie mdnt 3 Hoamad dhet ke,

ohlical et ot SR IR B o et e et
g ef erence codescdBREl a0 shRX2y4 A Cidre p%@ﬁk‘ﬁem.{lcp‘g%?ﬁaere??.goaﬁspear
ptical axes out of multiple axes that are irradiated to reflection
surface in the process where wafer stage WST is moved in the +Y
direction or the -Y direction in the case reflection surface
17b is an ideal plane, and therefore, correction information
on deformation (warp) of grating lines 37 that have
15 sequentially faced the plurality of X heads 66 can be
accurately obtained by averaging the measurement data
obtained by the plurality of X heads 66, or the like.
Incidentally, in the case reflection surface 17b is not
an ideal plane, the unevenness (bending) of the reflection
20 surface is measured and correction data of the bending is
obtained in advance. Then, on the movement of wafer stage WST
in the +Y direction or the -Y direction described above, wafer
stage WST may accurately be moved in the Y-axis direction by
controlling the X-position of wafer stage WST based on the
25 correction data instead of fixing the measurement value of
X-axis interferometer 126 to a predetermined value. Thus,
correction information on grating pitch of the Y scales and

correction information on deformation (warp) of grating lines

37 can be obtained in the same manner as described above.



72 17b of wafer table WIB from X-axis interferoneter 126. In this
case, neasurenent beanms |IBY1l and | BY2 are placed symmetrically with
respect to straight line LV (which coincides with a straight |ine
connecting the centers of a plurality of X heads 5 66), and the
substanti al nmeasurenent axes of Y-axis interferoneter 16 coincide
with straight line LV. Therefore, Y-axis’fnterferoneter 16 can
neasure the Y-position of wafer table WIB wi t hout Abbe errors.

Sinmlarly, neaﬁaw@mlge,amlalsﬁéémane $BL2 MraiPkacs] SWMBLNILE by x

with respect to straight 10 line LH (which coincides"wth a straight

| i ne connect i hgadfec€ et et a0finapphiwadl on ytid Pédieads @4dxrebaht passes
through the optical axis of projection optical systemPL and is
paral l el to tfe JeBstiameuwracseuBdbanandl thednradseschaxessofe

X-axis interferonmeter, 126 coincide with straight Iine LH parallel 15
to the X-axi sg?ﬁ%’fmafﬁs%s(wlaﬁ%uaﬁ e 6P E’éﬁgh&gsl’d?erpraélﬂe*&b%ﬁforer

optical syste Ther et -axi s-dnte 0 a S

the X positi onor® vt o HasFaegiEY iRt hBbe s s sy roe alter
def ormati on ObefdBid RS ririees ohVes P r@rakbRgoROshiARS i abBeaded to
scal es and correction of pitch of grating lines of the Y scales"w ||
be descri bed.b¢amgmmximeftleecti e sunfeavalhébby stlas awredgtiaghdesrribed
i deal plane, for the sake of sinplification of the description. First

of all, main ¥R BRE&hDL kR (iR othgrarorgdsagehansTi Peenas 64 e berding

nmeasur enent val ue é¥ Y-axi s |3§grferong§%¥716 and , X- ax

i nterferonetert” 126," aid as SR8 .iﬁe?$ff , Qﬂﬁgaﬁégﬁtfb% BF2 HaFEpent
stage WS o s gata aﬁwaarpoq%'f%&ﬁat%hhamfﬂ%gsClélln%%)3%%%aaﬂgd38§f2tﬁé e

pl aced just bel ow correspondi ng hea
plurality of heads).

Next, deformation cf grating lines (warp of grating
lines) of the Y scales and correction of pitch of grating lines
of the X scales will be described. Herein, reflection surface

15 17a is assumed to be an ideal plane, for the sake of
simplification of the description. 1In this case, the
processing that needs to be performed is the correction
described above with the X-axis direction and Y-axis direction
interchanged.

20 That is, first of all, main controller 20 drives wafer
stage WST, and sets the position of wafer stage WST at a
positien with which X scales 39%; and 39X, are placed just below
corresponding head units 62B and 62D (at least one head)
respectively, and also one ends on the +X side (or -X side)

25 of X scales 39%; and 39X, (diffraction gratings) coincide with
corresponding head unit 62B and 62D respectively. Next, main
controller 20 moves wafer stage WST in the +X direction {or

-X direction) at a low speed at a level in which short-term

fluctuation of the measurement value of X-axis interferometer



units 62A and 62C (at | east one head) respectively, and also 73 one
ends on the +Y side of Y scales 39Y1 and 39Y2 (diffraction gratings)
coi ncide with correspondi ng head units 62A and 62C respectively.

Next, main controller 20 noves wafer stage WST in the 5 +Y direction
as is indicated by an arrow F in FIG 11 _at a | ow speed at a level in
whi ch short-term fluctuation of the neasd@fenent value of Y-axis
interferonmeter 16 can be ignored and with the neasurenent val ue of

X-axis interfepgnei®bel AGnkeklahé xptty ¢Hd REsdelendmNed VRl Ue Ymﬁlﬂh§

mai ntaining all 10 of the pitching amount, the rolling anbunt and the
yawi ng anount itbezfe vomatsexd 16rbdihey fhasd ten® iiredaiteesninbd ¥raldes while
interferoneter 16 and Z sensors 741,4, 742,4, 761,3 and 762,2, until,
for exanpl e, PatnbriRin@emls @th&hennstehingeamonrdi,déheofro¥lsngl amount

3911 and 39Y2 _coi,ncide with corresponding head unjts 15 62A and 62C
respectively f”i"% t{}‘r?eyﬁi"’f‘ﬁgtaﬂf’ém& ?gﬁ%ﬁﬁéegg’cﬂqﬁé‘&?%@tmﬂﬁ

the movement, o5 A9t {QLLAY ARrk0aflf LAE JIRAPKLETRL ;18I HSS Rl

| i near encoders 7 t he neasur enent val ues of

i nterferonet ethd Gofidie STRAS ULBREBhJY abNEBHOY HTBAYIY qEBNtxbeass) | BYE x
and 1812) at 20 predeterm ned sanpling intervals, and obtains a

rel ati on bet weenledsh e Sieasur 2¥Entovatids wifthYed 1 responeingdessd T0A LAk
70C and the neasurenent values of Y-axis interferoneter 16 based on
the | oaded medRtiPéReRtsRegtiselyThR the ke et bonetspkerapgeodearipes

02 19,2 TRl 5t BAEEReLAE S, 150 SR BEAL B b ) Sl e
62A and 62C %@@M@Mtovtah%egvaerswin%far\A@BeaﬂéI—égﬁoé/\%Bdae@D and the
correction information on the grating pitch. The correction
informati on amgedrerafiral Medusbobfexas®l €, i mtSe¥f r@ife@elri QD 6Maphé hat
shows a measurement values by measurement beams IBX1l and IBX2) at
predetermined sampling intervals and may obtain a relation
between the measurement values of X linear encoders 70B and
15 70D and the measurement values of X-axis interferometer 126
based on the loaded measurement values. That is, main
controller 20 obtains a grating pitch of X scales 39X; and 39%;
that are sequentially placed facing head units 62B and 62D
according to the movement of wafer stage WST and correction
20 information on the grating pitch. The correction information
can be obtained, for example, as a map that shows a relation
between both measurement values in a curved line in the case
a horizontal axis indicates the measurement value of the
interferometer and a vertical axis indicates the measurement
25 values of the encoders, or the like. The measurement values
of X-axis interferometer 126 in this case are obtained when
scanning wafer stage WST at the extremely low speed described

above, and therefore, it can be thought that the measurement

values are accurate values in which error can be ignored,



74 rel ati on between both nmeasurenent values in a curved line in the
case a horizontal axis indicates the neasurenent value of the
interferoneter and a vertical axis indicates the neasurenent val ues
of the encoders, or the |ike. The 5 neasurenent val ues of Y-axis
interferoneter 16 in this case are obtai ned when scanni ng waf er stage
WST at the extrenely | ow speed descri bed’%bove, and therefore, it can
be thought that the neasurenent val ues are accurate values in which

error can be bgogied, ndEeEISE aNQlongPk¥rd FDRAG: ¢ 1B |Gldabi;@n, 8604
10 but also a short-termfluctuation error caused by air fluctuations

or the |ike asboh@rthymifciamedion theoneesuseidry adal #@sctuations or
Incidentally, a grating pitch (a distance between adjacent grating
lines) of Y sthfekikdBreadprsdy.ingduded rbettim nedoimemensnvahuesne

ratin itch ma sQ.be ohtained .in the 1 roceduyres simlar to
Sha o T e OB 0G Gd aho e B RESEY Inreaien R ke

range desgq i begs abayer ?_%}ajsi%t i)aagieteaﬁfgr byg ?zﬂle%g ;cs;q%sal;n; oGt 1dn

Herein, wafer stage WS drivenin recti onacrosst he

range where bohboendsicafl off sedoemaddl anthPO k¥ tgraehgelines 38 that
correspondi ng head 20 units 62A and 62C. However, the drive range is
not limited thavhissguantiablefacedgepWia sy alf Sohbadsitiéanpef Horming
exanple, in the range in the Y-axis direction in which wafer stage
WST is noved atPIFELGERE G SkpoigFiCRbFMRWR OO Wa-88. ther t her,

during the a - i,b e t, of fer 25 stage.WsST i n
control | er 2%9%?653‘%%2%{1% ﬁglgg¥r SR ﬁ?%?rﬁqef gﬁuggiag\?o?ﬁb?jﬂds o4
(war p) of1ogr atf m@aki dest 3 62ahat d et seauat sakhynt aser, glel:eaafaczj}ﬁg
of X heads 66 by performing a predeterm ned statistical Conputation,
usi ng t he neasscairent3anal aes 368t aicceddingrod bre platfealanttyo PivaXebeadsye
66 75 of head units 62B and 62D that are sequentially placed facing
X scal es 39XWEHh@Bhxheafeardiragend Yakusmie mdvierfferambesersiage WST

and t he neasurenent val.ue gf int erfgr neter 16 corresp ndi ng to each
of the neasur%c?fﬁﬁSR?&%délg. EneffR ot the measurement values.™ On the

computation, main controller 20 computes, for example, the

15 measurement values {(or arithmetic weighted mean) of the
plurality of heads of head units 62A and 62C that are
sequentially placed facing ¥ scales 39Y; and 39Y; and the like,
as the correction information on grating warp. This is
because the same variation pattern should repeatedly appear

20 in the process where wafer stage WST is moved in the +X
direction or the —=X direction in the case reflection surface
17a is an ideal plane, and therefore, correction information
on deformation (warp) of grating lines 38 that have
sequentially faced the plurality of Y heads 64 can be

25 accurately obtained by averaging the measurement data
obtained by the plurality of Y heads 64, or the like.

Incidentally, in the case where reflection surface 17a

is not an ideal plane, the unevenness (bending) of the

reflection surface is measured and coxrection data of the



5 conputation, main controller 20 conputes, for exanple, the

measur enent values (or arithmetic weighted nmean) of the plurality of
heads of head units 626 and 62D that are sequentially placed facing X
scal es 39X1 and 39X2 and the like, as the correction information on
grating warp. This is 10 because the sane variation pattern should
repeatedly appear in the process where wdPer stage WST is noved in
the +Y direction or the -Y direction in the case reflection surface

17b is an idealknpliage.s &fith il h @k@anee! I e@idNon Rhe MBIl tA¥F watfer
deformation (warp) of grating lines 37 that have 15 sequentially

faced t he pl usékogeyWsT M héadsX661cert ben ancthat €X ydiotdc ied degcribed
averagi ng the neasurenent data obtained by the plurality of X heads
66, or the |iRBoOVe, wafey stpgenfel IMaY pRchhetely oo apredt imrhsuXfasks

17b i t i,d . pl , t bendij t flecti
20 surf ace | s HESEtIBR B Chrddiign Chs: & BTo1 heth et g o SBYS HEk
in advances ThgBedQh the c@B\é%%ﬂBnQ{atWﬁ%té&@gf %}rﬂ A a%%ﬁ%%urrrgr?ent

direction or the -Y direction described above, wa

accurat el y bevabuedof nv-tadfxd sYiaxesfdiseid on ey oCONFldtidtthinka value.
X-position of wafer stage WST based on the 25 correction data instead
of fixing theTheasAamest ival irefofmat-iaxi enignadriher pietle o £126e Xosaales
predet erm ned _val ue. Thus, c¢orrection informtion, on a;ating pitch of

the Y scal es 3Rt COFF¥Cti®®n  PAPER ARt PBIPTORABFBR PR oft' quRlr BF BFating
grauing Lines: #egan of 80 Al | U CSAE, HRANEE 3% Cestibethov,.

above. 76 Incidental 'y, neasuremen . . a
X heads 6@ is data Ad iR Wedkr98elingnbds] smOfn Hdfte'c8nk apBaSHP i ns

reflection surface 17b, and the heads each neasure deformation (warp)
of the sanme gecatregtiomenfamtathenedwrgrating pitch of the Y scales and
correction information on deformation (warp) of grating lines
37, and correction information on grating pitch of the X scales
and correction information on deformation (warp) of grating
15 lines 38 at each predetermined timing, for example, with
respect to each lot, or the like.

Then, during the exposure processing of wafers in a lot
or the like, while correcting the measurement values obtained
from head units 62A and 62C (i.e. the measurement values of

20 encoders 70A and 70C) based on the correction information on
grating pitch of the Y scales and the correction information
on deformation (warp) of grating lines 38, main controller
20 performs position control of wafer stage WST in the Y-axis
direction. Thus, it becomes possible to perform position

25 control of wafer stage WST in the Y-axis direction with good
accuracy using Y linear encoders 702 and 70C without being
affected by change over time in grating pitch of the Y scales

and warp of grating lines 38.

Further, during the exposure processing of wafers in a



5 there is an incidental effect that the residual error after bending
correction of the reflection surface is averaged to be approxinmate to
the true value by the averagi ng descri bed above and the like (in

ot her words, the influence of the bending residual error can be
reduced by averagi ng the neasurenent 10 data (warp information on
grating lines) obtained by the plurality8®f heads) . Next ,
deformation of grating lines (warp of grating lines) of the Y scales

and correctionoef opi tigd Ofkdr aHiiNg Eb??éc@inér%%g(ﬁgggu m@hklvgfues

descri bed. Herein, reflection surface 17a”is assuned to be

i deal pl ane, bt afhed strken dfeasi npbk ki 6aB|@:me$211 hel @esthbphb@ﬁurérﬂent
this case, the processing that needs to be perforned is the
correction de¥etipedeimneedsitish "0Beada%? @) dvased iaon tamdcyragirsion

di rection mterg nged. 20That .is, first _of all, nmain controller 20

drives wafer P n ﬁﬂ(?r?&lggtl?ﬁéxﬁb%f ek sFa s enddhegeo visciion

position pl ac, st _bel ow
correspon l\r?g ﬁkb%gﬁ%s:% eﬁgé%%g%ﬂ_f a%él%ggsgf #Pa'ﬁqjadd;lmes 5? main
respect i veI y c@ﬂﬂr@im QL pRAFSrAB HEEL oS Atk ¥ §h@§} 254 WsT
scal es 39X1 and 39X2 (diffraction gratings) coincide wt

correspondi ngiméhe Xexis6@Braridi GR2D respedtt bed:gmei\bz&'sslm o perform
controller 20 noves wafer stage WST in the +X direction (or -X
direction) atPestolfspesgrat af |vwafar istaghi WAT shortthe ¥raxisudizestiom

f th X 77126
anor ed nd vi T PR ASGUIPSNERE - VA 1 SRR PECT 0P b GBeY. dhpt

bei ng fixed t@eﬁugfra%@’etc%ré@ B@dcﬁaﬁgaomlﬁn@'ﬁt 'rQ'tEﬂcﬁaﬂJth&]; &rf‘eche

pi tching amount, the rolling anount and the yaw ng anou

based on the Xessilreanemnid wakiesfSgpdt M@xXiindsntar.ferometer 126 and
the like, until, for exanple, the other ends (the ends on the -X side
(or +X side)) of XIgcaFestadky, ainl FexXessiniptdenwebbvepreasportdiary
head unit 62B and 62D respectively (in the effective stroke range
descri bed aboV¥)°rBirtORy° h‘ér%Jv}%gré’rhtChnﬁPﬁ eoRt A |dneoparpatis khee

obtained for all of Y scales 39Y; and 39Y, and X scales 39%;
15 and 39X2. However, the present invention is not limited to
this, and correction information on grating pitch and grating
line warp may be obtained for either one of Y scales 33Y; and
39Y,; or X scales 39%; and 39X, or the correction information
on either one of grating pitch or grating line warp may be
20 obtained for both of Y scales 39Y: and 39Y; and X scales 39%;
and 39X,. For example, in the case only correction information
on grating line warp is obtained, wafer stage WST may be moved
in the Y-axis direction based on the measurement values of
Y linear encoders 70A and 70C without using Y-axis
25 interferometer 16, or wafer stage WST may be moved in the X-axis
direction based on the measurement values of X linear encoders
70B and 70D without using X-axis interferometer 126.
Next, wafer alignment performed in exposure apparatus

100 of the embodiment will be briefly described using FIGS.



10 neasurenent values of X linear encoders 70B and 70D and t he

measur enent val ues of X-axis interferometer 126 (the neasurenent

val ues by nmeasurenent beans IBX1 and 16X2) at predeterm ned sanpling
intervals and nmay obtain a relation between the nmeasurenent val ues of
X linear encoders 70B and 15 70D and the_peasurenent val ues of X-axis
interferoneter 126 based on the | oaded nBasurenent val ues. That IS,
mai n controller 20 obtains a grating pitch of X scales 39X1 and 39X2
that are sequenhi abl y2¢! aceditiaatag1 peathemdis i62Bwand 62Dqasepishdg
to the novenent of wafer stage WST and correction 20 informati on on
the grating pilethr.The correction information can be obtained, for
exanpl e, as a map that shows a relation between both neasurenent

val ues in a curved F¢¥ftt-n threcrasRt HoMd £56t apsaxiherqdifc afesoltreed

nmeasurement v f thednterfero er and .a vertical,  axis indicates
the neasur erre%k‘gggﬁea Sug‘s'?"p “;‘Fﬁefee%"?éaar@?l%} atﬁgiuf?%a?yﬁéslho areas
measur emery vakHeso ffiedBYithe ﬁta%&h\%s%%@rrﬁ%‘;ﬁ Jib DS G38€ 856, are

obt ai ned when scanni ng waf er stage at t extrenely | ow speed
descri bed abote, santk tdweredfiemnment:t sad Beeihouit Hdhaleddr@bed.

measur enent val ues are accurate values in which error can be ignored,
78 because nofnehfigntallihgmeesnrengot usitdam MM 05 duittdddraFIGS. 12A
short-term fluctuation error caused by air fluctuations or the |ike
are hardly in2f8detin the neasurenent values. Further, during the

above- descri bed novenmgnt ag%u}ﬁ@&ehgtzé]g%g‘%i\%tat%%@ﬂ%éggggu;gér}i%%gg

al so obtains correction infornatron or m

| i nes 38 1ghat dbﬁ&@tﬁcﬁﬂue@écﬁidcﬁérfya&ﬁg?ﬁnéﬂﬂl%?Ei:ér){s ofroY fwads, 84 seen

perform ng a predeterm ned statistic conput ation, using the

measur enent v vesmodn diefedehrom theaptorddndey wifthy thea@gdaGd4mdht odf

head units 62A and 62C that are sequentially placed facing Y scales

39Y1 and 39Y2HEEHIRNthGhEE arRa srdfenehicidenia@ldy  se atre ST candthpd of

measur enent val ue of, .i.nterf.eromneter %12116 corresgonfin to each of thg
iYn > ntTof 1

|
nmeasur ement v%?eu PS5 P LRI AT eTRrAaL 0% ¢ YS5hPdt &Y

for exanple, thenrlh WeasuLengileVAldies iy arithmetic weighted mean)
of the

15 First, main controller 20 moves wafer stages WST, on
which the position of the wafer W center is set at loading
position LP, toward an obliquely upper left direction in FIG.
122, and sets the position of wafer stage WST at a predetermined
position {(alignment starting position to be described later)

20  at which the center of wafer W is located on straight line
LV. The movement of wafer stage WST in this case is performed
by main controller 20 driving each motor of stage drive system
124 based on the measurement value of X encoder 70D and the
measurement value of Y-axis interferometer 16. In a state

25 where the position of wafer stage WST is set at the alignment
starting position, control of the position (including the 8z
rotation) within the XY plane of wafer table WIB on which wafer
W is mounted is performed based on the measurement values of

two X heads 66 that are equipped in head unit 62D and face



plurality of heads of head units 62A and 62C that are sequentially
pl aced facing Y scales 39Y1 and 39Y2 and the like, as the correction
information on grating warp. This is because the sane variation
pattern shoul d repeatedly appear 20 in the process where wafer stage
WST is noved in the +X direction or the -X direction in the case
reflection surface 17a is an ideal plane?zand therefore, correction
informati on on deformation (warp) of grating lines 38 that have

sequenti al ly kageddhaor) Wl BbY, QEsiéeheﬂél%ﬂ RN Y Dee 255 %Q%Freﬁ‘{cﬁbllyl
obt ai ned by averagi ng the neasurenent data obtained by the plurality

of Y heads 64that fdme Yi kealé Nt jeat ad e, respédiciwslse (Moareencoders) .
reflection surface 17a is not an ideal plane, the unevenness '
(bendi ng) of the rdf9*det MANsEPRBERLIAr MYqaBgVed wnter taast WER datihe

f th 79 b i i s obtai di .. Thy h t of
vafer stage VET THETTE R FoltPORE SN REY JE ah PaTdestr ERd
above, wafgr ﬁé@ﬁ?réﬁ@ﬁ%ﬁlﬂ@gLH@EEEYaI?@V%%%r‘iBeEhfo%‘c@dgag bfnd,

direction by controlling the 1-position o er stage

the correcti oge€iatithd natsdad.oaf ofi whhgr t eadf@amtr eeRheVpbyet Obn Ysriis
interferoneter 16 to a predeterm ned value. Thus, correction
i nf ormati on obn . AgApi t&hd ofmatime c¥nscal bsr #1 adowoséctinnltaneously

information on defaqrmtion (warp) of grating |lines 38 can be obtai ned
in the sane rﬁfﬁgéf‘gégla@élz%m@&e&% Y opment rarigederifped-aBsas, mardisn

AR L e R N AT
lines 3710anthe @Bk AGHH Lind A QT IBALORL Q) sYEAATNTaRE th R at-ea 26 feRl &S
and correction information on deformation (warp) of grating
systems AL2; and AL25, and links the detection results of three
alignment systems ALl, AL2; and AlL2; and the measurement values
of the four encoders described above at the time of the
detection and stores them in a memory (not shown).

15 1Incidentally, secondary alignment systems AL2; and AL2, on both
sides that do not detect the alignment marks at this point
in time may be made not to irradiate a detection light to wafer
table WTB (or a wafer)}, or may be made to irradiate a detection
light. Further, in the wafer alignment in the embodiment, the

20 position of wafer stage WST in the ¥X-axis direction is set
50 that primary alignment system ALl is placed on the
centerline of wafer table WTB, and primary alignment system
ALl detects the alignment mark in the alignment shot area that
is located on a meridian of the wafer. 1Incidentally, the

25 alignment mark may also be formed inside each shot area on
wafer W, but in the embodiment the alignment mark is to be
formed outside each shot area, that is, on a street line (scribe

line) that divides multiple shot areas on wafer W.

Next, main controller 20 moves wafer stage WST in the



15 lines 38 at each predetermned timng, for exanple, with respect
to each lot, or the Iike. Then, during the exposure processing
of wafers in a lot or the like, while correcting the neasurenent

val ues obtained fromhead units 62A and 620 (i.e. the neasurenent

val ues of 20 encoders 70A and 70C) based_on the correction
information on grating pitch of the Y sc8fes and the correction
informati on on deformation (warp) of grating lines 38, main

control |l er 20+gesieessiPOshy | DHcAeRhi AEIVAL 8F 2 $L8A8 MBI on thie
Y-axis direction. Thus, it becomes possible to performposition 25

control of wafreasuragent\8Elurstdietle dous ahicmidignand tsketgoditk pesiit ey
using Y linear encoders 70A and 700 w thout being affected by change
over time in §EAEFERF PraInWeT atrePysibipeat atd ohafivoaliganetiysys hems
38. Further, i_n X ure_processin f wafers in.a .80, 1 ot_ or
the like, whi L e A ’iﬁ%%ﬁéCﬁBaasld‘}OesfFeﬁ’c‘%%ﬂg"rad‘é%"‘bi&tya?%dnﬁﬁéiﬁ?‘ﬁ%lahy
uni ts 62B andg2l-ficife dNQHRAIURGIRAL o ¥ALHES Of  nfPdAL d
70D) based on the correctiggn I nformati 0?1 on ratjlfrhg p1 S@hﬁo%g?ﬁgax
scal es and t heltonmect isbot5aiaf ORSEIH @A LeR Wehaanainest CWaLREaRously
grating lines 37, main controller 20 perforns position control of

waf er stage VW& iimdivddeagiysdefieets itha. f e lignreatoneskpossingl tite
perform positifn control of wafer stage WBT in_the X-axis direction

with good accBrb® W My SEFinéd! 8REobkfs tPOBldnd 70D therhddkeothe
o et o0t N ENAN IS USE bETPLIE HAURAPLLE0RE AP 54251 %0

and war p of grating 11 nes . . | . .
descri ptign aBO0Ye an@OtheChé K8t dHHTRL1AB s08r OF 1l | A PiheBadRd at the

grating line warp is to be obtained for all of Y scales 39Y1 and 39Y2
and X scal es B of the detection and stores them in a memory {(not shown).
Next, main contreoller 20 moves wafer stage WST in the
+Y direction by a predetermined distance based on the
measurement values of the four encoders, and sets the position
15 of wafer stage WST at a position at which five alignment systems
ALl and AL2; to AL24 can almost simultaneously and individually
detect the alignment marks arranged in the five third alignment
shot areas AS on wafer W, and almost simultaneocusly and
individually detects the five alignment marks (refer to star
20 marks in FIG. 12B) using five alignment systems ALl and AL2;
to AL2,, and then links the detection results of five alignment
systems ALl and AL2; to ALZ; and the measurement values of the
four encoders at the time of the detection and stores them
in a memory (not shown).
25 Next, main controller 20 moves wafer stage WST in the
+Y direction by a predetermined distance based on the
measurement values of the four encoders, and sets the position

of wafer stage WST at a position at which the alignment marks

arranged in the three fourth alignment shot areas AS on wafer



15 and 39X2. However, the present inventionis not limted to this,
and correction information on grating pitch and grating |ine warp may
be obtained for either one of Y scales 39Y1 and 39Y2 or X scal es 39X1
and 39X2, or the correction information on either one of grating
pitch or grating line warp may be 20 obtained for both of Y scales
39Y1 and 39Y2 and X scal es 39Xl and 39X2%4For exanple, in the case
only correction information on grating line warp i s obtai ned, wafer

stage ST maygheardB¥ @dmbd ttdithu Y ta%edudh § 86ld LI PASRHA 107 dd¥ected using
measur enent val ues of Y |linear encoders” 70A and 70C w thout using

Y-axis 25 int primropetldgnigntosy siadre BLEt age sWEbnomy yhel imreht Bysbems
X-axis direction based on the neasurenent values of X |inear encoders
70B and 70D witBowandidildg, xengi slnaftesiiawdrenepus2y. and indiweelly
waf er alignnent, perfornmed.in expqosure apparatus 100 qof the_enbodi nent
will be brief 5?‘558@%r?fb%gthfs%%&qﬁﬁéﬁ?ngsﬁaﬂiw%Jdiglz“%relenéil&sﬁﬁlamy,
the detail ! Clyl I . Lebn, .t 3l i

t he case jﬁer%b%ggﬁ?ﬂg%r5¥%%Qgﬁ§%ﬁ%VéggiBgfﬁgﬁﬁkgﬁnggs%%%%ﬁrtﬁg%gf%s
plurality of shothaé€asl iyreatf evEedmbnatle A 0uhd( 80l JRP):nehown
in FIG 12C, are to serve as alignnent shot areas will be descri bed.
| nci dent al | y, meastererentvadigge of/Sthe sfour t¢rexbdarsFlaBSthé2Aimado i 2fhe
It is assuned that position adjustnment in the X-axis 10 direction of
secondary al i JRFRAEIY AISERES St ShAM2inad TR Yo elmfasr $B@YDeE or ehand

in accordance with e placenent, of.alignnment shot areas AS.
I ncidentally, a spg%} fcmﬁ%Ph%%P%ﬁo%#%§'%@SFPPBHpﬁﬂj?Ruqﬁﬁﬁy gf all the

secondar yipal | RGN r IS tRMiraleg it 8n Ak 2888 dindte %%cfzréimbqg.!;gt &h-xy

coordinate systemusing the optical axis of projection optical
system PL as its origin) that .is set by the measurement axes
of the four encoders (four head units), by performing a
statistical computation by the EGA method, which is disclosed

15 in, for example, Kokai (Japanese Unexamined Patent
Application Publication) No. 61-044429 (the corresponding U.S.
Patent No. 4,780,617) and the 1ike, using the detection results
of a total of 16 alignment marks and the corresponding
measurement values of the four encoders obtained in the manner

20 described above, and the baseline of secondary aligrment
system ALZ,.

As is described above, in the embodiment, by moving wafer
stage WST in the +Y¥ direction and setting the position of wafer
stage WST at four points on the moving route, position

25 information of the alignment marks in alignment shot areas
AS at 16 points in total can be obtained in a remarkably shorter
period of time, compared with the case where a single alignment
system sequentially detects the alignment marks at 16 points.

In this case, for example, as 1s understandable in particular



15First, main controller 20 noves wafer stages WST, on which the
position of the wafer Wcenter is set at |oading position LP, toward
an obliquely upper left direction in FIG 12A, and sets the position
of wafer stage WST at a predeterm ned position (alignment starting
position to be described later) 20 at whiegh the center of wafer Wis

| ocated on straight line LV. The novenent

of wafer stage WST in this

case is perforned by main controller 20 driving each notor of stage
drive system L2énbasasdi @orife dT8agmeareBysvahsieal, KX129Ccos@rarfD andh
t he measurement value of Y-axis interferoneter 16. In a state 25
wher e t he posicfi ghiohment erysteage AMT Rb2setndaflibhadaldgmmant lurality
starting position, control of the position (including the ez

10

15

20

25

of alignment marks arrayed along the Y-axis direction that
are sequentially placed within the detection area (e.g.
corresponding to the irradiation area of the detection light),
associated with the operation of moving wafer stage WST
described above. Therefore, on the foregoing measurement of
the alignment marks, it is not necessary to move wafer stage
WST in the X-axis direction. A

Further, in this case, the number of detection points
(the number of measurement points) of alignment marks on wafer
W that are almost simultaneously detected by a plurality of
alignment systems differs depending on the position within
the XY plane of wafer stage WST (the Y-position in particular
{(i.e. the access degree of wafer W to a plurality of alignment
systems)). Therefore, when moving wafer stage WST in the
Y-axis direction that is orthogonal to the array direction
(X-axis direction) of a plurality of alignment systems, the
marks at positions different from one another on wafer W can
be detected simultaneously using the required number of
alignment systems, in accordance with the position of wafer
stage WST, in other words, in accordance with the shot array
on wafer W.

Meanwhile, the surface of wafer W is not an ideal plane
and normally has some unevenness. Accordingly, in the case
the simultaneous measurement by a plurality of alignment
systems described above is performed only at a certain position
in the Z-axis direction (direction parallel to optical axis

AX of projection optical system PL) of wafer table WTB, it



rotation) within the XY plane of wafer table WIB on which wafer Wis
nmounted i s performed based on the neasurenent val ues of two X heads
66 that are equipped in head unit 62D and face 82 X scales 39X1 and
39X2 respectively, and Y heads 64y2 and 64171 that face Y scale 39Y1
ad 39Y2 respectively (four encoders) . Next, main controller 20 noves
waf er stage WST in the +Y direction by aBBredeternined di st ance based
on the 5 nmeasurenent val ues of the above-described four encoders, and

sets the posi hisqm@{lyl\?f@ﬁaﬁlé‘gﬁa)ﬂﬂ: @éaé@%n@oélidrﬁﬁbrfﬁ"%térﬂlpgkgorms
12A. And, main controller 20 al npst sinultaneously and individually

detects aI | gnrehechek o eaf eligunatitamarir ks 4 riefloGustéargtAtte ANgERus N
the three first alignnment shots areas 10 AS using primary alignnment
system AL1 anan§ét%ﬁ@%?@lr%ﬁnfgnm@ﬁ$u%mrmmfmmms afhdlignkent

f. th | i t AL22 d AL23
e e L oumaERE: ' Taf iR S e BIEa a%%ﬁﬁ&é‘s%ﬁmngﬁ%@akat
the tinme of tP@r?@fﬁ&&'ﬁpaaagfﬁEﬁégé dihan i es opLy %ﬂg} %H%"\fﬂ% ner
dF onh bo %

15 I nci dent al secondary ali gnnent ‘systéens A (
si des that dodagtrthﬁ&xﬁeldwa al i gnnment mar ks at thIS point in time

may be nmade not to irradiate a detection light to wafer table WIB (or
a wafer) , or may U&atade, tair cadtatkler @6tewttimrld bghge drimvieheysteém
the wafer aIIgBHE(Z iébéf¥%§agg%%ggggﬁ (ﬁgg shown)) and a plurality of
alignment systems ALL and AL2; to AL2; so that each of alignment
10 marks formed at the positions that are different from one
another on wafer W is almost simultaneously detected by each
alignment system corresponding to each alignment mark, while
changing a relative positional relation in the Z-axis
direction (focus direction) perpendicular to the XY plane
15 Dbetween alignment systems ALl and ALZ2; to AL2, and wafer W
mounted on wafer table WTB (wafer stage WST} using the
Z-leveling mechanism that constitutes part of stage drive
system 124, at each position at which the position of wafer
stage WST is set for detecting the alignment marks in the
20 respective alignment shot areas described above.

FIGS. 13A to 13C show a status where detection of marks
on wafer W is performed by five alignment systems ALl and AL2;
to ALZ, in the state shown in FIG. 12B where the position of
wafer stage WST is set at the detection position of alignment

25 marks in the third alignment shot areas described above. Each
of FIGS. 13A to 13C shows a status where wafer table WTB (wafer
W) is located at the different Z-position and different

alignment marks are almost simultanecusly being detected

using alignment systems ALl and AL2; to AL2,. In the state



20 position of wafer stage WST in the X-axis direction is set so that
primary alignment system ALl is placed on the centerline of wafer
table WIB, and primary alignnment system AL1 detects the alignnent
mark in the alignment shot area that is |located on a neridian of the
wafer. Incidentally, the 25 alignnent mark may al so be fornmed inside
each shot area on wafer W but in the enBddinent the al i gnment mark
is to be forned outside each shot area, that is, on a street line

(scribe line) ofthatc dilgnges) Matidrt 8yshehs A12aSa N 2N & MhtNilies"BED
controller 20 noves wafer stage WST in the 3 +Y direction by a

pr edet er mi nedidi st fncesddsechton darde theasemeneirig vl isncoft tsheténsrare

encoders, and sets the position of wafer stage WST at a position at
which five al FgnfefitfeyesfrsStAtE -andn AP strtm 2f EdF-alABstalignment

si mul t aneousl y_and_indivi du 5 detect .t he alignnent rks arranged
T The tive. s BRI B At pet ki ARCEROU A i Be
si mul t aneotisl hidi M dualdl t i i.gn t r

usi ng fivgyal%é%ﬁgﬂ%ﬂgjéiensSA%EQgﬁgghﬁg%g§%§%{§ﬂ?h%%dn?ﬁéh Fﬁ Eet%%
detection reselts D8Cfioelvldldymehtsygbeas A1 and i Zkntterl@sAtR4a
and the neasurenent val ues of the four encoders at the tinme of the
det ecti on andfecesed strym ianda tirenwepainbng shvignentNeytstemi are in a
controller 20 ves wafer stage WST in the +Y direction by a
predet er mi nedGFFARee A& on the nmeasurenent val ues of the four

T b N A R e TR
si nul t anequs| ¥r and: dridling deakkyp el BGnrdhe 3L oonE KT MRLkSARS ] FR08E>,
inthe five third alignnent shot areas AS on wafer W and al nost
si mul t aneous| yhahel dhedigdindual tylatetectpostiheohbleral dgivenn aReks-axis
(refer to st aéirection (focus direction) between a plurality of alignment
systems ALl and AL2; to AL2,; and wafer W mounted on wafer table
WIB (wafer stage WST) by changing the Z-position of wafer table
15 WTB (wafer W), any of the alignment systems can measure the
alignment marks in a substantially best focused state.
Accordingly, main controller 20 can accurately detect the
marks formed at positions different from one another on wafer
W without being affected by unevenness of the wafer W surface
20 or the best focus difference among a plurality of alignment
systems, by preferentially using the detection result of the
mark, for example, in the most favorable focused state of each
alignment system, or the like.
Incidentally, in the description above, for example, the
25 detection result of the mark in the most favorable focused
state of each alignment system is to be preferentially used.
However, the present invention is not limited to this, and

main controller 20 may obtain position information of

alignment marks also using the detection results of the marks



20 marks in FIG 12B) using five alignnent systens AL1 and AL21 to
AL24, and then links the detection results of five alignnent systens
ALl and AL21 to Al 24 and the neasurenent val ues of the four encoders
at the time of the detection and stores themin a nenmory (not shown)
25Next, main controller 20 noves wafer stage WST in the +Y
direction by a predeternined distance ba88d on the neasurenent val ues
of the four encoders, and sets the position of wafer stage WSET at a

position at wahch Jot8 cakbanEMte MREKS AT anged ﬂHJe EQEe&E‘if&‘ Ife%&ttp, of

alignment shot areas AS on wafer 84 Wcan be”al most si nul t aneous
and i ndi vi duathy mietlectiad ukifoguptt et @magnienisesy sy eAib1andg the
secondary alignment systens AL22 and AL23, and al nost™ simul t aneously
and i ndi vi duagﬂye@l’é%%t%e&lﬂéist yeghel Wgh@htlm@mm whitbethe

alignment 5 s¥ t 1, AL22 and AL23, and then,links the det ectl on
results of thP8E° %T?%‘knsé%ﬂ tesy sTRRE S thR 98 t5AE1AR Zesifld Ofethe mark

reasur energ Vflll u@l’?e Qfeé&%seﬂugtgpgoldse %m%ttil.h’l%% Bég@egcon ?Ar’:l%eCt !

and stores themin a nenory (no

conputes an apésy Bdcwdd tsh;%tlao %BQteﬁér@@Eeorﬁdﬁrﬂm\ﬁ/ en ﬁ\aeePiQi@aé@
system (e.g. an XY coordinate system usi ng t he optical axis of

proj ection oplayats ficstmenh Ph idse ivaear i gk njhdé Hatkel.s BettHiy thee, with
nmeasur enent axes of the four encoders (four head units) by
perforning a S TStPEacicofhealicnmept fes s, n@%ml%PéﬁhesmarkS

di | d k d P
ool T ot on FEbEEETPrEE R T Lo e S 2R e L T a S Aot ot Sveraiia
No. 4,78Q, 617ds.and dhe rgg' K@t aiabay am def ect] %ndre%auhgédo_i,t&é OtaarLd

of 16 alignment nmarks a the corresponding reasurement val ués of
four encoder spehitaigred nifd rink€i SRV Eh20mALES mdieBe abinedNdst B such

basel i ne of secondary alignnment system AL2,i.
detection results.
Further, as can be seen from FIGS. 13A to 13C, all the
optical axes of all the alignment systems do not always
15 coincide with the same ideal direction (Z-axis direction)
accurately, and due to the influence of this tilt
(telecentricity) of the optical axeswith respect to the Z-axis,
the detection results of positions of the alignment marks could
include error. Accordingly, it is preferable that the tilt
20 with respect to the Z-axis of the optical axes of all the
alignment systems is measured in advance, and the detection
results of positions of the alignment marks are corrected based
on the measurement results.
Next, baseline measurement (baseline check) of primary
25 alignment systenlALl will be described. Herein, the baseline
of primary alignment system ALl means a positional relation
(or a distance) between a projection position where a pattern
(e.g. a pattern of reticle R} is projected by projection

optical system PL and a detection center of primary alignment



As is described above, in the enbodi ment, by noving wafer stage WST
in the +Y direction and setting the position of wafer stage WST at
four points on the noving route, position 25 information of the
alignnment marks in alignnment shot areas AS at 16 points in total can
be obtained in a remarkably shorter perigd of tinme, conpared with the
case where a single alignnent systen1seqﬁ%ntially detects the
alignnment marks at 16 points. In this case, for exanple, as is

under st andabl gykBepasti cul ar 85 when considering alignnent systens
AL1, AL22 and AL23, each of alignnment systens ALl, 24L22 and AL23
detects a pluralityaofaltlgnpednhtmanksine ralyed sd smidg nieheeXsaxesent of
direction that are seqyentially pl aced within the detection area

(e.g. 5 correBpdRAITNGlEenPRRt SHddmeRl b sapeareidt e dwrecingiiG.i ihh)

, associated with,the tj on of .novi,ng waf er stage T, descri bed
above. Ther ef B?E?l%nu?%ﬁ%lrfeogtmsn&lﬁ&égu BRERT Ut Et‘??@ gﬁi Eﬁﬁgﬁ?n
marks, it 4s pobsAECESTYRL 1k 1MDYS MRS a8 | 28Y

di rection. 10Eur%her, iﬁi¥ﬁis cage, t he %u%%gflggggégg%gﬁbﬁeggP% %Fnt
(the number otapPasMrEnRd qibaks)eof BHAtQBENvararkstegeWa§erand t hat
are al nost sinultaneously detected by a plurality of alignnent
systens diffeneageprmriithgteget B8l pos thoa stiate pftdepadatplranérom each
waf er stage WST (the Y-position in particular 15 (i.e. the access
degree of vaf 8F%%t o0 a plurality of alignnent systens)). Therefore,
when novi ng waf er T - axl irection.that is
orthogonal to the ?rn?lg% |rneéc ?%%gf%%‘egﬁ §fg’lrrle%tr?(oaﬁ)lg&f“egtpﬁyfrtgﬂ%v’
of alignment sysdew® alNe aRBskswlinPeed ! HeRS H i eballol 1OMBNGetect s
anot her on wafer Wcan 20 be detected simnultaneously using the

requi red nunbésbsdredd)grineiiciaysnerk, Finl aectosdlancaehal centhe pAsSition
of wafer stage WST, in other words, in accordance with the shot array
on wafer W NE@@RWiement RbaserI0aettpriapsy ayignemt ansteeallplzafer

25 and normal | y has _sone_unev es ccordingly, in the case_the
Simil taneous Teds SFEROREE by iPar LBLy ahey | BhiRforiFaldes 20 makes
descri bed ab i fs Yy at . a..c al A Lp t Z-axi s
direction (diren anaar Fertfty of pRURRLL SRR 8hokln A
optical gyst egdtgsprindvabetné atdesWdhert! values of encoders 702 to 70D

at the time of the detection, and stores them in a memory.
Hereinafter, this processing is referred to as a Pri-BCHK
former processing, for the sake of convenience. On the

Pri-BCHK former processing, the position within the XY plane

20 of wafer table WTB is controlled based on two X heads 66
indicated by being circled in FIG. 14A that face X scales 39X%;
and 39X, (encoders 70B and 70D), and two Y heads 64y, and 64y,
indicated by being circled in FIG. 14A that face Y scales 39Y,
and 39Y, (encoders 70aA and 70C).

25 b. Next, as shown in FIG. 14B, main controller 20 starts
movement of wafer stage WST in the +Y direction so that
measurement plate 30 is located directly below projection
optical system PL. After starting the movement in the +Y

direction of wafer stage WST, main controller 20 detects the



86 is highly probable that at |east one alignment system perforns
detection of an alignnment mark in a defocused state. Thus, in the
enbodi nent, neasurenent error of positions of alignnment marks, which
is caused by detection of alignnent marks 5 performed in a defocused
state, is suppressed in the manner described bel ow. That is,
main controller 20 controls stage drive 395ten1124 (Z-1eveling
mechani sm (not shown) ) and a plurality of alignnent systens ALl and

AL21 to AL24 appibatheagbrofa@dd g8888WsTOa R MKS shoenBet At ahBMST based
positions that are different from one another on wafer Wi $ al nost

si mul t aneous| pndehectethulys adC lv l@lairgnoentesyst Bon canrsespoddnngntiod3c,
each alignment mark, while changing a relative positional relation in
the Z-axis di PBEPFBNRY Rilkerdithedti SARtpés pedithiiod dhea ooviemery phabke

15 b [ . Al AL2 AlL24 d f W d
o oot oo B ORI Bk it e S e SR
that constst utgsgaf %h@étéﬁéQ@Adéﬁd’% %ﬁyﬁ@@&gém ha%q%?ﬂﬁg%tea'n%“afé,

whi ch the position of wafer stage WST is set for detecC

al i gnment  mar ksdi pe frier 2@ Hee SpRC hiev-e apbr §ABRINg YPOwaaeastdgachiPeshy
above. FIGS. 13A to 13C show a status &%ere detection of marks
on waf er Wi smpasfirgmant Bpage S Taby gpeeringsyise ehmthkts andruitkrt, anain
AL24 in the state shown in FIG, 12B where the position of wafer stage

WST is set at“PhEF %&ﬁﬂbﬁ”BS§FEFoﬁh6f°%?W%ﬂ&m9ﬁ PutigrRs 4PRH apd 498
oo o gt oy GesctLbad. abeve L B £LGS. L £0,37C

ShOWS a status \ gare wa er. ( e
di fferentioZ- posi ti @n aededi ity aHvent JOBL&S A & i Raker stage
(0]

si mul t aneously being detected using alignment systens AL1 and AL21
AL24. I n the W3hbed measurement stage MST come into contact with each other
(or come closer together at a distance of around 300um) based
on the outputs of collision detection sensors 43B and 43D,
main controller 20 stops wafer stage WST. After that, main
15 controller 20 further moves measurement stage MST and wafer
stage WST integrally in the +Y direction while keeping a
contact state of measurement stage MST and wafer stage WST
(or, keeping a distance of around 300pm). Then, in the middle
of the movement, liquid immersion area 14 is delivered from
20 CD bar 46 to wafer table WTB.

d. Then, when wafer stage WST reaches the position shown
in FIG. 14B, main controller 20 stops both stages WST and MST,
and measures projected images (aerial images) of a pair of
measurement marks on reticle R that are projected by projection

25 optical system PL, using aerial image measuring unit 45
including measurement plate 30. The aerial images of
measurement marks in pairs are severally measured in the aerial
image measurement operation by a slit-scan method using a pair

of aerial image measurement slit patterns SL, similar to the



87 of FIG 13A, alignnent systens AL21 and AL24 on both sides are in
a focused state and the renai ning alignnment systens are in a
defocused state. In the state of FIG 13B, alignnent systens AL22 and
AL23 are in a focused state and the remaining 5 alignnment systens are
in a defocused state. In the state of FIG 13C, only alignnent system
AL1 in the center is in a focused state dhnd the renai ni ng al i gnnment
systens are in a defocused state. In this manner, by performng

si nul taneous peasvacERM 9 OfsAldsarnenl FBEKsxDypoBd, GTBAt (%I’A?_Eﬁ%_e

AL1 and AL21 to AL24 while changing a relative positional relation in
t he Z-axis di Preganinéd oRatemt Appllien)ibet hetehi @atplamalNdg.y 2002-014005
al i gnment systenms AM and AL21to AL24 and waf er Wounted on wafer table
WIB (waf er st a§eeVesTyresPetng Mg St h8azepbshen biralflapaffabligbkéonsNo.

WI'B f | i t temn th | i t
D Tt W Lid 19, SRR BT, S et e L anTEn
troll 20 t it .
Cont L1 o1 2028k SOl ek APt -5y D ed BTl ROBLHLOES 5o

unevenness of atbéraaies wW¢E Wheatepadi oo be wagslr fa0uswebf fiarLnssory.
anong a plurality of alignnment systens, by preferentially using the

det ecti on resH¢rebfaftar nahks fersuwemepiteproce $dhingrost aéalal dblages of
focused state of each alignnent system or the_ like, Incidentally, in
the descri ptiBFPAYRRENYT FRIERaAP| B2 1EheomTegdedst Rohs reafignregs tohes a

rark |0, e TRl deerable geusedl sale o gt Al LA RURte 16,
limted tig t hige B grRIKD l%Q'%TeEOFEQ&eg;Qiﬁ@)’ O AJLiRASM L9Bhin the Xy
information of alignment marks also using the déetection resuf'ts 0
the marks 88plane of wafer table WIB is controlled based on two X heads
66 indicated by being circled in FIG. 14B that face X scales
39X; and 39¥; (encoders 70B and 70D), and two Y heads 64
indicated by being circled in FIG. 14B that face Y scales 39Y,
15 and 39Y:; (encoders 70RA and 70C).
Then, main controller 20 computes the baseline of
primary alignment system ALl based on the results of the
Pri-BCHK former processing and the results of the Pri~BCHK
latter processing described above.
20 Incidentally, at the point in time when the baseline
measurement of primary alignment system ALl ends (i.e. the
Pri-BCHK latter processing ends) as is described above,
measurement stage MST and wafer stage WST are in a contact
state (or a state of being separate from each other at a
25 distance of around 300um).
Next, a baseline measurement operation of secondary
alignment system AL2, {n=1 to 4), which is performed mainly -
(to a wafer at the head of a lot) right before the processing

to wafers in the lot is started, will be described. Herein,



in a defocused state. In this case, the detection results of the
marks in a defocused state may be used by nultiplying the detection
results by the weight in accordance with the defocused state.

Further, the detection result of the mark 5 in the defocused state is
sonetinmes better than that in the best focused state, for exanple,
depending on materials of layers forned 3% the wafer, or the like. In
this case,. with regard to each of the alignnent systens, detection of

the marks is peefpasetind dhasdRpdargt al egMhdhe W e RE.2M0Stans a
favorabl e 10 result can be obtained, 'that is, in a defocused state,

and position rrietiwe imprsidfidnhefmba kietremyiba obhaenedfusiaky seebndary
detection results. Further, as can be seen fromFIGS. 13A to
13C, all the BptEeEendystem AlEa WAEhalthm et ciyoncpentrr o650 Brimysy

15 coincide with the sane. ideal. direction (Z-axi§g djrection) o
accurately, afd’&uEo SREe g#héﬁ%@ A4 s TRPE e?k%f@%eﬁ&ﬁi%?%§§1Qﬁ
the optic a ' - ~aX| t td ts C
posi ti onsagof txﬁzth\gﬁl&nﬁnleeigfﬁécr %rtgﬁlsgc?,ﬁlg 555}12'#2{9?&&! Coregﬁ%%ryﬁlﬁt
i's preferabl etohat itshasbimhéd 26b Wit Bet spetli ngodtheed-BXirstat ibhedrive
optical axes of all the alignment systens is neasured in advance, and
t he detecti onneelanism A0npotot i eresnpdie, t e attgrmmmmernﬁthstaeeshot map
corrected based on fhe neasurenent results. Next, baseline

nmeasur enent ( %E%I?%éﬁﬁhé@ﬁFréflBrFHﬁryo?S al i gnment systemALl will
be described. Herein, Ah asel ] f i.mar i gnpent _system AL1
neans a positional e!rq'elotzli'lt ?B‘% ?%%égfnl sr?é;%]scueﬁenﬁe&%v@ n@%?%?%%‘%i‘%

posi ti on agher g1 fgrpadrte Y stempe AL AAMLLEB Ofie Rlf! 8tRInd HdPLECH et
by projection optical systemPL and a detection center of primary
alignment 89(hereinafter, also referred to as “Sec-BCHK” as needed), first
of all, as shown in FIG. 152, main controller 20 detects a
specific alignment mark on wafer W (process wafer) at the head
of a lot with primary alignment system ALl (refer to a star
15 mark in FIG. 15A). Then, main controller 20 makes the
detection result correspond to the measurement values of
encoders 70A to 70D at the time of the detection, and stores
them in a memory. Inthe state of FIG. 153, the positionwithin
the XY plane of wafer table WIB is controlled by main controller
20 20basedon two X heads 66 facing X scales 39X; and 39X, (encoders
70B and 70D) and two Y heads 64y; and 64y; facing Y scales 39Y;
and 39Y; (encoders 70A and 70C).
f. Next, main controller 20 moves wafer stage WST in the
-X direction by a predetermined distance, and as shown in FIG.
25 15B, detects the specific alignment mark with secondary
alignment system ALZ2; (refer to a star mark in FIG. 15B), and
makes the detection result correspond to the measurement

values of encoders 70A to 70D and stores them in a memory.

In the state of FIG. 15B, the position within the XY plane



system A | . a. At the point in tinme when baseline nmeasurenent
of primary alignment systemALl is started, as shown in FIG 14A,
nozzle unit 32 forns liquid imersion area 14 between 5 projection
optical system PL and at | east one of neasurenent table MIB and CD
bar 46. That is, wafer stage WST and neaggrenent stage MST are in a
state of separating fromeach other. On sel i ne measurenent of
primary alignnent systemALl, 10 first of all, as shown in FIG 14A

mai n control | of wiF«let eb16 wrebsetvaskol L 88 Wazlednay kwbM hagatesk %Qciﬁ'@

center on neasurenment plate 30 with primary alignment system AL
(refer to a sKascabek 3% RE 3944) (erifivelersnddR aoht?00) | @2nd 20vcrekesads
the detection _result of primary alignnment system AL1 15 correspond to

the measur enefif YaFiRS BisEHEsuSoY: 7ond 1P Y0 deacodpss t 10 id (HE) -
detection, and stores g.hem.in a nenory. Herejnaffer, this, cessin
is referred to as a 'Préll-nﬁgaﬁ%r%f'np%/%%%’é%ﬁﬁ #Ooﬁeﬁﬁgniégﬁﬁgfmove
conveni ence. RrtResfAde RO Ly R OGESSI EER%I i 55 D
the XY plane 20 of vvafdgr tabII{eQ{i/l\%’EBX!Qi';l cont rdgﬁgfggh%ea e %ﬁqp\xg\ﬁépé&s
heads 66 i ndi thé esbdyi hisi g ignmehedmbpk Rk G h 1dfe thadaindeg Xes6ahes
39X1 and 39X2 (encoders 708 and 70D), and two Y heads 64y2 and 641/1

i ndi cat ed by bbiginent dvedems FlL.&, RPAAstdnd Mlce and dhlesss8Q¥éntiwlly

39Y2 (encoders_70A and 700). ,25b. Next, as shown jn FIG 14B, main
control | er ZOm%lf%?t@‘%%ﬂOBf rGARLES st mend Fo e e+ peappeehedh

so thal measusemy o e AL kacel ofodl el A ouepegLeelion o

optical system er starting the novene

waf er stage Whld sedreL HMOhhes RBmEebects the 90 approachi ng of
waf er stage WST and neasurenent stage T based on the outputs of

cl earance detecti orh.sEmsorgaiid AcandodB&r 2Betamitarsitiad basell haé o fldwmth

is, during the novenent in the +Y direction of wafer stage W5T, nmain

control | er 20°8¢endary alignment system AL2, based on the processing
results of the above “e”, and the processing results of the
above “f“ or “g”.

15 In this manner, since the baseline of each secondary
‘alignment systemAL2, is obtained using wafer W (process wafer)
at the head of a lot, by detecting the same alignment mark
on the wafer W with primary alignment system ALl and each
secondary alignment system AL2,, the difference in detection

20 offset among the alignment systems caused by the process can
also be corrected by this processing as a result.
Incidentally, baseline measurement of secondary alignment
system ALZ2, may also be performed using a datum mark on wafer
stage WST or measurement stage MST, instead of the alignment

25 mark on the wafer. In this case, fiducial mark FM of
measurement plate 30 used in the baseline measurement of
primary alignment system ALI may be used, that is, fiducial

mark FMmay also be measured by each secondary alignment system

ALZ2,. Or, for example, the “n” number of datum marks are



5 to open shutters 49A and 49B via drive nechani sns 34A and 343, and
permts the further approaching of wafer stage WST and nmeasur enent
stage MST by opening the shutters. Further, main controller 20
confirms the opening of shutters 49A and 493 based on detection
results of opening/closing sensor 101. 18 c. Next, immediately after
detecting that wafer stage WST and neasu énent stage MST cone into
contact with each other (or cone closer together at a distance of

around 300pn) abaasge@ron hefeut pUb§e OfST Y shedrdrbsetdihSaRIONE 4RB
and 43D, main controller 20 stops wafer stage WST. After that, main

15 control | er sgefgstifidonad v aresrsetbat ot se@orvEl yanll gvadeatt sy agem
WET i nt egr al I¥‘ in the +Y direction while keeping a contact state of
measur enent sthde FBT AR el 8 ttife IRETM (L ks b¥pF ¢Rpladvs BAhgRMeAt

around 300pm _...Th jn the mddle of.the nmovenent, liquid i rsj.on
ren 14 15 dePYIEPEQ I D CE BETCAELt i el eeipsLy R S
Then, whemn wa ta08. WEEk6, aﬁﬁ‘;?] h L §ﬂ‘§"’gj ,
mai n cont {Bol |§§£L§(ﬁj stopss' Eg?h@?gt ageeg' %@?ggﬁgbﬁ/gﬂr, an %gai%?gglﬂg nay
proj ect ed i nageso (laerusdd. nagesdver, acpaidatain Makdr EGENba S&T Kse ON
reticle Rthat are projected by projection 25 optical system PL,

usi ng aeri al neagerensrsuef mgoendarysliigineditngy steer 8b2nmay byl arzafed
The aerial inages of neasurenent marﬁé in pairs are severall

. Y. .
measured in tP YGEFTATE3IRleT iea RrERERETBpRRAROSH thPnal 49lEtdogvith

met hod using a: paii. O el J I it erns, SL

i ar o tne egiiaktn i ! PRNE IRESULENR he Rt o Aty 1 Spent
(Japanesea gunexpaidiehifat emld ApRkEEabhodr Rubl | &atdnP = rNQ. 30022844909
(the corresponding U. S. Patent Application Publication No:

2002/ 0041377) at frevarad sy ot g AL2q uslyyba reck eice: abil keeg 1nsoect & el Hasé o €ISy
the measurenent results (aerial inmage intensity in accordance wth
the XI positi®htibeekareion£6 Eldun)al Ragk fhby primergiaidionmentt sy stem

on Tot i ore RAEET ofly FRas: 558" o TRBBSR ok AaF B BOBLS B e e
oSt L1 0n it HEr R o B aF arer | (BB e o ey S pney px
on two XlBeadshé@atneh pakks hyy kel agrangebednipni {3, ¥4B thahpiacent
scal es 39X1 and 39X2 (encoders 70B and 70D), and two Y heads 64
i ndi cat ed by R guabes|agl the Fider] 4B sdaendace a¥igomerns s3FYEm ALZ,.
Further, in the embodiment, since each of primary alignment
system ALl and secondary alignment system AL2, can detect
two~dimensional marks (X and Y marks), the baselines in the
20 X-axis and the Y-axis directions of secondary alignment system
ALZ, can be obtained simultaneously by using the
two-dimensional marks at the time of baseline measurement of
secondary alignment system AL2,. In the embodiment, fiducial
mark FM and reference marks M, and the alignment marks on the
25 wafer include, for example, the one-dimensional X mark and
Y mark in which a plurality of line marks are periodically
arrayed in the X-axis and Y-axis directions respectively.

Next, a Sec-BCHK cperation, which is performed at

predetermined timing during the processing of wafers in a lot,



15 and 39Y2 (encoders 70A and 70C). Then, main controller 20
conputes the baseline of primary alignnent system AL1 based on the
results of the Pri-BCHK forner processing and the results of the
Pri-BCHK | atter processing described above. 20lncidentally, at the
point in time when the baseline maasurerrggt of primary alignnent
system AL1 ends (i.e. the Pri-BCHK | atter-processing ends) as is
descri bed above, neasurenent stage MST and wafer stage WST are in a

contact st at e fiodf exargilal,eaqfe HRIAGr6RAMH ExpsHABLBEN Glirl @dfudbil
di stance of around 300pn). Next, a baseline measurenent

operation of sdeontheyloddyment tystnemtAkdhefnod wafel) takdliecWTBsis
performed mainly ito a wafer at the head of a lot) right before the
processi ng t o SRAPeREeHNn EhREL |5t jdrdipgr Waderwreplarenpitor iwidd. be

Herein, 92t | i,ne Qf _.secondary .al i gnnme syst 2, neans_a
rel ative posi t@i I%g%@%?e(il.a e ggtlrc’oﬁa%%’ntbeercagﬁs)e gb@hg%%%rjf RFFSHE%?\‘E‘
system AL25 wiakhihtBevaes ect i QL eRlRl eteglgéérﬁ@{% Hd AR 3V SHEM
AL1 as a datum Incidentally, the positionh 5 in the X-axis directron
of secondary &ktgROBNtisystsmmlidrred=tot 8s4thé SSasnumd tiateevael . by
being driven by rotation drive nechanism 60n, for exanple, in
accordance with themsibisnBpcddEEK ofintiesvadt eras ishowheihofIG. 16, main

) sel i pe asurenent of the secondar
e. On the ba congro{?%rLgO moves measurement stgge MST so that straight

line LV on which the detection center of primary alignment
10 system ALl is placed substantially coincides with centerline
CL and also CD bar 46 faces primary alignment system ALl and
secondary alignment system AL2,. Then, main controcller 20
adjusts the 6z rotation of CD bar 46 based on the measurement
values of a pair of reference gratings 52 on CD bar 46 and
15 Y heads 64y; and 64y, indicated by being circled in FIG. 16
that face the pair of reference gratings 52 respectively
(Y~axis linear encoders 70E and 70F), and also adjusts the
XY-position of CD bar 46, for example, using the measurement
values of the interferometers, based on the measurement values
20 of primary alignment system ALl indicated by being circled
in FIG. 16 that detects reference mark M located on centerline
CL of measurement table MTB or in the vicinity thereof.
Then, in this state, main controller 20 obtains each of
the baselines of four secondary alignment systems AL2; to AL2,,
25 by simultaneously measuring reference mark M on CD bar 46 that
is located within the field of each of the secondary alignment
systems using four secondary alignment systems AL2; to AL2,.
Then, on the subsequent processing, drift of the baselines

of four secondary alignment systems AL2; to AL2,; is corrected



10 alignment systemperforned to the wafer at the head of a | ot
(hereinafter, also referred to as "Sec-BCHK" as needed) , first of
all, as shown in FIG 15A main controller 20 detects a specific

al i gnnent mark on wafer W (process wafer) at the head of a lot with
primary alignment system ALl (refer to a star 15 mark in FIG 15A)
Then, main controller 20 nmakes the detecffon result correspond to the
measur enent val ues of encoders 70A to 70D at the tine of the

det _GCUOn,_angyshgiﬁ%ﬁﬁérﬂéﬂﬁrﬁ&@%ﬁéd bAskhenstate of FIG 15A, the
position within the pl ane of wafer table WIB 1s controlled by nain

~controller 20 20 babecidentaldyX bkadSe&BdHECi(AgtXrsen) etestP{beangdbove
39X2 (encoders 70B and 70D) and two Y heads 64y2 and 64yl facing Y
scal es 391(1 afdt83d Pegdesaedsby A mddaneops. measuremerft, dfedtiffenent

controller 20 ves waf er stage T in the -X direction by a
pr edet er mi ned*af &t ARCE M2EKT bayga?\r/'f\g\ﬁﬁlﬁylﬂfée%% ajLyRipet platems.

specific afi gﬁgs&%fl%rﬁ%ﬁ &s%%%oaqeﬁgg{@hgfgg@t SYSHRDL LR EE&T elng

to a star mark I n ., and m ection result

correspond t oeh bl oTeEREMRERNE nkal drFoat s@"&@@%“rg Jﬁ‘%}rﬁn(én@%_@f‘éhs AL2,
stores themin a nenory. In the state of FIG 15B, the position

within the Xvtplahe ey afl swaber ob bl medViE isequenttiallled based on two
X heads 66 facing X scales 39X1 and 39X2 (encoders 70B and 70D) and
two Y heads 64193}l SAngoiisdy)30eesapingothe (s daisrroscanpdrzof)on

. Siml ly, i tr.all 0 tLall waf t WET
" the +x df BTt B R Ge RO P AR L et bt oA o B APBSRE | SHRERR
mark withg he remaigifig §ﬁ@%@%ra¥iahlwg§eit§a§fa% s 84t d¥-4ac

AL24, and then sequentially nakes the detection résults correspong %

t he nmeasur eneanligrahares sgktemaadens 1108e toxri&FDyaded drei HddBa 9864 IHEFIGS .
detection 10 and stores themin a nenory. h. Then, main
control | er 20l Goriid es’R-he basel i ne of each secondary alignment

system AL2n based the processing resylts of the above ne", and the
processi ng resu|tS%ﬁ*lfﬁésgﬁsgéﬁmghaQPSﬁﬁipnalrelatlonbetweenprlmary

alignment system ALl and four secondary alignment systems AL2;
15 to ALZ2; is the positional relation shown in FIG. 17a, before
the adjustment.

As shown in FIG. 17B, main controller 20 moves
measurement stage MST so that primary alignment system ALl
and four secondary alignment systems ALZ2; to AL2; are located

20 above CD bar 46. Next, in the similar manner to the case of
the Sec~BCHK (interval) described above, main controller 20
adjusts the 9z rotation of CD bar 46 based on the measurement
values of Y-axis linear encoders 70E and 70F (Y heads 64y; and
64yz), and also adjust the XY-position of CD bar 46 based on

25 the measurement values of primary alignment system ALl that
detects reference mark M located on centerline CL of
measurement table MTB or in the vicinity thereof.
Simultaneously with this adjustment, main controller 20

rotates each of arms 56 at the tip of which each secondary



151 n this manner, since the baseline of each secondary alignnment
system AL2n i s obtained using wafer W (process wafer) at the head of
a lot, by detecting the sane alignnment mark on the wafer Wwith
primary alignment system AL1 and each secondary alignnent system
AL2n, the difference in detection 20 offégt anong the alignnment
systens caused by the process can also bé‘corrected by this
processing as a result. Incidentally, baseline neasurenent of
secondary al i gnTghinefiy Sy@BeM 210 NBY a2k 88g6E, RGhPHNELEHISHOS PordlabHEbr
mark on wafer stage WST or neasurenent stage MST, instead of the

al i gnment 25 mr kndhcated Waf @rrows inhFEc cage, Hy dudivdhgnestatEMrofirive
measurenment plate 30 used in the baseline neasurenment of priqar{ '

al i gnment sysfeRPARLISHE P heto i, P33t onsshet gap Anfemration daglafing

be measured b h_secondary _aligpnent system AL2n. O, for exanple
the "n" nunbe%ngﬁgﬂgﬁﬁﬂ? I}Eézﬁrigdgﬁangéﬂée%% TR tse A ARET Sop ™
measur enens  SLager Mol Pe tdig3REENSLS] (i, @N3b1 L ELALL0B f
secondary al i gnnment s?stenl L2, 5ﬁd détectﬁgn(# t%e 53$EE nﬁ?ﬁ%m%§ks
secondary al i gnmehe syséem AL, thay besexeamifiraldehtalomst 20 stops the
simul taneously. As the 5 datum nmarks, for exanple, reference nmarks M
of CD bar 46 wayahiee &t erdd.anbridowsr thehpodht om mirdes faodelsaseti ne

measur enent of secondar i gnnent system AL2" may be arranged on
waf or stage VETIPRSRCEPBALLPRhoRE 8143 bAgH Co LR bnE b1 (RPteEr bon

mark FM for b in r t A | ] nt system AL1,
and detectiongggé{hgfggtun}narEéb%y'gg%gﬁé%?g %f?%%%éﬁ#gsyéﬁéﬁéALz,
may be exerut abhet et s tdstdBliloaneausll ¥s Wbk Nedel esddualy bhduaidht
mark FM by primary alignnent systemALlI. In this case, the nunber of
dat um mar ks feysbas@lliipe mhasyrenrebtseliseodnoarondd dygahbimesptsEemen
AL2,, may be one, or 15 the datum marks may be arranged in plural,
for exanpl e, Phén d@mBdiufbed fshangediuibepCeprdarendarihy hiegnhepement
system AL211. FEurther. in the enbodi nent, since .each of i mar

2T gnment sysPent RIS SECGRAAPy RPF Ot oy RrS, Shah abpes(to
two-di mensi ongl ABE&SdX aRd ¥ABEKSras b i l 0 5
X-axis and the Y-axis é?rections of géégnggfiégﬁﬁgﬁgén%Hs%@%éﬁfﬁff%
can be oltsai n@ilrsctidd adethes dy byt Ush RG cbhef (aRotidaRy s NAnaRR! Kos 8dm
the time of baseline neasurenent of secondary alignment system AL2n.
In the enbodi Mt 1sf thacged. mihksF\vbahy refrewvéngewafiek W Nin ahd Yhexis
al i gnnment marks on the 25 wafer, include, for exanple, the

one- di mensi on&tTSE TRk ArRE W HeW FhIGITYH Bepkard1atgPesitions darike
are periodically, ar rcaiyree%gi%nt g?‘ex'sﬁéis%agggaﬁﬁxéﬁe dsiarm%Ctain%nahose
respectively.
positions in the Y-axis direction are different on wafer W
20 can be sequentially detected by each secondary alignment
system ALZ,. In the embodiment, in the wafer alignment
operation, that is, in the detection operation of the alignment
marks on the wafer by primary alignment system ALl and
secondary alignment system BL2,, wafer W is to be
25 one-dimensionally moved only in the Y-axis direction, as will
be described later. However, during the operation, the
detectlion area of at least one secondary alignment system AL2,

and wafer W may be relatively moved in a direction different

from the Y-axis direction (e.g. in the X-axis direction). 1In



Next, a Sec-BCHK operation, which is performed at predeterm ned
timng during the processing of wafers in a lot, 95 for exanple, a
period from when exposure of a wafer ends until when the | oadi ng of
the next wafer on wafer table WIB is conpleted, that is, during wafer
repl acenent, will be described. In this é se, because the Sec-BCHK is
performed 5 at intervals of each wafer r glacenent, herei nafter the
Sec-BCHK is also referred to as the Sec-BCHK (interval). On

t hi s Sec- BCHKthilst ess@l khegsositwen bfi fHdSdet@ctiBhmranheglderd3dQsted
noves neasurenent stage MST so that straight Iine LV on which the

det ecti on cenb¥rthe Bevement sifi garendaly aligremnal systepl Akad or only
substantially i qﬁdes with centerljne Cl and also CD bar 46 faces

primary ali gnH%%Ingyérlaé’n]P%\Lnl‘ov 18t &ty Laf | aftstnesfspeni o »f time

Then, main coptrgQ 2 i t ez rotation of CD bar 46 based
on the rreasurerren%lgf\?g?ug%a%éjaa%ae‘llgggf reference gratings 52 on CD

bar 46 and 15 Y hearisefAnEranctc il pdsendheat €4 2vnBerPoh Cidrided® EPstem

FIG 16 that face the pair of reference gratings 52 respectively
(Y-axis lineahkléndedatbustE andhiGHpanaead, aada ashirsils €he0 fixes each
fl-position of CD bar 46, for exanple, using the neasurenent val ues
of the interf@FBmiefe, 2 isdd fsamehinge shaverehy sattien 2y sttprabiny

al i gnnent syst AL1 indicat by_being circled_in FIG 16 _that
detects ref er_ee%%@é R MR cgi?féd 8‘3‘1%@%( éFFi%ﬁe°€:LeaoC_rh ﬁéﬁ‘fsg?'eﬁ%ﬁ?r the
taple MIB or boedboyiidid bdiiifiehe 15 majndlifflg!n this state,
mai n controller 20 obtai’hs each of the baselines of four secondary

al i gnmentltsyst ens Al demdtAl24r 2Dt By abofrdl danaayslivneastdidite marks
reference mark Mon CD bar 46 that is located within the field of

each of the séchrdeed all idifrferensypoentions non fAubasedéndaryto be

alignment systens AL21 tqQ AL24. Then, on_the subsequent processing,
drift of the mﬁﬁ%%ﬁabfr Bof indiyddany 1K deiRfsRd @y%heﬁggleAﬁmgwnt

AL24 is Correé:’)tr&fjems ALl and AL2; to ALZ2;. However, the present invention
is not limited to this, and the baseline of secondary alignment

15 system AL2, can also be adjusted, for example, by
simultaneocusly and individually detecting alignment marks
formed at different positions on wafer W (process wafer) with
five alignment systems ALl and AL2; to AL2; and adjusting the
rotation of each arm 56,. Further, in the embodiment, the
20 baseline (the position of the detection area) of secondary
alignment system AL2, is to be adjusted using reference marks
M of CD bar 46 or the like. However, the adjustment operation
is not limited to this, and for example, secondary alignment
system AL2, only has to be moved to a target position while
25 measuring its position with the sensor described above. In
this case, it is only necessary to employ the sequence in which
the baseline that has been measured before the movement is
corrected based on the position or the movement amount of

secondary alignment system ALZ2, measured by the sensor, or the



96 by using the newly neasured baselines. I ncidentally, the
Sec-BCHK (interval) described above is to be perforned by

si mul t aneous neasurenent of different reference marks by a plurality
of secondary alignnment systenms. 5 However, the present invention is
not limted to this, and each of the baselines of four secondary

al i gnment systens AL21 to AL24 may al so B& obt ai ned by sequentially
(nonsi mul t aneousl y) neasuring the sanme reference nmark M on CD bar 46

with a plural begedingefonsarsmetd gRMeRbcoY sl ea8aid O et thiehRovement,
operation of position adjustnment of secondary alignment system AL2r,

will be briefby dbsteddtedhieabeadebindinE@dsukéMeandof78:condary alighgent
assuned that a positional relation between primary alignnent system
AL1 and four SEebRBablZralliSyReEheragdt efecnlie I®RaHent24 is the

posi tional relation,show in FI.G 17A before the adjuystnent. As
shown in FIG 17B,Q#Efd SsirEesteay © Opﬂiﬁﬁkoqm%ﬁﬁh NsHSYETRET so

that prinegy abkgpieat; SHSLEM; d u i R
systens AL21 ?o ALgﬁﬂé?gylocagggé2%@aﬁgge&%fgﬁggqﬁ%¥kﬁ%&?5n?ﬁgt%eaXlS
simlar nanneditectimncmﬁﬁraﬂhdﬂm%rSeeeEﬁ}ké&iE6Eﬁsﬁﬁdbu%e&ﬁpbbﬁgt that
above, main controller 20 adjusts the Oz rotation of CD bar 46 based
on t he neasur éfurar fpgingdsinfexpogxire dppremtent6lers tHoEmmdlif@Rt(Will
heads 64y andb64g2g, %?d al so adjust the XY-position of CD bar 46
based on e described.

On the focus mapping, as shown in FIG. 1BA, main

10 controller 20 controls the position within the XY plane of
wafer table WTB based on X head 66 facing X scale 39X, (X linear
encoder 70D) and two Y heads 64y, and 64y, facing Y scales 39Y,
and 39Y; respectively (Y linear encoders 70A and 70C}. In the
state of FIG. 1BA, a straight line (centerline) parallel to

15 the Y-axis that passes through the center of wafer table WTB
(which substantially coincides with the center of wafer W)
coincides with straight line LV.

Then, in this state, main controller 20 starts scanning
of wafer stage WST in the +Y direction, and after starting

20 the scanning, activates (turns ON) both Z sensors 72a to 724
and the multipoint AF system (3%0a, 90b) by the time when
detection beams of the multipoint AF system (90a, 90b) begin
to be irradiated on wafer W due to movement of wafer stage
WST in the +Y direction.

25 Then, in a state where Z sensors 72a to 72d and the
multipoint AF system (90a, 90b} simultaneously operate, as
shown in FIG. 18B, position information {surface position
information) of the wafer table WIB surface (surface of plate

28) in the Z-axis direction that is measured by Z sensors 72a



25 the neasurenment val ues of primary alignnment system AL1 t hat
detects reference mark Ml ocated on centerline CL of neasurenent
table MIB or in the vicinity thereof. Sinultaneously with this

adj ustnment, nmain controller 20 rotates each of arns 56 at the tip of
whi ch each secondary 97 alignment system AL2," is arranged, around
each rotation center as indicated by arrb in FIG 17B, by driving
rotation drive nechanisns 601 to 604 based on shot nmap information

i ncl udi ng i nf @IyMLHORNRANESE 261 NG ¥ AFEFERN 9Ly AELGONRIM; Shot areas
on 5 a wafer to be exposed next (i.e. placenent of alignnent marks on
the wafer) . Hnfohinattaspe, ofrihe eafer of |AirfHteStiapshd e-d:alsatiieaceion
each arm 56 at the position where a desired reference mark Mon CD bar
46 is |ocatedatnat Réuradldy (dfetdedeictacar pajnbé daath iseceidared by the
alignment system AL2", while 10 pnitoring detection results of each
secondary al i E‘H%ﬁPOé?Et%sﬂﬁﬁemn%%ﬂ %Or}rg B&sel Padedrats drgAgspymined

al i gnnent ) L 2" ] i .chang ] ccordance with .
pl agement %1}/ %F%#ﬁéﬁtiﬁ%r Sa“_LZ% ?jglﬁégg ?nsg%lebgl‘fgennnew %nesrhg\ﬁnagfegg%tjos
be detected. pRoeEBEINYOIMSthd Ne BESEELOBN| Nahd€l S i3k BEL] gf‘

of the detection area of secondary alignnment system AL2" is changed.
Thus, only byinboimgtivaieri \W.i twoh&iXdaxos the ebidder, sarffheeapbsytion
alignnent marks _whose positions in the X-axis direction are

subst ant i al | yI1RRRIBaFEOH FRAVEES PRI RS Valuke of akildngareentoters

are different waf, 0 can be sequenijally detected by each
secondary ali 6@%9%‘@ g{/%(yv ELafﬁ. SPRP ﬁ%gemjd?%\?rﬁe, maqe; {R” Garepspond
al i gnmenty pet gtdn anbhk rl Sand Al 4ol ectd oo 0

al i gnnment mar ks on taﬁle vvafera%y%pri rrggy Igﬁ g%%?%%)g/gtg@n% f}“gﬁéi (not
secondary al i gihewem). system AL2", wafer Wis to be 25

one-di nensionally noved only in the Y-axis direction, as wll be
described | ater. H®W@rer wheur thg déeeopirmtianms oife tdet mol tdpotmedpf

at | east one secondary ali gnrrent system AL2" and waf er Wmafx- be
rel atively mov&dtsh &% ir dBP) oROYR F4iefr &RO™ FRRPEHE Yiedni soBFFeéienrR0

(e.g. inthe gﬁégaéhénéﬁﬂﬂfi %)dESEPibed above and converts the surface

15 positioninformation at each detection point of the multipoint
AF system (90a, 90b) into data, using the surface position
information by Z sensors 72a to 72d that has been loaded
simultaneously, as a datum.

More specifically, based on the average value of the

20 measurement values of 2 sensors 72a and 72b, surface position
information at a predetermined point (e.g. corresponding to
a midpoint between the respective measurement points of z
sensors 72a and 72b, that is, a point on substantially the
same X-axis as with the array of a plurality of detection points

25 of themultipoint AF system (90a, 90b) : hereinafter, this point
is referred to as a left measurement point) on an area (area
where Y scale 39Y; is formed) in the vicinity of the -X side
end portion of plate 28 is obtained. Further, based on the

average value of the measurement values of 2 sensors 72c¢c and



98 this case, the position of the detection area nay be adjusted by

t he novenent of secondary alignnment system AL2n, or only wafer W may
be nmoved in view of the adjustnent period of tinme or change in the
basel i ne. 5Then, after the baseline of secondary alignment system AL2
is adjusted in this nmanner, main controller 20 fixes each arm56n to
a main frame (not shown) by suction by adthi vat i ng each vacuum pad

58,. Thus, a state of each arm 56" after the rotation angle

adj ust nent i s7pBj Ng@k Aesk pinGicgenhabkMat i dn the aalg%%e@%%ﬁl&h%' ﬁamt
reference marks Mfornmed at different positions on CD bar 46 are

be simul t aneolsel y. anwlr texharidiua lty demedpetinwi bdtvaeare tdle g@@pl@btlve
systems AL1 and AL21 to AL24. However, the&present invention i s not
linited to thiNgasaremeMe DFASEFI ¢t ZoFeB8REM &y apdi Githehhalsisy ot ppdnt

AL2 can al so be adj ust ed, for xanmpl e, si mul t ane oulyad
i ndi vidual Iy 88t %&?Fﬁn%%w nﬁ%@ﬁsxf%?‘ﬁ‘édasatw e R XF¥s PEi Bns

on vafer W (PEoaess: URbeldlclidohintd Ald GPERD. é&bs t A Ao,

to AL24 and adjustin erotatlo arm

enbodi nment, thebRo haselriate it henpespbian 0f ﬁéhﬂeﬂ%tcﬁ(ﬂd as ar Q%h@f
secondary aI i gnment system AL2 is to be adjusted using reference

marks M of CDngasurnant tiedrtiken Howevea, (4iwa adjerst WewstadpeBavi ars
isnot limted to this, and for exanple, secondary al i gnment system

AL211 only haSoFeePe ifoFeg Vochniay qoft thesitKi BRoHRIS P23 theRs gt piate
ont'y necessars? it ehEr3feine BEIcRBc T AL A Pnel ks SR R-CPRET hieE
been neasyy edy @%%sr&@ech@y@%e b8s£OI8Ghed RAsEM, an dN4, &8%&%9&
or the novenent anmount of secondary alignnment systemALZ2nneasured
t he sensor, ofoirdte 0o®%*he multipoint AF system (90a, 90b) into surface
position data zl1 to zk using a straight line that connects
the surface position of a left measurement point Pl and the
surface position of a right measurement point P2 as a datum.
15 Main controller 20 performs such conversion to the information
loaded at all the sampling timings.

Since the foregoing converted data is obtained in
advance as is described above, aftexrward, for example, on
exposure or the like, the Z-position and the tilt (mainly the

20 By rotation) with respect to the XY plane of wafer table WTB
are computed, by measuring the wafer table WTB surface hapoint
on the area where Y scale 39Y; is formed and a point on the
area where Y scale 39Y; is formed) with 2 sensors 74,,5 and 74,,4,
and 763,q and 763,q. By using the computed Z-position and tilt

25 with respect to the XY plane of wafer table WTB and surface
position data 2zl to zk described above, surface position
control of the upper surface of wafer W can be performed without

actually obtaining surface position information of the wafer

surface. Accordingly, since there is no problem even if the



basel i ne neasurenent is executed again after the novenent, or at

| east the baseline neasurenment of secondary alignnent system AL2n is
performed after the novenent. Next, detection of position information
(surface 5 position information) of the wafer Wsurface in the Z-axis
direction (hereinafter, referred to as focus mapping) that is
performed in exposure apparatus 100 of tH¥ enbodi ment will be

descri bed. On the focus mapping, as showmn in FIG 18A, nmain 10

control | er 20neQREpeksattAe idnt QY gflbﬁ'be khea ?Yoﬁ@i@n ofw BTt
tabl e WIB based on X head 66 facing scal e 39X2 (X linear éncoder

70D) and two ¥rhéadsiédy@paichl6dbybtiacPhy Yhscibess IRfpiand c3I9¥Re
respectively (Y linear encoders 70A and 70C). In the state of FIG
18A, a strai gRFPPHABENE e riUidaolyabsl peplied 151 3het of-axiexpoisare

asses through the center of wafer table WIB (which substantially
(F:)oi nci des wi ?ﬁPPﬁJéaﬁ‘éﬁt@?O%ﬁf g légl"‘ﬂﬁ?dl’(ﬁ WHRF stFitgit ?Lllikﬁe

LV. Then, i i t [ . 20 start ' f
waf er stagse V\?S'rl]' |InnIt é}c%}ggﬁrlgét F{gh?hgﬁgé%%}g{ls%araﬁong ’26%[% ﬁgﬂk?&cé’

scanni ng, act pyaiesof lodr 16 tON:2 BAEBndn S @RS AL P1724d te® /26 A1k bBSition
mul ti poi nt AF system (90a, 90b) by the time when detection beans of

the mul ti poi nefAR EysMmess96men ®inkeh? mreo thebe coaghuaeddasedvahethadV
due to novenent of wafer stage WST in the +Y direction. 25Then, in a
state where Z2¥BRRIF IR P6 MOISHRIY e VALVLES R At SAESQTStA Aodal2b

0y st 1 h i G_.18B, i i
ot on (SRU e GREEALE ¥ 2R S WP L B F i R BB AR ensgirg 720

information (Sufface posrtron1nfo

surface (mrfage ofq Ebﬁggcgﬁeiﬁ t R wévexl sl eekbAR IBAndSn is not
measured by Z sensors 72a 100

limited to this, and the surface position information at each

detection point of the multipoint AF system {(90a, 90b) may

also be converted into surface position data, for example,

using a straight line that connects the surface positions

15 measured by Z sensors 72a and 72c, as a datum. In this case,

the difference between the measurement value of Z sensor 72a

and the measurement value of Z sensor 72b obtained at each

sampling timing, and the difference between the measurement

value of 2 sensor 72c and the measurement value of Z sensor

20 72d obtained at each sampling timing are obtained severally

in advance. Then, when performing surface position control

at the time of exposure or the like, by measuring the wafer

table WTB surface with 2 sensors 74,5 and 74,5, and 76,,4 and

762,q and computing the Z-position and the tilt {(not only the

25 By rotation but also the 6x rotation) with respect to the XY

plane of wafer table WIB, surface position control of wafer

W can be performed using the computed Z-position and tilt with

respect to the XY plane of wafer table WIB, and surface position

data zl to zk described above and the differences described



to 72d and position information (surface position information) of the
wafer Wsurface in the Z-axis direction at a plurality of detection
points that is detected by the nultipoint AF system (90a, 90b) are

| oaded at predetermined 5 sanpling intervals during a period when

waf er stage WST is proceeding in the +Y direction, and | oaded three
kinds of information, i.e. two kinds of 4% | oaded surface position
information and the neasurenent values of Y |linear encoders 70A and

700 at each sagBlkingwiimbeg é&&a@@eonaEHEBSSQQPPaé@ g idRpanot her,
and are sequentlalfy stored in a nménory (not shown) nh

when the det echformbebos of tHee wafltri parfihcAF systen1(90a 90b) move
off fromwafer W main controller 20 ends the sanpling descri bed
above and converts Thrdegeripeian sgofariisnmpde arasamiion thateapkvenness

detection point of the nulti nt AF system (90a, 90b) into data
Usi g the Sur PRER SIS FERSH ThEDRHATSEBY S LENSUFEesba (5 REQUhAEY.

has been I@ggggﬁ?gy' | POOOURLY 112818, dBBUM HDES PPSELIISRIY oBARRY

on the aver nmeasur eient ues of SENnsors

and 72b, surfagerpesidf aaferf eapntiwr: atth%tp&%dewé Ndueth ROIoH a( 81 8st
corresponding to a m dpoi nt between the respectlve measur enment points

of Z sensors F2atand &2y A8hatwhere & paiaite 69 Ys ubstfantreal,| yheheustaee
X-axis as with the array of a Iurallt%a;f detection points 25 of
t henul ti poi nt &Fs¥ st Darg3p): apes of fhe wberet Ki 8cpbt ni%Yis ifeferned

to as a left pe ur gnent pﬁlnt% on an ar.ea ﬁarea where Y scale 3 gY
s formed) inotne ciRty 18T THe <Xo8 48 BHA PoTs I I GrEra 6557
obt ai ned.) ¢-ur { Rersu Haseds on ddee @X@I@%ngé Ufs Qgsﬁpfbggaa%gv%negﬁrface

val ues of Z sensors 72c and 101 72d, surface position inforrafion

a predet er m nesls poi dr ddhﬂ;olC@ﬁtﬁseﬁﬂﬂémglyOhfgﬁnphébﬂyiohebwﬂeﬁethe
respective nmeasurenent points of Z sensors 72c and 72d, that is, a
poi nt on subsPeRrformdd athe podmt 0@ axner bdian of vhtenir by vfradgbt line

plurality of detectlon poi nts of themultipoint AF system (90a, 90b)
hereinafter, RHFE 0l AP RS MefElPed aoPasSes iU areblt Mafe C%\cm

kb R s N S R
180, mai nscontipl 1Y described below.

When the focus mapping is performed, Z sensors 72a to
72d that serve as datums when performing the mapping detect
surface position information of certain positions (XY
coordinate positions) on the wafer table WTB surface. Then,

20 as is obvious from the description above, the focus mapping
is performed fixing the X-position of wafer stage WST while
moving wafer stage WST straight in the +Y direction. 1In other
words, the lines (on the surface of second water repellent
plate 28b) on which Z sensors 72a to 72d detect the surface

25 position information when performing the focus mapping also
become straight lines parallel to the Y-axis.

When the focus mapping is being performed {when wafer

stage WST is moving in the +Y direction), the shot area located

on the meridian of the wafer is to be placed at an exposure



10 20 converts the surface position informati on at each detection
point of the multipoint AF system (90a, 90b) into surface position
data zl to zk using a straight |ine that connects the surface
position of a left measurenment point Pl and the surface position of a
right nmeasurenment point P2 as a datum 15 Main controller 20 perforns
such conversion to the information | oadetP%t all the sanpling

tim ngs. Since the foregoing converted data is obtained in
advance as ISpésiﬁibﬁeéia&t}ﬁﬂsro%éﬁa&@rogtlfcg'i %L A EHRRSHEG1 RG
the like, the Z-position and the tilt (mainly t ey rotation

with respect haféh%ﬁ%ep|%H61ﬂftlvﬁf}§9bx&@b&i£ré/8"ﬁc&{e gasputed shBY area
measuring the wafer table WIB surface (a point on the area where Y
scal e 39Y2 i soPoEhednenidrpoianches the expaswherposdtsicml ea39¥irief 2
formed) with Z sensors, 741 nd 742,j, and 761, q and 762, usi ng
t he conput ed ieBSQF’Fli rﬂﬂlq a’i4t2 p &Gt tﬁr?eg’be'é}ﬂet%ar%%éwlﬁhénélﬁﬁ

wafer table 0 o] f to_zk _describ bove
surface posi Y\ggﬁggg% CF%'% ?h%lxt'&%p‘grqgiu acéseg °a Z? (r:‘%Z é and a
performed w t?@ﬂi— @@tzuaéhyo@é)tmry B84 S?szaaﬁﬁagoéfé 'O?Lntlllé]fs%ﬂéag{:_?glt?tlt
the wafer surface. Accordingly, Since there is no problemeven if The
102 nul ti poi nliAF mayrstldmii soptlecadaat sapodichi Drseviyrst 78 fid7eat 6
optical systemPL, the focus mapping of the enbodi nent can suitably

be applied al 8 def- ot eRpbate @oaparatint aumsdd onorkinng ndisst i @riesthe

hor t the |1k | dent d t b th
:uﬂ aceoz)om Sf%rlﬂe gﬁ‘ nché]gg%?%éfﬁffeﬁ&%?l%%?@n&%t %}g{]%lgrzg)\éggsorg 12a
posi ti on 1of raﬂatvzﬂeaéﬁa%ehseew 2208 24 208 LOURILAGNARSGE. Qe

the average val ue of neasurenent v ues of sensor

the average vehitfadd pPERAIRIMRAEOYALYESH Ot ZIFENSIHeS o?i%oé@saxﬁgp%
respectively. However, the present invention is not limted tot

and the surfaﬂ@aipeﬁt’qhﬂ\damrosnafa@elmaaseaeﬁ boettee £ isemspoisithasf séhee s
mul ti poi nt AF system (90a, 90b may al so _be converted into surface

position dat a®Sfb pethg, ‘?’F@%J@Pr ngﬁ‘t‘rf?‘ﬁ% Rafdit ieanheEeEmathion
surface pOSIt Z sen S and 12c
In this case, rﬁletlié e%c"ﬁ{crgcd ngnéasurenen@‘?/ﬁﬁﬂg %f gge time

sensor 7233 angk tf@%uﬁﬂ@a%ﬂ;ﬂ?ﬁﬁd‘é%l Hﬁe Q.flm% §P%§BBSZ%Q Otﬁtt@z%%r@t @r?{xh

sampling timng, and the difference between the measurenent val Ue o
Z sensor 72c exgbdirgy mbasshetestey ainiehef ndr séhsny Akn/2d ahévémessat

each sanpling tinmng are obtained severally in advance. Then, when
performing sUMABAHEs Orofhe ohi kvlocmunshent the sirgsqrosdr waberttable

ey Y TS G s uBlero} o €U0 S Lacs N2 seneers AR,
tilt (not onl s the zZ-position obtained at the time of focus mapping
20 without change, without taking the unevenness, undulation or
the like into consideration, and therefore highly accurate

focus control can be performed.
When exposiﬁg the shot areas other than the shot area
on themeridian, in the case there is no unevenness, undulation
25 or the like on the surface of wafer table WIB, focus control
accuracy of the same level as the case of the shot area on
the meridian can be secured. In the case there is unevenness,

undulation or the like on the surface of wafer table WTB,

however, focus control accuracy depends on accuracy of



25 Oy rotation but also the Ox rotation) with respect to the XY pl ane
of wafer table WIB, surface position control of wafer Wcan be
performed using the conputed Z-position and tilt with respect to the
XY plane of wafer table WIB, and surface position data zl to zk
descri bed above and the differences descrjbed 103 above, w thout
actually obtaining surface position inf orbrati on of the wafer surface.
The description so far is nade assum ng that unevenness does not

exi st on the waheerkabhendWihe Wdraeetibh aebusl i 4¥sc S HIe\Rer)as
shown in FIG 18C, there is unevenness on the surface of wafer table

WB, that is, Fimthsuyf hwetlof edasr stichaati eherarmevidlp rafleer et¥gscube,
39Y2 is forned, the surface of a second partial area 28b2 where Y
scal e 39Y2 i sIPsr mBaPkR/ tifle thekd-arbiwdidiectdpaninnoxdrr dasexpose the
unevenness exits.on 10 the surface of wafer table WIB as js descrjbed
above, surf acgh%s&?ﬁa@nc’&% E%‘Pnﬁﬁ}%oﬂit?’éﬁ%?ﬁn%l&ﬁaﬁr RS SHnE’éﬂiﬁ%r
perforned @t agpgkREoAfs &HER,UR0f opaf /0 Lae
parallel to the @ ax?s t hat passeset h?ougﬁétlﬁgeé%a%{eq{ge%t%étf%g rf‘ﬁiéween
surface posita@lineltitgl oBl ferRir aDéng ke tAHdhéferdnt\blElwd¥er stage
descri bed bel ow. When the focus mapping is perfornmed, Z
sensors 72a t®@S72d that serve as datuns when perform ng the nmapping

detect surface position information of certain positions (XY
coordi nate positi of¥¥ton fPRESWEREFP BTN \WiB lshef deect , Fheabogus

O ot L LR L 0 B IR OB R B (O B
strai ght 1i;n t@@lfﬁ%é&iéﬁ“ﬂd¥mer|Br@EQ§BiM§fd§f e idiRgs a( 2B15R¢0n
surface of second water repellent plate 28b) on which™Z sensors 72a
to 72d det ectbébwesurfad@ce position information at end portions on one
side and the other side of wafer table WTB in the X-axis
direction in a certain datum state and a detection result
(surface position information) at a representative detection
15 point on the measurement plate 30 surface of the multipoint
AF system (90a, 90b), and the processing (focus calibration
latter processing) of obtaining surface position information
at end portions on one side and the other side of wafer table
WTB in the X-axis direction that corresponds to the best focus
20 positionof projection optical system PL detected using aerial
image measuring unit 45, in a state similar to the datum state
described above, are performed, and based on the processing
results, the processing of obtaining an offset at the
representative detection point of the multipoint AF system
25 (90a, 90b), that is, the deviation between the best focus
position of projection optical system PL and the detection
origin of the multipoint AF system, or the like is performed.

On the focus calibration, as shown in FIG. 19A, main

controller 20 controls the position within the XY plane of



-and 72d have

25 position informati on when perform ng the focus mappi ng al so becone
straight lines parallel to the Y-axis. When the focus mappi ng
is being perfornmed (when wafer stage WST is noving in the +Y
direction), the shot area |located on the neridian of the wafer is to
be placed at an exposure 104 position (bel ow projection optical
system PL) without noving wafer stage WS4 n the X-axis direction.
When the shot area on the neridian reaches the exposure position, a

pai r of Z senggksr7ddnre ad $43e4 dMatvAKEnBdL s FAB ngt kal gl o d i3@§%

5 parallel to the Y-axis as with Z sensors 72a and 72b, "and a pailr
Z sensors 76laB8daigk.762sB8ed¢hinte lar € Xohiridrer saredstsal @htandi neppamal teb
to the Y-axis as with Z sensors 72c and 72d are to detect surface
posi tion infoXmRadn64ay: poifidy:tfraing ¥ sided esaddYaznd BEYpaiespectavely

waf er table B at which Z sensors 72a 10 and_72b, and Z sensqors 72c
N Fiadtt arosBraoon Sas i) podh Fh Thais Mk Fab-al.ok

the time of fopus.diRaRIng. dhalels « e Al UOLSUE bacs Basi ol by Lhe

Z sensors that serves as a umin the det eciion of surface

information byviheryRthlrpoiint tAE syste&mf 9. 9a), warkhecgs® pbnthe
time 15 of focus mapping and at the time of exposure. Therefore, when

exposi ng the $hodted ext on ddss tieni dnahheeVYeaxld dineverimessiith which
undul ation or the |like occurs on the surface of wafer table WB,

f ocus cont r ol 9Fe¢HomBRENSoRr @R fdvuPElARobRt A SYshEE (Biag S0Be are
Z- ition obtained at the tine of foc in 0. wtho change,
Wit ﬁ;ht 't aki ngy” it l%%eeq/etf?né‘belé,s_uﬁﬁﬁ‘ﬁflgt PEator N he EI%FEBA‘EF ht %J)-IL thodg
consi der afg ongm 8PELd her hOT R 19l Ve ALt ﬁeé%ﬂﬁn&&)@ £QheGRdr RE the

per f or med. When exposing the shot areas other than~the shot

area on the neYisdidanef iwafldiet s05€ WIBCK €af Sr R agRENSINEHE, wakehiat hord
25 or the |like on the surface of wafer table WIB, focus control

accuracy of the HwmhspasgchbetiweeheCRdwe df6 Bhd whber draddlcoWTBheand tip
nmeri di an can L)e see:chng%. In, the case there is unevenness, undul ation

or the Iike offth RO WAL PPEAGRE ST ShShe(ERTeF FQUSTEont b
accuracy depends OWa%Cert%% Qtf.ate, main controller 20 performs the focus

15 calibration former processing as follows. That is, while
detecting surface position information of the end portions
on one side and the other side of wafer table WTB in the X-axis
direction that is detected by Z sensors 72a, 72b, 72c and 72d
in the vicinity of each of detection points that are located

20 at both end portions of the detection area of the multipoint
AF system (90a, 90b), main controller 20 uses the surface
position information as a datum and detects surface position
information of the surface of measurement plate 30 (refer to
FIG. 3) using the multipoint AF system (90a, 2%0b). Thus, a

25 relation between the measurement values of Z sensors 72a, 72b,
72c and 72d (surface position information at end portions on
one side and the other side of wafer table WTB in the X-axis
direction} and the detection result (surface position

information) at a detection point (the detection point located



105 traverse-Z--noving correction (to be described later). Further,
in the cases such as when noving wafer stage WST, for exanple, in the
X-axis direction in order to expose the shot areas other than the one
on the nmeridian, main controller 5 20 perfornms the transfer of the
measur enent val ues between a plurality of Z sensors along with the
novenent of wafer stage WST. Nextl07f ocus calibration will be
descri bed. The focus calibration neans the operation in which the

processing (foguehd Cildbbat kAR 0L PLACeSSENG): Ofr PLALRLD R of

rel ati on between surface position information at end portions on one
side and the dehectsordpodhtwaflen tlabhea¥iBerhdént A a%ca30SsihfRRE bBMhd
a certain datumstate and a detection result (surface position

i nformation) BRlbipebreddhtsatstem d@Pact PO) A5ipai tade where the
measurenent plate 30, surface of the_nultipoint AF system gQOa, 90b) ,

and the proceSEPhgrHt & cates: ePof VIR (R irisiass ¥iihh) sbratshhi Hngy
surface pagitign igf&[@}d% at end portions on one side and the
wafer tabl'e WB

ot her side of in the X-axis direction that
corresponds to the @Askek@¢Usa? RARIAI1QRrODOPHEF €S L OR RGB! WST in
system PL detected using aerial image neasuring unit 45, in & state
simlar to thehelaffudi seat sordeycsa ithredeabomenedrd sranicer, nety saodsbastd:
on the processing results, the processing of obtaining an offset at
t he represent 2392 RA &¢t PoROFSLAPN OF 1 Ehevviih iMsgisnremensyBlate 30 is
25(90a, 90b),lth tecias,. thg devi I?\ti on between the, best focus_position
of proj ection- Pt T TRIMEFEEN PEL QN PHREhIPBPPOIC DT i BIFHTF Plhe Then,
mut t poi o Al :A110e 2! K8 ESRETTIRL L calin:QBibReILOCHS
G 1 rol| 3°¢ e

calibration, as shown in F A, maln cont er ontrols t

posi tion wthhtoddisifyg pkaf®lDdws. That is, as shown in FIG. 19B, while
controlling the position in the optical axis direction of
projection optical system PL (Z-position) of measurement

plate 30 (wafer table WTB), using surface position information

15 as a datum, which is measured by a pair of Z sensors 74;,, and

743,54, and a pair of Z sensors 76;,3 and 76,,3 that measure surface

position information at the end portions on one side and the

other side in the X-axis direction of wafer table WTB, main

controller 20 measures an aerial image of a measurement mark

20 formed on a mark plate (not shown) on reticle R or reticle

stage RST by a slit-scan method using aerial image measuring

unit 45, and based on the measurement results, measures the

best focus position of projection optical system PL. In this

case, as shown in FIG. 19B, since liquid immersion area 14

25 1is formed between projection optical system PL and measurement
plate 30 (wafer table WTB), the aerial image measurement

described above is performed via projection optical system

PL and water. Further, although omitted in FIG. 19B, since

measurement plate 30 of aerial image measuring unit 45 and



106 wafer table WIB based on two X heads 66 facing X scales 39X1 and
39X2 respectively (X linear encoders 70B and 70D) and two Y heads
64y2 and 64yl facing Y scales 391'i and 39Y2 respectively (Y |inear
encoders 70A and 70C). In the state of FIG 19A 5 the centerline of
waf er table WIB coincides with straight |line LV. Further, in the
state of FIG 19A, wafer table WIB is | ot ed at a position in the
Y-axis direction with which detection beans fromthe nultipoint AF

system (90a, QQB); fkL altel ﬁg%r?ﬁgdj otnowg)ﬁéf WieRng s Pl @}aefe%otalgfé té*ﬁ%réira%cliq

al though 10 omtted in the aw ng, ere 1's nmeasurenent stag

the +Y side othwaigghtabéee Wik wakpienst age W) 1 a0d wvad efountelebd 10
the space between CD bar 46 and wafer table WIB, and tip |lens 191 of

proj ecti on optesalresyshiemtRyeM3,ethe @eFliGl Bddge hapshnenhdits desattbhed
main controller 20 perforps the focus 15 calibration forner
processi ng as2PBVFol®. PERERIMad “iilee kgepPerdi vafetryaae W63 anen

i nformati o] e d portio n gne sid nd the other side o
waf o tabls VBT ERE S kerE M th & arark: ST er e brd Beoni Ak ratsl
7za. 72b, 72 (38fed 2% iwicl g3 Vi ciB Lile HoRARN ISLECE M ROLIES the
that are located 20 at both end portions of the deteciion area of fhe
mul tipoi nt AFmsystheemdidaall) of NRi Sert®ry glah 6r aR@ B, tah 961 haged
position informati on as a datum and detects surface position

i nformation of 61,helisff st ferenpesitiedinfprantigo ¢t dfher end FOEi@)s

using the nmultipoint, AF system (90a, 90b). Thus, a, 25 relation
bet ween the nBRSHEHERE A5 Ué%oghei 55319?3%)? $hepk-axby) diyogting ofpgrfer

(surf ace ope! Lol bhkar 8 QB84 1L L95L! 005,80 B8 AN, g v

ot her side of wafer _ axis diTec _ _
detection resgbindsdaud aﬁi&rp%%irtaiigﬁtl NE{ Q& NBY | DY Mt A Rt eCthOf POi Nt

(the detection point |ocated 10
measurement values correspond to the best focus position of
projection optical system PL.
(c) Thus, main controller 20 can obtain the offset at

15 the representative detection point of the multipoint AF system
{290a, 90b), that is, the deviation between the best focus
position of projection optical system PL and the detection
origin of the multipoint AF system, based on the relation
between the measurement values of Z sensors 72a and 72b, and

20 72c and 72d (surface position information at the end portions
on one side and the other side in the X-axis direction of wafer
table WTB} and the detection result (surface position
information) of the measurement plate 30 surface by the
multipoint AF system (90a, 90b) that has been obtained in the

25 focus calibration former processing in the above (a), and based
on the measurement values of 2 sensors 74i,4 and 743, 4, and 76,3
and 76z,3 {i.e. surface position information at the end portions
on one side and the other side in the X-axis direction of wafer

table WIB) corresponding to the best focus position of



in the center or the vicinity thereof out of a plurality of detection
poi nts) on the nmeasurenent plate 30 surface of the nultipoint AF
system (90a, 90b), in a state where the centerline of wafer table WB
coincides with straight line 5 LV, is obtained. . (b) Next, main
controller 20 noves wafer stage WST in the +Y direction by a

predet ermined di stance, and stops wafer Xt%age WST at a position with
whi ch neasurenent plate 30 is |ocated directly bel ow projection

optical systemrBkectDER oddi dBI RyGeBEL! B 182 2 RE' Beém%ﬁéﬁge%gﬁethe

calibration |atter processing as“follows. That Is, as shown in

19B, whil e cotibrak|daigikidee ipesl &t 0 bRtotBes0pgiiGakhaxdsovd (BF! | Qm Ohe
projection optical systemPL (Z-position) of measurenent plate 30
(waf er table RMBpdimenhg e fzapresesitatomei débenionpdifhtadsa datum

whi ch is neasured Pé al%gi r .of Z sensors 741,4 and 742,4, and_a pair
of Z sensors $8IMBIGndBssiefechirn Rt ot fheacenpesiaf dhe plurality

i nformati af et | o] J s d ot he i.de in the
X-axis di %ct %gn 0 egv%&?@%%% eog\;lhé-f Eﬁgis‘;nldcgéﬁtnc of’l{?erreozg F?Egstg}eegu%er
aerial image ghdpofeasslSsBiti dfRiay28ef QEBRAroA a8 MRr knRPkateséNGhain
shown) on reticle Ror reticle stage RST by a slit-scan nethod using
aerial inmge measuelher 20 pedbormncdijasesean ¢hehmwdsts et oregiht 5
measures the best focus position of projection optical systemPL. In
this case, astBRJWM P AOBYs$erceol Fhat dthemafisiesn agr éheld 25 is

formed between_ projection optical ,system and neasurenent plate 30
(waf er table ﬁﬁ%?é?rh%at&e‘?q etieﬁ&dgxnﬁﬁéﬁ bﬁ%ﬁ?m%%s%ﬁq%edF%’bo?/’éaW%le'

per formed ovi ar Rk QB ek RRNPRLd et AL :

al t hough omtted idﬁ FI G leB,ycgga ce neaset(}rgﬁgﬁ?g%)gkg Ige!(;(réoof@r{algrgi %If‘gle
i mage neasuriagiusidierdd d pl@8et perhl kel asrs t®UHAd sBwhaf ehssliage
WET (wafer table WIB) and the light-receiving elenent and the |ike
are nount ed cphodrieatenn styegemMVBlh, tbe Hee iddtdgtdgn wEdsat emepnt be

descri bed above is perforned while keeping wafer stage WST and
electrically adjusted. Alternatively, thé offset may be

stored, without performing adjustment of the detection origin.
15 Herein, adjustment of the detection origin is to be performed
in the optical method referred to above. Thus, the focus
calibration of the multipoint AF system {90a, 90b) ends.
Incidentally, in the optical adjustment of the detection
origin, since it is difficult to make the offsets at all the
20 remaining detection points other than the representative
detection point be zero, the offsets after the optical
adjustment at the remaining detection points are preferably
stored.
Next, offset correction of detection values among a
25 plurality of light-receiving elements (sensors) that
individually correspond to a plurality of detection points
of the multipoint AF system (90a, 90b) (hereinafter, referred
to as offset correction among AF sensors) will be described.

On the offset correction among AF sensors, as shown in



5 nmeasurenment stage MST in a contact state (or a proximty state)
(refer to FIG 33) . By the neasurenent described above, the

measur enent val ues of Z sensors 741,4 and 742,4, and 761,3 and 762, 3
(i.e. surface position information at the end portions on one side
and the other side in the X-axis direction of wafer 10 table WIB) in
a state where the centerline of wafer tabi% WIB coincides with
straight line LV are obtained. These neasurenent val ues correspond to

the best focugrROSéd OmaQh P&PEASTION 20PhL AL 19%SEL:Ebn éﬁgtemléﬁa of
main controller 20 can obtain the offset at 15 the represenhtative

det ecti on poi Rheafulthpoimict APeiyateAF( ®)st e0b[ 90aad98BE detiddti drSheihe
devi ati on between the best focus position of projection optical

syst em PL andtpheldetedt saubpped riwiofh theradetepoimed Afatsys pédane p ased
on the relation hetween the neasurenent val ues of Z sensors _72a and
72b, and 20 73ERSROHRIY SIGFEIE SEOP PBAC P AT P VAL S 0BngE the

portions o] i de. e | de, 4 e_X-axis directiop, of
hafer tabis Vi b TheasFeEbRoh FLoBor) S B B8R &rea
information) oighbe rEsasuWRMRY HRale 30rs4td acs i theanyyl tipoint AF
system (90a, 90%) that has been obtained in the 25 focus calibration
former processing iIn thésabaye, (i) theaOd Hmsddéd surfhes NRASYEepRId]llel
val ues of Z sensors 741,4 and 742,4, and 761,3 and 762,3 (i .e.
surface positF8ntiafr mEnen Beiphecehopbbex iddhsamn perd ogndehandf f9at

th ide in_the X-axis_di [ f f tabl e WIB d
Lo the best {BEUEDOLTT FBRPG 2005 A8/ SLrPERLGHEY EaF L5 O ShAPERD e

have been (obt abngckidh A9 ys0CUfeaalibRahL O 1 ieTo PLORRRSLAGL | Nt he

above (b). Int I ment, e representative detection po

for exanple, sdesehed atat0nnPavitukNlyheoeeddpinditd he pphrkakt{yop of
detection points or in the vicinity thereof, but the nunber and/or

the position deledslcr Faingsy babadt bi stlaseitmei sigoaflsolbede@0in the
performs adjustnent of the detection origin of the nultipoint AF
system so t hateRMRF GeFSEirat 39RVe @presbrt ity Fdedeebatiom Fopremory,

becomes zer O'of%'ie%{%jrrglafly adjusting the detection offset of each sensor

15 so that the detection values of all the sensors become, for

example, the same wvalue as the detection value of a sensor

that corresponds to the representative detection point on the

focus calibration described above.

In the embodiment, however, as shown in FIG. 204, main

20 controller 20 detects a tilt of the CD bar 46 surface using

Z sensors 72a, 72b, 72c and 72d when loading the output signals

from photodetection system 90b of the multipoint AF system

(30a, 90b), and therefore, the CDbar 46 surface does not always

have to be set parallel to the XY plane. In other words, as

25 modeled in FIG. 20B, when it is assumed that the detection
value at each detection point is the value as severally

indicated by arrows in the drawing and a line that connects

the upper ends of the detection values has unevenness as shown

in a dotted line in the drawing, each detection value only



10 the adjustnent maybe performed optically by perform ng angle

adj ustment of a plane parallel plate (not shown) inside

phot odet ecti on system 90b, or the detection offset may be
electrically adjusted. Alternatively, the offset nay be stored,

wi t hout perform ng adjustnent of the detection origin. 15 Herein,
adj ust ment of the detection origin is totYe perforned in the optical
met hod referred to above. Thus, the focus calibration of the

mul ti poi nt AFpg¥St&mn ;s n lned a i i.C
adj ust nent of htaﬁeﬁﬁetée%}%gr?%%?i) Slgngﬁ%F nﬂizﬁei:J 9?%slchlg¥f+%r}%bectsg%r%§kgb?ﬁ]é
of fsets at al bntbeo2Q@hectatattyonlei£laids0Bepoinds Sa Atiker shéan idhe solid
representative detection point be zero, the offsets after the optical
adj ust ment at lihe iendlieidrpwegsction points are preferably stored.

Next, offset correction of detection values anong a 25 plurality of
li ght - recei ving el éifefit's (CEFRESFSP PRELNY nBPLTRRIEAIY d&r ¥84Ednd to a

prurality of SRESERL LU (Bl ol Al ARLAL AL SYSLAm LA, 90D

(hereinafter, as offs cor recti on anbng

be described. tOnthdex-offsLlqicRihkeeh 8R ARBNG A SIS FIrpasyskawe i b
110 FIG 20A, main controller 20 makes irradiation system 90a of fhe

mul ti poi nt APbsysdeen {80matbpfi thadsatendebacdr arefeddmmtt @18Rebaghb
46 equipped with a predeternined datum pl ane, and | oads out put
si gnal s from PRt ET 195 igpsy emiddbbef depertoedd t Hpbphe, AFheyst em

90a, 90b) that_receives the reflected lights fromthe CD bar 46
gurface (Zzlat uﬁﬁ)‘f%ﬂ%ﬁfze_movmg FRETRF &I Xade PRFTPHES ybaﬁmﬁgtgﬂ??‘é%]ey

(135 DALt YR atEro L GO ) L 2L FR AL
position information of either side areas in a horizontal
direction on the surface of second water repellent plate 28b
of wafer table WIB and the detection values of surface position
information of the wafer by the multipoint AF system at

15 predetermined sampling intervals while moving wafer table WTB
in the X-axis direction.
On the traverse-Z-moving correction, similar to the case
of the focus mapping described above, as shown in FIG. 213,
main controller 20 controls the position within the XY plane
20 of wafer table WTB based on two X heads 66 facing X scales
39X; and 39X» respectively (X linear encoders 70B and 70D) and
two Y heads 64y; and 64y; facing Y scales 39Y; and 39Y,
respectively (Y linear encoders 702 and 70C). 1In the state
of FIG. 213, the centerline of wafer table WIB is located on
25 the +X side of straight 1line LV, andmain controller 20 measures
surface position information of the points in the vicinity
of the ~-X side end portions of the either side areas on the
surface of second water repellent plate 28b of wafer table

WTB using Z sensors 72a and 72b, and Z sensors 72c and 72d,



10 detection values (nmeasurenment values) of a plurality of sensors
that individually correspond to a plurality of detection points based
on the output signals |oaded in the manner descri bed above and
storing the relation in a nmenory, or electrically adjusting the
detection offset of each sensor 15 so that the detection val ues of

all the sensors becone, for exanple, thelame value as the detection
val ue of a sensor that corresponds to the representative detection

poi nt on the Lagusycabé beald on escrtBed.above. d n,ddic eabodemenl: s on

however, as shown in Fl OA, main contro

of the CD bar o46tRerfater Usding £HeeRe0EsSpd2at AR bsy A26n ardal2dophen

| oadi ng the output signals from photodetection system 90b of the

mul ti poi nt AF syst eSnXgGmendlly) maamdanteréfierell triowe€Dvhfer 46age WST
surface does not always have to be set garaILeI to the XY plane. In
other words, a8 9% mfdefegctirmiah aopeedekremined srasduied &t hadi¢aeed

det ect i I tecti int i th I | 1 ,

i cat ed By 87 SRS Faol maT 2R 27 ne BpharYcDin BT ERG A
ends of the debgetd Ol abURH AT HNCYLINASS 5n i‘@éﬁ’fbd%b ﬁogaiﬁgggl L8
in the drawi ng, each detection value only 111 has to be adjusted so

that the |inemthstremnteeblvehe fiFpeenends b &he B3 aati DRvRbYESI2¢
beconmes a line shown in a solid line in the drawi ng. Next,

traver se- Z- nodnf g’ 2bpndcthe e tige tipinc va bue s fod irhei ol kel rtto AFosy Sogm

i nfl uence of venness related to the X-axis, direction_of the wafer
tabl e WIB surkj‘g{@%’, Q‘go)bé‘trr&rgd&(?@ﬁ?“éflﬁfi MR MG JOGHF VRder TRFFE 136Nt

P ey sonPur SRGR i3 PR, ot Ll BRAHIRSH I ORE \BEL Sl oY R cancous

traverse-Z-noving correcti'on’is per Simul taneously

| oadi ng the npasadeeRsAMaheas aBbvkhen Z; sens siHdiat z08basbre0%24 | 44
information of either side areas in a horizontal direction on the

surface of setdndndafleserspm 8ot apd dt2el 28be dfhenvabéntsatl e hATRBiendity
the detection values of surface position information of the wafer by
the mul ti poi npt Elhes'{]%teé’ﬁii pprtions of the either side areas on the surface
of second water repellent plate 28b of wafer table WTB is
15 completed, main controller 20 ends the operation.

Then, main controller 20 obtains a relation between the
surface position information at each detection point of the
multipoint AF system (90a, 90b} and the surface position
information by Z sensors 72a to 72d that has been

20 simultaneously loaded. Then, main controller 20 computes
unevenness related to the X-axis direction of the surface of
second water repellent plate 28b from a plurality of relations
that have been obtained at different sampling timings. In
other words, in this case, since the offset among sensors of

25 the multipoint AF system (90a, 90b) has been adjusted, the
detection values of the sensors corresponding to any detection
points should be the same value as far as the same point on

the surface of second water repellent plate 28b is detected.

Accordingly, the differences among the detection values



15 predeterm ned sanpling intervals while noving wafer table WIB in
the X-axis direction. On the traverse-z--noving correction,
simlar to the case of the focus mappi ng descri bed above, as shown in
FIG 21A, main controller 20 controls the position within the XY

pl ane 20 of wafer table WB based on two X heads 66 facing X scal es
39X1 and 39X2 respectively (X |inear encbiders 70B and 70D) and two Y
heads 64y2 and 64yl facing Y scales 39Y1 and 3912 respectively (Y

l'i near enCOdebﬁtZQﬁeémﬂeﬁQQtedﬂn}gh&éE%g il & ti%l-%urfﬂ%efof second

centerline of wafer table WIB is I"'ocated on 25 the +X side o

strai ght |inevbkVerandpal Tertonilraild @8b2ByneRnsusessstl faner arindiag to
information of the points in the vicinity of the -X side end portions
of the eitherdsfferapbsdetmriion porinssecast derertlnarailaassl bant

pl ate 28b of wafer table B usi r%g Z <ignsors 72a and 72? and Z
sensors 72c aHBEYSAReSS PF They sSYriphg QL e confevatt cepsligRE Rigte 28D
position iqfo t 4 o0 of usi e t LpoL Nt .

(o0a, o0n)°  =REBO ort dErty Ton i s 2P atte, A58 Akl HRbF esee
WET in the -XtdbleCdhOindithit RoRdakakn netbspesd makihg LBdi sategid by
an outlined arrowin FIG 21A. During the novenent, main controller
20 repeat edl yrekativres wievehhaseovsl i oadlitng the Xhexieasiuresrteintn val ties
of Z sensors 72a_and 72b and Z sensors 72c and 72d and the detection
val ues of theSHEfE¢HGInEeapndyatan ropgllonh)platpr8ict e aampeged from

i i nt . 0..sh ' |G .21B, .at .th int_i
e g TP e TER B DAY FL eBAe e 46 B e
sensors A2A agghd2thandidsgnsors 72c and 72d face the points in the
vicinity of the +X end portions of the either side areas on the

surface of second vat ehisaepaldeant mpliatem8nidfe ab esb izl i WEBrinst dn
conpleted, main controller 20 ends the operation.
on position variation in the Z-axis direction of the wafer
table WTB surface that occurs when wafer table WIB (wafer stage
WST) moves in the X-axis direction {is located at different
15 X-positions), based on the results that have been sequentially
detected using themultipoint AF system (90a, 90b) while moving
wafer table WIB (wafer stage WST) in the X-axis direction.
Main controller 20 performs focus control of wafer W while
adding this information as a correction amount, on exposure.
20 Next, a parallel processing operation using wafer stage
WST and measurement stage MST in exposure apparatus 100 of
the embodiment will be described based on FIGS. 22 to 36.
Incidentally, during the operation described below, main
controller 20 performs opening/closing control of each valve
25 of liquid supply unit 5 and ligquid recovery unit 6 of local
liquid immersion unit 8 as is described earlier, and the space
on the outgoing surface side of tip lens 191 of projection

optical system PL is constantly filled with water. However,

explanation regarding control of liquid supply unit 5 and



Then, main controller 20 obtains a relation between the surface
position informati on at each detection point of the nultipoint AF
system (90a, 90b) and the surface position information by Z sensors
72a to 72d that has been 20 sinultaneously | oaded. Then, main
controller 20 conputes unevenness related to the X-axis direction of
t he surface of second water repellent pI]aJt4e 28b froma plurality of
rel ati ons that have been obtained at different sanpling timngs. In

other words, RAgubisréaseerpivige: tehe10fif Bet cRIPHGE SENSHS @Rf118Rikhhe
mul ti poi nt AF system (90a, 90b) has been adjusted, the detection

val ues of thedseastpsicoy rigspomdimgot makaytdet éesdniptpaimieasihgul d be
the sanme value as far as the sane point on the surface of second
wat er repel | eRPdpratanddle s dBRERhel. tRecdodileying explandtierences

anong the det Lon, values 113 obtai when detecting the sane
poi ntg on the g%‘%?ﬁ%@n%ftﬂge%%%ﬁa%ﬁ%wlig i W@Hf" ‘ﬂﬁjaﬁ%m?gﬁ %ﬁ“’tlﬁ‘tgs' but
sensors cof r egRONLE AGrd -dliddRre ‘Eﬁ&eg%hg%é}% S A fls ﬁc%ysome
refl ected by unevenness of the surface of second water repelléent

plate 28b 5 addapisyd iz vati 8hoen im tHie ofhaXi Gréiiggs i orhat 1Be the
waf er table during the novenent. Then, by nmaking use of this
rel ati on, uneyeherencye glogiesdshown lrgexdakfereint dot renhodf thhe duvadhogs,

of second water repellent plate 28b is conputed fromthe plurality of
rel ations t hat®hdvieS5eBRaBHREF R&PYat i 3% 6ART10UEaFAR FGIErAiLAGE.of

In this manneg,. main. cont ler. 20 obt ai i nforomation on position
variation in % %%%ﬁ gl}dﬁ&écﬁé%gnteo Cl%t %gn%? gre(%{egﬁpgé\/ﬁﬁes%'rfg%g T
occurs when wad efrideabh 8o WIB dawaf 8F S8 BT s"BYES 4] th@edé%@ﬁiﬁtion
direction (is |located at different 15 X-positions), based on the
results that dawe=been sequentially detected using the nmultipoint AF

system (90a, 90b) while noving wafer table WIB (wafer stage WST) in
the X-axis directi §HG-M&? Phow#t # citiadie whepercpmorsireokye ebaprandofcan

LRGSR RN S N e R TS Th

mid wafer of a certain 1ot (one lot containing 25 or 50 wafers),

15 as an example) on wafer stage WST. At this point in time,

measurement stage MST ismoving following wafer stage WST while

keeping a predetermined distance between them. Therefore,

the same distance as the predetermined distance is sufficient

as a moving distance of measurement stage MST that is needed

20 when going into the contact state (or proximity state) with
wafer stage WST described above after the exposure ends.

During the exposure, main controller 20 controls the

position (including the 6z rotation) within the XY plane of

wafer table WTB (wafer stage WST) based on the measurement

25 values of two X heads 66 indicated by being circled in FIG.

22 that face X scales 39X; and 39X, respectively (X encoders

70B and 70D} and two Y heads 64 indicated by being circled

in FIG. 22 that face Y scales 39Y; and 39Y, respectively (Y

encoders 70A and 70C). Further, main controller 20 controls



WST and neasurenent stage MST in exposure apparatus 100 of the
enbodi nent will be described based on FIGS. 22 to 36. Incidentally,
during the operation described below, main controller 20 perforns
openi ng/ cl osi ng control of each valve 25 of liquid supply unit 5 and
liquid recovery unit 6 of local liquid imrersion unit 8 as is
described earlier, and the space on the %Uigoing surface side of tip
| ens 191 of projection optical systemPL is constantly filled with

vat er. Howeverheeypkasabhoin Megarsiad scantreek 16, | LW thes URP! bRl bnS
and 114 liquid recovery unit 6 will be omtted 1n the foll'ow ng
description, ilwodddeg)tandrdhe Ohe adetdronptpbhckasd) wiundeestandabives,
Further, the follow ng explanation regarding the operation will be
nmade usi ng naR§SEFaM NS TREsSUsepREt B BiehE @o@asroPL theesmpas 741, ;

menbers are s LN sone,draw.ngs d not sho int t her

dr awi ngs. Tha?8ﬁ274ﬁﬁé ?%?é%éﬁ?égégggssgﬁﬁﬁﬁsa Ldi?wgsgﬁvlﬁﬁagach of
the draw ngs, -BUbeLPEFE1 JraMNGRe S Bg%iéﬁgﬁoﬁ d 99681400 +he other
regardl ess of existence or non-eX|steﬁEe of the reference codes. e
same 10 is treédal 5o the Easki ofdiretdoans agshaisedern: BB dBSCELRELOA,
above. FIG 22 shows a state where exposure by a step-and-scan
met hod i s bei Agcpderr iyl tthevpositioli hnt the Tesels tdideetdoni dndaties
of a certainméot éone,lot c%_taining 25 _or 50 wafers), 15 as an
exanpl ) on wa¥ eFOLRutRP VEPLIANI hPE BofRE FaPle BB maysbeereREratled

VST i's movi ngyfobk oyl ng.aLec, stags ST W Le keeping 2y edeterp) ned

di stance between them erefore, the sanme distanc 2.3¢
predet er nigiedafii St@Ngeand maYf f iagkiefhe a8x ar&OYE 1h diSilanGe «9f b
measur enent st age NB% t hat i§Ineeded 20 when goingh%hto tﬁg gg%ta%t
state (or proxomitglkiditte)sad oih watenestagenMBT wielseys ed yabaye after
t he exposure ends. During the exposure, main controller 20
control s the POSFEFHPIGHRA JHi-ngl® Riten swds ofeneceht ol hef Xohepl ane

of waf er tabl[?ogz\zrtalcgzwnerth% %g-%x\zl.\gr i:l_gggte{jo:?,n él’Pee er}rfeérsoltj:ra%qggt and 6x

rotation of wafer table WIB (focus leveling control of wafer
15 W) during the exposure is performed based on the results of
the above-described focus mapping performed beforehand.

Further, during the exposure, shutters 482 and 49B are
set in a state of closing openings 51A and 51B, in order to
prevent wafer stage WST and measurement stage MST from coming

20 closer together than a predetermined distarnce.

The foregoing exposure operation is performed by main
controller 20 repeating a moving operation between shots in
which wafer stage WST is moved to a scanning starting position
(accelerating starting position} for exposure of each shot

25 area on wafer W based on the result of the above~described
wafer alignment (EGA) performed beforehand, the latest
baselines of alignment systems ALl and AL2; to AL2s, and the
like, and a scanning exposure operation in which a pattern

formed on reticle R is transferred to each shot area by a



25 values of two X heads 66 indicated by being circled in FIG 22
that face X scal es 39X1 and 39X2 respectively (X encoders 70B and
70D) and two Y heads 64 indicated by being circled in FIG 22 that
face Y scal es 39Y1 and 39Y2 respectivel y (Y encoders 70A and 700 .
Further, main controller 20 controls 15 the position in the Z-axis
direction, and the Oy rotation (rolling) Hhd the Ox rotation
(pitching) of wafer table WB, based on the neasurenment values of a

pair of Z senseasanidd, exposhrdZadthcdld 2n@adén®d1 1 SaheOkkpb8ird and
762,q that 5 respectively face the end portions on one S|de and the

other side i nopkeakianidestinided| amows ishepenidmned dbl ® sEBesthdmceater
Incidental ly, the position in the Z-axis direction and the Oy

rotation (rol EShpldbin Mﬁe?pat%b%tw Fhp Usaschit por|wad eFdbed Fonthps.

measur enent v es of Z sgnsors, 741, j

762, q and the%b% FYHA u|rc‘)en -‘F?Hﬁ%éf pr?ﬂ'{}dod"é“eéio#\?t %ﬁgﬁgéﬁﬂoﬂ“q HEOt
measur emeng vakassleéaae%rﬁ Bt e?fﬂ@é@cﬁﬁ:h@shbe s&éQ%&%@ ohh
control of the position in the Z-axis direction, rotation an
Ox rotation ofywaiée imbibes WER.(focus |eveling control of wafer 15 W
during the exposure is perfornmed based on the results of the
above-descri bed fodUtrtfgspi mgipecboknelleef 2P etmyndilse accumBlethethe
during the ex’ﬁosure shutters 49A and 49B are set in a state of

cl osi ng openi HGRSHIXNYHY VELHEE S| o Srgarers Hetent ORane thy agaswetmant
measurement st %9&3’@% fr[t%'Pf%%@Qegg 1(‘6I QI%&E.Z%%% rﬂ%re)ggbsure and update

predeterm ned distan
10 the correction map described earlier as needed.

Then, as shown in FIG. 23, before exposure to wafer W
ends, for example, before the last shot area is exposed when
different shot areas onwafer W are sequentially exposed, main
controller 20 starts the lowering drive of shutters 48A and

15 49B via drive mechanisms 34A and 34B, and sets openings 51A
and 51B in an opened state. After confirming that shutters
49A and 49B are in a fully opened state via opening/closing
sensor 101, main controller 20 moves measurement stage MST
{(measurement table MTB) to the position shown in FIG. 24 by

20 controlling stage drive system 124 based on the measurement
value of Y-axis interferometer 18 while maintaining the
measurement value of X—axis interferometer 130 to a constant
value. At this point in time, the end surface on the -Y side
of CD bar 46 (measurement table MTB) and the end surface on

25 the +Y side of wafer table WTB are in contact with each other.
Incidentally, the noncontact state (proximity state) may also
be kept by, for example, monitoring the measurement values
of the interferometer or the encoder that measures the position

of each table in the Y-axis direction and separating



The foregoi ng exposure operation is perfornmed by nmain controller 20
repeating a noving operation between shots in which wafer stage WST
is nmoved to a scanning starting position (accelerating starting
position) for exposure of each shot 25 area on wafer Wbased on the
result of the above-described wafer ali gﬁint (EGA) perforned

bef orehand, the | atest baselines of alig nt systems AL1 and AL21 to
Al, 24, and the like, and a scanni ng exposure operation in which a

pattern fornmedeasureneatetdblis NTRRSIEWaEdt 02826 WBHOLn aNRA YA s
116 scanning exposure nethod. Incidentally, the exposure operation
descri bed abovérestpenfat neddistancst stfe awbend 3a0em.is held in the

space between tip lens 191 and wafer W Further, the exposure
operation is perforWEEsHSHe Yor @6r ShPBM tReFEhot2S attdde kegpéagokhe

the -Y side t he. [ l ocated.on_the.+Y,side in FEl 22.
Furt nor - e nEesaEi SRL ALER LA e andl v g1 2 Yt o8 {dh, Heuen; vater
val ues of gncedsis hﬁ%ﬁ@mé@@uﬁ@ﬁeﬁ@%a@@sﬂfﬁﬂﬁﬁﬁH‘@n"&%lﬂer 20 starts

interferoneters 16 and 126 during exposure and update 10 the
correction magndeserabich eaf |drdiviag needadement staddeBT d% hewAyi n
FIG 23, before exposure to wafer Wends, for exanple, before the

| ast shot ar eBlFgceiposad ahed stpfrteranhoprsiretianess donviag erafdrastage

sequenti al | sed in controller 20 starts the | owering drive of
shut ters 4oA Trl HRHaRsEODLasdt 19 PaRErRm Une IPANaRRSS BPHF Loppsare
openi ngs 51A [ ; e. irLm at

sﬁut t e?s 49A %ﬂ%ﬁ%@ a%%r?ogﬁgéﬂﬁéég%én%égéﬁﬁﬁe Vi ftorggggpﬁgl %Fo%?%%d

sensor 1QI &y centhel -L‘ﬁrdi%chﬁQ&Sﬁ%éf&ﬁSﬁérf%'fEQEaiém Mohoved in the
(measurenent table MIB) to the position shown in FIG 24 by 20

control ling sthgélxkdticomssidenXlddrbasidnon t he neasurenent val ue of
Y-axis interferoneter 18 while nmintaining the neasurenment val ue of
X-axi s interferomet®eM F§itocanEspkt aht 24 Anieresawatirs spavat WEA andre,

the end surf the -Y.sid CD har. 46 asurenment tabl B
and the end gﬁjefﬁsggkee%eﬁltzgtﬁﬁge%%f ssll&}auti%“l‘m\ﬁﬁf"(%g‘;tﬁﬁljes C&F‘Eeﬁna ove,
contact w th eacdy ofiliar 1d mehdenhathy, shhe rwgwﬁetna ipSt

(proximty state) may allsso be kept y,S‘%oreexanp e,grjﬁg’nlltg%rgi %alt%fe
measur emaidt vt efpsctafort beit IHUeih@ wafelrel (@atkhReireneqded iirlr STRASAKF &S

the position of each table in the Y-axis direction and separating

14) sequentially moves from wafer W to plate 28, CD bar 46,
and measurement table MTB, according to movement of wafer stage
W5T and measurement stage MST to the -Y side. Incidentally,
during the foregoing movement, the contact state (or proximity

20 state) of wafer table WTB and measurement table MTB is
maintained. Incidentally, FIG. 25 shows a state right before
water in liquid immersion area 14 is delivered from plate 28
to CD bar 46.

When wafer stage WST and measurement stage MST are

25 simultaneously and slightly driven further in the —Y direction
from the state of FIG. 25, position measurement of wafer stage
WST (wafer table WTB) by Y encoders 70A and 70C cannot be

performed. Therefore, right before that, main controller 20

switches the control of the Y-position and the 6z rotation



117 measurenent table MIB and wafer table WIB in the Y-axis direction
at a distance of around 300pm Subsequently, as shown in FIG
25, while keeping the positional relation in the Y-axis direction

bet ween wafer 5 table WIB and neasurenent table MIB, nmain controller
20 starts an operation of driving maasurelrgent stage MST in the -Y
direction and al so starts an operation driving wafer stage WST
toward unl oadi ng position UP. Wen these operations are started, in

t he enbodi nenbf wessHramye wsrageatdd tap1Oved) 18-6nldhd RohkeolYbased
direction, and wafer stage WST is noved in the -Y direction and -X
direction. on thehess srmienardntvadbeer o 20Y denaede nwm {702 shagd 00STo atite
nmeasur enment staggﬁ(él\/?T si nul taneously as is descri bed above, water

that is held Ff SRR 198t WsnMERBUFBReN g1a e ©F pradsti on unit
PU and waf er j i quidd.mmersion_area 14) sequenti.al ly nove
from waf er W¥%£%%€%O$%érc%gbarﬂhf§’ %ﬁﬁc%eadétfrreﬁeﬁﬁe&auﬁﬁr@lﬁf&permg
according g o gpVERA! riasWREAENS! 898, IPETaRd BRAS W YBN 13H2HR MBT 4O
the -Y side. Incidentally, during the foregoling novenent, the contact
state (or proRectBYHR(O isttetreplof dewdeibddleae 1IYEB 88 h dERSHeATEBt shown

table MIB is maintained. Incidentally, FIG 25 shows a state right
before water ih F1Qui4b. mednsrontipbhen42§ stuwls wersurement psbhage 26T

to CD bar 46._Wen waf.er, staerT d nmeasurenent stage MST are 25

simul t aneous] 3° &1A BTGPy G4 R0 LIRS 1T tHov2 R BRFage MST Foand
t he state of ! b IS VBT r
abl o WiB) by v e P o B e R R oA R oG B
right befiore shage wom ByCOMd=A lo6r 1291 Syt dL RS hENRg COMtE Rl oh Fhe. 26

Y-position and the ez rotation
that faces X scale 39%; (X-linear encoder 70B) and measuring
the Y-position, the 6z rotation and the 1like by Y-axis
interferometer 16, and stops wafer stage WST at unloading
position UP. Incidentally, in the state of FIG. 26, water is
15 held in the space between measurement table MTB and tip lens
191.

Subsequently, as shown in FIGS. 26 and 27, main
controller 20 performs the Sec-BCHK (interval) in which
relative positions of the four secondary alignment systems

20 with respect to primary alignment system ALl are measured in
the procedures described previously, using CD bar 46 of
measurement stage MST. In parallel with the Sec-BCHK
(interval), main controller 20 gives the command and makes
a drive system of an unlecad arm {not shown) unload wafer W

25 on wafer stage WST that stops at unloading position UP, and
also drives wafer stage WST in the +X direction to move it
to loading position LP with a vertical movement pin CT {(not
shown in FIG. 26, refer to FIG. 27), which has been driven

upward when performing the unloading, kept upward a



118 of wafer stage WST (wafer table WIB) fromthe control based on

t he measurement val ues of Y encoders 70A and 70C to the control based
on the measurenent value of Y-axis interferoneter 16. Then, since
after a predeterm ned period 5 of tine, nmeasurenent stage MST reaches
a position where the Sec-BCHK (interval) gescribed earlier is
performed as shown in FIG 26, main cont™dl I er 20 st ops neasur enent
stage MST at the position, and also drives further wafer stage WST

toward unl oadpngdeostniisd Whothitl.e TReagiiid nthdd)e tXepaslbi@n@f opadies
10 stage WST by X head 66 indicated by being circled in FIG 26 that

faces X scal ewd0x1 {X-pdufemmeghesdéol YOB}: amlrtmaslunnorvgmehe pin CT
Y-position, the ez rotation and the |ike Y-axis interferoneter

and stops waf SPPRYEGRVRETT & THem Béépﬂé%éFFFéﬁh@P‘aﬁ%l geitas ynl?r'#i

the state of 5, n space

measur enent t %‘Fgrégﬁeand |bﬁslloén‘§£]€%€# ahdtn B%E%U %ff\?vegl?ngh%*/%
in FIGS. 26 apd 1257,slrI@hmgon&&@fé&rOIZQhaeﬁL%HE dhe 1%eg1§8h'|§1y raised
(interval) in which relative positions of the four secondary

al i gnment syst¢enhe2li ket Andedpeshféo iprdabiyesdd glﬁaﬁn:ters:)is:ta&rmd‘&ém@ﬁe
measured in the procedures described previously, using CD bar 46 of
measur enent REYLMEP the pasabHedrmith the Sec- BCHK (i nterval) mai n

troll 20 th d t | d
2rm (not “shovn) 63 wAPePROYRC o Ve 48 s RS GBFEERLL egtﬁﬁggh‘%e%a
unl oadi ng DO%éaa&eu%nta@qaglaSﬁs@”te!eén V@;E‘%fmﬁt %qt%ﬁ

direction to nove It to I ng position a ve %PI’TDVGI'TEH'[

pin CT (not sfiweinafild, 26febeé@rtd adldn BPtimahi @,Brbﬁsw@ﬁ@ﬂng
driven upward when perforning the unloading, kept upward a 119

pr edet er m nedEmien”)| nsedits sakkt atdtemtimboauiaspremenhes vafeMsIsf rom
performed as follows: vertical novenent pin CT su'gports wafer Wfrom
bel ow and | i f& StARe AfaPeing #WAvt HEOMHWRE8E HaagWBE dodhe 6oBERE Skt

W and then VFbrLI ﬂagg‘lul{@ ersr%nwt:epwz.th wafer stage WST described previously,

and closes shutters 49A and 49B in the foregoing procedures.
15 In parallel with this operation, main controller 20 gives the
command and makes a drive system of a load arm (not shown)
load new wafer W onto wafer table WTB. The loading of wafer
W is performed in the following procedures: wafer W held by
the load arm is delivered from the load arm to vertical movement
20 pin CT whose state of being raised upward a predetermined
amount is maintained, and after the load arm is withdrawn,
wafer W is mounted onto the wafer holder by vertical movement
pin CT being lowered and the wafer is sucked by a vacuum chuck
(not shown). In this case, since the state where vertical
25 movement pin CT is raised upward a predetermined amount is
maintained, the wafer loading can be performed in a shorter
period of time, compared with the case where vertical movement
pin CT is driven downward to be housed inside the wafer holder.

Incidentally, FIG. 28 shows the state where wafer W is loaded



5 CTis slightly lowered or the unload armis slightly raised or the
li ke, and the wafer is delivered fromvertical novenent pin CT to the
unl oad arm Next, as shown in FIG 28, main controller 20
noves neasurenent stage MST to an optiml waiting position 10
(hereinafter, referred to as an "optimal__scrum waiting position")
used to shift a state of neasurenent stalgfé’ MST froma state of being
away fromwafer stage WST to the contact state (or proximty state)
wi th wafer stagewdBdrdesgerd @k previously, and cl oses shutters 49A
and 49B in the foregoing procedures. 15 In parallel with this
operation, main conin dhkeeemi@fdueres the torvmrichqaodt ke Ssaudr vaeting
systemof a load arm (not shown) |oad new wafer Wonto wafer table
WIB. The | oadPR§LBEECHT femagsurepentophage i BST his faifironirigtplycedtr &5

f Wheld by the | oad . i [ i df he | oad t
vafer Wheld B Agload.anmis del bvered Tromyne, logd srmo e
predet er mged, apRABL i5 PR @lg'dﬁﬁgnt?%g)% %Bs%‘z‘f&gar% afli ! ﬁ"itP this

wi t hdrawn, wafer TR 1s nounted ‘onto er y vertica

noverment pin &Ftbendg dovpe gt Bed dﬁaowﬁﬁrméa%m%@@ bYage WMBIUEA the
chuck (not shown) . In this case, since the state where vertical 25

movenent pin CAtimak dcred Wphbing pqEriddetrebatornes anoettesissry when the
mai nt ai ned, the wafer | oading can be perfornmed in a shorter -period of

time, conpareBEHFE Pk MeASILETGREr EL78¢ t ¥ Shidtend®t thRncertagt gtaten

downward to b oused 1.nsJ h fer.holder. Incidentall Fl 28
shows the sta %Pv#%?%ﬂvlva e(r% .FZ &%gazésdbe Zgooovne’wgffléir t&‘ﬁﬁﬁ_\ébWB%he
I'n the enbodifBMer tenbPeRGO E RBAEABLNSSE WA ﬁdeg:ar}Pﬁbt%@&héHsed
nmeasurenent stage MST is appropriately set 1n accordance with the

Y- coor di nat esbpforteheompa gadanitt imahkScds anhangetle hsutditertd isgageNmss het
areas on the wafer. Wth this setting, an operation of noving

measur ement StagR tHSTR1 athe pestitden strtumswaway dgoposthe oo ipad oymzm
unnecessary when the state of asurenent stage NMST shifts to the
contact st at ew?%%rlrbgr BREAH 9 st Péfgﬁéscqu EES meRtd 3hRefREimal

by one panpersaiATING SheTEROH SIEALISEAABIVRT GRE e R8] Saskth

by one conpare ) ere maasuremant sta ) | S ma
wait at asposiditihg Babitfovaysét @B thet aplel SR £15ebUMMMRLNLERBE state

position. Further, in the enbodinent, as the optiml scrumwaiting
posi ti on desctébhakrationiey sheteptdemtridmrdimbove can be performed at a
position where wafer stage WST stops for the wafer alignment
described above.
Next, as shown in FIG. 29, main controller 20 moves wafer
20 stage WST from loading position LP to a position with which
the position of fiducial mark FM on measurement plate 30 is
set within the field (detection area) of primary alignment
system ALl (i.e. the position where the foregoing Pri-BCHK
former processing is performed). In the middle of the
25 movement, main controller 20 switches control of the position
within the XY plane of wafer table WTB from the control based

on the measurement value of encoder 70B regarding the X-axis

direction and the measurement value of Y-axis interferometer

16 regarding the Y-axis direction and the 8z rotation, to the



15 waiting position is set so that the shift to the contact state (or
proximty state) described above can be perfornmed at a position where
waf er stage WST stops for the wafer alignnment described above. Next,
as shown in FIG 29, nmain controller 20 noves wafer 20 stage WST from
| oadi ng position LP to a position with j.ch the position of fiducial
mark FM on neasurenent plate 30 is set w hin the field (detection
area) of primary alignnent system ALl (i.e. the position where the

f or egoi ng Pri <B@tiol obased psocess i@ siusepent ovaREds 4N e XMhddke @k
the 25 novenent, main controller 20 switches control of the position
wi thin the Xyiprirated kiabeingapl ec\Bifr BEGt 2@ tbat ridcebEseda as 130K,

measur enment val ue ncoder 7 regardi ng the X-axis direction and

t he neasureneﬁflav%\ﬁfe?%?csﬁ%‘fﬁ 27%iBn‘? ¢ P nnd ths MeaguFeneRt (M§d ues of
Y-axis directi r 1,00, . e 21 ntral_hased o

t he measur errelr%? ngpgee%sﬁgf&?\ﬁo%théé%sl@élan%ﬁdcé eagg? bcelirncae&e e EEG
in FIG 2%thad tRse Pascal @2a38X13800 3AXBofre N U FrE0B 0andn 40P .
and the neasurenent val ues of two Y heads 64y2 and 64yl indicated %y
being circled in FITherh 2@inhabtnfackletr Afabesf3dNd e FIA¥BCHBNEOHRE S
70A and 70C). Then, main controller 20 perforns the Pri-BCHK

former procesBFAgEPHLRtLAHT EUEL drchay RaFKIEE1 datesecsgdusiing primary

al i gnnment system ALl.. At this int_in. tinme, .measurenent stage MST is
wai ti ng at théf% PG S R gL iR 19eELRE beBeapmanent

Next, main co I : fit; e t . e age : i 1Y
direction tomg{r:%%a I\S%Ié?ltosi (ﬁ]aq\%zllggg%{hgﬁgl ?%lnﬁé% eorn%ar sqg%gﬁaego%ggfﬁ%
three firlsi alegonBmndd sihaiveareas AS (refer to FIG 12C) are detected,
while controlling the 15 position of wafer stage WST based on the

measur enent val ues Nextt,hwainwongmedder2tesert bebvaend. o Afader stage

starting the . . . ‘o
WST in the +Y direction toward a position where the alignment

marks arranged in the three first alignment shot areas AS
(refer to FIG. 12C) are detected, while controlling the

15 position of wafer stage WST based on the measurement values
of the four encoders described above. After starting the
movement of wafer stage WST in the +Y direction, main
controller 20 opens shutters 49A and 49B in the procedures
described earlier, and permits the further approaching of

20 wafer stage WST and measurement stage MST. Further, main
controller 20 confirms the opening of shutters 49A and 49B
based on the detection result of opening/closing sensor 101.

Then, when wafer stage WST reaches the position shown

in FIG. 30, main controller 20 detects that wafer stage WST

25 and measurement stage MST come into contact with each other
(or come closer together at a distance of around 300um), based
on the outputs of collision detection sensors 43B and 43D,
and immediately stops wafer stage WST. Prior to this

operation, main controller 20 activates (turns ON) % sensors



novenent of wafer stage WBT in the +Y direction, main controller 20
opens shutters 49A and 49B in the procedures described earlier, and
permts the further approaching of 20 wafer stage WST and neasur enent
stage MST. Further, main controller 20 confirns the opening of
shutters 49A and 49B based on the det ectje result of opening/closing
sensor 101. Then, when wafer stag T reaches the position
showmn in FIG 30, main controller 20 detects that wafer stage WST 25
and neasur enefiastage2d/Bhd snertatme £00t @dn tVclEht RacCh-3 1] i D 1an@o ke
cl oser together _at a distance of around 300pm, based on the outputs
of collision 8ét&cthlvh CyerrivrtsirsBndnthet$3 rahat iomedifavefyr staije WIB
waf er stage WSI. _Prior, to,this operation, main contraller 20

=
activates (tuPhstRRPAehBoFEme #herysll 8170k PaFE of of tenRaEs T erehR

of the Z-positbgn rofati nd.t.he_ex_rotatjon
of wafer Ito abl gbgwgggg(%ﬂg%fo%rtntt%%ﬁgt fﬁ)rfrg’m}%gnﬂjgf?&o& hgr Bgrlfltof"nzhm :
sensors 72a to 72d ABced Thewatep s2RlLMBrage REF O 3okl ekNog

time. 5 After the stop of wafer stage WST, nmain controller 20 al nost
si mul t aneous| §lmpslt isidinlitdnebliyldetrect adi hibdad i gnoentcoarikts: aligngest
inthe three first alignment shot areas AS (refer to star marks in

FIG 30) using®PFf ndFiAngedimehesbram ALashnmil srasndasyosl Agsaends

cystem A 22 Sl ALE A LS, 10 b oL sction L eoul 2ot LSS

. £
al i gnment systens

four encoder sp@ i t hey I 0 m i .
anenory (not Ash%vﬁgh.e slgr?giﬁgg%%,a{%%ﬁ%g g?%ﬁﬁtﬁ’lgg%%é sgggtéﬁgﬁ’olﬁﬂgfl%%%s
al i gnmentlomariise aetangednireddle st bf e rbier 11 HriGNER tSRORIAL 682, AR d
in 15 this case is perforned while changing the relative positional

relation in theZizaad sheimezsumsmeiitovad ugisr eft flom)f et weendars at the

plurality of al ignrérer]_}? %stems Al'l and AL21 to AL24 and wafer W
nmount ed on waf&}e Pabt BEOV UraAPH; Q4% FRB4Nta BANBEY vidrody skeif e

T oo SSBESLUB ALY W 008008, RIS N0V Sl 0 e
measur ement Si8&s arranged in the three first alignment shot areas AS in
15 this case is performed while changing the relative positional
relation in the Z-axis direction (focus direction) between
a plurality of alignment systems ALl and AL2; to AL2, and wafer
W mounted on wafer table WIB by changing the Z-position of
wafer table WTB, as is described previously.
20 As 1s described above, in the embodiment, the shift to
the contact state (or proximity state) of measurement stage
MST and wafer stage WST is completed at the position where
detection of the alignment marks in the first alignment shot
areas AS is performed, and from the position, the movement
25 1in the +Y direction (step movement toward a position where
the alignment marks arranged in the five second alignment shot
areas AS are detected as described previously) of both stages
WST and MST in the contact state (or proximity state) is started

by main controller 20. Prior to the start of movement in the



MST and wafer stage WST is conpleted at the position where detection
of the alignnment marks in the first alignnent shot areas ASis
performed, and fromthe position, the novenent 25 in the +Y direction
(step novenent toward a position where the alignnment marks arranged
in the five second alignnent shot areas ir’?g are detected as descri bed
previ ously) of both stages WST and MST it he contact state (or
proximty state) is started by nmain controller 20. Prior to the start
of novenent i aYtdiereckADntdf digtackitagesfndohdsusgeas\\Slornd VBIGc. as0,

shown in FIG 30, main controller 20 starts irradiation of detection
beans of the ﬁﬁilﬂiWww_rs?gt%mx’%atrrg@bﬁtﬂgnv@f aletteattlion\WBamiVdth
IS e A O e ISRt AF systan® o0d o) L8Vt TaSVSUE. ° win
this operation, the detection area of the multipoint AF system
5 1is formed on wafer table WTB.

Then, during the movement of both stages WST and MST in
the +Y direction, when both stages WST and MST reach the
position shown in FIG. 31, main controller 20 performs the
focus calibration former processing described above, and

10 obtains a relation between the measurement values of 2 sensors
12a, 12b, 72c and 72d (surface position information at the
end portions on one side and the other side in the X-axis
direction of wafer table WTB) and the detection result (surface
position information) of the measurement plate 30 surface by

15 the multipoint AF system (20a, 90b) in a state where the
centerline of wafer table WTB coincides with straight line
LV. At this point in time, liquid immersion area 14 is formed
near the boundary between CD bar 46 and wafer table WTB. That
is, water in liquid immersion area 14 is in a state just before

20 being delivered from CD bar 46 to wafer table WTB.

Then, when both stages WST and MST further move in the
+Y direction while keeping their contact state (or proximity
state) and reach the position shown in FIG. 32, main controller
20 almost simultaneously and individually detects the

25 alignment marks arranged in the five second alignment shot
areas AS (refer to star marks in FIG. 32) using five alignment
systems Al; and ALZ; to ALZ2,;, links the detection results of

five alignment systems AL; and AL2; to AL2,; and the measurement

values of the four encoders at the time of the detection, and



Then, during the novenent of both stages WST and MST in the +Y
direction, when both stages WST and MST reach the position shown in
FIG 31, nmain controller 20 perforns the focus calibration forner
processi ng descri bed above, and 10 obtains a rel ati on between the
measur enent val ues of Z sensors 72a, 72q2d72c and 72d (surface
position information at the end portions“on one side and the other
side in the X-axis direction of wafer table WIB) and the detection
result (surfaseopesithan imfomemicirgn)(net bhewmpasunesaahtpliaye S
surface by 15 the multi point AF system (90a, 90b) in a state where
the centerlinéipplihrnesus detecthhen odi hoe dds onimeht starkisghtr ringed Vi thie
this point in_tine, qu¥kg_innersion area 14 is forned near the

boundary bet wEeHhe CEEEXR TITRSRAT 8ROt aBFRAWFS Hhdthliss Caggt déF pASO

l'i quid inmers;j 1S, t.g | Us re 20 bei ng. deliv d
from D bar 4B T SovErs Ml Lhofafhd' thd hhodfhoLE oF e B Bl
and MST fuwthgs D®VEddridiy tYdiieecti on whil e keeping their contact
state (or proximty state) and reach the position shown in FIG 32,
mai n control | er 20 Rinhbstr,sabuthangoisity iandimnadi simkmldhe dtehegtistidne
25 alignment marks arranged in the five second alignnment shot areas
AS (refer to 53@?S RafR3Lle P Fh@ndap leeatrd onestfdightedine st dossmat
and AL21 to AL24, links the detecti results of five. alignnent,
Systens ALl aFiSioTR AOIEERIUSEneO nEaRLF e inS, BPRASIBN PRENBFhe

encoders at the didmk Qf EQEePﬁ@&fé @B BQngl&ﬁl £ %%sh?%ﬁbhﬂf@?%%es

menory (not shown). |ncidenta t he simultaneous detection o

al i gnmentlomar &5 MaHerped tacihe £ isisecond at igHesH oakebedr 245) ANd
in this case is also perforned while changing the Z-position of wafer
tabl e WIB, 5 %slincagesmdddedsedPhi and 70C. Further, at this point
in time, since the X head that faces X scale 39Xl and is |ocated on
straight line LV d&&s Roflc@RFEped i@l ontt dihee emPodeBant ol BO$Helon

e e IR 0P 08 BT BL o0 LS. B UG, QLS o cione
encoder 70D) anichnhdrtngarksnaPdecsl 70 dRdgdBlted at the point in time
15 when detection of the alignment marks in the second alignment
shot areas AS ends. Then, at this stage, main controller 20
obtains the scaling (shot magnification} of wafer W by, for
example, performing a statistical computation by the EGA
method described above using the position information, and
20 based on the computed shot magnification, main controller 20
may also adjust optical properties of projecticn optical
system PL, for example, the projection magnification. 1In the
embodiment, optical properties of projection optical system
PL. are adjusted by controlling adjusting unit 68 (refer to
25 FIG. 8) that adjusts the optical properties of projection
optical system PL, by driving a specific movable lens
constituting projection optical system PL or changing the
pressure of gas inside the airtight room that is formed between

specific lenses constituting projection optical system PIL,



As is described above, in the enbodi ment, position information
(two-di mensi onal position information) of eight alignnment marks in
total can be detected at the point in tinme 15 when detection of the
alignnment marks in the second alignnment shot areas AS ends. Then, at
this stage, main controller 20 obtains the scaling (shot
magni fi cation) of wafer Wby, for exanpl 9 performng a statistical
conputation by the EGA net hod descri bed above using the position

information, apdtRé biased ORat hes capuhedsshge WG fd1G3fH@Rt §85Pems
controller 20 may al so adjust optical properties of projection
optical systehbPland 3L2ekanlsd, have qudeidedt i ert mgitf {leapirede té ot ied
enbodi ment, optical Frpperptes of projection optical systemPL are
adj usted by cBRFP®T| (SiEtHdj dat ithd SuRpEebgef rdie marksysnrrefeg) Wy Hpain
adjusts the optigcal.,pro ties _of projection,optical syst PL,

e ving a spebppERoL BB el 2aoheRhERDY nge v G (T FE ea chde
system PL r ghsngt Ng; hAet REeSSHI& LEnd35liRgh tlektd

that is fornmed %%twgg% specific | enses gﬁhétitgﬁi gqb?g?é%?P%ﬁﬁgg%Eon

optical systespfical IAkstem Bhe bhiske. odhthe | Getfdt #die rBlsage swhere
alignment systens AL1 and AL21 to AL24 have ended detection of the
pr edet er m nedImehdritgldiyhtthei pumhes chsmyrid tsheatndksiibrdwad eeidlit,

mai n controller 2%@ y Elﬁf control adjusting unit 68 so that 5
adj usting uni < 68 g?u% Feh&OhpLi BATR O HePEFkE DHPIRG &6t fighection,

optical syst on .t ect | resul t | nci dent al, | he
nunber of mar ;Phgpﬂgﬁ%% %Ptgg gggeﬁghﬁgrbrfé%ré%ﬁmdg%’tﬁnggfé? £°r
number oflonarg@mgs'ybjlr%cttr{eos.@mgtgl 88, t Rt w DRl Y A% HeO 18Rt he nunber,
for exanple, required for 10 conputing the scaling of the wafer or
the |ike. Funtrtber, abfeert tiee s il ttemeows detection of tie
alignment marks arranged in the five second alignnment shot areas AS
ends, mai n cohtiFMEt F@r&Eaptrsanged nimovesehitve sechad+yligreert ohast

both stages Vg?;ég] éwgﬁdsT Rggncggﬁgféller 20 starts again movement in

the +Y direction of both stages WST and MST in the contact
15 state (or proximity state), and at the same time, starts the
focus mapping described earlier using Z sensors 72a to 72d
and the multipoint AF system (90a, 90b), as shown in FIG. 32.
Then, when both stages WST and MST reach the position
with which measurement plate 30 is located directly below
20 projection optical system PL shown in FIG. 33, main controller
20 performs the Pri-BCHK latter processing described earlier
and the focus calibration latter processing described
earlier.
Then, main controller 20 computes the baseline of
25 primary alignment system ALl based on the result of the
Pri-BCHK former processing and the result of the Pri-BCHK
latter processing. Along with this operation, based on a
relation between the measurement values of Z sensors 72a, 72b,

72c and 72d (surface position information at the end portions



15 state (or proximty state), and at the sane tinme, starts the focus
mappi ng described earlier using Z sensors 72a to 72d and the

mul ti point AF system (90a, 90b), as shown in FIG 32. Then,
when both stages WST and MST reach the position with which
measurenent plate 30 is |ocated directly, Zt%el ow 20 projection optical
system PL shown in FIG 33, main control1%&r 20 perfornms the Pri-BCHK
| atter processing described earlier and the focus calibration latter
processi ng desardanEedi@amnidethe Bhapr JiRicNisatd RF-bels ADreatpoh @F lter
baseline of 25 prinmary alignnment system AL1 based on the result of
the Pri-BCHK tégh%rw bc%'ygitrlr@ argerhaonesestlivf (surfaRe pBEHKIbat t er
processi ng. Al.ogg wi th this operation, based on a relation between

the nmeasur emenB=OEIELHr O Beasysgmenbplats L Furiaceshyr hle

position info | Q0 h i% n i and the

ot her side i n{ﬂgﬁéeilgé&a% sAtEdlg)f" ecti 8%5%1’ wa )egﬁ %g gg?aegsi%ﬁﬁ %ﬁ%ajtrhee& in the
det ecti on g esabéud St Tia5& QS tfb@ﬁei:@%a@ééﬂiﬁ, Qind & sEBASHN EREN!

pl ate 30 surface by the multipoint AF system (90a, 90b) that has been
obt ai ned i n theasufecus: valuds afibaehisone 7 4prnocBss, NG, aaddFased( dre.
t he nmeasurenent values of Z sensors 741,4, 742,4, 761,3 and 762,3
(i.e. surfaceSposds BSihtepnbl fumaiiahatehlte sock Porsions eneoskdelde
and t he ot her_si in.the X-axis dirgction of fer table WIB

cor r espondi nga?%q?‘ﬁec’tf}é%lf St 5@&%%30915?6 e iognw%%fri (’Eégjlfd’JTB)
system PL t hato hays hremqobs ahaed s 181 6/ld 1 31 S5 5

pr ocessi ng, ma? n c%nt r ol Iger 20 obt al né&ﬁ}%Bg??égzﬁ‘ Oéﬁ?é]g&jre?&rlggleﬁjﬁavle

det ecti ol 0poi efstofm tHIe takt hpoknbedr Sytsd @ted 908,th@0B)cus ansl Ash asich
the detection origin of the nmultipoint AF systemin the optical
met hod descr i balek g3t @roceskyngo mant controller 20 obtains the offset at

a representative detection point of the multipoint AF system

{90a, 90b), and adjusts the detection origin of the multipoint

AF system in the optical method described previously so that
15 the offset becomes zero.

In this case, from the viewpoint of throughput, only one
of the Pri~BCHK latter processing and the focus calibration
latter processing may be performed, or the procedure may shift
to the next processing without performing both the processings.

20 As a matter of course, in the case the Pri-BCHK latter
processing is not performed, the Pri-BCHK former processing
does not need to be performed either. And, in this case, main
controller 20 only has to move wafer stage WST from loading
position LP to a position at which the alignment marks arranged

25 in the first alignment shot areas AS are detected.

Incidentally, in the state of FIG. 33, the focus mapping
is being continued.

When wafer stage WST reaches the position shown in FIG.

34 by movement in the +Y direction of both stages WST and MST



15 the offset becones zero. In this case, fromthe viewoint
of throughput, only one of the Pri-BCHK | atter processing and the
focus calibration |latter processing may be perfornmed, or the
procedure may shift to the next processing wthout performng both
the processings . 20 As a matter of couqég, in the case the Pri-BCHK
| atter processing is not perforned, the Pri-BCHK former processing
does not need to be perforned either. And, in this case, main
control | er 20iontye hasntarteratwafer ptagenET foa®) dadicrgbpasiaboed,
LP to a position at which the alignnent marks arranged 25 in the
first alignneReiBhepnErddseraGOapEonet eefed. stage WST pagi dbatapbyition,
the state of t he focus nagging i.s being continued.

|G 33,.
When waf er stgﬁg ﬁﬁﬂ#%Qﬂﬁﬂ1 %t REVHBSPti Oh WM FIFTE @Lage Y§T in the
v 110 gthosa gl NS AR, YA T, I

contact state proximty sta OV€, mai n controffter

20 stops vaf eslsdegeiNBlcaheblialy RS LA@DvidUL11G08L L BMES tt}{éeam%!x%ﬁ@%{ﬁ
of neasurenent stage MST in the +Y direction without stopping it.

Then, main contrlo$ Beraf@ed ial tios £ive rohitrdnetigsinenancshdondireba ddd (yefer
detects the alignnment marks arranged in the five third alignnment shot
areas AS (refle? IRGrRTFadRsFLf- BBl wnq iivg plisnapngnagatens ALl

systens ALl a 0 4, 1links. the detection results ,of fjve
ali gnment sys edﬁé*% EES A 4a] L ki B 5 S O SHIARLP & b Tee 9 Seni

10 the four escodsats sah LR8 htﬁflagmfd 'tAEE.; dﬁ{cfcctﬂeo%eQQQaéﬁgﬁgsvéf@f{g itcﬂfe

a nenory (not shown). Incidenta e si nul taneous detection o

al i gnnentiomarikise &onangetbdarst e thHeveindiofdtBé iqtERRt ofNid 3teas sAhdm
this case is also perfornmed while changing the Z-position of wafer
tabl e WIB, aslii & desriybdaotssheen) ousincidenkahdy; theosmmultdarsqusi nt

in time, the focus mappi.ng i s bei ng conti nued.
etectlonpgf tqh i g

e alignment marks arranged in the five third
alignment shot areas AS in this case is also performed while
changing the Z-position of wafer table WTB, as is described

15 previously. Further, also at this point in time, the focus
mapping is being continued.

Meanwhile, after a predetermined period of time from the
stop of wafer stage WST described above, shock absorbers 47A
and 47B withdraw from openings 51A and 51B formed at X-axis

20 stator 80, and the state of measurement stage MST and wafer
stage WST shifts from the contact state (or proximity state)
to the separation state. After the shift to the separation
state, main controller 20 sets openings 512 and 51B in a closed
state by driving shutters 49A and 49B upward via drive

25 mechanisms 34A and 34B, and when measurement stage MST reaches
an exposure start 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



Meanwhi |l e, after a predeterm ned period of tinme fromthe stop of

waf er stage WST descri bed above, shock absorbers 47A and 47B wi t hdr aw
from openings 51A and 513 forned at X-axis 20 stator 80, and the
state of measurenent stage MST and wafer stage WBT shifts fromthe
contact state (or proximty state) to the separation state. After the
shift to the separation state, main cont¥< | er 20 sets openings 51A
and 51B in a closed state by driving shutters 49A and 49B upward vi a
drive 25 nmechgmirsitstiR4Avaid-34B.onadl IR pIBAE U8 BNy h 541288 MBT gnment
reaches an exposure start waiting position where nmeasurenent stgge
MST wai ts unt mar&spasnieged i atHeedhreei Houoth r 911 @finddd: BHeRS areas AS
nmeasur enent stage MST at the position. Next, nmain controller 20
starts noveneREesfetRgted.stiigehis P@insmin himdethy fdiquecdmyingimbeding
position at whi c?.the al iaénrreg{i marks arranged in the three fourth

al i gnment  shof°RFEBYCAS AFETHELLEr QF2SRECPRIIE SEGoR S hisiwpd tingat the
focus MappsndelgolerddeCant |k, MBIRLLE. JLEAS SRR A1 age VBT 1S

waiting at the exposure st I'ng posi tion ‘descri 2d "above.

Then, when wafer stmgm \Woheheaghes $heydPasint L@BCREOWIhE BHdFi€ioADshown
main controller 20 imedi ately stops wafer stage WST, and al nost

si mul t aneous| ynantlG.J 3, vingimldontdetldetrs2d hemaldigneRgt s tepk wadlrasgege
inthe three fourth alignnent shot 10 areas AS on wafer W (refer to
star marks i n"ET G ammbplaestgs prukeanealsighaedt ingivbduatly segects the

secondary alighpent syste AL22 and AL23, links pthe detection
AL 4 %LJII} Z‘ileéh

results of thfeg?al T gnMEitSs§&feRes LAY #p2atL At 1oRgent shot

measur emeyy Vabuges A Jhe wem@@}ﬁmtsﬁé&e rfd e g{nl tﬁ%.hgs?%_i,%

and stores them 15 in a nenory (not s ). Inci y, t

si nul t aneous gdeimsty @lighmehe afdgmBnl 4l kscahrapgest ighidie EPsesns
fourth alignment shot areas AS in this case is also perforned ile
changi ng t he ZLAoghdiAr2nf LakertheadebeiBn aesiud tdegfrithes alignment
previously. Also at this point in_tinme, the focus mapping i.s 20 being

conti nued, anﬁy?@%%n Lée A RT3 1S PP DORP RTHECRE THeteexpbsihie
STart v 110300140 T 8150 0110820 bOTRULES LBk oo

i nformation (coordi nate values areas’ o

the XY cagy di iat£ rerfd@m At showhfl Dindiken¥easyr ewgat saxes Medihie
four encoders, for exanple,
detection of the alignment marks arranged in the three fourth
alignment shot areas AS in this case is also performed while
changing the Z-position of wafer table WTB, as is described
previously. Also at this point in time, the focus mapping is
20 being continued, and measurement stage MST is still waiting
at the exposure start waiting position. Then, main controller
20 computes array information (coordinate values) of all the
shot areas on wafer W on the XY coordinate system that is set
by the measurement axes of the four encoders, for example,
25 by performing a statistical computation by the EGA method
described earlier, using the detection results of 16 alignment
marks in total obtained as is described above and the

corresponding measurement values of the four encoders.

Next, main controller 20 continues the focus mapping



25 by performng a statistical conputation by the EGA net hod
described earlier, using the detection results of 16 alignment marks
in total obtained as is described above and the correspondi ng

measur enent val ues of the four encoders. Next, main controller 20
continues the focus mapping 129 while ng*ing waf er stage WST in the
+Y direction again. Then, when the detectTon beamfromthe nulti point
AF system (90a, 90b) noves off fromthe wafer Wsurface, as shown in

FIG 36, mainwhatermbviarg 0rendsagbardmeustmpridideAfibaraddat, basgd
5 on the result of the foregoing wafer alignment (EGA), the | atest

measur enent r #bght Shefdetestiiasebeansivém fihee malligpmbnt A styertemAl{ 90a,
and AL21 to Ab§4 and the like, main controller 20 perforns exposure
by a step-and?9PameEhod i fream (theuratermibssréacex s shevret mdIGanas,

sequentially S ticle pattern to a pluralit f shot
areas on waf e%ng%ﬁ ctﬁq{%o\%al:é %S?Eteﬁlgss}:ﬁ? If't rcué:’pl&?%?*&‘s gﬁge\#e%@aﬁ'egﬁe‘i
performed 40 bheth8MBEMLNY MBF@eS FWrblibAnbhgatOL a1 |
described so far, according to the gn%odpﬁen?, tﬁ%'ﬁlg%g§$(§§§?én$he
whi ch i ncl udetacasbdmasuzeAcht NI IWOSE the PRESLIRIEBY FRldlesihanent
good short-termstability, and the |ike, neasures position

i nformation ofYHke®RF Alabla@dNRB2wi tdidldhead®d Phearlel it maiinglontroller

pr eci sion mﬁtggut bgiq? af f ect ed E air fluctuations or the |ike, and
al so the surfatePpos? o MEOLITEi é 8y SEERTaRE IR MEthPss 1 dehs@rid

) d Jt-he ik
o (1on i nf o BT R b et er ABFeogrand b de B el BBl 8

or t hogonalo t oréfiec X g e it ahbalrRl e6¥ b SNt houds H@NGaableft ed
by air fluctuations or the like. In this case, since both of the

encoder syst eiftaamivaids s tthasimpbsy tdparatdassr ang repeatedly performed
to the remaining wafers within the lot.
As is described so far, according to the embodiment, the
encoder system, which includes encoders 70A to 70D whose
15 measurement values have good short-term stability, and the
like, measures position information of wafer table WTB within
the XY plane with high precision without being affected by
air fluctuations or the like, and also the surface position
measuring system, which includes Z sensors 72a to 72d, 74,
20 to 74,6, 761,1 to 763,6, and the like, measures position
information of wafer table WTB in the Z-axis direction
orthogonal to the XY plane with high precision without being
affected by air fluctuations or the like. 1In this case, since
both of the encoder system and the surface position measuring
25 system directly measure the upper surface of wafer table WTB,
simple and direct position control of wafer table WTB, and
therefore, of wafer W can be performed.
Further, according to the embodiment, on the focus

mapping described previously, main controller 20



25 systemdirectly neasure the upper surface of wafer table WHB,
sinmple and direct position control of wafer table WIB, and therefore,
of wafer Wcan be perforned. Further, according to the

enbodi ment, on the focus nappi ng described previously, main
controller 20 130 sinultaneously activates the surface position
measuring systemand the nultipoint AF sﬁﬁien1(90a, 90b), and
converts the detection results of the nultipoint AF system (90a, 90b)

into data, uskigulbeneBasly efiitvatesulths ehrEhee Sp6dAGR D nRASLH A]
measuri ng system as datuns. Accordingly, by obtaining the convertéd

data i n advansgstemn detdresmpbsisiding: B pesfan noDar, f atle) pesid converts
control of wafer Wby only neasurtggé osition information of wafer

table WB in the %66 N Feeribh afh@hodrtorpintt Fnays tem di0arf 80b)
Labl e B L1 Fgh8 bk, LS L9 MeLh RSB Lo the of lane by Lhe

surface position neasuring S

surface positihey4 r i in i
enbodi nment , a??ﬁ%tg%&t%%ﬁlgwg{tgﬁlaﬁ%e g]%ﬁmg'enﬂﬁégrpgﬁéfgglb%nd
the wafer W sdbtateing tdleoednvé ocats daguel h ngiveork!, ol t Hecinewabess Won
exposure can be executed with good accuracy, w thout problens.

In the enbodi Frenperfern swifiAceupobidhrnhecrikpblrd iwafeaf W be patal | el
processi ng operation usinwaafer st age, WST and neasur enent stage MST

descri bed abo¥82STFHIHRODPT bt INFAIBREIRR Of Wrdedr taANLYER iptdiA Frexis
iti | i it P). Wi ied, t .
001100 o i 00f 40 )t okt LS £3LSSABLUSE

stage WST to the position ere predet . proc (
for examloe, expOsAfediiaint @iRhf PEBBLEOM o | thd &Y ¥1ARE, bYBLRe surface

control ler 20 performs the sinultaneous operation of the surface
position position measuring system afterward, without obtaining
surface position information of wafer W. Accerdingly, in the
embodiment, although the working distance between tip lens
191 and the wafer W surface is short, focus-leveling control
15 of wafer W on exposure can be executed with good accuracy,
without problems.

In the embodiment, as is obvious from the explanation
of the parallel processing operation using wafer stage WST
and measurement stage MST described above, in the process in

20 which wafer W moves from the position (loading position LP)
where water W is carried to wafer stage WST to the position
where predetermined processing to wafer W, for example,
exposure (pattern formation) is performed, main controller
20 performs the simultaneous operation of the surface position

25 measuring system and the multipoint AF system {(90a, 90b) and
the data converting processing {focus mapping) described
above.

Further, in the embodiment, in the process from when a

detection operation by alignment systems AL1 and AL2, to AL2,



25 neasuring systemand the multipoint AF system (90a, 90b) and the
data converting processing (focus mapping) described above. 131 of a
plurality of marks to be detected (e.g. the wafer alignnent operation
descri bed above) is started until when the detection operation of a
plurality of marks is conpleted, main cog%roller 20 starts the

si mul t aneous operation of the surface po Lion 5 measuring system and
the multi point AF system (90a, 90b) and al so starts the data

converting pregespligality of mafrlistth®he REeRELHNG . W0 tHLwSFRPANIBAhent
as i s described above, since the surface position of wafer tablé WB,
and thus, theoparfhten gescribadabonalers ¥aeanedeantdhtwhaln tde dietbchigh
10 precision, it beconmes possible to performhighly accurate exposure
hardly havi ng®BRpasiire ofet REvrahlseaf B r&sriseenplrtad onatpsonsroller

. which ggkes_j [hle tof | i
)

exanpl e, i Ohed3ulth@HRRTCan TR HE GRALEBLLRE 230 SHBRE rg%OaS,uerOﬁ?earid

position information of 'wafer Wusing the detection valu

(nmeasurenent mabdesanfs the matla pehrerAEngysteradH0a;. 90b) , with

surface position information at end portions of wafer table WIB on

one side and the otfigithsirdearpordenX-txithedembedinent ass idatascr Ped
mai,n _caontrol | ornms position adjustment of

Al so on exposuye r 20 perf dj

Wafer Win a #PPR FORCRARE ENT%F BRELEAPN B5HALRK BAO}R HlBe anshthus,
optical syste Lt directi | ct to the pl .
or t hogonal toﬁ%éxﬁcaj(%§%§Ei§g5§ﬁ§%‘%ﬁ?%%@gcégzg i%ﬁ?ﬁﬁ%ﬁ%ﬁ%&??gﬁ Byah
end portiians pfepdwin,t g %e%%m@EBReBsQBEe St 5N i 919hAGT aSb@Eaid
the X-axis direction, as a datum Accordingly, although surface

posi tion i nf cexpeswre dfarwdfyvehaWing eppssued grfcrt tcauexgobyr eurface

surface position control of wafer Wcan be performed with high
preci sion on Qgﬁ{ﬁﬂoqna9§§gpé_error, which makes it possible to form an

image of a pattern on wafer W without image blur.
Further, according to the embodiment, for example, prior
15 to exposure, main controller 20 measures surface position
information of wafer Wusing the detection values (measurement
values) of the multipoint AF system (90a, 90b), with surface
position information at end portions of wafer table WTB on
one side and the other side in the X-axis direction, as a datum.
20 Also on exposure, main controller 20 performs position
adjustment of wafer W in a direction parallel to optical axis
AX of projection optical system PL and a tilt direction with
respect to the plane orthogonal to optical axis AX, with
surface position information at end portions of wafer table
25 WTB on one side and the other side in the X-axis direction,
as a datum. Accordingly, although surface position
information of wafer W is measured prior to exposure, surface
position control of wafer W can be performed with high

precision on actual exposure.



132 Further, according to the enbodi nent, a partial section of
aerial imge neasuring unit 45 is arranged at wafer table WB (wafer
stage WST) and part of the remaining section is arranged at

measur enent stage MST, and aerial inage neasuring 5 unit 45 nmeasures
an aerial image of a neasurenent mark forned by projection optica
system PL. Therefore, for exanple, at the3% i me of the focus

cal i bration described previously, when aerial inmge neasuring unit 45

measures the best fogush®Oshki8RdOhgROLRELBBI2RLAERa BYSE LM Becti BE
measur enent can be 10 performed using the position of wafer table WIB

(waf er stage WETaerdal vilmagle mepauntimy wadt 6N ofaraanigakd atregefer table
measuring unit 45 is arranged, in a direction parallel to the optical
axi s of proje¥TPoA¥8per caFagsy ¥ Pndapagtdaf urmefreniheon sketdon is
position. Accardingly,_.when exposing,a with 15 il|um nation .
PPht 1L, ¢ heap0en i toPenar Ernei E oF A et B TG0 YIRS Fraguring
direction parahlelsd ¢ ti hS: j [ ' y

PL o adi bt ed bt b ACGR B el Con Baod o5nofi e ke e 2 b EREg
the best focubypssdiedtiorFupthesal Sidicen enly mmdiaifoiral, s66td: Mk, at

aerial image neasuring 20 unit 45 is arranged at wafer tableWB
(waf er stage VWB%)timgafodr thalflcewalBal Wafztriot dgecEbdisrawitouisiyr, evlsen
in size and the poihﬁion contrqllabi]it% can favorably be secured.
| nci dent al | y, 2Rt WHERECMEFRITIAG W f o AedFuRRS LA RaRfgéomenBari hien
unit 45 does pot ? o be ar.ranged at surement 25 stage MST, but
the remini ng set ?%%C%Jﬁ%}péip?(’)l%g glylg’gﬁ@ggﬁba?lﬁ ar98° e | s GPBrBfit
stage MST@NdpeHEsifed tthe neasssSiEiti oot 88 Ml +L83RCFHA VEIMer stage
Further, according to the enbodinent, Y-axis interferonmeter 18 and
X-axis interf@sDhetetr WBchreapareial38ection of aerial image measuring
unit 45 1s arranged, in a direction parallel to the optical
axls of projection optical system PL as a datum of the best
focus position. Accordingly, when exposing a wafer with
15 illumination light IL, the position of wafer table WTB (wafer
stage WST) in a direction parallel to the optical axis of
projection optical system PL is adjusted with high precision
based on the measurement result of the best focus position.
Further, since only apartial section of aerial imagemeasuring
20 unit 45 is arranged at wafer table WTB (wafer stage WST), wafer
table WIB (wafer stage WST) is not increased in size and the
position controllability can favorably be secured.
Incidentally, the whole remaining section of aerial image
measuring unit 45 does not have to be arranged at measurement
25 stage MST, but the remaining section may also be arranged
partially at measurement stage MST and outside the measurement
stage MST, respectively.

Further, according to the embodiment, Y-axis

interferometer 18 and X-axis interferometer 130 measure



position information of measurenment stage MST, and four |inear
encoders 70A to 70D measure position information of wafer table WB
(waf er stage WBT) . Herein, |linear encoders 70A to 70D are reflective
encoders that include a plurality of gratings (i.e. 5 Y scales 39Y1
and 39Y2, or X scales 39X1 and 39X2) thaj_.are placed on wafer table
WIB and each have a grating whose peri odt¥ direction is a direction
parallel to the Y-axis or the X-axis, and a plurality of heads (Y

heads 64 or Xpbeadsofi@nfRmehieh onéLsudhéht 30Xde 8P XhRANELBOX2nake
pl aced facing. Therefore, 10 in linear encoders 70A to 70D, the

optical path keergtihrsf/Ofhes BeRmersnadipaisdd ibndmanatieadbt wafdetable
facing scale &%rati ng) is much shorter, conpared with those of Y-axis
interferonete ?8(‘@(1%IXSE§G§ R5AY er fRE T el 1088T eas@deas]0A he Hdnare

i diffi It t ff ted .b i fl { ti . ] t-t 5

Srabi |1ty of FREGEALH EHenEovanes 1L hifs PhEred tENateotr R L -

interferonmpt ek Jk&1a0039v.ax18 3b9) eLt & 90B] &L 3§§9ané%9'ﬂﬁ%|tya é% aced
J] | of " waf er Jfa P‘e

becomes possible to stably perform position contro

WIB (waf er stagewd\fdy tatbxhd mren anef eachFHatv8es , geei i sleOphleodic

enbodi ment, the placenent 20 distance in the X-axis direction between
a plurality oflive¢iebers 142 whoectiennaraidetl © rthet Y oaxis ot hsheyXaxk s,
direction is narro width in the X-axis direction of Y scale

t
3ov1 o 392, AP FHBTHSEUBR(BEASE dHCBSRAS (b OF BxhSae TG40 FornLch
b | ugal | X figad Ledlfgeti AR 20¢]
e X axi s o ot THRoTE ASTPORSR: (HanS S AR 1 SR CLHEr i o TBP FRETTon

the X-axis direction’i ower

of X scalm 39X 10medPXncdBEF&IWrCLo MRS RRYI H% Waf L hat 8Pl &ndMBof the
(wafer stage WST) , the Y-position of wafer table WIB (waf er” st age

WET) can be neesuriedtdodseddofirdheankabaaénmnttheakdesn®fscéllel A&t ing)
encoder 70A or 70C that irradiates detection 134 |lights (beans) to Y
scal e 39Y1 ori3®yzh sheriesegoBRprad Withihess o Bpfig anteyfefoneter

neads o4, AT Rl gls WAL LAl 00et oo Lfe deposlil gn gl
eSS I | AL X basgrec a0t O UL
sw tchingsa pstasllifty &ff XKhbeadssi®fement values is superior to those of
Y~axis interferometer 18 and X-axis interferometer 130.
Accordingly, it becomes possible to stably perform position
control of wafer table WIB (wafer stage WST)} holding a wafer.
Further, according to the embodiment, the placement
20 distance inthe X~axis directionbetween a plurality of Y heads
64 whose measurement direction is the Y-axis direction is
narrower than a width in the X~axis direction of Y scale 39Y;
or 38Yz, and the placement distance in the Y-axis direction
between a plurality of X heads 66 whose measurement direction
25 1is the X-axis direction is narrower than a width in the Y-axis
direction of X scale 39X; or 39X;. Therefore, when moving wafer
table WIB (wafer stage WST), the Y-position of wafer table

WTB (wafer stage WST) can be measured based on the measurement

values of ¥ linear encoder 702 or 70C that irradiates detection



Furt her, according to the enbodi nent, when noving wafer table WB
(wafer stage WST) in the Y-axis direction for 10 obtaining the
correction information on grating pitch of the scal es descri bed
above, main controller 20 obtains correction information (correction
information on grating warp) used to correct warp of each grating
line 37 that constitutes X scal es 39X1 amtf 39X2, in the procedur es
descri bed previously. Then, 15 while correcting the neasurenent

val ues obt ai nedghtamiBeads Hnid sy 631385620, bagpd ophile fsPpasidiony
information of wafer table WIB (wafer stage WST) and the correction

i nformati on oswgtahing avpiprality efat eeadeXd4 andd3DXParbandltwieh this
correction information on grating pitch), main controller 20 perforns
20 the drivi ngPeFatiaPer thebf ol {oRa® € Wadeagea bAGTYTB  wefe r )6 thdesWST)
direction using Xéscales 32§% an 39§§Egnd head units 623 and_62D.
Accordingly, FEPbREJHERS UGS PRPES 87 ddtuMeBEy SFERF of it Y Odr Kvit hye ¥

waf er tabl i X=axi LLect] i.n

ni t5 628 and O3B el e 3 Bcaras Mot 75 2R e R L AL sl g
and 70D), witheux being 3hfeeredoRy, tiMe 1ealROEnCASN1Gr &Fitkhing a
constituting X scales 39X1 and 39X2. Further, by performng the
sim|lar operaplonaldty hef dhdwemdspé6ati on al so with respect to the
Y-axis direction, the driving of wafer table WIB (wafer stage WST) in

the Y-axis 135 di retiiheF -carcardnpiopdis srhedingrty ybea rpydmcaegter
Furt her, ' t nbodi il f t WBT . i i

imeary i cheb o8t (B R erhcen polf Tt B et ian OFtt ne
wafer W sy f agsei sn e} @¢leedoPYe S 1die 1 MbLROE B ﬁg%ﬁ?&ﬁ&‘ﬁi% 0$00e

having a plurality of detection points that are set a

pr edet er m neds dabé aieeciribbdab¥vaximaih coatiroDleartd shisHiddheorrection
al i gnment mar ks whose positions are different fromone another on

waf er Ware dengermeatinn dcprueatriey igffogaganamn gyaténg wildplandeAlixd

to 10 AL24 haviqg t he detectioH areas that are arrayed in a line
al ong the X- aSPSTr SBFPATE SPAD GG ol HRS dntBAhFORaF eFuse S des vBIeS

f | i | i g, ity t i At
Lot ot i o o ook, kpBaRl 0% 4 THOR 08 BLY Beibk1BLq 45 G a] RO Mich,
detectionsare@sind cbilddtahnigt ¥hef maksgramaht ki 1506 o8 aAkddapdoiliddad

to AL24, detection of surface position information on the
subst anti al | yurits e@Bsand 428 fsathbert \e dnpo gt bot iofophatldn bifevafer

al i gnnment marks to be detected on wafer V%ée.g. the alignment marks
in the alignneM1SHBEE dvedsy stege BER) ane §haicsHagctann intewnarion

the thr Oughpuén %q:%ting warp of X scales 39X; and 39%;, {(and the correction

information on grating pitch), main controller 20 performs
20 the driving of wafer table WTB (wafer stage WST} in the X-axis
direction using X scales 39%; and 39%; and head units 62B and
62D. Accordingly, it becomes possible to accurately perform
the driving of wafer table WTB (wafer stage WST) in the X-axis
direction using head units 62B and 62D that use X scales 39X;
25 and 39Xz {encoders 70B and 70D), without being affected by the
warp of each grating constituting X scales 39X%; and 39X,.
Further, by performing the similar operation to the above
operation also with respect to the Y-axis direction, the

driving of wafer table WTB (wafer stage WST) in the Y-axis



20 be inproved, conpared with the case where a detection operation of
al i gnnment marks and a detection operation of surface position
information (focus information) are independently (separately)
performed. In the enbodi ment, as is obvious fromthe explanation 25
of the parallel processing operations usjng wafer stage WST and
measur enent stage MST descri bed above, it°the niddl e of novenment of
waf er stage WST fromthe | oading position toward the exposure

position (expasieetabfachd)aldo e PorirBmenewioNegest Llcuvafss. stage
WST in the Y-axis direction), main 136 controller 20 nakes a
plurality of alignnButtlssst emsordingmne #Hhe rnbodAddt siwinillbanefsskyage
detect a plurality of the marks (alignnment marks in the alignnent
shot areas) wH83elpoBpYiv@slineay xnakhe drpuesihregtd o f Sewwdaceon

wafer W and al so, 5 makes the ,nultipoint AE system (90a, 90B) detect

surface positP8ﬁlFﬁ?Brh%f?%ﬂéiﬁoqmﬁﬁeghﬁvFﬁg?rpgs% 39 dSgHe ﬁ&teg by
detection are o bt f..al/lggamnme V] ! ccardi (o]

t he novené%t g?emg?%?fg§ggéqg% fﬁ t ébg?éx?gbgifiggﬁ%%l%ﬁﬁ%%g 5&e?f

t he throughputie€ast bén ipaimeeethatd Greoepar 86 ipi-BdbBErRAsE] Wiet@nde in
detection operation of alignnent marks and a detection operation of
surface posittbha Knénisedimrctifiacusndnhdsmathen 1 igrendrrid epehde mhbge
performed. Incidentally, in the enbodi nent, the | oading position and
the exposure PBSFHioms 7% (U ff&r@ntr Eremt OPat MOEISE erdwedetri Hnares

ot e PO GBS e PGB L 90 MRE SUSLEREA Y A
linearly fg omitpehhoady REeRRILIQBNL-d et HEE RELI D Rf@Ofn szhitrtbealong
al i gnment systens (and the nultipoint AF system. Further, the
| oadi ng posi t tive Xatackitshei tedtoac.ngI2 G thesi ¥bods Meylberyt Wefeamtage WST
posttion. (wafer W) linearly passing though the plurality of detection
points (detection area AF) of the multipoint AF system (90a,
90B) and the detection areas of a plurality of alignment
15 systems ALl and AL2, to AL2,, detection of surface position
information on the substantially entire surface of wafer W
and detection of all the alignment marks to be detected on
wafer W (e.g. the alignment marks in the alignment shot areas
in the EGA) are finished, and therefore, the throughput can
20 Dbe improved, compared with the case where a detection operation
of alignment marks and a detection operation of surface
position information (focus information) are independently
(separately) performed.
In the embodiment, as is obvious from the explanation
25 of the parallel processing operations using wafer stage WST
and measurement stage MST described above, in the middle of
movement of wafer stage WST from the loading position toward

the exposure position (exposure area IA) (i.e. during the

movement of wafer stage WST in the Y-axis direction), main



Further, according to the enbodi nent, while neasuring the position in
the Y-axis direction and the ez rotation (yaw ng) of wafer table WB
(waf er stage WST) based on the neasurenent values of a pair of Y
heads 64y2 and 64yl facing 25 a pair of Y scales 39Y1 and 39Y2
respectively (a pair of Y-axis linear encoders 70A and 70C), wafer
table WIB (waf er stage WST) can be movedtith the Y-axis direction.
Further, in this case, since novenent of wafer table WIB (waf er stage

WET) in the Yeaxksoti&£0id RRKE8Na BA Ure8kikgedr i) iyrafedites YOELEs WIS ang
137 relative positions in the X-axis direCtion of secondary al i gnnent
systems AL21 BD2ALDY AL hsimsPeniedus 1y ideiey:taki gINEAL 1Sy Y rhalhaake
adj usted according to the array (such as the size) of the shot areas

fornmed on waf dRlygnmeet FergsnEnths akidkumdnt ahet arsaist ywhdssposibiens

(e.g. alignnent ot_areas) whose positiqgns_in the Y-axis direction
are the same &Hdgaﬁo}é_ea’bh%iqlir&élp PRE KTHKPESNE rtfedierafle and also

different on . ur, I t us by lLural i of
al i gnnent gysi{wgfr{rgEA ggrﬂldlb%@ﬁ&t oAiI‘ifi.s'mthﬁgﬁi’er%dB ccdoeﬁ_‘ i r11:g S'E'%f%ég
embodi nent, NpbBiEOBH I DhEmadQ HELEC K chhen at h SN PAY s SRS RRhvaher W
usi ng alignment systenms AL1 and AL21 to AL24, while controlling the
position of wdttectnin eadbEld (cfaftke slagelVHY)obaskethrmerntheystems
measur enent val ues by the encoder system (Y |linear encoders 70A and
70C, 15 X |i n@afcrttiflidis theBmevemedD) of | vaskhettamsy AST thethpi Ynawhs

k f W b t d i | i t t CAL] . d
A2 1o ALoavR TSSO of FERGEORE: poay (Y LAF PRI GPny 251 S9HEr e er
stage WBT)g Wi abmlgaﬂéu RE ek ket Hogrd,- 00 &é{%&%@%ﬁ@}&(oy#*smgémgm

heads 64 facing scal es 39Y1 and 39Y2 20 respective I nea
encoders 70A matks 3d andickdiedads 6fekatiog of sEtRr3P8kiangn39X2

respectively (X linear encoders 70B and 70D).

information (focus information) are independently performed.
Incidentally, in the embodiment, the loading position and the
exposure position are tobe different in the X-axis direction,

15 but the positions in the X-axis direction may be substantially
the same. TIn this case, wafer stage WST can be moved
substantially linearly from the loading position to the
detection areas of the alignment systems (and the multipoint
AF system). Further, the loading pesition and the unloading

20 position may be the same position.

Further, according to the embodiment, while measuring
the position in the Y-axis direction and the €z rotation
{yawing) of wafer table WTB (wafer stage WST) based on the
measurement values of a pair of Y heads 64y; and 64y; facing

25 apair of Y scales 39Y; and 39Y, respectively (a2 pair of Y-axis
linear encoders 70A and 70C), wafer table WTB (wafer stage
WST) can be moved in the Y-axis direction. Further, in this
case, since movement of wafer table WTB (wafer stage WST) in

the Y-axis direction can be realized in a state where the



Furt her, according to the enbodi nent, the nunber of detection points
(the nunber of neasurenent points) of the 25 alignnment marks on wafer
Wthat are sinmultaneously detected by alignnment systens AL1 and AL21
to AL24 differs depending on the position within the XY plane of

waf er table WIH (waf er stage WST). Therefgre, for exanple, at the
time of the foregoing wafer alignnment ortthe 1ike, when nmovi ng waf er
table 138 WIS (wafer stage WST) in a direction intersecting the
X-axis, for exalBktével PobheifaXirs e KChke, diteDELHESE RORSIRagyt O
si mul t aneously detect the alignment marks whose positions are

di fferent fromlogesmandt fiestans \&if2ar t¥ ABR2nwithe reegact eto nprdiesryd of
al i gnment systens, in accordance with the position of wafer table WB
(waf er stage WETINPANE 1y stemdlsl dieadiivened scenuddmaner dde axray (such

accordance with the place t (Layout) of the,shot areas on fer W
Further, accofdifiy f z?ﬁé’%ﬂhﬁ%g’ﬂ%nﬁ‘f ait f?ﬁ‘@egtogg‘éa%l%% flep \tgﬁégnment
al i gnment r : t e t h l4i,

Cermin (e, b RErRR ML BRI CHLFSHEE AL (018 S BRRRLE, Y EFBas)

mar ks ar r angedhbge tgie ise0a8d mlhgnenti Shote @ £56 aAS @NShme drd SRHE
cases, main controller 20 controls adjusting unit 68 so that

adj usti ng uni posBt hajsisirs tthee XopriisalitEcpioperte ekl fifenendj eat wafier W
optical system Pthased on the detection results of a plurality of

(e.g. 8) alighfRn?® MEISIGH vaEl taPeAdslnave dadmiddidor f pylempent

al i gnnment sys%};gg_serp APENLLd Brsuch cases, for exanple, in the case an
operation such'as det'@ction of “an T mage ‘of a predeterni ned

measur eneyy 20 mar kr@heRat heES)q PYg IPIeet ERBo@REd £2] St 8BhPhol for
perfornmed after the adjustnent of t%e optical properties of

proj ecti on opkd cddtesytst erhePlalieweanif mbhkes i srge fr hesiRasdlegeRént
mark shifts due to the adjustnent, the inmage of the neasurenent nark
after the shif$¥Stensrdddupred, Abdid tasAb2ooibadaeperet ralid rizh thki posfion

the i mage of the neasure rk_due to the adjustnent of the
optical propeft iwx?geetfft?)lf’g% E%Eﬁngﬂag%'f isc%ges@ﬂ)e%aée&‘o%% i "pREBRERt
s o AR, e G 5L TR 0o
marks thats haveiheaf dleiid2d70y dnldeMOD) . 1In other words, the alignment
marks on wafer W can be detected using alignment systems ALl
and ALZ; to AL24 while controlling the position of wafer table
WIB (wafer stage WST) with high precision based on the
measurement values of Y heads 64 facing Y scales 39Y; and 39Y,
20 respectively (Y linear encoders 70A and 70C) and X heads 66
facing X scales 39X; and 39X, respectively (X linear encoders
70B and 70D).
Further, according to the embodiment, the number of
detection points (the number of measurement points) of the
25 alignment marks on wafer W that are simultaneously detected
by alignment systems ALl and AL2; to AL2, differs depending
on the position within the XY plane of wafer table WIB (wafer

stage WST). Therefore, for example, at the time of the

foregoing wafer alignment or the like, when moving wafer table



139 before detection of all the alignnment marks to be detected is
finished, the adjustnent can be performed in parallel with the
detection operation of the remaining alignnment marks. That is, in the
enbodi ment, a period of time required for the 5 adjustnent can be
overl apped with a period of time fromwhen detection of the alignnent
marks in the third alignnent shot areas A3 is started until when
detection of the alignnment marks in the fourth alignnent shot areas

AS is finishegrs ThiiSert beadd eyt oRedisiddRhe¥edect ONPRhadx Wi,
the conventional 10 art in which the adjustnent is started after

detection of fbt exdempierksnithd Yraghedirection,Flttihetomeac posdinye tim
the enbodi ment, during a period fromwhen an operation (e.g. the

Pri - SCHK f or ne¥ptaneisdy) detesiedbardlignmeatpost ks vhabe pelsdtions are
between a projection. 1 osition of an i e of a pattern (e.g. a
pattern of reéjr%eereﬁ)t gﬁgrbroé‘jeeaé’tcitg‘r?ro?ﬁ i"’gggrﬂﬂé?%ﬂ’gﬂ—i CHffl r&git%‘g'ﬂl?%
center of li : j L A i
ctarted Ui 1 Ren T e Sod T oh o ooE e Ny pEY R el dek
| atter processiylg WEBf (whshedragaaisT)Cont¥d venx2@ 20rf&rf@f,Mnadther
detection operation of the alignnment marks (e.g. the alignment marks
in the three Wazds, ahi gnoerdarsdotvidhetse @ldcehenti viagecondfat hgatert
shot areas) on wafer Wby alignnment systens AL1 and AL21 to AL24.

That is, at |&FEHS ﬁ@rﬁaéﬁrtﬂe det ection operation of the marks by the

| t 25 syst b f d | llel with th
meacur enent oper at PO P S BBSLParaF L B RPEGReT Aoy R gFgoc et

poi nt i nfgi M- HEhg N fhRe FEFRHKENBNL2¢RSIR LN Aetlhie RAS} tti’l@nﬂingrgnyent

relation is conpleted, at |east part of the detection operatio
t he al i gnmentsysytetheneentia pé ug aldtd yhef palhgnierdiin@wken ddfection of
the alignment marks arranged in the second alignment shot areas
AS ends), in some cases, main controller 20 controls adjusting
unit 68 so that adjusting unit 68 adjusts the optical
15 ©properties of projection optical system PL based on the
detection results of a plurality of (e.g. 8) alignment marks
on wafer W that have been detected by the alignment systems
by then. 1In such cases, for example, in the case an operation
such as detection of an image of a predetermined measurement
20 mark {or pattern) by projection optical system PL is performed
after the adjustment of the optical properties of projection
optical system PL, even if the image of the measurement mark
shifts due to the adjustment, the image of the measurement
mark after the shift is measured, and as a consequence, the
25 shift of the image of the measurement mark due to the adjustment
of the optical properties of projection optical system PL does
not become a measurement error factor. Further, since the

adjustment described above i1s started based on the detection

results of the alignment marks that have been detected by then



to be detected on wafer Wcan be finished. Thus, the throughput can
be i nproved, conpared with the case where the detection operation of
a plurality of alignnent marks by alignnment systens is perforned
before or after the neasurenent operation 5 of the positional
relation. Further, according to the enbodi nent, during a
period fromwhen starting a detection oﬁﬁﬁbtion by alignnent systens
AL1 and AL21 to AL24 of a plurality of alignnent marks to be detected

on wafer W (epgsotbeqsedeiicl icgnmant tapesal idhed0 Hasy ikedealoveeted
i.e. a detection operation of 16 alignnent marks in total severally
arranged in the finistheal,i gneent] ushoknareas bAD 4o dined dnrgdraalliegnaeth
shot areas AS) until before conpleting the operation, main controller
20 perforns athBadeleieitn sraratiion of the pemainionalalignaenonmarks.

between a 15 projection position.of an inage Qqf pattern of reticle
R by projecti ghalbp’ﬁ rcaf @%}%F Ogﬁmﬁﬂg' & Eﬁgéegi%ﬁt&@ﬁt Erautred fgRnehft
systenmALl { ba I ig Wi %irgﬂu . . 1S, =t

measur emen% o%gﬁr%%?%%tto? a}[n hgggég‘é?%a}h)a r%f’%ta} g%%égﬁl E %'gl}ef gr}"‘ ﬁ%dw}llenn

paral l el w thdgesttidn bifetHetLcidraen@Pas ks 0 28e0fhi Ae JMBikseRy dhs:
al i gnment systens. Accordingly, during a period when the detection
oper ati on by até¢zmAénts syasresd vALlladcnAdtied ol ol 38 thfe al ijrurealt harlof
al i gnment mirkstgﬂ% be detected on wafer Wis perforned, the

measur ement opRrAtS 6AUBER BHd JpESPLi Sl areratAdd schhnbehed ni Shued, the

Thus, the 25 ’El{?z.[ t can,be.inproved, conpared wth the case where
t he measur ement Operati (ﬁ?%oPgt ﬁ‘élgg%‘??f o%%?pr%pre Cgtwl:L tBepEPFRE PRl
bef ore ongaf tgrt tikewHEER HHeORd PREFAEA 0N sy 2L4 4 %Tersa’éE&{E]'o‘H of al1
plurality of alignnent marks tg@be det ected on vvag?er W Further,
accordi ng to the reddadiimefinidhedng a period 191 from when a
detection operation of a plurality of marks to be detected on wafer W
(e.g. the wafer al FyFFReEL, operardiong desthebenbedovat,i dariagdetmetiocsh
operation of 16 al 'hgnrrent mar kts) i? started until before the )
det ection op LM ¥REfRan operation (e.g. the Pri-BCHK former processing)
of measuring the positional relation between a projection
15 position of an image of a pattern (e.g. 2 pattern of reticle
R) by projection optical system PL and a detection center of
alignment system ALl (baseline of alignment system ALl) is
started until when the operation is completed (e.g. the
Pri~BCHK latter processing is finished), main controller 20
20 performs a detection operation of the alignment marks (e.q.
the alignment marks in the three first alignment shot areas
and the five second alignment shot areas) on wafer W by
alignment systems ALl and AL2; to AL2,. That is, at least part
of the detection operation of the marks by the alignment
25 systems can be performed in parallel with the measurement
operation of the positional relation. Accordingly, at the
point in time when the measurement operation of the positional

relationis completed, at least part of the detection operation

by the alignment systems of a plurality of alignment marks



5 conpleted, main controller 20 perfornms a state swi tching operation
between a contact state of wafer table WIB and neasurenent table MIB
(or a proximty state of nmaking both tables cone closer together, for
exanple, at 300pmor |ess) and a separation state of separating both
tables. In other 10 words, according to the enbodi nent, both tables

(or both stages) are controlled so that +4% detection operation by

the alignment systens of a plurality of marks to be detected on wafer

Wis started kB Bdi@e €OMALEn Fhaake W &in BERITshaSt ahif)s, ad thESughput
switching fromthe contact state (or proximty state) 15 to the

separation stata bs jmrforengdcbapared tiicidehecthsn wherattihendeteation
the plurality of marks is conpleted. Accordingly, during a period
when t he det eéProntoperaf ivrplofrad iglvuedl elygnhemtmear ko bye addgement

on wafer Wis perforned, the state_switching operation can be .
fi ni shed. Thuggs{:ﬁﬁsiﬁ Ei’efﬁggﬂ}ar‘?ﬁﬂfe%%? BE afsroviime s Bpairet APeRathan

case mherg;thgfs£ﬂée?§gggqﬂhﬁgrgag&g%hgn is performed before or after

the detection operation of a pluralify of marks to be detected on

wafer W Further, angeidd)gateotleng e BbolBhENCOMUANEeL gar Py
starts the neasurenent operation of the baseline of alignnerit system

AL1 in the sepapatihemn statielngadsreds iidreopeastt @negta opginaintosy & tems
the contact state (or proxin%%% state). Further, according to the
enbodi ment, nBlh FEHAER B AlE420502 cdmmEdiidys pA gl Hinman ts perdm todoe

Z-levelin ani sm not 0 and i gnnent stem AL]. and, AL21
go AL24 ;ogt2§§€%&$?é§%ﬂ1 :eﬁg%;%FegatE%%gﬁéE%{i 2 n“F@Fa%PSﬁaFﬁo?he
Z-axi s dllroecta@acf@oé@%%v@l,r@%lOaﬂ)det&%fc\e%p. Bgsrﬂ Rldst ¥60%1§gnment
al i gnment systens and wafer Wby the Z-1eveling nechanism the

al i gnment nmarksriddset Posl siedBgadl ¢ LHAdreferNin fHHRTF 0RS: ANQlRRER®Nshot
wafer Ware simultaneously detected by a plurality of correspondi ng
al i gnment systesds AShtetblee feordd, awWhghrenthaigitngreéde AB| anitué before

positional relation in the focus , .
completing the operation, main controller 20 performs a

measurement operation of the positional relation between a

13 projection position of an image of a pattern of reticle R by
projection optical system PL and a detection center of
alignment system ALLl {baseline of alignment systemaL1l). That
is, the measurement operation of the positional relation can
be performed in parallel with part of the detection opefation

20 of the marks by the alignment systems. Accordingly, during
a period when the detection operation by alignment systems
ALl and AL2; to AL24 of a plurality of alignment marks to be
detected on wafer W is performed, the measurement operation
of the positional relation can be finished. Thus, the

25 throughput can be improved, compared with the case where the
measurement operation of the positional relation is performed
before or after the detection operation by alignment systems
of a plurality of alignment marks to be detected on wafer W.

Further, according to the embodiment, during a period



10 direction between the plurality of alignment systens and wafer W
si mul t aneously anong the plurality of alignnent systens, the marks
whose positions are different fromone another on wafer Ware

si mul t aneously detected by a plurality of correspondi ng alignnent
systens. Thus, each alignnent system 15 can performthe mark
detection, for exanple, in the nost favotHol e focused state, and by
preferentially using the detection result or the |ike, the marks

whose positi oisoal @hehf bed@dcfiAMRga2nehhee aNoWf L1 W AN 8 ks to
detected with good accuracy w thout being affected by unévenness of

the wafer 20 Wesdetactednoh tveefdrest (eogustief fefenceki aomng peration
plurality of alignnents systens. Incidentally, in the enbodi nent,

al i gnnent systi@FSTAPSd kP21 -B0 ALPAtertelarb operptacndos ulfs rdighaehy
al ong the X-axi_s.,direction, wever, .the nethod. in whjch while | )
changi ng the fnéllr_g“ﬁvésp%rs?ﬁeﬁéin% rbglr%ﬁtr?ohg?nd??l%c?whéj%rra@dto?‘oﬁs
between a ol Utghibheoh, ahd 4Tt rH1ILETH03d, YBLEL WAL LANGONTLY
anong the plurality of alignment systens, e marks ose position

are different cheeatooe Baoidm! Orombet Wate &f My taneairsily wreasuged
by a plurality of corresponding alignnment systens 143 is al so
effective i n aehénrenecersitles WTRal{ognaeptosimt eyrsstdi fef erfema kfingnbbohke

pl acenent descrjpged above. The goi nt is that marks forned at
posi tions difF@PERE FIMIGRECENEOBRFRYR vite eXBREY #ad0 G p& less)

detected al no Si S| Lt h a_pluralit l.ignmen

syst ens. §1Bdl éﬁg%g eaﬂ%gclq'l%ﬁ ¥F%4:?h%ée?%acﬁ%§‘tg éBgE)e?a%ge%ho&/ﬂ Phher
FIG 3, tie CaseabasabesriidRs ¢l had whsheimbtE aln Pl 'S B3 bEtnof
Z sensors 741,j and 742,j and a plurality of Y heads 64 that are

equi pped i n headges) taré2€omt xo Hlddsbatiedty thkadetk dii.drhepd Pati &Xbs the
direction, and simlarly, plural pairs (six pairs) of Z sensors 761,9
and 762, g andahiprment isvwstemsyoheadsl wepltifar odr sasluitppd dethetdd on

unit 62A are al ternatel |l aced in the X-axis direction, but the
present i nven‘f’f’%ﬁr ireﬁlﬁo%/ta‘pﬁtlﬁq ed tRF CRNS2CEGtahaBF ST e tynpEate)
620" and 62A" ;3802 kRifl3ng from the contact state {or proximity state)
15 to the separation state is performed before the detection
operation of all the plurality of marks is completed.
Accordingly, during a period when the detection operation of
a plurality of marks to be detected on wafer W is performed,
the state switching operation can be finished. Thus, the
20 throughput can be improved, compared with the case where the
state switching operation is performed before or after the
detection operation of a plurality of marks to be detected
on wafer W.
Further, according to the embodiment, main controller
25 20 starts the measurement operation of the baseline of
alignment system ALl in the separation state, and ends the
measurement operation in the contact state (or proximity
state).

Further, according to the embodiment, main controller



15 37 may al so be used instead of head units 62C and 62A. In head
unit 620", Z sensors 74 and Y heads 64 are alternately placed on
straight line LH and in head unit 62A", Z sensors 76 and Y heads 64
are alternately placed on straight line LH O, head units 1620 and
162A shown in FIG 38 nmay al so be used 20 instead of head units 62C
and 62A. In head unit 162C, Y heads 64' %%fat are al so equi pped with
the function of Z sensors are used instead of Y heads 64, and
simlarly, inzbegshtidlls 46dbe d-iiRALGsE4m 1Al zal &vd S RRLLRREUM\hSD
the function of Z sensors are used instead of Y heads 64. In this
case, the sanmsh2bnhkasur ehbminarteaystemaflar ahalIe, \WoBAERf ¥ RS Rhile
common nmeasurenent point in the Y-axis direction and the X-axis

di rection. |nChARgiegse, rel&pad rosishenylhsatBien din Héed Zuakis162C

d Z 72 d 72b f bl d th _strai_ght
e in the vaLERetlm o Sira i racBpats Fpatvasm \ino pronaad cyaorof
head unit 51624 a8t 57%9dangfzgdwa5yFﬂ{ efz@ﬁ%@exiﬂgaﬁsghggiéﬁe
sanme straight line 1n the Y-axis direction. urether, SEensor's

(pl acement of theaslpi gimbrd mair®iit wbbEi Pgs Of i GndBASU IR FRBEABt EE8h one
systen) may al so be devised 5 so that the sane neasurenent area on

waf er table Wi tkerwon wsfear foanorsimedsanenenlypEtrtctied by la pluthkity

X-axis direction, the Y-axis direction and the Z-axis direction.
Besi des, each®haF?rERsrrrsingopd tgnmantingy yems maynapsbebevprdteditiie

the +Y sid - Y .si de jof .Y _head. 64 im,larl h pair_of
10°7 sensor s RT3 o Uity aPBbt bLOR hcit i P o8 HaokRg

the -V side odiMedeash §4tudsn ttmespl(iﬁ%q’itgd&?%%9%&&@‘51?(@99%%%%}) @&fﬂedrY

head 64 between them and Z sensors 72a re preferably ace
on the same sWraimiiitdrceasly theny- ke Splhrecitiwrs andgimeensOyStens,
761,q and 762,q and Y head 64 between 15 them and Z sensors 72c ad
72d are pref efkbmanksawbasenpe$ict Suee ager di §herénneiom the ¥makher on
direction. Further, in thi,s case, Z sensors 741d and 742d_and Z
sensors 761, qwaagﬁf 76358 mug'éagsmfyi%%#w%ﬂ &ed BlugBlibY Rhve to

be symetric l&ﬁ'ig t [ n e i_ment above, .the
case has bee?lééeﬁ;ree%%ﬁ%’ﬂgml e Zﬁp%}gry%?é'Y ngg%?g %g@'a?nnaleﬁl%ﬁy%%ee“ﬂ
for Y-axils didfctdedEdResithieOfafRAGH &MY ANhA RAMb18T  Xn SERd Efo SOX1
and 39X2 used for X-axis direction position nmeasurenent are arranged
on waf er tabl&mwkBblaEndocasedspbatie ngartd hhese RFeatdbedy aspad rtiod
head units 62A and 62C are El aced on one side and the other side in

the X-axis ditFAGGHPWEERUBFopRCticon 1| Ehe BycembPEe] ROBEE Uewes are
2?3;;"?} Pﬁgd _ia%xﬁe:re%%Bf%gldn grzul:a) St é:?coerg wate? % cszlagebgnge%gcetgcs hv.wreirth
good accuracy without being affected by unievenness of the wafer
20 W surface and the best focus differences among the plurality
of alignments systems. Incidentally, in the embodiment,
alignment systems ALl and AL2; to ALZ2, are to be placed
substantially along the X-axis direction. However, the
method in which while changing the relative positional
25 relation in the focus direction between a plurality of
alignment systems and wafer W simultaneously among the
plurality of alignment systems, the marks whose positions are

different from one another on wafer W are simultaneously

measured by a plurality of corresponding alignment systems



direction with projection optical systemPL in between. 145 However,
the present inventionis not limted to this, and only one scal e of
at least either pair of Y scales 39Y1 and 39Y2 for Y-axisdirection
positi on neasurenent or X scales 39X1 and 39X2 for X-axis direction
positi on neasurenent may be 5 arranged g#/ itself, not in pairs on
waf er table WIB, or only one head unit of%%t |east either of a pair
of head units 62A and 62C or two head units 62B and 62D may be

arranged. FurtReplsbhersidenid An bRnwh ghatbeescdl s aqri‘anﬁ!éh%nggt@rﬁ@
the direction in which head units are arranged are not I'imted 10 to
ort hogonal di dé¢teoeast suoin ahet htaXemans disedbiednabode! herthé asiat is
direction as in the enbodi nent above, but only have to be directions
t hat i nt er secthahdrpmtshéprmpdca iy ®esdltigns| ¢iffrratds Eropt ¢me aziosher on

t he case has been scr.ibed where whjl e wafer_ replacenent is being, 15
per formed on WB?’%Fd‘gtO \%\8 € F?l}esé:’c‘?-tgéltlﬁd(ﬂﬂ‘% ?/aql)'“q’i%%aﬁ’@rofléiﬁe‘ﬂlth
using CD har 46,6f RRASYT SeNt wever, the present

i nventi onbgi'as %O?Qmeted to trjigz],}n%g’ﬁd %-tflleag'st one of irregular

i I'lunmi nance measur ermiildenaad 1k, | 1itRANGEL FRASUHEABHTY, a3CEh&n I1RBBEG.
neasur enent, wavefront aberration 20 neasurenent and the like is

perfornmed usi 8g thecaradweiean derhdibediharasineadnpa st age iMSTaiand
t he neasurenment result nmay al so be reflected in exposure of a wafer

that is perfoPhek SERFRFSt hhiwi a8Fedffi 9 ¢, PHoralidahpfeY hafdss fAekhat
of projecti 0Ny gtécfuailppsgdsg.%nhepla‘dCt?ﬁ’]itb%z%erazgrgf’gezpr}/ataeqjyu% iarc]:gd in the
10 X-axis direction, and similarly, plural pairs {(six pairs) of
Z sensors 761, and 762,49 and a plurality of Y heads 64 that
are equipped in head unit 62A are alternately placed in the
X—-axis direction, but the present invention is not limited
to this. For example, head units 62C' and 62A’ shown in FIG.
15 37 may also be used instead of head units 62C and 62A. In head
unit 62C’, Z sensors 74 and Y heads 64 are alternately placed
on straight line LH, and in head unit 62A‘, Z sensors 76 and
Y heads 64 are alternately placed on straight line LH. Or,
head units 162C and 162A shown in FIG. 38 may also be used
20 instead of head units 62C and 62A. 1In head unit 162C, ¥ heads
64’ that are also equipped with the function of Z sensors are
used instead of Y heads 64, and similarly, in head unit 1623,
Y heads 64’ that are also equipped with the function of Z
sensors are used instead of ¥ heads 64. 1In this case, the sane
25 measurement area on wafer table WIB serves as a common
measurement point in the Y-axis direction and the X-axis
direction. In this case, a specific one Y head 64' of head
unit 162C and Z sensors 72a and 72b are preferably placed on

the same straight line in the Y-axis direction, and a specific



25 unit 68 based on the neasurenent result. I ncidentally, in

t he enbodi nent above, the case has been descri bed where wafer table
WB is noved at a | ow speed (extrenely |ow speed) at a level in which
short-term fluctuation of the nmeasurenment val ues of the
interferoneters 146 can be ignored when perform ng the calibration
to obtain the correction information on ¥éating pitch of scales.
However, the present invention is not limted to this, and wafer
table VIB canoglse Readmypd ot (Ra3PeaT:AESR 154 NP's ML HBIPLYN 4P 24
| ow speed. In this case, for exanple, I'nthe case correction

i nformation oargrftdfgapillychlated oPCBhESatRYd+ 8000 Y2 ne0in iR vikeis
is obtained, correction information (e.g. correction map) of grating
pitch of the ¥iseatisn myuaitberbesdmsdepe plentdnemdbofihreds dnd/Aet Lightc
the wafer table at the positions that 10 are different in the X-axis
direction, anf8Uifite Gfodi ReETHeTRTerPEapRe FYS AR Fasxakselibeedeybaed

as in the enbgdi ove at_each _of the X-positions, sinmu neousl

| oadi ng tﬁg ngg;gﬁg%gh% §SFS¢@e%?u%%%%HéF%e?oRPaﬂﬁgé%xféh%ﬁ bh serve

nmeasur enent V@E‘éec@ﬂmgﬁ%a%dr@@hftej%gm qhn &@1%{1&{]8 . i@éﬁ??ﬁ@%ion,
setting 15 up the sinmultaneous equations using the sanpling values

t hat have beethelt-axieddiredtioon whaeeper aki H1S rebtsoAul RIS, each
| oadi ng, and sol ving the sinmultaneous equati ons. Further, in

t he enbodi nenpabbhdfe?Z &sNSPOMTiuy RRG 7404 math adscoderplacend on the +Y

diffraction inhﬁrferen e nethggai%_mhich the 20 light fromthe |ight
source is bramtted ¥y o dptitartel it &ueRdag Rkt ek ®ash patErof

and two refl egtd F H0Ors fl t | fter t ranch are
Saui ppod 15 o5 B oTETBLS Al A8 S e b Bl b O 038 o

encoders are 19§ Jy¥ WilkedokoytResd énd ap eRcodessdy A sdihkbracthon ang
interference 25 nethod using three gratings, or an encoder eqU|pbed

with |ight retdeciindnYdesck dhaetvsenitdeimpsendih sehaprexadylael, 7Rokate
(Japanese Unexam ned Patent Application Publication) No. 2005-114406
and the |ike PrBLeNd h@lased. opukhperame sl dibddingedn Bbevéranbad

units 62A to é%%%é%f%nﬁoaﬁévffga gd#éa %L% and 76z,q and ¥ head 64 between

15 them, and Z sensors 72c¢ ad 72d are preferably placed on the
same straight line in the Y-axis direction. Further, in this
case, Z sensors 74,y and 742,; and Z sensors 761,4 and 763,4 may
be symmetrically placed or do not have to be symmetrically
placed.

20 Incidentally, in the embodiment above, the case has been
exemplified where a pair of Y scales 39Y; and 39Y, used for
Y-axis direction position measurement and a pair of X scales
39X, and 39%; used for X-axis direction position measurement
are arranged on wafer table WIB, and corresponding tec these

25 scales, a pair of head units 622 and 62C are placed on one
side and the other side in the X~axis direction with projection
optical system PL in between, and two head units 62B and 62D
are placed on cone side and the other side in the Y-axis

direction with projection optical system PL in between.



147 of heads placed at a predeterm ned di stance. However, the present
invention is not limted this, and a single head may al so be

enpl oyed, which is equipped with a |ight source that emts a |ight
beamto an area elongated in the pitch direction 5 of the Y scale or
X scale, and nultiple light-receiving elenents that are densely
arrayed in the pitch direction of the Y 5%ale or the X scale and
receive a reflected light (diffracted light) of the |ight beam from
the Y scale o | e i i .1.ng i

enbodi nment abg{\?g?%ggﬁagggoégét%{% ?Ele‘]%(r??rl'?ﬁel%i %(?éze%{r{{&ggne%r%t ftﬁgé' rraé?/d
be prevented bylooysei sighlde T eftl eehbveetidd¥ autiiroBrovat E0Ss W and
protection nmenber (such as a thin film or a glass plate) that can
transmit the d8¥edpirdirddighdiréctoimmhpadi uhin se62AreneBRbDr Facthes 39Kn
t he 15 enbodi nent Sbove, the reflective diffraction gratings are to
be arranged oAPEha fpdér irkdceddrefhier RITgd OnsMessHEERART apdy be

parallel to t \: th ef | ective diffracti aratings

be arrange% O%%é%g%i)%f lg'%r% géeg% lV\I/%lP(eérlrgt%é' ,%ngeé@(ﬂ‘; prg_ OW
this case, headeWid® HAA 30 40 R A8 rnEproexapRLE, oP! gatEng

base plate to which the | ower surface of waf%r s?’gge ?/\ST acc‘als. A
Moreover, in ahé 62thadiwenteaabavits 6abandst ayra\BE & Srimyde. noveeher,
wi thin the horizontal plane, but may al so be noved within a plane

t hat intersectBet@breprioonmaiwvhiichinghesacales aroX¥pizarg)ed aRdr ther,
25 in.the case,reticle stage RST is twp-di nensionally noved, an, |
encoder syst eﬁ?‘ﬁ%%%%n alrbdﬁ?ic&u QoHNSFFi #5F 39 ANEQSEFe PAES LT HERA
encoder te e QS :t0 QR._i mat i,0

o reti o st oot al AT bR LRE Rl AR LOLRN I Yhe
interferometer-adf8 direction as in the embodiment above, but only have

to be directions that intersect each other.
Incidentally, in the description above, the case has
been described where while wafer replacement is being
15 performed on wafer stage WST, the Sec-BCHK (interval) is
performed using CD bar 46 of measurement stage MST. However,
the present invention is not limited to this, and at least
one of irregular illuminance measurement (and illuminance
measurement), aerial image measurement, wavefront aberration
20 measurement and the like is performed using the measurement
members of measurement stage MST, and the measurement result
may also be reflected in exposure of a wafer that is performed
after that. Specifically, for example, adjustment of
projection optical system PL can be performed by adjusting
25 unit 68 based on the measurement result.
Incidentally, in the embodiment above, the case has been
described where wafer table WIB is moved at a low speed
(extremely low speed) at a level in which short-term

fluctuation of the measurement values of the interfercmeters



system 118 is to be capable of measuring position information of
waf er stage WST in directions of five degrees of freedom (the
X-axis, Y-axis, 9x, ey and ez directions), but may be capabl e of
measuring al so position information in the Z-axis 5 direction. In
this case, at least at the time of exposure operation, position
control of wafer stage WST may al so be pkt§ ornmed using the

nmeasur enent val ues of the encoder system descri bed above and the

nmeasur enent vahHese Ojfgrid}téﬁr {BERRLAST - NSy Ehd jc%l(ﬂﬂl%ltli% Ngo aébt!a@.?ls the

position information1n the 10 z-axis direction). Interferonete
system 118 neastrestposiirfarmantonnmt |g&fat|ingtﬂstEth-; @fi ScellgLct Haneeér,
waf er stage WST, by arranging a reflection surface, which is inclined
at a predet er Fhadredrjite ipgegtian igegebesimitiecht p edpiect and wakerXyable
pl ane, on the_sjde surface of wafer stage WST, and 15 irradiating a
measur ement b@i% g3 "ti %0 MeAE R s Br FBE%thShJaCI? ck§ ]t 67 sFrgeely

?; gﬁggggsgg}]l begaa ove,’ as iS ﬁ] PgrrdJ BL&%‘%% q{t%‘ %?{%%E%ggglon

(Japanese Unexapbpest Pt %t f@@iﬁgc%tgt@ﬁ Sy g@@ié@@gﬂ\bam?@@@z,?»%%‘l%e
(the corresponding 20 U. S. Patent 7,116, 401), Kohyo (publ 1'shed

Japanese trandibhei bs mﬁtd:rﬁaf,naiqmealtlenbﬁnﬁarmmdmr ePaj.eriorrection
Application) No. 2001-513267 (the corresponding U.S. Patent No.
6, 208, 407), aREPl I IT¥eing pieeh &fokie &rseaia Ry Bd seabe dndepapdenit by

p05|t|on|nfor tion .in the dir ctlo and/ or 25 the ey direction,
in addition te T Aad% Scﬁtftéélf% 5 Ba%#%raézll SPSAEASDF bt

beams. | md hi §r&%‘%fé1§%t@ﬁ$ﬂﬁ§@-ﬁ%x1@e elé%‘?ignt, Oaﬁ'@%miﬁﬁe ﬁ%%&hbo@he
information in the ex direction and/or the ey difection that are
irradiated towdher ravakl £n Khervra:gfs vatect 568 WEThdoemidihave Lvohe

used. 149 Incidentally, in the enbodi nent above, a plurality of

at each of the X-positions, simultaneocusly loading the
measurement values of encoders 704 and 70C and the measurement
value of Y~axis interferometer 16 during the movement, setting

15 up the simultaneous equations using the sampling values that
have been obtained in the twice-operations of simultaneous
loading, and solving the simultaneous equations.

Further, in the embodiment above, as shown in FIG. 104,

an encoder by a diffraction interference method in which the

20 light from the light source is branched by the optical element
such as the beam splitter and two reflectionmirrors to reflect
the light after the branch are equipped is to be used as
encoders 70A to 70F. However, the types of encoders are not
limited to this, and an encoder by a diffraction interference

25 method using three gratings, or an encoder equipped with light
reflection block that is disclosed in, for example, Kokai
(Japanese Unexamined Patent Application Publication) No.

2005-114406 and the like may also be used. Further, in the

embodiment above, head units 622 to 62D are to have a plurality



sensors 74i,i and 761,04 are to be arranged at head units 62C and
62A. However, the present invention is not limted to this, and a
surface position sensor simlar to the Z sensor may al so 5 be
arranged on, for exanple, the neasurenent frane. Further, a distance
bet ween the encoder head or the Z sensor_ and the upper surface of the
waf er stage is preferably equal to or |éd4d than a di stance between
tip optical elenment 191 of projection optical system PL and the upper
surface of thgrwaégds 101 St f0Lre%afRiRindfoli&addan ib§ever, the
di stance. Thus, the neasurenent accuracy can be inproved. In this
case, a sinpl pr&sesnsiorvdr iehf estnote lipdeedisehiys beeausesiiglisshead may
difficult to arrange the AF sensor. Incidentally, in the enbodi nent
above, the | ofefo kA FAPACYSdofWnibAy lie eaiirEad atidht hel igviesoemde that
surface of the tjp optical elenent of prqj ectiaon, optical system PL
2re to be subSPtiabLINE ESH. LhAReTErS SURBCHTEReH! ChAVEHHOTUALFSC HERn
limted ta this, f I r e .af .nozzle.ynjit 32
may al so f)se pibgcgggg{ oés{rearlee'i(?'{?hi’sfhggé % an%égiﬁeojlggﬁao%éggf‘ ]ch‘fé 20
system (i.e. &DehdiecvafRr) abBadetd@l pulrgaied sHr {866 RerbEPion of
optical elenment. That is, the configuration of local liquid imrersion
unit 8 is notthenYtswhlieo drhehabdvecdiscandedecanfe quraifilentedntighe
configurations can be used, which are described in, for exanple, EP
Patent Appli cEtiBraiind ddohsn o6 Koe hialpp beygn fues shspkl sealg or X
I nternational _Puplication Na. 2004/055803, the panphl et of

| nt er nat i onalsﬁjg%igcg'tﬁf%ﬁcﬁ&.onzgﬁzll:b%% 90, the panphl et of

| nt er nat iygnal Publ irgadd 0 &9&7&% orge ' Us; $

Pat ent Application PubP?gémﬁ%%oéélgOOG 02%%%%%)8' (%7 e ‘pa?r%h eet lg*(e of
| nt er nat i onal thd 5} Mdaldtdan girablong? 0ty 86468 (dritedC ok e6PeRThAT:he
U. S. Patent Application Publication No. 2005/0280791), Kokai
(Japanese Unexafdartd vRadddif rAgplpeag i obl M |vidst isomrolect 200489426

ing US. . 2,2 he |ike.
(the corr eSpOPsddcr}.? alsJ aS th@% %?_Hml,\bor g’ 3J§aés %??dte%nghgtecar: tgansmit the

detection lights from head units 622 to 62D. Further, in the

15 embodiment above, the reflective diffraction gratings are to
be arranged on the upper surface of wafer stage WST
substantially parallel. to the XY plane, but the reflective
diffraction gratings may be arranged on the lower surface of
wafer stage WST, for example. In this case, head units 6224

20 to 62D are, for example, placed on the base plate to which
the lower surface of wafer stage WST faces. Moreover, in the
embodiment above, wafer stage WST is to be moved within the
horizontal plane, but may also be moved within a plane that
intersects the horizontal plane (such as a ZX plane). Further,

25 in the case reticle stage RST is two-dimensionally moved, an
encoder system having a configuration similar to the
above-described encoder systemmay also be arranged to measure
position information of reticle stage RST.

Incidentally, in the embodiment above, interferometer



5 Further, as disclosed in the panphlet of International Publication
No. 2004/019128 (the corresponding U. S. Patent Application

Publ i cati on No. 2005/0248856), the optical path on the object plane
side of the tip optical elenment nay also be filled with liquid, in
addition to the optical path on the 10 i nage plane side of the tip
optical element. Furthernore, a thin fil¥A8%t hat is |yophilic and/or
has di ssol ution preventing function nay al so be forned on the parti al
surface (i ncl y4di t t 268, i O . .
entire surfacggngg{nﬁleldt ?gs’{)optg?g%ﬁ e leerrgﬁtﬁ.( I n%&k%%&%&g??%ﬂﬁg}sog
hi gh 15 af finbfywé oer |dtGigiedwsanin adSedigemas BE di 66 alddi<yy RreYeatiny
film whereas in the case of fluorite, at |east a dissolution
preventing fil(fhesXpaefer dblaxifsor fud. Oy and @modidesdtdldng) ,i buthmay be
enbodi ment above, pure water (water) is to be used as |iquid, .
however, the ﬁﬁagaﬁ? I PeRFRBIN2 G S® Refition tedorsataprs My that Eonxby

Cranem ¢ anceot6eeH St nall bH Gheer F o et Bhckine Eh ERbabtt

fl uori ne-cont ghaiadi dieidodiitdbhdcBRY rBe U86shsHS §ﬂ%‘§_e WST may a'}l.]so be
fluorine-containing inert liquid, for exanple, Fluorinert 25 (the

brand nane of p@MimdddsShat €s) measukremssedra i bifuctié rRercodai-as P thgn
inert liquidis also excellent fromthe point of cooling effect.
Further, as tReSEriRed abpvguant kheche hasrenandf vatveveo Aderrheybmeter

t han pure water X('a r.ef a(\c}ti\ie i, ndex if around 1.44), for exangl e,
liquid havi ng®ESYeR rich i el 18ingnabxl e3tiaIPas tdorhighermehinh 118 the

be used. s thled ¥Re Qlodi Ayl 4 1Oy Br 3yBEEACH P TRAEG, Il ¢

havi ng C-H bi nding or bi ndi ng such as 1sopropanol ~“havi n

refractive i nsexi©fornlebrhablon iy aeieOlz-6ak ¥ CET FOt 18 iFJwBfer stage
refractive 5 index of about 1.61, a predetermned liquid (organic

sol vent) suchi3B, lrexaneandgiopd aneedledetaneurfiacedecahich is inclined at
(decahydr onapht hal ene) having a refractive index of about 1.60, or
the |ike can hPIGIEFmARedr 7ag1 % el8r9-a4Pi davaeoDt ditdd LBPPARFXi By the

arbitrary t r re of ese, l.i qui.ds_ may ngseeus d, o liguid
obt ai ned byV\g{dlgi%lgaDrterﬁ >?|nnt5 ea?lij_%a?tlr%?'l eo?flt“}‘? $& !si%&gfedg_sfo_ ‘?Q\#t h)
pure wat g5 Meyrbes8Gg Al NAldRIYpedt +i thb%ﬂeég:ildlgqghgface to
obt ai ned by adding (m Xi ng) base or acid such as H+, . K+, cr-,
SO42+, or PORR-refdectidbh)sytfa-aratreangsy dre, EedexdMusBOY h, thelbatbed
obt ai ned
platform or the measurement frame described above, as is
disclosed in, for example, Kokal (Japanese Unexamined Patent
Application Publication) No. 2000-323404 (the corresponding
20 0.5. Patent No. 7,116,401}, Kohyo (published Japanese
translation of International Publication for Patent
Application} No. 2001-513267 {the corresponding U.S. Patent
No. 6,208,407), and the like. Interferometer system 118 can
also measure position information in the 8x direction and/or
25 the Oy direction, in addition to the Z-axis direction, using
a plurality of measurement beams. In this case, the
measurement beams used to measure position information in the

Ox direction and/or the 8y direction that are irradiated to

the movable mirror of wafer stage WST do not have to be used.



15 by adding (m xing) particles of Al oxide or the like to (wth)
pure water may be used. These liquids can transmt ArF excimer |aser
light. Further, as the liquid, liquid, which has a small absorption
coefficient of light, is |ess tenperature-dependent, and is stable to
a projection optical 20 system (tip optical nenber) and/or a

phot osensi tive agent (or a protective fil4h (topcoat film , an
antireflection film or the like) coated on the surface of a wafer,

is preferable. Furtﬂ%mdéd%atlﬁ%,ci‘ﬁetﬁ@ AR RlenkSatSed, a5 &mﬁa'l'lgptof
source, fornblin oil may be sélected. Further, as the [i

| i quid 25 havingemsdigltds,sr ehddrsd, y @ariendexod Qnﬂahg@unatu@éhd u@ht sl 2¢
than that of pure water, for exanple a refractive index of around
1.6 to 1.8 na9n%é52@eedﬂow%vqmetheqaméenmmrtnpnc:aﬂ nét Jiithiced t shois,
be used. Further, the tl% opt.i cal el enent  of gro jection optical

system PL may®B8 & SPRERC 9’0&&51192 L gimil 115;? bhe & ﬁ@FéOEWsﬂ g} s
material s of Lgta%a%g,eaogmo uoﬁgggbfﬁs gﬁg%{e% e}asglcdfr(f'.uo L, ggler

barium fl uoride, str ntlum rum uon

fluoride, or gayideaday WedwB¥nmaherddsadiavienn arhigher sre@ﬂ‘sfoa%haethe
index than that 5 of quartz or fluorite (e.g. equal to or higher than

1.6). As the wpperimlstamayioig ther ehfact svage ndeyredfeaably erqubilgberor
than 1.6, for_exanple, sapphire, germanium dioxide, or the |ike
di scl osed in +8@S pdtifhicetdist anseePREYPORAF iPARt icR] @deRent 151 of

2005/ 059617, kal h d
Zbout 30951 SEefesdh SR e Sy Ay e ERL A S LK el a e
Publ i cat iygn l\@w@@O%&S%@Jﬂ%pqan eﬁoyﬁsg t é&{t diist ahide e”%mé Pﬁcﬁte

above, the recovered 1 quid be reuse In thi's case,
t hat renoves megsutdnieas éécm:&cfge daelCJ@éiG.rrr@d:olv'eQUI dri %hﬁ"secf:@éél})'ays:.mple

arranged
Z sensor is effective, precisely because it is difficult to
arrange the AF sensor.
Incidentally, in the embodiment above, the lower surface

15 of nozzle unit 32 and the lower end surface of the tip optical
element of projection optical system PL are to be substantially
flush. However, the present invention is not limited to this,
and for example, the lower surface of nozzle unit 32 may also
be placed closer to the image plane of projection optical

20 system (i.e. to the wafer) than the outgoing surface of the
tip optical element. That is, the configuration of local
liquid immersion unit 8 is not limited to the above-described
configuration, and the configurations can be used, which are
described in, for example, EP Patent Application Publication

25 No. 1 420 2598, the pamphlet of International Publication No.
2004/055803, the pamphlet of International Publication No.
2004/057590, the pamphlet of International Publication No.
2005/029559 (the corresponding U.S. Patent Application

Publication No. 2006/0231206), the pamphlet of International



15 in aliquid recovery unit, a recovery pipe or the liKke.

I ncidental ly, in the enbodi mrent above, the case has been descri bed
where the exposure apparatus is a liquid inmersion type exposure
apparatus. However, the present invention is not limted to this, but
can al so be enployed in a dry type 20 exposure apparatus that
performs exposure of wafer Wwithout |idui’d (water).

Incidentally, in the enbodi nent above, the case has been descri bed

where the presaplitavest i, '23)0@9’@'8'6@@Bb\gtﬁgec@ﬁwrﬁii%p@r.@t.u§a££‘1‘%
is equi pped with all of wafer stage 25 T (nmovabl e body),

measur enent sagplMEt{em@uteri candahl Nobod§)5 /0 1e0 Bl jgnKeKaisy ShpaBese
(AL1, AL21 to AL24), the multipointAF system (90a, 90b), the Z
sensors, int ePPErFRERRE ZAMRTEMAPPS icahéor nwdecalyisremNoz0A004-28%)26

d the |like, t th toi i i t.limted to this. F
o e, 155 PHE SRR a0 Sl S bR, e B
exposur e appaggbtiged N AW G RASY ﬁﬁggﬁesl%ﬁr?@q ag £ rfn'%%én'a%iohalnot

arranged. The present 1nvention can bé ap as an exposure

apparatus is eguipgetion tib.t Peowabenlst agend eyl S ondiedyl . andp ot ey

partial constituents out of the above-described constituents. As an

exanpl e, the fpweitdtwier Cobdingtoontie PA0K/0et88E6bn tSystopmichdrpath

exanpl e, can be applied as far as an exposure apgaratus i s equi pped
P

with at | east R o8 866 Mo fddenel diheyrdenersyse brslemmmtt pey,algo
10 is a matt . rse at hot h, of dnterferoneter systema

t he encoder gé%%n@%% %%11;111;)13\%9. ’hh@eﬂcﬁ}%ﬁ naf atﬁbee&p fcal pat&hPPh e
in the enpodi (Rade FHA¥E s188 SA%KNE N deseyl wher g Rer

i mge neasurindﬂ%n?g'45 ?s divideglyﬁ%ﬁggéégat %%?%%?entuétagegéke' 2
specifically,tiain wfiartisttage MpHhS ignsgnhdpas teen@idsshagonMbleventing
However, the sensor that is dividedly placed is not limted to the
aerial imge hersiirdmpannkso betfomndsbon ey paromel aberfraatel 6including
measuri ng inst{Hﬁen or the like, for exagfje. Further, the different

i

stages do nott iMFPCER (PTHRE Lo Db 3t Moot LIk s @b sthecatdrggarsiare

of the tip optical element. Incidentally, quartz has a high
15 affinity for liquid, and also needs no dissolution preventing
film, whereas in the case of fluorite, at least a dissolution
preventing film is preferably formed.
Incidentally, in the embodiment above, pure water
(water) is to be used as 1liquid, however, the present invention
20 is not limited to this as matter 6f course. As the liquid,
liquid that is chemically stable, having high transmittance
to illumination light IL and safe to use, such as a
fluorine-containing inert liquid may be used. As the
fluorine-containing inert liquid, for example, Fluorinert
25 {the brand name of 3M United States) can be used. The
fluorine-containing inert liquid is also excellent from the
point of cooling 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



20 neasurenent stage. Further, in the enbodi nent above, the
case has been described where the present invention is applied to a
scanni ng exposure apparatus by a step-and-scan nethod or the I|ike.
However, the present invention is not limted to this, but 25 may

al so be applied to a static exposure apparatus such as a stepper.
Even with the stepper or the like, by me&during the position of a
stage on which an object subject to exposure is nounted by encoders,

generation of ; P8k td ik ITRASHE efhhQh E?ls'f]rﬁét&h@é akbaf ! uet YaLkops,e

can substantially be nulled 159 |ikew se. is case, it becone
possible to sef lhgupdsitdore:mipalbe at ggedutéiminah 1NIRpGiEHeRibgseds
on correction infornation used to correct short-term fluctuation of

t he nmeasur enebindinges @fH bhading sdehsasidsngrobenokasuiegentebSraatires
of the interferoneters. and based on the neasurenent val ues of the

encoders, and3$e% Yoabehhehcd: ALYREFOACUIYEeE 1P Y ERY oF rafFesiiie

pattern ord o j e d. Further. .th resent
inventionqianigf%%gﬁgggﬁp ?é ﬁfo §E§§§§%f$%%e%ﬁ&ﬁ8&gigﬁgﬁyﬁﬁéﬁ?ivent)
apparat us by sudh es aleatld,! GRplAnAeLROGLAM , NtPRSINZES a shot area
and a shot area, an exposure apparatus by a proximty nethod, a

m rror projeclderelafdgnaphthalihe) | hkeind/bd es@rsctiie phaseNbf about
invention can also be applied to a nulti-stage type exposure
appar at us equl pPfed @i tthea lgkegr aRpt heotiteder Adtaygnstinelys ali bidwiskd
in, for exanpl Unexam ned Pat ent | i_cati aon

Publ i cat i ons)oi%ailr%(%'al P ggﬁg%?aﬁbﬁé‘f4?§§“‘(’f$8fcﬁ$ ;}gﬁl&ﬁﬂa may
of 1 nt o1 mat 1 ORI BBl T Eat oot AT Par IR R AT Es) Sra bt e
(the correspasilitiedd SidoadentoNowith) 3%t4idtor 2Ryt Be WsSd. Pat ent
No. 6, 208,407, and the |1IKke.
Alternatively, as the liquid, a liquid obtained by adding
(mixing) base or acid such as H*, Cs%, K%, Cl17, 80,4, or PO,*”
to (with) pure water may be used. Moreover, a liquid obtained
15 by adding {mixing) particles of Al oxide or the like to (with)
pure water may beused. These liquids can transmit ArF excimer
laser 1light. Further, as the liquid, liquid, which has a small
absorption coefficient of light, is less
temperature-dependent, and is stable to a projection optical
20 system (tip optical member) and/or a photosensitive agent (or
a protective film (topcoat film), an antireflection f£ilm, or
the like) coated on the surface of a2 wafer, is preferable.
Further, in the case an F; laser is used as the light source,
fomblin oil may be selected. Further, as the liquid, a liquid
25 having a higher refractive index to illumination light IL than
that of pure water, for example, a refractive index of around
1.6 to 1.8 may be used. As the liquid, supercritical fluid

can also be used. Further, the tip optical element of

projection optical system PL may be formed by quartz (silica),



Further, the nmagnification of the projection optical systemin the
exposure apparatus of the enbodi nent above is not only a reduction
system but also may be either an equal magnifying systemor a

magni fyi ng system and projection 25 optical systemPL is not only a
dioptric system but also may be either a catoptric systemor a
catadi optric system and in addition, th&%rojected i mage may be
either an inverted inmage or an upright inmage. Moreover, exposure area
A to which iluginglboprisehi ddtd:Sallr 8¢ 24 0d, Y48 SKEd Yuch as
optical 155 system PL is an on-axis area that includes optical axis
AX wi thin thechileidmoflpsnidet {filuaaditie¢al baysuant Phor Hiyye \eronftdfam
exanple, as is disclosed in the panphlet of International Publication
No. 2004/ 1070f1uvoskgesut tthiwnm flMordgeal spdbecdhus Dfforixies aremavhhe
does not incluyde optical_ axis , sSimlar to a so-called inline type
catadioptric §7§F‘8ﬁ1b¥ ]ﬂabﬁﬁajdi“%ﬁm"&ﬂ At gt cat ragEi Btnindgrddian %Rat
system or gat agi i y : as I f.legti o rf aces
and forns gn ?%t@?gln%%lfg?ef?uﬁi%]é%;?tel'gés CB“(ll)cllrljjf’:g:el gs)?aﬂrlr neé:egl,lggnld' i ch®
has 10 a singkBeOpht&alabXiaviy thekrrbbeiib! vaSRtd QH1ARRA @NHi gher
exposure area descri bed above are to have a rectangul ar shape.
However, the shapeli§, nbtr |exnntrd@,t sapebi aaguyarmariim rEyxdkdee be the
circular arc, _trapezoidal, parallelogramor the like. Incidentally, a

li ght source ofkenélisdrras dnapharkaniphlet pd TRteemyodinrenfubbdgatian
not limted tQ t r e Ler er t_ a |l sed | aser_|light source
such as a Kr Fﬁgk?i%r@/ Olsg)ség:]’(o&{‘% m@\/ﬁgg?ﬁﬁ‘agﬁ(paﬁrgﬁrﬁ’,:eg’ﬁacg'?weaéléijex
(output wayel gRgLBoud 57Ny &N A2 1 @8eh; 6OYEREL MV@Jeeﬁz%%mé%GB@

or a Kr2 laser (output wavel ength: 146nn§', or an extra-high pressure

mercury 20 | abptéheit pener ahes idateBhsSRoON20 082053618 amra be- hisee.
(wavel ength: 436nm) or an i-line (wavel ength: 365nm can al so be
used. Further, a hatuiiiar wanethgepebatingntimowdf, sh¥yAaGdezeredot ighied
| i ke can al so be used. Besides, these, light sources, as _ is disclosed

in, for exanpf®Y PRerPifihl &bin hhiFnaeFdnaf BE-1%ib Gkt F6ACRES

1999746835 (1 BeogOlL Lo AN Iny: R SALAN 1M1 & 9630000213 AL IDA) &y
wave, which is arned by anpliTying a single-wavelength dser-pé
in the infyared §r1visidl@dargs aritled bycavdRB ﬁféﬁ@ enQuet 9k khaser
or fiber laser as vacuum ul traviol et flght, with a fiber anplifier
doped with, for Incidentally, in the embodiment above, the case has been
described where the exposure apparatus is a liquid immersion
type exposure apparatus. However, the present invention is
not limited to this, but can also be employed in a dry type
20 exposure apparatus that performs exposure of wafer W without
liguid (water).

Incidentally, in the embodiment above, the case has been
described where the present invention is applied to the
exposure apparatus that is equipped with all of wafer stage

25 WST (movable body)}, measurement sage MST (another movable
body), the alignment systems (ALl, AL2; to AL2,), the
multipoint AF system (90a, 90b), the 2 sensors, interferometer

system 118, the encoder system (70A to 70F) and the like, but

the present invention is not limited to this. For example,



156 exanple, erbium (or both erbiumand ytteribium, and by
converting the wavelength into ultraviolet |ight using a nonlinear
optical crystal, may also be used. Further, in the enbodi nent above,
illumnation light IL 5 of the exposure apparatus is not limted to
the Iight having a wavel ength equal to or_ nore than 100nm and it is
needl ess to say that the light having a H%Velength | ess than 100nm
may be used. For exanple, in recent years, in order to expose a

pattern equal the Biekb€st imAhtiHNcadNalEW¥ BXPASHT Lo ARRATA &k 1Quthat
makes an SOR or a plasna |laser as a |light source generate an EUV

(Extreme U trappekeths|imghthiich measttenenaysttaargiisfeoy. tiee id\kel esghbdt
range from5 to 15 nm , and uses a total reflection reduction
optical systeftrdesgf§fed TsdBFespRt dyeNfieonaaeengrrliedgas kAl an
and the reflective nmask has been 15 devel oped. .| n the EUV expgsure
Apparatus. e RPPARGERE A ovhe CHUSERAA Rot b G UFEST & G5 GPERPbY
synchronous! yp8agnniid Scislodiid ad WBhet Ualhes Gl il arc -
illum nation can be considered, and therefore, the present invention

can al so be sdbbablyesppivall cofssiiclieAds EXPRSHNCe AR AL Uhe 2Bvention
Besi des, the present invention can also be applied to an exposure
appar at us t hafogseinghen et partki detebtaos syxtems far ekemplen bemnbe
or an ion beam Further, in the enbodi nent above,

transni ssive tHPLIAAAKS (A&t REI &Y, SXRASH Y SPRAFRRNS o} & d7d PpEs b B At
on, 14150 25 BRSO Defl kAt RS0 (O EL e (00 2 BRR g
of this rnaticig a hRWewe of aoursediast a5h 0% thori PR Bmele system
Patent No. 6,778,257, an electron mask (which is also called a

vari abl e shapandd nmeisk, erarodent isyetemsoonotnalwege hate’ to be arranged.

Further, in the embodiment above, the case has been
described where aerial image measuring unit 45 is dividedly
placed at different stages, specifically, at wafer stage WST

15 and measurement stage MST. However, the sensor that is
dividedly placed is not limited to the aerial image measuring
unit, but may be a wavefront aberration measuring instrument
or the like, for example. Further, the different stages do
not limited to the combination of the substrate stage and

20 measurement stage.

Further, in the embodiment above, the case has been
described where the present invention is applied to a scanning
exXposure apparatus by a step-and-scan method or the like.
However, the present invention is not limited to this, but

25 may also be applied to a static exposure apparatus such as
a stepper. Even with the stepper or the like, by measuring
the position of a stage on which an object subject to exposure

is mounted by encoders, generation of position measurement

error caused by air fluctuations can substantially be nulled



generator, and includes, for exanple, a DVD (Digital Mcromrror
Device) that is a type of a non-em ssion type image di splay device
(spatial light nodulator) or the like) on which a light-transmtting
pattern, a reflection pattern, or an 5 enmission pattern is forned
according to electronic data of the pattern that is to be exposed may
al so be used. Further, as is disci®fsed in, for exanple, the
panphl et of International PubI i cation No. 2001/ 035168 t he present

i nvention canjaksgQibe, app 't%%t QFQQ, EXPASUL S AP RY ALY 10, set the

(l'ithography system that forms |ine-and-space patterns on er by

form ng interpesenienfoad tne sty hethafigh precisiodBaeed&n cbb@ection
present invention can also be applied to an exposure apparatus that

synt hesi zes t Wofeenatlen pmeacriss conrecthatber vt berm pilojantitdonopfi the
system and al nost 15 si rrul taneousl¥ perforns doubl e exposure of one
shot area by BR&SSEIEMRhg hgsepgodpse | o3y ithe ﬂ@ﬁSB%&HﬁPE

Kohyo (puldis tr i I nt er.nat i naI ubl i cati

f or Paten'?! Ap%%?%%%l on)etslﬁ %%E% fﬁﬁg%{“f ltlgc T Fﬁ EJa%urement
Patent No. 6, 611udd &)k tRORMNIIRY s, AnARRS %&ﬁ%eﬁﬁ@hcfeorﬂﬁ WaLtLet e
on an object is not limted to the exposure apparatus (li1thography
systen) describadsfdiové,a aadiébe paxagph entbhehepbpsent canvﬁlpeﬁﬂoﬁzﬂ@d
al so be applied to an apparatus that forns a pattern on an object by
an ink-jet nebtwethens|the duesanty inganbbprceamrali die appddedrhois to

be fornmed (an ecI sub ect t o exposure to which an ener gy beam i s
i rradi at ed§ |’ﬁe$ - 68 Prﬁﬁf‘lﬁ% Osélrﬁoéfpf?éll?ﬁtt"é"d V& é‘tﬁgf@?d ~phttch

may be otjer ﬁ@%h&f&ﬁ&ﬁ%@%t&%s?zgg%§§mﬁ!gggaa%dﬁfgﬁgk%r%ﬂb i & Sosfre

filmmenber, or
apparatus by a proximity method, a mirror projection aligner,

or the like. Moreover, the present invention can also be
applied to amulti-stage type exposure apparatus equipped with
a plurality of wafer stages, as is disclosed in, for example,
15 Kokai (Japanese Unexamined Patent BApplication Publications)
No. 10-163099 and No. 10~214783 (the corresponding U.S. Patent
No. 6,590,634), Kohyo (published Japanese translation of
International Publication for Patent Application) No.
2000-505958 (the corresponding U.S. Patent No. 5,969,441),
20 the U.S. Patent No. 6,208,407, and the like.

Further, the magnification of the projection optical
system in the exposure apparatus of the embodiment above is
not only a reduction system, but alsoc may be either an equal
magnifying system or a magnifying system, and projection

25 optical system PL is not only a dioptric system, but alsoc may
be either a catoptric system or a catadioptric system, and
in addition, the projected image may be either an inverted
image or an upright image. Moreover, exposure area IA to which

illumination light IL is irradiated via projection optical



158 The usage of the exposure apparatus is not |limted to the
exposure apparatus used for manufacturing sem conductor devices. The
present invention can be widely applied also to, for exanple, an
exposure apparatus for manufacturing liquid 5 crystal display devices
which transfers a liquid crystal display device pattern onto a
squar e- shaped gl ass plate, and to an expoSure apparatus for

manuf acturing organic ELs, thin-film magnetic heads, inaging devices

(such as CCDskysBbfil SBLAI e Sn-ANASCAIFRE Phat Nendidtfes TWiliRER: akDE ax
present 10 invention can also be applied to an exposure appar at us

that transfergiahthnrichs tfipdtt efnpooioci @l aptisubssyaten LA Sbkéeon,
waf er not only when produci ng m crodevi ces such as sem conduct or

devi ces, but aP3Z@e¥@m epradius dgseleeed dnethe ramphdktusedntrraational
exposure appa exposure 15 apparatus, an EUW

exposur e appakgﬁgi?gﬁgﬁﬁ%’agggig}oi@f@Ia(pﬁ&PQFH’s’? WiE dft BREATBN OB
exposure @paBi“fU%:éi gfretahtfaé'ﬁ'd%eéy ?zb'tyinr{,ﬂ?dér%gﬁ':ﬂ%!aTga:gf@lfgéﬁ;%?ngg%

t he neasuri ng met e present 1 nvention C e ap

to the exposute appsrailled Bul i6antghsocheadipiad Wydeky, t 9nobher 29
substrate processing apparatuses (such as a |laser repair apparatus, a

substrat e i nspetthom appdrcatiusyandnt ieatoheyic ydierapracatudesptric
equi pped with a novabl e body such as a_stage that noves within a
pl ane such asS¥SHIR) tHeH st PAyrappardtection dpdaicesnaod fownsean

DO g D Sy S LB PRI A5 R B L BB e
oo o METUASSLASRS DSIERREL00 MRS SHSLRLBER UL e e
present exposure area described above are to have a rectangular shape.
However, the shape is not limited to rectangular, but may also
be circular arc, trapezoidal, parallelogram or the like.
Incidentally, a light source of the exposure apparatus
15 in the embodiment above is not limited to the ArF excimer laser,
but a pulsed laser light source such as a KrF excimer laser
{(output wavelength: 248mm}), 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
20 lamp that generates an emission line such as a g-line
(wavelength: 436nm} or an i-line (wavelength: 365nm) can also
be used. Further, a harmonic wave generating unit of a YAG
laser or the like canalso beused. Besides these light sources,
as is disclosed in, for example, the pamphlet of International
25 Publication No. 1999/46835 (the corresponding U.S. Patent No.
7,023,610), a harmonic wave, which is obtained by amplifying
a single-wavelength laser beamin the infrared or visible range

emitted by a DFB semiconductor laser or fiber laser as vacuum

ultravioclet light, with a fiber amplifier doped with, for



159 application, so as to keep predeterm ned nmechani cal accuracy,
el ectrical accuracy and optical accuracy. In order to secure these
various kinds of accuracy, before and after the assenbly, adjustnent
to achieve the optical accuracy for various optical 5 systens,

adj ustnment to achieve the nechani cal accuracy for various nechani cal
systems, and adjustnent to achieve the éi®€ctrical accuracy for
various electric systens are perforned. A process of assenbling

vari ous subsysigmslé NOrdg 0SS aegﬁﬁﬁtm'metﬂ%%uﬁechaﬂhcab

connection, wring 10 connection of electric circuits, pi pi ng
connection ofcpnesst&mgcnhenwdyﬁleagdhthﬁtblﬁftfﬁﬁmuletaau@u$ tgprg &f
subsystens. Needl ess to say, an assenbly process of individual
subsystemis B@@itﬂ?ﬁﬁiQRﬁhﬂaé chysprdee8ay ofl s Jmhisedy t he varlous

subsystens into the, ex osure appar 15 When t he_process
assembl i ng the var% g’ﬁs rﬁbﬂdts)mt% %]R‘b%%uﬂélél‘abﬁ?”é%% ]11§ht IL

conpl et ed,s a Lptdle asigugwsné B AL 9L TRk AN ¥RH L4 180T SNENE

accuracy as the entir exposure apparatus are secur

the maki ng of a tuiercXRREU 8qaPPA AlESTbse HIRfrEnabhY, Peid armed hfe@ess
cl ean room 20 where the tenperature, the degree of cleanliness and

the |ike are torsayothad.the light |hiidentakdyeldriertabeye tiaclostmasay
of the varlous publ i cations, the panphlets of the |nternational

Publ i cati ons,PamPache Eprs. e’fﬂéftlélrﬁ AppFeesnt cyreaw@m ieandar to expose a
descriptions a Pa ent at are cited in

25 the
the embodi merk®4a dfbeo“i%tegﬁa r%‘? 8fe g‘i‘ Y Onsgﬁgﬁﬁé’éu&ﬁdaﬁ’ﬁ’%r?ti%
are each jighcofpy akedshef abR :ﬁﬁ’&rﬁi§%ﬁQ%seﬁea? gr ’so%@c%”%%é%

of a device manufacturing net cht egol ng expos

apparatus (padrn eUn {EMtBen@ Ultraviolet) light in a soft X-ray range (e.g.
a wavelength range from 5 to 15 nm), and uses a total reflection
reduction optical system designed under the exposure
wavelength {e.g. 13.5nm) and the reflective mask has been

15 developed. 1In the EUV exposure apparatus, the arrangement in
which scanning exposure is performed by synchronously
scanning a mask and a wafer using a circular arc illumination
can be considered, and therefore, the present invention can
also be suitably applied to such an exposure apparatus.

20 Besides, the present invention can also be applied to an
exposure apparatus that uses charged particle beams such as
an electron beam or an ion beam.

Further, in the embodiment above, a transmissive type
mask (reticle), which is a transmissive substrate on which

25 a predetermined light shielding pattern {or a phase pattern
or a light attenuation pattern) is formed, is used. 1Instead
of this reticle, however, as is disclosed in, for example,
U.S5. Patent No. 6,778,257, an electron mask (which is also

called a variable shaped mask, an active mask or an image



160 apparatus) is used in a lithography process will be descri bed.
FIG 39 shows a flowhart 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 5 head, a m cromachine , and the
like) . As shown in FIG 39, first of all, in step 201 (design step),
function and performance design of devid%*ksuch as circuit design of
sem conduct or device) is perforned, and pattern design to realize the

function is pgeheraedr, Thed iddl#ieah 202 CUBSKIIBMWIIHE U(d%g&%iqs

step), a mask on which the designed circuit pattern is for

manuf act ur ed. Milkaomhiter Demistprha@3i{ wetfygre oRaUAGiantisRg ot e ifage
waf er is manufactured using materials such as silicon. Next ,
in step 204 (#afRtapdeFassi (rpaitigd) lighemadulator) reuthe ddded hm Wikeh
are formed on_t waf er ,IiLhogra%hy 15 or the like in a manner

that will be aegg‘ﬂ“*bieiarﬁ‘%f@ﬁt% RG “ERED mad k- AhtP T He WPt e par e
sorely P01 bRy 208y kel 3 20,408 LOSdG5 P eI 3LaRL. (dEY S

assenbly is perforned ‘using the wa processe

i ncl udes pr oCessegattsin ashdtha sUikei Bg PRHSESS md P& RN HN 28, _
process, and the packagi ng process (chip encapsul ation), and the |ike

when necessary. Furth@mabbyis idisstflepedOin ( ifoxperdmole Sttdie) patsisl st
on operation, durability, and the |ike are perforned on the devices

made in step 2D5IntgERAt Iede Pybdpsatine Heyi 2L /435188, c sipl predeand

St pped out- Bndthd % HhQueha" LpBioeh "G, ARl KA RS oL

10 (lithography system) that forms line-and-space patterns on

a wafer by forming interference fringes on the wafer.

Moreover, the present invention can also be applied to
an exposure apparatus that synthesizes two reticle patterns
on a wafer via a projection optical system and almost

15 simultaneously performs double exposure of one shot area by
one scanning exposure, as is disclosed in, for example, Kohyo
(published Japanese translation of International Publication
for Patent Application) No. 2004-519850 (the corresponding
U.S. Patent No. 6,611,316),

20 Further, an apparatus that forms a pattern on an object
is not limited to the exposure apparatus (lithography system)
described above, and for example, the present invention can
also be applied to an apparatus that forms a pattern on an
object by an ink-jet method.

25 Incidentally, an object on which a pattern is to be
formed (an object subject to exposure to which an energy beam
is irradiated) in the embodiment above is not limited to a
wafer, but may be other objects such as a glass plate, a ceramic

substrate, a film member, or a mask blank.



204 descri bed above. Referring to FIG 40, in step 211 (oxidation

step), the surface of wafer is oxidized. In step 212 (CDV step), an
insulating filmis fornmed on the wafer 161 surface. In step 213

(el ectrode formation step) , an electrode is formed on the wafer by
deposition. In step 214 (ion inplantatiqn step), ions are inplanted
into the wafer. Each of the above steps-é@l to 214 constitutes the
pre-process in 5 each stage of wafer processing, and the necessary

processing is choseman@adge 8¥etHt eskps18CHApEHAGLus is not MMRALERCLo
above-descri bed pre-process ends in each stagé of wafer process,

post - process tbheexmaet: apphobkltosnsusdd folremposta Prociers sehieshdudtor
step 215 (resist formation step), a 10 photosensitive agent is coated
on the waf er. d¥F&Fes i n THedpr By experiren seepe widel v ppplied pdisoet

of the mask is_transferred onto the wafer t he exposure apparat us,

(pattern ;‘SorI Ry %fb%?ﬁﬁ’u?? ﬁ’é@%ﬂ”ﬁ%&pﬁé‘ﬁgxﬁng"{ ; %S%’GSHFERHE h‘g‘zld
tt f ] t : . 4 7 .

Fap)  The war ofeRL e I R celohy o M e o LA GRECLROEESt

(etching stepdispiaexpeied pefbern ohtana R ret-aapkham 4L pabed, and
where resist remains is renoved by etching. Then, In step 219 (resist
renovi ng step}? ahesrkmistiriengpparebnpl Edednanhageeiisly bhrghnis Bbs,

| onger necessary 20,is renoved. By repeatedly perform ngct he

pre-process ahgt¥He PodegpebdesSantr 1 Hppeing rdanicasatisdchsaar €CDs) ,
e o el Bl R APPSRt LGt DR sl
(pattern 1f0r M AgerdPRH 2eUSh158 hd&pIhedi FBNAn aNQWsE A0 LRS- SXPOSU K
met hod (pattern form ng nethod) thereof are used in the eXxposure step
(step 216), exposiffeeranatcirkugh gatrteughmito aan dee pasdoramdonhi $€licon
mai nt ai ni ng the high overlay accuracy.
wafer not only when producing microdevices such as
semiconductor devices, but also when producing a reticle or
amask used in an exposure apparatus such as an optical exposure
15 apparatus, an EUV exposure apparatus, an X-ray exposure
apparatus, and an electron beam exposure apparatus.
Incidentally, the measuring apparatus and the measuring
method of the present invention can be applied not only to
the exposure apparatus, but can also be applied widely to other
20 substrate processing apparatuses {(such as a laser repair
apparatus, a substrate inspection apparatus and the like),
or to apparatuses equipped with a movable body such as a stage
that moves within a plane such as a position setting apparatus
for specimen or a wire bonding apparatus in other precision
25 machines.
Further, the exposure apparatus (the pattern forming
apparatus) of the embodiment above is manufactured by

assembling various subsystems, which include the respective

constituents that are recited in the claims of the present



162 Accordingly, the productivity of highly integrated m crodevices
on which fine patterns are formed can be inproved. | NDUSTRI AL

APPLI CABI LITY 5 As is descri bed above, the neasuring apparatus and

t he neasuring nmethod of the present invention are suitable for
measuring the position within a plane and the position in a direction
orthogonal to the plane of a novable bod?gthat noves hol ding an

obj ect. Further, the processing apparatus and the 10 processing

net hod of theappesesntidiyeptdsOfo HeRpSpHddd ErrlifledPRESIAM N accuracy,
predet ermi ned processing to an object” nounted on a novabl e body tha

moves within aletbanbtcaFactheacytdn® gatieihatouphog. agpacaies @nded e
pattern form ng nethod of the present invention are suitable for
formi ng a pat teese gArafustfiads. ofigscruracior before argadines tppasaemnaly,
t he exposure t hod and the devi ce manufacturing nethod of, the ,
present i nven‘?&%‘ﬁsgﬁ‘e@ E?@g&lgvﬁgﬁ“%ﬁmﬁ% BFFREREY ST G PWeeptel

such as ey copaEtor APUSERRAR' £b! QUL o P YH P InelSRl R 1 IBUEG ey AP
CLAI MS . A measuri ng apparatus at nmeasures position
i nformation ofafismy allchahody 1t BaktBRY pSand tdAHFhst mtn@deberRhAgde the

pl ane, the apparatus conprising:

electrical accuracy for various electric systems are
performed. A process of assembling various subsystems into
the exposure apparatus includes mechanical connection, wiring

10 connection of electric circuits, piping connection of
pressure circuits, and the like among various types of
subsystems. Needless to say, an assembly process of
individual subsystem is performed before the process of
assembling the various subsystems into the exposure apparatus.

15 When the process of assembling the various subsystems into
the exposure apparatus is completed, a total adjustment is
performed and various kinds of accuracy as the entire exposure
apparatus are secured. Incidentally, the making of the
exposure apparatus is preferably performed in a clean room

20 where the temperature, the degree of cleanliness and the like
are controlled,

Incidentally, the above disclosures of the wvarious
publications, the pamphlets of the International Publications,
and the U.S. Patent Application Publication descriptions and

25 the U.S. Patent descriptions that are cited in the embodiment
above and related to exposure apparatuses and the like are
each incorporated herein by reference.

Next, an embodiment of a device manufacturing method in

which the foregoing exposure apparatus (pattern forming



an encoder systemthat includes a plurality of scal e nenbers arranged
on the novabl e body and each having a grating fornmed thereon and a
plurality of heads that each irradiate a light to each of the
plurality of scale nmenbers and individually receive a reflected |ight
fromeach of the gratings, and neasures p%sition i nformation of the
novabl e body within the plane; and to a surface position
measuring systemthat includes a plurality of surface position
sensors that, apgagaths) Geadiedt inG aith@htagty phecotsrahintye absseabhed.
menbers froma direction orthogonal to the plane and receiving the
reflected |ight, nedur 8Pediowison Lhbechstti onf en tehampdal ehemnbers in
the direction orthogonal to the plane at an irradiation point of the
light, and neB3ORERCHYSING 6h defi6emddi svbondiChsy &1 Bugy fh amelC

di ti t t h | i til i i wWth ,
Cespoct o t hraihasT) & LGPy MG AN bl | H Eal HoEh R bl fagmaric
wherein 5 head, anfiReocRadhahbt yarﬁtl?@@ifeﬁ??ﬁfsrs%&ﬂi:hgﬁG@jd r8lrst

scal e nmenber that has a first grating forned ereon and having a

periodi ¢ diresfiall, dinaspepdederfdexddndstes) j ofuvétivm andeppta8demance
the plurality of heads include a plurality of first heads which each
constitute a $#¢fLIN @fc ol cehdisugbasar esr ot tdemidmiodr wemicnndhctdmwe

novabl e bodymﬁ jrradiating a detection |ight to the first _scale
member, and %/Y;’nc%)r & HPEEEGTHE pRE R ey TaTh&tP ity $9c&=alldRg Bhe

first directi agddid | gloddd ARl 30fen A step 202 (nag®RTRulctiing

plurality of t position sensors are place

predet er moneds €kt ABCHa 410 ohh@h{ &k SthedHESLEAON circuit pattdffis formed
measuri ng apparatus of claim2, wherein the first gral%l ng has a

peri odi c direts menufactmeedl r dekinghihet Hims tde 2pBane felibda hfd cthasi ray
second grating forned thereon and hav%;g a periodic directionin a

di rection i ntErRot # W§Iend afnvERet whackesinmhmaterhel 3 sush agr stk iapn.
and the pluralit heads further include pluralit

of second heads mhit&@ﬁ%éa%'ﬁ %to%%qu'uteigaiege%%%%em? epﬁat t}flr%aas‘iﬁ'%tl
posi tion infqsimatiqn 0k the IPyable Yol Mgl Al |
light to the égcoﬁa gcale né%ggr, angggﬁﬁghogf%ﬂﬂﬁgggg g? gfﬁﬁ%ﬁféﬂhy
pr edet er msned littieant keal ONY meariRGORABad HET1 i sihagedahatér) Neing

first direction within the plane.
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
20 process, and the packaging process (chip encapsulation), and
the like when necessary.

Finally, in step 206 (inspection step), tests on
operation, durability, and the like are performed on the
devices made in step 205. After these steps, the devices are

25 completed and shipped out.

FIG. 40 is a flowchart showing a detailed example of step

204 described above. Referring to FIG. 40, in step 211

(oxidation step), the surface of wafer is oxidized. 1In step

212 (CDV step), an insulating film is formed on the wafer



4. The neasuring apparatus of claim2, wherein t he sone
of the surface position sensors and the plurality of first heads are
alternately placed in the first direction. 5. The neasuring apparatus
of claim4, wherein the sone of the surface position
sensors and the plurality of first headslq'ﬁ:]e pl aced on a sane
straight line in the first direction. 6. e measuring apparatus of
claim?2, further conprising: a surface position detecting
unit that has sarfibaeal ilrysoépdeBeailedt deicrididlond$ et arlel@ctrode
predeterm ned di stance parallel to an array of the plurality of first
heads al ong aist fargad ennche wafer tiyr slepdeietonon, Irastegeledt $ion
surface positi,on_information of a surface of a target object_at the
plurality of dBPLERFRRIPRITHY getOobR dUfe lPRLgRECBLITEG thy ¥akekt aERAD
a detection b rabify. of .detecti points and .
i ndi vi dual |y r%gg%tﬁglaﬁ)gﬁ% %?Fg;%ﬁﬂ %%% Co?nsttr%gcu é"tsegﬁ?o%eb'é’a‘%%cfers&n%n

the targetsobkggeh, st @ifMwafer processihf, and ¢hal ﬁé!c@és&%??r@f:e&)é@ng
detection points |ocated near both end portions anong the plurality

of detection pei pheseh dme surd:aemtpdsati eachesexdéng unit, at | east

one of the surface position sensors is placed in a placenent that

corresponds to a pl“%&‘é’rrﬁh? Piowgrsleserdbef nuvepRRcksseepbsiinierrh stage

sensors on a straight line in a second direction ortho%oE | to the
o 39?

first directi8h."eF TR HERYUPPALTREDETSE &€ BreMtEdq S fier In the
conprising: 183s+- -Jgpcn .0 t mkes t fac
position sens rst h%%o?%ssp’l aigle I rﬁmt %légéi %?%I {y oe&eaftcﬁ%m%glto\%ogtep) 8
det ecti onLpoi phstdosnd Bl e aigeh@!t fiseasa Pl tdroRscaWBR8r ! hernRhyr ahi b¥ep
of detection points and the surface position detecting unit be in a
state of a siAlLPt dexpesurspertari)on thandiconverpat tetrectfi amer esskt $sat

the plurality, of detection points by the surface position detecting
unit that havErPRIFLOIRGPAER HIP FRECE LA FEPPSUSSRRRIGIT U BaEREED

assum ng meas t ults qf the surface positiqn sensors that
have been obt g{;%gfdr?%ygq % ah9R tdgﬁg5ﬁ§e%p% %\P(? oefpéa%hf §APARPTS. ehed
measuring app%%t@r@ffﬁrﬁﬂ%%ethBH§ hehe OOP! | HRY, in step 217 an
arithnmetic processing unit that nakes the surface position detecting
uni t irrad at ¢déhel geiceant isscreh)ganheowvafeef ehien e seydeer ekbaked is
conprises a predeterm ned reference plane, and obtains a relation
among measur efeYelargdreangf inhrten dial (efcloingistent i ozn peipassdonemiber

surface positifn det ect it?n% uni t bﬁsed on %n out put of the surface
position det e®t i ERT CH At PhIR FERT SRYNETRSIT T edSTRYRT 15 BRTE YR

reference pl ap€.-ctching. Then, in step 219 (resist removing step), when
etching is completed, the resist that is no longer necessary
20 1is removed.

By repeatedly performing the pre-process and the
post-process, multiple circuit patterns are formed on the
wafer,

By using the device manufacturing method of the

25 embodiment described above, because the exposure apparatus
(pattern forming apparatus) in the embodiment abowve and the
exposure method (pattern forming method) thereof are used in
the exposure step (step 216), exposure with high throughput

can be performed while maintaining the high overlay accuracy.



9. The neasuring apparatus of claim8, wherein t he
reference nenber is kinematically supported on another novabl e body

t hat noves independently fromthe novable body within the plane. 10.
The neasuring apparatus of claim2, wherein the plurality
of surface position sensors are placed %k a predeterm ned di stance so
as to correspond to each other on two st gight lines that are | ocated
on one side and the other side with a straight line in the first

di rection conpecbrainghe, pine alricdducelivitysss nesgs ¢ nidielgmeesqgand are
parallel to the straight line. 11. The neasuring apparatus of claim
10, wherein microdevigemopminighifiiyneopasiefcarpfornedradnsdnpraved.
symmetrically placed with respect to the straight line in the first

direction connecting the plurality of first heads. 12. The neasuring

appar at us of ' r-el the plurality of
surface posi t?@@eﬁ%@gﬂm#ﬁgk&i}fg?t y of first heads are

al ternately pAgced ddkdhidd Edbvd) M 8REI ABasdBing NHIB/ATYS BEd the
apparatus of claim 10, wherein on each of one side and

t he ot her si deeadumimeamithodi pECthonp pesdoganateritd dnharki satitable for

direction with each of the plurality of first heads in between, one
of the surfacRepyzF¥noiheerssision pitdveda plane and the position in a

direction orthogonal to the plane of a movable body that moves
holding an object. Further, the processing apparatus and the
10 processing method of the present invention are suitable for
performing predetermined processing to an object mounted on
a movable body that moves within a plane. Further, the pattern
forming apparatus and the pattern forming method of the present
invention are suitable for forming a pattern on an object.
15 Further, the exposure apparatus, the exposure method and the
device manufacturing method of the present invention are
suitable for manufacturing electronic devices such as

semiconductor devices or liquid crystal display devices.



14. The measuring apparatus of claim 10, further conprising:

a surface position detecting unit thdtdhas a plurality of detection
points that are set at a predeterm ned distance parallel to an array
of the plurality of first heads along a straight line in the first
direction, and detects surface posichigmsnformati on of a surface of a
target object at the plurality of detection points set on the target
object by irradiating a detection beamto each of the plurality of
detection points and individually receiving a reflected |ight of the
det ecti on beamlf r orf: t HEAYUERE eBPRIBNEC tthatwmepgires position informatigngof a

icinit f h ,of t det ecti i nt, t bot h d

LY SRl e SRt oh oL ] St o pear, boLt end

posi tion detecting a!ri@n%odéi‘%gét%%at%@lu{?{? aI{ﬂ%ra?i't')F Ffagc%le%éﬁlﬂfr%ﬁrﬁﬁééf)r S
stoamp the Sone

is placed in a placenent that correspon acenent o

of the sunf @eanpabld b&dy SENSAhShAneda FhrdtdipOfdimbd Merbéh and @GRty of
direction orthogonal to the first direction. 15. The neasuring

appar at usheads thatisach 4rradiatet hdight doprackiafgthe plurality of scala members| dnslr
that makes _the surface position sensor that is placed in the vicinity
of each drdivigyalyereseive gricflented Heht drom earhpfdhe E"@Eﬁgfeﬁﬂd FSASUTETROSHHNg

the plural ity of ect i oLnts, a the surface position detecting
unit be ilﬂfogxgtfoﬁcgqg? mgvgt?qﬁEP{l}éWg@&sqg%B%P%ﬁn n, and converts
detection results at he ] |.QF ' ; ce
posi tion detecti ngadusr]ilihia @% ﬁ%gtilﬁ a@g%ggg%g%%ﬁ?ﬂnaggl %@He?%?l@%ﬂ%{b{?gﬁg%%g
oper at i orpokifibe seiabfs tAsisbiyread ifedistieNBplit t6 Ssplulief off fesleubrhitRgeirom
position sensors that have been obtained by the sinultaneous
oper at i ort ¢igschoniarthwgonall®7the planFland msaving thg refiessedalight, meassiegpasition,
further coppri sing; an. arjthpetic processjng unit that
makes t hdt ?%f&’eg%&q fraln TRt iuhéﬂ% HFTFCt}Or“r gahegamak e thieplpe jabn
beamto e Xy i . a predet. i e
ol ane. o SuFr R SREPRent, 188 nRAHRELSERiR IBRFGLEH Bk B o bR 80

pl ural ity afe detest oxﬂsbgﬁﬁamb $heOPlatdhdSH b iRCArRASH WilTegREQS thdHlatk)i t
based on an output of the surface position detecting unit that has
received a reflected light fromthe reference plane. 17. The
measuring apparatus_of claim 16, wherein ) t he reference
nenber is ki nefmat i dArIeasiinpawtuselgldmHevhetsimbl e body that noves

ndependent ) 1o ARYTRLE R0 ML A0S LS Aot s o
first grating formed thereon and having a periodic direction in a predetermined
direction within the plane,

the plurality of heads include a plurality of first heads which each
constitute a first encoder that measures position information of the movable body by
irradiating a detection light to the first scale member, and which are placed at a
predetermined distance along a first direction parallel to the plane, and

some of the plurality of the surface position sensors are placed at a

predetermined distance in the first direction.

3.  The measuring apparatus of claim 2, wherein
the first grating has a periodic direction in one direction within the
plane,

the plurality of scale members further include a second scale member



a surface position detecting unit that has a plurality of detection
points that are set at a predeternind@4distance parallel to an array
of the plurality of first heads along a straight line in the first
direction, and detects surface position information of a surface of a

target obphgHasatsetdil ghtiigooirhid Bkredftaf€ hidig RPeAbdic Afbctith ihhQlitedliget
object by irradiating a detection beamto each of the plurality of

det ect i onnferienting tegeiiodic dirdetiin of thefimst griatigg,andef | ect ed |i ght of the

detection beamfromthe target object. 19. The neasuring apparatus of
clai m 18, wherein theplurality of heads {arther dnglpde a phuralisy at ggcopdypeads which

detecti ' | ted bot h d ti th | |t
of ' det ectih BTRYE oRoGHL HEEhoraBe pER TR g iR e R Rg e pL iBabofbls
one of t N 544 ASRaRSh hBiBAAPIN: SocthASEHe mfhbed BB TRARUEL Pl

apparatus o alm 19 erein on each of one si nd t he

ot her si df aQiredet&adadtdidiah@Cilofa Qeddnaieatior Orthd@nhl tosthe dirdt Rigdebttdh
with each of the two detection points in between, one of the surface

posi ti on wighisdresplane.pl aced. 168 21. The measuring apparatus of claim
18, further conprising: an arithnmetic processing unit that
makes the surface position detecting unit irradiate the detection

beamto a refer4enc%h%eﬁeagﬁ?éﬁ]hg@ﬁg%u?%ﬁﬁr%%edeterm ned reference

pl ane, and obtains a re t*Wal ues of the

plurality of detecth@B,RObMHe sBffadeositioh| REHrPAN th PurdEly SF iR thehdy t
based on an output of the surface position detecting unit that has

recei ved aze sledrhaelyqdaded ghtheffirardidebigon. ef er ence pl ane. 22. The
measuri ng apparatus of claim 21, wherein t he reference
menber is kinematically supported on another novabl e body that noves

i ndependently fromthe novable body wthin the plane. 23. The
measuring apparat usﬁl?fm%ﬂlsalil?ﬁ @P%ﬁk{%ﬁ#ﬂ s Wherdin

the some of the surface position sensors and the plurality of first heads

are placed on a same straight line in the first direction.

6.  The measuring apparatus of claim 2, further comprising:

a surface position detecting unit that has a plurality of detection points
that are set at a predetermined distance parallel to an array of the plurality of first
heads along a straight line in the first direction, and detects surface position
information of a surface of a target object at the plurality of detection points set on the
target object by irradiating a detection beam to each of the plurality of detection
points and individually receiving a reflected light of the detection beam from the
target object, wherein

in a vicinity of each of two detection points located near both end
portions among the plurality of detection points of the surface position detecting unit,
at least one of the surface position sensors is placed in a placement that corresponds to
a placement of the some of the surface position sensors on a straight line in a second

direction orthogonal to the first direction.

7. The measuring apparatus of claim 6, further comprising:



the surface position neasuring system perfornms transfer of

measur enent val ues between the plurallbty of surface position sensors
according to novenent of the novable body. 24. The neasuring
apparatus of claim1l1l, wherein the surface position sensor is a sensor

by a CD pi ckup net hogbntrdfier thRemARAIHE bulGacRRidsitiah Yensef that Aiplackd in the
wherein a pair of the scale nenbers are arranged apart in

the firstvidniteeficach of twhealetrotia peinkotbgated mbar both end portibieeamong dlxe
position neasuri % system further includes_a conputing unit that
conput es Peality fistestion peintpand thersyefagppesitien guiesfingrinitrke @i & atej G

th l_to the pl d.tilt inf ti f t I dy. i
Che 117 scmfaned i RrBaGl i snibets ERBOR, B tBs oo B0 OhaEihee
Paapecti Jor o B EE Rl DRl IE B0 R TRN baiped by the

pattern Gimsltanebiseperatibe aRPALAL BSuBAIP ThédsB@ment 68sults of the surfadehe
nmeasuri ng apparatus of claim11 in which an object is nounted on the

novabl e lpodijion aentors thatthawe heqparitaingd tngthesimultanadusgpamtian es a dhm.
pattern. 27. The pattern form ng apparatus of claim 26, wherein the
pattern generating unit irradiates an energy beamto the object.

25 A 0L00eos! S oL boRSL Tt MAGELSGRRE & ooeosi 1
predeterm ned pl angy diignm@RPHHALYS g CATRAAShAGS the surface position detecting
unit irradiate the detection beam to a reference member that comprises a
predetermined reference plane, and obtains a relation among measurement values of
the plurality of detection points of the surface position detecting unit based on an
output of the surface position detecting unit that has received a reflected light from the

reference plane.

9. The measuring apparatus of claim 8, wherein
the reference member is kinematically supported on another movable

body that moves independently from the movable body within the plane.

10. The measuring apparatus of claim 2, wherein
the plurality of surface position sensors are placed at a predetermined
distance so as to correspond to each other on two straight lines that are located on one
side and the other side with a straight line in the first direction connecting the plurality

of first heads in between and are parallel to the straight line.
11.  The measuring apparatus of claim 10, wherein
the plurality of surface position sensors are symmetrically placed with

respect to the straight line in the first direction connecting the plurality of first heads.

12.  The measuring apparatus of claim 10, wherein



a surface position neasuring systemthat includes a plurality of
surface position sensors that, by irri&fiating a light to the novable
body froma direction orthogonal to the plane and receiving the
reflected |ight, nmeasure position information of a surface of the
novabl e body in thethdipheglityT sﬁﬂ‘a&?ﬂﬁﬁﬁh Jefsdrd endPihe Purdlity®T first heads
irradiation point of the light, and neasures position information of
t he novabére aeubgtelynpladed il thesfsi direction.hogonal to the plane and in a
tilt direction with respect to the plane; a surface
position detecting unit that detects surface position information of
a surface of t obj.ect at .a plurality of tecti.on points by
irradiating a detec }ileolﬁegélgﬂgggpa[rﬂgs 8%?1%181 ﬂﬁﬁﬁ’r‘?feé?j on the novabl e
body and receiVing G &hlof ohe didk bl tnWindRIAR! LELORNGIREAGR oARGonal

a controller that nmakes the surface position neasuring system and the
surface poshtifest deceet with ¢abh of ltige pliraits bafiest Heads i HeHvEE) AU DS the
operation, and converts detection results at the plurality of

det ect i onsuplacepesitgn sehsors isrfflaasd. posi tion detecting unit that have
been obtai ned by the sinultaneous operation into data assum ng
measurenent results of the surface position neasuring systemt hat
have been obt ained the sipultaneous . ope ign _as a.datum 29. The
processi ng appaﬂgt u@eol?]eacsfl%}lgna%,r é}um%%f?%?lﬁ-‘ {(ftfur%er Comp{lﬂgg'pl urality of

surface position sengpfse hbslisdasebhelhift t%h'trﬁz@%eplﬁl%ﬁ{){] SOOIt AR :;56111!?9

system are placed along a predeterm ned direction wthin the plane,

t he pl ur ahatt yreckt ated peddeteaminet idisamde paiatled vo facerapasdi the pluralétyastt firg
unit 170 are arrayed parallel to the (gl urality of surface position
sensors diefy Ame pr doegdr innda dier Best | @rectiemdand detects surfacehposition

troll k t f iti ; t d th
oo e Sl BFe Ros! Lo Eelr R0 St em ot e
while th . bj i i . )
ini1 e bR 6l bl TOURRoh a6l AR ) 8P

processi nghi@dp Al dhdividehll € rédeMfind a ABEE Might of the detectidnhBeddh Yok ithe/
of surface position sensors include surface position sensors for

mappi ng, tatget @gsdt, whereiof t he surface position sensors for mapping
being placed in the vicinity of each of two detection points |ocated
near both end portiiBris VighBgot Rehpplufve idefpetém geingcidceisd psenbathoend he
surface pp%%t'i(%ﬂsoarllno%%ttﬁg Bfu?ﬁlt)lrj ok Eléte&ﬂ)% points of the surface position detecting unit,

at least one of the surface position sensors is placed in a placement that corresponds to

a placement of the some of the surface position sensors on a straight line in a second

direction orthogonal to the first direction.

15. The measuring apparatus of claim 14, further comprising:

a controller that makes the surface position sensor that is placed in the
vicinity of each of two detection points located near both end portions among the
plurality of detection points and the surface position detecting unit be in a state of a
simultaneous operation, and converts detection results at the plurality of detection
points by the surface position detecting unit that have been obtained by the
simultaneous operation into data assuming measurement results of the surface

position sensors that have been obtained by the simultaneous operation as a datum.



the controller converts a detection value at each detection point of
the surface position detecting unit il8fo data assuning a reference
surface position, which has been obtained based on a neasurenent
result of each of the surface position sensors for mapping, as a
datum 31. The Y8 OCElsSibGuanpapmialas of clgibii 4Nfither WbRPAbIAg:

the controller obtains information on position variation of the
movabl e body in t heardintbmeiioprogessinggamithat makdsehe burfese tposition detectng
when t he mpvabl e, body noves, in_the Predeternined di.rection, based on
resul ts t¥at A& @t%éﬁfh delerlient peam y (et defessncgt mepbep| fiak| Gomprises a

detection ' e surface posjition detecting unit. while noving
he novanrEuaiShreieas e Suf SBleis iRt Rsberliak o ERAY b
di recti ong CoPAQESDR| Rni@RRAh& Tl pdsttRin TSt p’ﬂﬁf@h d

in a proceg§£$ﬁ %ﬁ?ch t he &%@éble bogy %D es froma 8 acé grénﬁ e
obj ect i sounputiif € suffatdgositivnadetesting dyit tiat Baglead eedheifiectad PERCRGEIRY
of irradiating an energy beamto the object is perforned, the

cont r ol | gefesencedlamg. t he si nul t aneous operation and the conversion

processing. 171 33. The processing apparatus of claim 32, wherein
the controller obtains information on position variation of the

novabl e body in-th i I r . 10 the plane that occurs
N7 gl(}'%l{lga\%{lﬁgga}ﬁ;[ahggg% ] 02.41 %, Wher

when t he novable b NOVES e e{nerr’n neq di rect | on, based on

results that have hgeRereRANERHehRE! ¥ HAtAR QY alppdtRd AR thdrym&able
detection points of the surface position detecting unit, while noving

t he novabiody itioad ynoves isddegdndedity frbmehd mosabie bodedithin théiplape.edet er m ned
direction. 34. The processing apparatus of claim28, further
conpri si ng: a mark detecting unit that detects a

plurality of ks 1,0 be detected fornmed an_the object, wherein

in a process Pﬁgm mﬁn?sw%@ﬁa@ﬁuso % '%rﬁ“‘%?erf PP#tfal ity of
mar ks to be detect - E Lt i.l. when
t he detection opergﬁﬁg%c%P&?ﬁg{%F%ﬁ%%ﬁ%&qg?qﬁg%Qg&?ggﬂgﬁgﬂgﬁg%?Bgﬁg
control | ehatsdréisttSataa prodbietained WsstaRe rpakdlRN td bn iy DFthepRirpAS If frt

measuri ng system and the surface position detecting unit and al so

starts t Headsonlomgs i ostrafght cliss iimgthof fitshelimtatien, and detects surface position
information of a surface of a target object at the plurality of detection points set on the
target object by irradiating a detection beam to each of the plurality of detection

points and individually receiving a reflected light of the detection beam from the

target object.

19.  The measuring apparatus of claim 18, wherein
in the vicinity of each of two detections points located near both end
portions among the plurality of detection points of the surface position detecting unit,

at least one of the surface position sensors is placed.

20. The measuring apparatus of claim 19, wherein
on each of one side and the other side of a second direction orthogonal
to the first direction with each of the two detection points in between, one of the

surface position sensors is placed.



35. The processing apparatus of claim 28, further conprising: a
reference menber that conprises a refléfence plane parallel to the
pl ane; and an arithnetic processing unit that makes the
surface position detecting unit irradiate the detection beamto the
reference nmenbel, afkk hasetngapparatosidbPelainOf 8, tfitrched oipeicinpOSi ti on
detecting unit that has received a reflection light fromthe
reference plane, obatadrithmgtie progessong enbihgt mekesuhe senfitce\rmbition defectimg

plurality aqf detection points of the surface position detecting unit.
B The. SvEb ISR 4 aaien oo alim Sl sp oPigmber Tl ‘comprig &
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that rmoves I h ependen

The procesgiphgaRPSH &tetiioRl pdthtdi IN (B8 sudht@' fdsftionlddecting unit based ont i
surface position nmeasuring system perforns transfer of measurenent

val ues betutpenfthesupher pdsition detecting hait chaphad etdvedsengletcied dighofich g t 0
novenent of the novabl e body. 38. The processing apparatus of claim
28, wher deference plaies ace position sensor is a sensor by a CD pickup
met hod. 39. A pattern form ng apparatus that fornms a pattern
on a target object, the apparatus conprising:

22. The measuring apparatus of claim 21, wherein
the reference member is kinematically supported on another movable

body that moves independently from the movable body within the plane.

23.  The measuring apparatus of claim 1, wherein
the surface position measuring system performs transfer of
measurement values between the plurality of surface position sensors according to

movement of the movable body.

24. The measuring apparatus of claim 1, wherein

the surface position sensor is a sensor by a CD pickup method.

25.  The measuring apparatus of claim 1, wherein
a pair of the scale members are arranged apart in the first direction on
the movable body, and
the surface position measuring system further includes a computing
unit that computes position information of the movable body in the direction
orthogonal to the plane and tilt information of the movable body in the first direction
based on measurement values of two of the surface position sensors that face the pair

of the scale members respectively.

26. A pattern forming apparatus that forms a pattern on an object, the

apparatus comprising:



t he processing apparatus of claim28 in which the target object is
mount ed on the novabl e body; and a pdffern generating unit that
generates the pattern. 40. The pattern form ng apparatus of claim 39,
wherein the pattern generating unit irradiates an energy beamto the

obj ect . 41. thA mezawrinig Aparmiheficlaim Min ethiglosi bbject it mharmtat sron
of a novabl e body that noves within a predeterm ned plane is
measur ed, the movablethedy:cedpr i si ng: a first process of

measuring position information. of the novabl e body within the plane,
usi ng an encoder sy3PFM geperatingundhat gengrates hematei. scal e nenber s
arranged on the novabl e body and each having a grating forned
thereon, and a plurality of heads that each irradiate a |ight to each

of the plurality, of Tiscp@mRRARESppRddsRd A V8] WierbRCel Ve a
reflected light fromeach of the gratings; and a second

process of neasuri nije patsirt igemeratifoarmitaitriadiates fan ehergpbeab tetheadyect.n a
direction orthogonal to the plane and in a tilt direction with
respect to the plane, using a surface position nmeasuring systemthat

includes a plurality of surface position.sensors, that, .by each
rradiating a 12ght A PEERIEATTAEAN GA T ORar & Prelsisanuier Boseenae to an

directi Ot !}H&RE@df oh % i3Gasil g,eg%gﬂagcr{éﬁge%ir@q 4 &3&&%&3&%@ ﬁé :

nmeasure position information o ers‘in I rec

or t hogonadpph@tishenplisig: at an irradiation point of the light. 173
42. The neasuring nmethod of claim41, wherein in the
second process, tranaffface ppsineaseamnmegsystahiks indudes afpduaby deuivfeen
the plurality of surface pqgsition sensors of the surface position
measur i ngPosifoneTFnsRTe dhali By iradigdng Adight de theangysbleppedypberp. a rection
pattern form ng.,meiho conpri si.ng; . a process of .
reasr | ng HoEr e SRR e e Fe B aessisdie niiy bR ond brmisne
an glbla ie(r:r;[oflé sgig%uet 66 RN molSb186AY iR O WrecliSh PBhbLRATHE hghe R B

irradiation point of the light, and measures position information of the movable body
in the direction orthogonal to the plane and in a tilt direction with respect to the plane;

a surface position detecting unit that detects surface position
information of a surface of the object at a plurality of detection points by irradiating a
detection beam to the object mounted on the movable body and receiving a reflected
light of the detection beam; and

a controller that makes the surface position measuring system and the
surface position detecting unit be in a state of a simultaneous operation, and converts
detection results at the plurality of detection points by the surface position detecting
unit that have been obtained by the simultaneous operation into data assuming
measurement results of the surface position measuring system that have been obtained

by the simultaneous operation as a datum.

29.  The processing apparatus of claim 28, wherein
the plurality of surface position sensors included in the surface position
measuring system are placed along a predetermined direction within the plane,

the plurality of detection points of the surface position detecting unit



a process of formng a pattern on the object by irradiating an energy
beam 44. A device manufacturing netRé¥, conprising: a
process of formng a pattern on an object by the pattern form ng

nmet hod of claim43; and a process of processing the object on which
the patteirel hasycdeegaraflel medthe plurality 4%. sWfjeopesigomgsembiodlong W ch
a predeterm ned processing is performed to an object nounted on a
nmovabl e Hweleternamedrdiesiomianéi n a predet er ni ned pl ane, the net hod
conpri si ng: a first prpcess of making a surface posjtion
measuring system arif® SORR! 5&%%@&% SBHaGERSHIIneRring ysieRt and he e
of a si e : QP | . N SUf i

"t udi nd "8 A RREAGHRE i po R M RETLN SRARAE RO e HSLEIE

i rradiatijagyatiat Ooutite tHe dus}s:éeabise RAGYs fzﬂ_@ﬂ%]aa ddifReibh Otht&sEdiagonal
to the plane and receiving the reflected |ight, neasure position

i nf or mat ippedetdfrmdnegludifeatien. of t he novabl e body in the direction
orthogonal to the plane at an irradiation point of the Iight, and
measuring position information of the novable body in the direction

orthogonal to the plane and in a tilt.di.rection with respect to the
pl ane, and theSBur Pﬂi‘fé’r%ﬁ"ﬂg @Paﬁﬁg?%‘&‘"ﬂﬂﬁ‘ ni"‘?“eE?é‘i ecting surface
position informati -Su bj I Lt
detection points bgﬂei &Irhgglll%t ?ﬁg%gfag‘;etl}é)cﬁognéq&g%% Sﬂltdﬁeé{% jcéc osfilon

nount ed  @Bnsods’ for tridpiAy ableashetyofihe sufB& MdsitbrAsenSdrs T6# ﬁpﬁpbihg?bteirfgf
t he detection beam and a second process of converting

det ect i oplaced i tle dtinithef ghalr af twoy detbctobat ints docagedi neas bbth ¢rdepstiofsace
position detecting unit_ that have been obtained by the sinultaneous
oper at i oAMORE feplpafibt ofsletretian printsrldhe srkass nesitien Aetedingamiinend esul t s
of J{ e surface posid] oeIRBULLRG: YRR Date HAYEN HRRRASRLASF oY
surface position detecting unit into data assuming a reference surface position, which
has been obtained based on a measurement result of each of the surface position

sensors for mapping, as a datum.

31. The processing apparatus of claim 30, wherein
the confroller obtains information on position variation of the movable
body in the direction orthogonal to the plane that occurs when the movable body
moves in the predetermined direction, based on results that have been sequentially
detected at the plurality of detection points of the surface position detecting unit,
while moving the movable body on which the object is mounted in the predetermined

direction.

32. The processing apparatus of claim 29, wherein
in a process in which the movable body moves from a place where the
object is mounted on the movable body to a place where a processing of irradiating an
energy beam to the object is performed, the controller performs the simultaneous

operation and the conversion processing.



46. The processing nmethod of claim45, wherein t he
plurality of surface position sensord7included in the surface
position measuring systemare placed along a predeterm ned direction
wi t hin the plane, the plurality of detection points of the
surface positi @3. deflegiroosgsingiappaates af ¢clavwedl pelicatihel to the plurality
of surface position sensors along the predetermned direction, and
the processing in tthe centraller pbisinsgufopmatiney groperstidon rriation leé theoyatsble

body t hat unts the object is vi.ng al o t he directjion orthogonal
Do Y he orhutis 8 e et Sibogsmal Ty Hedaiane e oSt ov el B dntebls By
46, wher ej . I ] r [

'ncl ude Shovesa the predeih Bl il Yools I LARE B ety Yhel SERRTaY
surface phedctddom &eNsArahty 6f dIRBIM Poiad SOtHR! ArRde ipdsitibg déteeting tuitOf
each of two detection points |ocated near both end portions anong the
pl ural i t ywinie metiagthomopadilebsdyén thiehshe blgee ipasiuhtednn dhet wedeétergnined t |
and .. in the second process, a detection value at each

det ect i orflifs6lioR- of the surface position detecting unit is converted
into data assum ng a reference surface position, which has been

obt ai ned based on a neasurenent result of each of the surface

posi 1 on sensors, { ofnIRkAde offedat il A2 £l HEBRERS] No et hod

of claim47, further conpris rocess of

obt ai ni ng i nf or mat i DMaANdReins @it War dakitoa MiralileoNMmMak! t6 Heodiedtdd
the direction orthogonal to the plane that occurs when the novable
body novdermed eththepbedetdendimed direction, based on results that have

been 175 sequentially detected at the plurality of detection paoints
of the surface posilRadRo¢rst dOM WHeLAMetectipn PReraHan ffhe RETaY Shmarksody

on whi ch tE) I?)% dgpekt%ﬁtbyltﬁe R0 El&gctin% utnri}els g{aﬁgg tugtqlrrevﬂgndthgId[e&e%lticlmogperation
of the plurality of marks is completed, the controller starts a simultaneous operation of
the surface position measuring system and the surface position detecting unit and also

starts the conversion processing of the data.

35. The processing apparatus of claim 28, further comprising:
a reference member that comprises a reference plane parallel to the
plane; and
an arithmetic processing unit that makes the surface position detecting
unit irradiate the detection beam to the reference member, and based on an output of
the surface position detecting unit that has received a reflection light from the
reference plane, obtains a relation among measurement values of the plurality of

detection points of the surface position detecting unit.
36. The processing apparatus of claim 35, wherein
the reference member is kinematically supported on another movable

body that moves independently from the movable body within the plane.

37. The processing apparatus of claim 28, wherein



49. The processing nmethod of claim46, wherein in the
process in which the novabl e body nnﬁg% froma place where the object
I's nounted on the novabl e body to a place where the predeterm ned
processing is perforned to the object, the processings in the first
and second processethearserfper fpositeth.  MmBasufihg pysieas Jenfprmet hadsfof of
claim49, further conprising: ] a third process of

obt ai ni ngMEIsEEEHEE vale hetwesn tthe plugality £f| syrfaes pesidompeensblscadsowyng 1o
the direction ortp onal &ﬁ1the pl ane that occurs when the novabl e
body nove2OYFRHa ﬁ@éﬂ@?E °f%d direction, based on results that have
been sequentially detected at the plurality of detection points of
the surface position detecting unit, while noving the novabl e body on

whi ch the objegs. i qwaééggn'%apﬁdﬂﬁupéﬁ@j@mﬁzgﬂmiﬁli rect ion. 51. The
processi ng net hod of claim45, wherein in the process

from when an oper atthesurtdce gesigon sengomis plsomsal by y G prekux metlmdbe
detected forned on the object by a mark detecting unit is started
until when the operation is conpleted, the processings in the first

and second procgsse re hoth started. .5 The ocessi hod of
i m a5, wher don A patein Rihiing hiacsiit GRE P d PR SRR FrEP heTa s o
processiqggﬁgn&QBHbH%ﬁgzpattern on the object. 53. The processing

a r

nmet hod of I m 52, ein the pattern is formed on the object by

irradiating an enertgy ppeesing hpfaraths of clevi 08 iRBRHICACIhEI thfd@t BBfebO
conpri si ng:
mounted on the movable body; and

a pattern generating unit that generates the pattern.

40. The pattern forming apparatus of claim 39, wherein

the pattern generating unit irradiates an energy beam to the object.

41. A measuring method in which position information of a movable body
that moves within a predetermined plane is measured, the method comprising:

a first process of measuring position information of the movable body
within the plane, using an encoder system that includes a plurality of scale members
arranged on the movable body and each having a grating formed thereon, and a
plurality of heads that each irradiate a light to each of the plurality of scale members
and individually receive a reflected light from each of the gratings; and

a second process of measuring position information of the movable
body in a direction orthogonal to the plane and in a tilt direction with respect to the
plane, using a surface position measuring system that includes a plurality of surface
position sensors that, by each irradiating a light to the plurality of scale members from
the direction orthogonal to the plane and receiving the reflected light, measure
position information of the scale members in the direction orthogonal to the plane at

an irradiation point of the light.



a process of formng a pattern on an object by the processing nethod
of claim52; and a process of processihg the object on which the
pattern has been forned.

42. The measuring method of claim 41, wherein
in the second process, transfer of measurement values is performed
between the plurality of surface position sensors of the surface position measuring

system according to movement of the movable body.

43. Anpattern forming method, comprising:

a process of measuring position information of the movable body in a
state where an object is mounted on the movable body, using the measuring method of
claim 41; and

a process of forming a pattern on the object by irradiating an energy

beam.

44. A device manufacturing method, comprising;
a process of forming a pattern on an object by the pattern forming
method of claim 43; and
a process of processing the object on which the pattern has been

formed.

45. A processing method in which a predetermined processing is
performed to an object mounted on a movable body that moves within a
predetermined plane, the method comprising:

a first process of making a surface position measuring system and a
surface position detecting unit be in a state of a simultaneous operation, the surface
position measuring system including a plurality of surface position sensors that, by
irradiating a light to the movable body from a direction orthogonal to the plane and
receiving the reflected light, measure position information of a surface of the movable
body in the direction orthogonal to the plane at an irradiation point of the light, and
measuring position information of the movable body in the direction orthogonal to the
plane and in a tilt direction with respect to the plane, and the surface position
detecting unit detecting surface position information of a surface of the object at a

plurality of detection points by irradiating a detection beam to the object mounted on
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the movable body and receiving a reflected light of the detection beam; and

a second process of converting detection results at the plurality of
detection points by the surface position detecting unit that have been obtained by the
simultaneous operation in the first process into data assuming measurement results of
the surface position measuring system that have been obtained by the simultaneous

operation as a datum.

46. The processing method of claim 45, wherein

the plurality of surface position sensors included in the surface position
measuring system are placed along a predetermined direction within the plane,

the plurality of detection points of the surface position detecting unit
are arrayed parallel to the plurality of surface position sensors along the
predetermined direction, and

the processing in the first process is performed while the movable body
that mounts the object is moving along the direction orthogonal to the predetermined

direction.

47. The processing method of claim 46, wherein

the plurality of surface position sensors include surface position
sensors for mapping, at least one of the surface position sensors for mapping being
placed in the vicinity of each of two detection points located near both end portions
among the plurality of detection points of the surface position detecting unit, and

in the second process, a detection value at each detection point of the
surface position detecting unit is converted into data assuming a reference surface
position, which has been obtained based on a measurement result of each of the

surface position sensors for mapping, as a datum.

48. The processing method of claim 47, further comprising:
a third process of obtaining information on position variation of the
movable body in the direction orthogonal to the plane that occurs when the movable

body moves in the predetermined direction, based on results that have been
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sequentially detected at the plurality of detection points of the surface position
detecting unit, while moving the movable body on which the object is mounted in the

predetermined direction.

49. The processing method of claim 46, wherein
in the process in which the movable body moves from a place where
the object is mounted on the movable body to a place where the predetermined
processing is performed to the object, the processings in the first and second processes

are performed.

50. The processing method of claim 49, further comprising:

a third process of obtaining information on position variation of the
movable body in the direction orthogonal to the plane that occurs when the movable
body moves in the predetermined direction, based on results that have been
sequentially detected at the plurality of detection points of the surface position
detecting unit, while moving the movable body on which the object is mounted in the

predetermined direction.

51. The processing method of claim 45, wherein
in the process from when an operation of detecting a plurality of marks
to be detected formed on the object by a mark detecting unit is started until when the
operation is completed, the processings in the first and second processes are both

started.

52. The processing method of claim 45, wherein
the predetermined processing includes a processing of forming a

pattern on the object.

53. The processing method of claim 52, wherein

the pattern is formed on the object by irradiating an energy beam.
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54. A device manufacturing method, comprising:
a process of forming a pattern on an object by the processing method
of claim 52; and
a process of processing the object on which the pattern has been

formed.



