1 DESCRI PTI ON EXPOSURE APPARATUS, EXPOSURE METHOD, AND DEVI CE
MANUFACTURI NG METHOD 5 TECHNI CAL FI ELD The present invention
rel ates to exposure apparatuses, exposure nethods, and device
manuf act uri ng nmet hods, and nore particularly, to an exposure
apparatus and an exposure nethod 10 in whitch an object is exposed
usi ng an energy beam and a device manufacturing nethod using the
exposure met hod. BACKGROUND ART In i rocess for
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TECHNIC

The present invention relates to exposure apparatuses,
exposure methods, and device manufacturing methods, and more
particularly, to an exposure apparatus and an exposure method
in which an obiect is exposed using an energy beam, and a device

manufacturing method using the exposure method.

BACRKGROUND ART

In a lithography process for manufacturing electron
devices (microdevices) such as semiconductor devices (such
as integrated circuits) and ligquid crystal display devices,
a projection exposure apparatus, such as, for example, a
stepper or a scanner, is used that transfers a pattern formed
on amask (a reticle, a photomask and the like) onto a substrate
(a wafer, a glass plate and the like} on which a sensitive
agent such as a resist and the like is applied, via a projection
optical system.

Higher integration of semiconductor devices are
expected year by year, along with finer device rules (practical
minimum line width), and accompanying this, higher resolving
power (resolution) is becoming required year by year in a
projection exposure apparatus. In order to meet such
requirements, exposure apparatus manufacturers have been

pursuing to increase numerical aperture (NA) (so-called



25 minimumline width) , and acconpanying this, higher resolving
power (resolution) is becomng required year by year in a projection
exposure apparatus. In order to neet such requirenents, exposure
appar at us manuf acturers have been pursuing to increase nuneri cal
aperture (NA) (so-called 2 higher NA) of 2projection optical systens,
together with shortening exposure wavel engths. And, recently, a
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i mrer si on exposure apparatus disclosed in Patent Literature 1, is a

| ocal i quid mentesdiddrclosexposyrfoappaiativs Phaenperfos s expasang the
in a state where a space between a | ower surface of a projection
optical sPstelm X ojrecthiorh | E@ns)espas ars ubste ktrgSuriaceub st docakl Iy
filled with water or liquid such as an organic solvent and the |ike.

When a subst raterienegpeskdhesiagthhes fader ¢ Blgai Enasepafdr 67 bfened)
exposur e appar.atus, tenperature of the l|.iquid. changes absorptio
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during exposure. Therefore, it s desirable fo measure

tenperat upe changuef ddieatd € dhhanthd Of ehdiSdxgduoptifad state where
properties of the optical system above based on the neasurenent

resul ts. Howevepackheechean antewbewosikt facal oSt amae)] deetiveenp2hchhesystem
projection lens and the substrate surface was extrenely narrow, which
made it diffiGalactionstlsns)a adepmsnbeéraics shisasecisohocably filled
result, it was difficult to neasure the tenperature change ,
(refractive i"Wddk "ofr&fgey bidehe Fuduicd BBt 1 e Prijiecenenthensike.

and the substrate %ﬂkﬁ?%?Sub%trate is exposed using this kind of ligquid

15 immersion exposure apparatus, temperature of the ligquid
changes by absorption of exposure light and the like, and with
the temperature change of the liguid the refractive index
changes, and this change of the refractive index changes
optical properties {(aberration and the like) of an optical

20 system consisting of a projection lens and ligquid during
exposure. Therefore, i1t is desirable to measure the
tLemperature change of the liquid, and to adjust the optical
properties of the optical system above based on the measurement
results. However, the clearance (working distance} between

25 the projection lens and the substrate surface was extremely
narrow, which made it difficult to install a thermometer in
this section. As a resuli, it was difficul:t to measure the
temperature change (refractive index change) of the iiquid

between the projection lens and the substrate surface.



Cl TATI ON LI ST PATENT LI TERATURE PTL 1: PCT International Publication
No. 99/49504 5 SUMVARY OF | NVENTI ON SCLUTI ON TO PROBLEM

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

provi ded an exposure apparatus that exposes an object with an energy
beam and forns a pattern on the object, tHe 10 apparatus conpri sing:

a novabl e body which hol ds the object and noves al ong a predeterm ned

pl ane; an opt e Lch projects the energy beamon the
object; a |idﬁf@h§§§§%yiﬁﬁche whi ch supplies liquid at least to a
space between the ; Tﬁ@ﬁﬁ%ﬁﬁ#e obj ect; and a neasurenent
devi ce whi ch opticgﬂF$E§@?§%gsures a change of physical quantity
related with a refremt inve souern @ ridiel drOui mhrexi i gh Wd hi 9o 14504
space. According to this apparatus, the change of physica
quantity related with the refractive index of the liquid existing in
t he space between the optical systemand the object 20 can be

opti cal | yonme RUMMARY OFec INWENILI®Nt device. Accordingly, it becones
possible to a%hust t he gﬁ}ical roperties of the optical system
accordi ng t o SPEUFRQAM FO RRIBLEMyariation related with the

refractive index of, the |.iquid, and_therefore, to_adjust the optical
broperti os of 25 ¢ RS BEst 16h AcFER CSPOrEnPEOHEr S TTRERr e tLon,

optical systemand;the. Lo andlo5sLPE RO QN PhaL ;%)sleescgniébject
ction o ?%e g gﬁf Sys

the optical axis diret _ rojecti-on optica em As a
consequence, WRtIEXROSI-dNH Ok 8tld Wdihnd he QNerdh bosamyd adfct, the

projection optical system it becones possible to form

10 apparatus comprising: a movable body which holds the object
and moves along a predetermined plane; an optical system which
projects the energy beam on the object; a 1iquid supply device
which supplies ligquid at least to a space between the optical
system and the object; and a measurement device which optically

15 measures a change of physical quantity related with a
refractive index of the liquid existing within the space.

According to this apparatus, the change of physical

guantity related with the refractive index of the liquid
existing in the space between the optical system and the object

20 can be optically measured by the measurement device.
Accordingly, it becomes possible to adjust the optical
properties of the optical system according to the physical
quantity variation related with the refractive index of the
liquid, and therefore, to adjust the optical properties of

25 theprojection optical system consisting of the optical system
and the liquid and/or the position of the object in the optical
axis direction of the projection optical system. As a
consequence, by exposing the object with the energy beam via

the projection optical system, it becomes possible to form



4 a pattern on the object with good precision. According to a
second aspect of the present invention, there is provided an exposure
nmet hod in which an energy beamis irradi ated on an object held by a
novabl e body that is 5 novabl e al ong a predeterm ned plane via an
optical menber and liquid, and a pattern i#s fornmed on the object, the
met hod conprising: a measurenment process in which a change of

physi cal quanfi t i . r ive | liquidis
measur ed opt ir%:éﬁltyt?&arﬁdﬁgnﬂa%ﬁj%énﬁlt&ﬁ%c %és&%%%ﬁil%%&gt | east 10

one of the optical RIQPRRItIPLE0h $dERE %%d@%foghbc}?fe§éfﬁﬁ €Mvention,
including the optical nmenber and the liquid, the wavel ength of the
energy beam dHwer4asi prrovidedt e EBYadhee ihhdd id dhiedt kANenergy beam
orthogonal to the predeterm ned plane, and the inclination of the
nmovabl e body i@ tirrasipantd tan tdre di5) griedet bt rhned mpdeaiel & soadly ushad, is
according to neasurenment results in the measurenent process.

Accor di ng°t o e heeReag & e edrirpjanigicpisineay 1 guh bty cad| merger and
with the refractive index of the liquid existing in the space between
the optical sSy<Erfrafdd He R R 26° i OURT & IFhereRfEe. Wi, mefthod
| east one of the optical properties of theaggg%ggtion tical .system
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or thogonal 1 ST, b e (RITY AR LB ML P D iquig s

orthogonal to the predeterm ned plane, an

movabl e body mdddurespgel ck01{ el sdelBBRRA tPhANE § iadiiistiedr l1east
according to the neasurenent results. As a consequence, by exposing

t he obj et0 widde bliecrenepgy cheéanr apart hes prfot ke thray satictabpsyshemydtden
beconmes possible to forma pattern on the object with good precision.

5 Accordidigding the o tdsipdctmepbetrrhengr esent 1 dmivént tilom  wahesresngth
is provided a device manufacturing nethod, including: a formation
process in WATcHhe Fq%sh heas.or ke il @bj ek ttheigovpl be kogivsin e

met hod of the present invention;. and
df}ectlon orthogonal to é%e predetermined plane, and the

inclination of the movable body with respect to the
15 predetermined plane is adjusted, according to measurement
results in the measurement process.

According to this method, the change of physical
quantity related with the refractive index of the liguid
existing in the space between the optical system and the object

20 is optically measured. And, at least one of the optical
properties of the projection optical system including the
optical member and the liquid, the wavelength of the energy
beam, the position of the movable body in a direction
orthogonal to the predetermined plane, and the inclination

25 of the movable body with respect to the predetermined plane
is adjusted, according to the measurement results. As a
consequence, by exposing the object with the energy beam via
the projection optical system, it becomes possible to form

a pattern on the object with good precision.



5 devel opnment process in which the object on which the pattern has
been fornmed is devel oped. BRI EF DESCRI PTION OF DRAWNGS FIG 1 is a
view schematically show ng the configuration 10 of an exposure
apparatus related to an enbodinent. FIG 2 is a view show ng
conponents in the vicinity of a |iquid inmersion device that are
partially sectioned. FIGS. 3A and 3B are views show ng a schematic

configuration of ajg %? %ﬁi%r?H?%@ras%écEEE%I%ﬁQW§E$§EEEliqﬁsntion,

EVMBODI MENTS An e Iment o e present I nvention w

described belwysranitdh prefarence HevibESnadut8cB8Brifl Getdhod, including:
schematically shows a configuration of an 20 exposure apparatus 100

rel ated to theferhedinendro&xpesitt @ehdppad aiats: k@0 ibSt@rnpgdjodiCih Wbject,
exposure apparatus of the step-and-scan nethod,

namel yt heso- o dredisden restpo Fure eethek pob utlee appes et usimén i so; |awdla

| i quid inmersion exposure apparatus that perforns exposure in a state
where a spacele KEm@Eh PAIGRST 18urhael oie SPIRRY oal vBjshemPradiiern
a wafer Wsurface is locally filled with a liquid Lg as it will be
descri bed | at¥tS Gfeh rﬁflﬂ‘ée%e]s%r PISEPHY ow, a direction parallel to
an optical axis AX of optical systemPL will be described as a Z-axis
direction, a direction within a plane

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 is a view schematically showing the configuration
10 of an exposure apparatus related to an embodiment.
FIG. 2 is a view showing components in the vicinity of
a liguid immersion device that are partially sectioned.
FIGS. 3A and 3B are views showing a schematic
configuration of a laser interferometer.
15
DESCRIPTION OF EMBODIMENTS
An embodiment of the present invention will be described
below, with reference to FIGS. 1 to 3B,
FIG. 1 schematically shows a configuration of an
20 exposure apparatus 100 related to the embodiment. Exposure
apparatus 100 is a projection exposure apparatus of the
step-and-scan method, namely the so-called scanner. Further,
exposure apparatus 100 is a local liquid immersion exposure
apparatus that performs expcsure in a state where a space
25 between a lower surface of an optical system PL and a wafer
W surface is locally filled with a liquid Lg as it will be
described later on. In the description below, a direction
parallel to an optical axis AX of optical system PL will be

described as a Z-axis direction, a direction within a plane



6 orthogonal to the Z-axis direction in which a reti

Ware relatively scanned wi |l be described as a Y?;;Fgedﬁrgggignma;er
direction orthogonal to the Z-axis and the Y-axis will be described
as an X-axis direction, and rotational 5(inclination) directions
around the X-axis, the Y-axis, and the Z%axis will be described as
ex, Ty, and Tz directions, respectively. Exposure apparatus 100

includes an illum nati i
LI Ol 6 R WHOEHAOEORTL 110 e sy T ST ity RS oy Of po e Hoand

exposure (h i " i i i
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oy posuTe. 10 t) 1 unmnatron system I OP, a projection unit

oot 1 D PR BRSPS R el el o somC CS
~Ron W a “wafer stage WST and opti cal

EySte”‘PL1 a,l o¢al,.| hgyidiberessi en Hewkte aarantéhnsuppdié@tgtéanal

g to the space between wafer Wheld on wafer stage WST, and a

control systemandntbechi keipécthese mened sthaOX &y, $ggd~ ks, and
wafer Wis nounted. Illumnation system |COP incl—gﬁtéz | | h? ?ﬁ?,

an 20 |I!unlaa@ce—aﬁﬁéowmﬂﬂybapﬁﬁéﬁﬁi??gtéﬁ]eﬁhigﬁ'iﬁ@ﬁuhgsdéﬁggEggns’
optical integrator and the like, a reticle blind and the like (none

of which arershpanrivadvi-s disclosed in, for exanple, U S. Patent

Application Publication No. i
01 vl oyl Erel o PRSI 1 S o
illumnati onllonghta E&?ﬁ‘gsﬁer é%ttlal geht TI %q}v?ﬁttsr?dldgnr%tﬁqd)w waieh 18
10 iliuminated by an illumination light for exposure
(hereinafter, referred to as “iilumination light” or
“exposure light”) IL from illumination system IOP, a
projection unit PU including optical system PL which projects
iliumination light IL emitted from reticle R on wafer W, a
15 waferstageWSTandcmmicalsystem&ﬂu a local liquid immersion
device 14 which suppliies liquid L.g to the space between wafer
W held on wafer stage WST, and a control system and the like
of these members. On wafer stage WwsT, wafer W is mounted.
T1lumination system IOP includes a light source, &an
20 illuminance uniformity optical system, which includes an
optical integrator and the like, a reticle blind and the like
(none of which are shown), as is disclosed in, for example,
U.S. Patent Application Publication No. 2003/00258%0 and the
1ike. In illumination system IOP, a slit-shaped illumination
25 area which is set on reticle R with the reticle blind 1is
illuminated by illumination light (exposure light) IL with
a substantially uniform illuminance. Here, as one example,

ArF excimer laser light (with a wavelength of 193 nm) is used

as the illumination light IL. Fuxther, as the optical



a substantially uniformillum nance. Here, as one exanpl
_ _ _ . , e, ArF
excimer laser light (with a wavelength of 193 nm is Lfls)ed as the
illumnpation light IL. Further, as the optical 7 integrator, a
fly-eye lens, a rod integrator (an internal reflection type ’
integrator), or a diffractive optical el é&ment and the |ike can be
;Jrs]gdl. i E); iret:ccl e Ztage_ RST, reticle Ron which a circuit 5 pattern or
. e is formed on its pattern surface (the,|ower f !

1) 15 ixed inoeazaten o B vaEBuRPERUCR] gt HRETEratSF abe R e oL
_ driva e wthin an XY plane.by,a reti age A

hnpludlngz f%?f%%%ﬁﬁ?%F3§K1Fﬂgggrﬁﬁg%g’éF?%ﬁgif?ii, aﬁ%E?ﬁﬁé?%iéE@méﬁt
levable_ln g?%otﬁrefg%gyggﬁeQESSQQa[ng direction (in this case, the
ihaé:é-darec n;,~which“is the |lateral direction of the page surface
ol ) at a _deéﬁgf‘é{f_éjléC@f‘é}?@QR@D?eﬂeticle R Jhewpbsht aonirauihe
X plane (including rotation in the Tz direction) of reticle stage

ST is ccsnstggktgrﬁl%@%hédli_}aéifsofoﬁxaairplmitatpaa:treetsbﬁutf@ﬁeo(ftf@r 6aRET
0.?5 nmby a reticle laser interferoneter (hereinafter referred to.as
a "reticle i pherherol®tRIC.) 153} sViixed nfvabPE2RPLE orPB Y I HE ﬁﬁPFgFE‘?'

actually arranged are a Y novable mrror that_ has L
‘ ) , ) a.reflect
surface orthagonalet stehe ¥S3xils dilpedt| Slﬁlé(ﬁa’%nWkt%ﬁ%}aﬁﬁekggp%‘lap?o}roy

that has a reflection surface qrthogonal t.h - axi i i

The neasur elrrr;lnffe&ép&é‘s sGRICe FrVE PS’F&FF%%% ' %rl u%:%i eqlgrerﬁ% tz’Jt‘:‘ig&))a%e' “

mai n controllLer 50, and main_.contr.gll er : far, : It

Ejih(raecszfiegg) ofl;P?EircF‘é’té’trzzgg IE%’F ilﬁﬁJ[ ea%ﬁg%%g%&sgeaﬁlgﬁbqﬁé%ﬂggnd
an ez . i i i tsi i$t aga sdrdase ,S\tdiee '

based on Qhepﬁggse%'reé‘%ﬁ%%t% vaSI(%g{sn!lgl]EEJ \rﬂé’t%lerzcle:é#ns(é?{f er onsgtdgr 5'2 s
direction, which is the lateral direction of the page surface

in FIG. 1) at a designated scanning speed.
The position in the XY plane (including rotation in the
6z direction) of reticle stage RST is constantly detected,
15 for example, at a resolution of around 0.25 nm by a reticle
laser interfercometer (hereinafter referred to as a "reticle
interferometer") 53, via a movable mirror 65 (the mirrors
actually arranged are a ¥ movable mirror that has a reflection
surface orthogonal to the Y-axis direction and an X movable
20 mirror that has a reflection surface orthogonal to the X-axis
direction). Then@asurementvalues<xEreticleinterferometer
53 are sent to a main controller 50, and main controller 50
controls the position (and the speed) of reticle stage RST
in the X-axis direction, the Y-axis direction, and the 8z
25 direction via reticle stage drive system 55, based on the
measurement values of reticle interferometer 53.
Projection unit PU includes a parrel 12, and optical
system PL made up of a plurality of optical elements which

are held in a predetermined positional relation inside barrel



Projection unit PU includes a barrel 12, and optical system PL nade
up of a plurality of optical elenents which are held in a
predeterm ned positional relation inside barrel 8 12. As opti cal
system PL, for exanple, a dioptric systemis used that includes a
plurality of dioptric elenents (lenses) stich as, for exanple, around
10 to 20, which are disposed, for exanple, along an optical axis AX

direction parallel to 5 the Z-axis direction. tical s sgen1PL %%m is
for exanple,18-bo@ﬁ-%@ﬁh¢%%l%¥§ﬁﬁ@ia}'d§85t??éméggtei1Q%mﬁ s =
predet erm ned reduction ni ficatioqn.(such-as. - t i
one-fifth tiMsed bRabn -érf%%% 3 ipﬁ*é‘g)a.l et glpegieuﬁrﬂem%nsew

apparat us 10%110%%%.,i lflogﬁe&%}dgq_%,l ia%funld- 1fo|r @y _:E@,i !ﬁh&@m%tﬂeomi%b‘b@%@,

|OP illumnat'es ani'l ['um nation area AR i1llumnation light IL that

has passed t HQugh AFghiC| @an\’_.‘{“iaﬁho%ﬁi@é@C@Qi§Q—\}t hatrddisi atdearallel to
surface substantially coincidés with a first plane (an object plane)

of opticap sysieem-Blkifsoungecatrieducedptrage sfstée RBLrisi tfpatazemplea a
reduced i mage of 15 a part of the circuit pattern) of the reticle

wi thin il umbrethi-en der ea IRARN M I opitdniali s yestasRPltiidd Dagui d Lg
(nmore specifically, a projection optical system PLL consisting of
optical syst @melstarinaflixeduptiqm ReeHfEe H& ki (fG RS iy quarter

f dt , A 20 ' t il ' '
| AR on' vl or WiRos SPE0AFSEE FOREBar B0 WAL s ePeC ShaT T bRe I
t di I d C 4 I
opL1 chl Syt SHPRHE S BIPIEHE Sy hCH oo ' VA e P 21 b e S e

and waf eiggt g;glelu\f}fﬁarﬂléﬂji(ﬁsgf%k% ¥6b Y 1MOVBS 1R s€tilahenima i area IR,

scanni ng-. i'fectio e"Y-axis direction) with respect to
iI'lum nation jargg AR {dd huginrati.omdt ghts pba}sehidlersediatierdlcy enBwilnigsh
wafer Wn the scanning direction (the Y-axis direction) with respect
to exposure ar£alkledi sbuwhataticenpdtightn Isui;faseaanbagaskposlyecofnaides
shot area (divided area) on wafer Wis perfornmed, and
with a first plane (an object plane) of optical system PL forms
a reduced image of the circuit pattern (a reduced image of
15 a part of the circuit pattern) of the reticle within
illumination area IAR, via optical system PL and liquid Lg
(more specifically, a projection optical system PLL
consisting of optical system PL and liquid Lq), in an area
(hereinafter, also referred to as an exposure area) IA
20 conjugate to illumination area IAR on wafer W whose surface
is coated with a resist (a sensitive agent) and is placed on
a second plane (an image plane) side of the optical system.
And, by the synchronous drive of reticle stage RST and wafer
stage WST which relatively moves the reticle in the scanning
25 direction (the Y-axis direction) with respect to illumination
area IAR (illumination light IL) while relatively moving wafer
W in the scanning direction {the Y-axis direction) with respect

toexposureareaIA(illuminationlightIL),scanningexposure

of a shot area (divided area) on wafer W is performed, and



9 the pattern of reticle Ris transferred onto the shot area. Nanely,
in the present enbodi ment, the pattern of reticle Ris created on

wafer Wby illum nation system | OP and projection optical system PLL,
and that pattern is forned on wafer Wby 5 exposing a sensitive |ayer
(resist layer) on wafer Wwith illumnatien Iight IL. O the

plurality of Ienses that make up optical systemPL, the plurality of
| enses, for exanple, on the object plane side (the reticle stage RST

side) are noval @atdiigds ahgetdsadeLb Be BrprPehReskeft PREOI Ahe ot Agea -
di ti t ti | i AX di ti .of ti | t P d

g recti on (1 Neeell o3 e Bk-tirestion ob,opt Ll Syptem o o o
o recti on and peTyagacal vl L) Leshent, 10 Mo RXPLase R i s o

of the novablg,d.enses heing pdiil,veRd PaLYighiad d ¥n BYs 8 dnfROSH, QLALRN by
characteristic correction controller 51 based on instructions from
mai n cont pol l@fpdiny & | issiyPes Ddyveopt [ £adi Pr opeyd+ eSowfwopit aalwith
system PL, or to be nore precise, projection optical system PLL
consi sting ofildptmigedt 2th shsglem BL. and |iquid Lg, are adjustable,
such as, for exanple, inmage-form ng characteristics (such as
magni fi cati on, di stdr thenpluseilgiit p5menemattinatapekeatPoppt sphersvalien
aberration, curvature_of 'image l.ane (i mage pl ane_distortion

3N

251 nci dent al 15-7 BECaBSBTE LRISRF t heTl PR E midt §#18n0ﬁ)%)é%ﬁ5cplfasne
f di t 100 th nbodi t t adi ppt
Do i GBS TS, ERPRESL 492 o, L0BaSTRR o 21891RY PRAE o
to make 1h ean %&i%nsg}ﬁ“ﬁ:in h?np‘@lile zil—aal%i(%or&q.'rre'c%go%ngt}lg 9}%%9cal axis
prevent an increase 10 in size of optical system PL. Further, an

i mage-f or m ngucharacderdsta £ Gl tsd messelayi e pAn@Pd &R cBYSE epPical
is not limted to a nmechanism (an actuator) that noves at | east one
of the | ensesftaptiical) syst apiPeblanth carltd rdl-¢de i@andeVbecex &ifaftion
exanpl e, that nakes a wavel ength characteristic (center wavel ength,
wavel engt h wiadtch aarfiy tdierddtkednofwith unéseedontd i gie XY phanabbe.drive
elements {(not shown), for example, by piezo elements. And,
15 by each of the movable lenses being driven individually by
an image-forming characteristic correction controller 51
based on instructions from main controller 50, various types
of optical properties of optical system PL, or to be more
precise, projection optical system PLL consisting of coptical
20 system PL and liquid Lg, are adjustable, such as, for example,
image-forming characteristics {such as magnification,
distortion, astigmatism, comatic aberration, spherical
aberration, curvature of image plane (image plane
distorticon)).
25 Incidentally, because exposure using the liquid
immersion method is performed in exposure apparatus 100 of
the embodiment, a catadioptric system configured including

mirrors and lenses can be used in order to make it easier to

gatlisfy the Petzval condition and to also prevent an increase



Local liquid inmrersion device 14 is equi pped, as shown in FIG 2,

with a nozzle unit (a local liquid imersion unit) 10 16, a liquid
supply device 18, a liquid supply pipe 20, a liquid recovery device
22, a liquid recovery pipe 24 and the |ike. Nozzle unit 16 is

pl aced encl osing the periphery of a |owerlend portion of barrel 12

hol di ng an optical elenent closest to the i mage plane (wafer Wside)
constituting optical 15 systemPL, in this case, a lens (hereinafter
al so referredh e £F (IRF 1 "JYIeem Q27| FUFTNETY6 als lalarg@ugﬁ@rmmg

| haped hat_h h aole 16 h
ahi o1 or TR RS T Ho SCHGT AR Besn o1 %ﬁl@ﬁ%ﬂycea&é%&ﬁ% 8ot

toward the éqﬁn"@ecé suppPghah?ﬁ}sﬂhﬁ%%lgé{uéyo el Oﬁ%@ggogg 28:463¢

a plurality |qU| or ned surroun

t hrough-hol e J6and NefkGs @5 DVRYEr syaRlh B0 Oig Idathﬁcaueal Y fathss,
16b formed in the vicinity of the +Y side and the -

t hr ough- hel e #6a d:angdIRn ) haANraRes agw@méléﬁgthec}hmwrmm hecer&er
side) of each of the plurality 25 of liquid supply paths 16b is

formed on an vawerernwgil, starfaicenafh tvirditg el Ehd Gal, kend @ant Japemimeg ion
end of the upper end is connected to an annul ar | oop-shaped supply
path (not shovightarkangeealbng through-hole 16a. One end of Iiquid
supply pipe 20 is connected to this | gop-shaped supply path, and the
11 ot her end of I|($9QTJs&ﬁﬁP§dpFﬁ@e§§lP§ %%ﬁh%%t%ﬁi%?oeﬂPéﬁpﬁ su%%l%hown

d 18. he, | f

nozete ni 1 16 SO Guid 1EEovery Bt g o SnatheG e BhE S
I t . of .

[ qui d r&Qovery apenne THEPT KRR AP ot ekt dn R ggﬁsep%ﬁt%?hm@hd

To liquid re%&%ﬂp%mé@% %n@1%Qd0EebeBh9 f:%eV%Yaﬂ%D@q@‘hlke
the other end of which is connected to | iquid recovery device 22, is

connected. 10l n theiceiediurEnt 1 owhienphater wﬁbSoumd@rtnéOpéﬁip@@ryréf a
PU as shown in FIG 2, liquid is supplied in the space between tip
| ens 26 and Jafverr Wrid grodiipn oS upptse el ceoIBinyi an | omjud ckh 5 uppdyent
pi pe 20, the | oop-shaped supply path (not shown), and the plurality
of liquid suﬂ&%ﬁ%ﬁﬁﬁ@‘%Eblm@%%ﬁlﬁﬁ%tWﬁ@kﬂbﬁ§lde constituting optical

15 system PL, in this case, a lens (hereinafter also referred
to as a "tip lens”) 26. Nozzle unit 16 is a rough loop-shaped
member that has a through-hole 16a in the center section which
is formed so that the inner diameter gradually becomes smaller
toward the -7 direction. 2And, in the vicinity of through-hole

20 16a, a plurality of liquid supply paths 16b is formed
surrounding through~hole 16a (in FIG. 2, however, only two
of liquid supply paths 16b formed in the vicinity of the +Y
side and the -Y side of through-hole 16a is shown). An opening
end of the lower side (the -Z side) of each of the plurality

25 of ligquid supply paths 16b is formed on an inner wall surface
of through-hole 16a, and an opening end of the upper end is
cennected to an annular loop-shaped supply path (not shown)
arranged along through-hole 16a. One end of liquid supply

pipe 20 is connected to this loop-shaped supply path, and the



15 frommain controller 50 (refer to FIG 1). Further, under
instructions frommain controller 50, the same anount of liquid as
the anobunt of liquid to be supplied is collected by liquid recovery
device 22 fromthe space between tip lens 26 and wafer W via liquid
recovery opening 16¢c and liquid recovery bipe 20 24. This allows a
constant quantity of i quid Lq to be held in the space between tip

| ens 26 and fer I mmer.si on_ar Lon.space);
forned by ¢ hi TG aRe A Al e ST Bro 8 RT0b® PR G Share o1 8- o

vi ewed fromi&g%4- qectlon). In this case, liquid Lq held in the
space 25 bet ween t|p ens 26 and wafer Wis constantly repl aced.
Incidentally, in thg @H@Qdivf&msur§§cb' P isth eGP @ neat Brs tRAt of nozzle
transmts the ArFexciner |aser beam (li1ght having a wavel ength of 193
nm, which i sunisedéas Liguidnaddwredty ghenkihg i&: tonbeésusad.of an annular
Refractive index n of the pure water with 12 respect to the ArF

exci nmer | aserrdysamads saadund: 1 s44ormad. i Pudae pihe water ¢hé portion of

wavel ength of illumnation light ILis 193 nmx |/n, shorted to

around 134 nrhlQWd FEecaissdl maeningorl 66xampl énnﬁﬂarl BRA5CORS In%m%ae?%fls
5 fluorite which has a hlgﬂ affinity with the ter so tha %

| over surfacé (@M% d *Cont bt IstrFRERYY dPEH ? 287sePYo |%¥qyid
(hydrophilic) t d et

| yophilic treae;/(\éOJEtH gﬂﬁg %‘9 %% {}E %)él\%lené)kgﬁlr aﬁég%on%lozz e unljtlci%ld

so that the |.qQuel, éggf&g#i&éijg(ﬂ&éﬂé&h ag¢t surface) of nozzle
unit 16 is lyophilic (hydrophilic) wth Iiquid Lq. As the Iyophilic

treat mentpof nozzl gnupht eifbodifereXaWBka, waféd F eaigmﬁdawF@bj applbBsurdi t
| yophilic material such as MgF2, Al 203, and Si02 to the lower surface

(the |iquid cdntacthswn fiac @) Gof 2 pndzizdel didist sipptaadhem ehpl syede between
Further, 15 in the case of using pure water as liquid Lqg as in the
enbodi ment, &itr éanaeift an waisy difrpralinbadfsupnimdevoteal haveerildquid
(e.qg., alcohol) that has a nol ecular structure with a large polarity

can be enpl oyRPRIsY PR&S §8phF]P? cl Rt iR d Wm@’ Pﬁ@hpépﬁ? %%%‘t’nburaéld
wat er has a | rit C|dentall , e 2 can
of 11 uorit o, S B RES L Pl SHF TR RPRTY R hleer CORPERET LTt e tons
| over su éace‘f f ’n&a&r{ ecgcgnﬁ? %yéjj’ | 1d £ | et RAL f' m lE%kstth%rt,h%tnder
appl i ed nozzl e "uni escCri a ove can be applied
descri bed beGauss: It OWRhn St 6N PLo L L Br ISt RO same amount of liquid
as the amount of liquid to be supplied is collected by liquid
recovery device 22 from the space between tip lens 26 and wafer
W, via liquid recovery opening léc and liquid recovery pipe
20 24, This allows a constant quantity of liquid Lg to be held
in the space between tip lens 26 and wafer W. A liquid
immersion area (liguid immersion space) formed by this ligquid
Lg has a circular shape in a planar view {(when viewed from
the +Z direction). In this case, liguid Lg held in the space
25 between tip lens 26 and wafer W is constantly replaced.
Incidentally, in the embodiment, as liguid Lg, pure
water that transmits the ArF excimer laser beam {(light having

a wavelength of 193 nm), which is used as illumination light

IL, is to be used. Refractive index n of the pure water with



25 and the | ower surface of nozzle unit 16 are lyophilic, the liquid
i mrersion area of liquid Lg can be forned favorably between the | ower
surface of tip lens 26 and the | ower surface of nozzle unit 16, and

t he upper surface of wafer Wand the upper surface of a liquid
repellent plate which will be 13 describeéd |ater on, using a surface
tension of liquid Lq. I n exposure apparatus 100 of the

nbodi t I terf t 30 d.that incl d ,
I ght br anchiSfg 't%ﬁﬁﬁﬁﬁa?e%?%gm o B CSpREE] ver § (73d”

inas pr edettef{]mﬁﬂrec% QQE @‘lwav%l tnlg%rﬁ O%nlifl?rElIQ% [ 1§Lir Cl'.elg 15 193

barrel 12 whi S op syste Br ant I'ng unt t

31 and reflegling 1rpr{r%rh0§:2%eec% %%gﬁdﬂq‘?% 386 P aced apart in the

X-axis direction by prede tance, such as, for exanple,

around 50mm 10 wi tihh &Rel EnBdiahkan, area Hfampl aymaiad hemd pghi slthade of
emtted fromtip lens 26 in between. Further, light branching unit 31
and refl ebti nMolunmrircy wB2 carlea eachiphaxedl ity twartth ahkypate taeecest erhat
of optical systemPL in the Y-axis direction (scanning direction)
(subst ant i al Iyrecdiowsirdisng faiceh tahéig@mief::oata@s @upésgeé af elp Algmrs 26

the Y-axis direction in the enmbodi FIG 3A shows a
schematic confi dueaiidd of! W%%&%pqlﬁﬂékf§96999éﬁu3§ Wherf A Wi FHsmRLe.

(e Y, 01 SR USRS Sy S AR SOTTLO AL 00 Bl
can be seen ‘gﬂé‘c‘l} ULWNGELES. f%%%dséBtﬁQQEH’l{rl e'rg% ?ESBCE% qt%uld

unit 31 has ectlon mrror ending mrro beam s
31b, a refer engs JAH EQk-rhaeh i X JHAIOLH1 8106 &%dfyaﬁhpilé @m%fmllc

mrror, and a housing 31d. Beanlsplltter 31b, as shown in
placed in a with liguid Lg. As the lyophilic treatment of nozzle unit 16,
for example, a treatment which applies a lyophilic material
such as MgF;, Al,03, and 510; to the lower surface (the liquid
contact surface) of nozzle unit 16 can be employed. Further,
15 1in the case of using pure water as liquid Lg as in the embodiment,
a treatment of providing a thin film made of a materizl (e.qg.,
alcchel) that has a molecular structure with a large polarity
can be employed as the lyophilic treatment, using the point
that pure water has a large polarity. Incidentally, tip lens
20 26 can be made of fluorite, which has a high affinity with
water. Further, on the lower surface of tip iens 26, a
lyophilic treatment similar to that applied to nozzle unit
16 described zbove can be applied.
As described, because the lower surface of tip lens 26
25 and the lower surface of nozzle unit 16 are lyophilic, the
liguid immersion area of liquid Lg can be formed favorably
between the lower surface of tip lens 26 and the lower surface

of nozzle unit 16, and the upper surface of wafer W and the

upper surface of a liquid repellent plate which will be



25 state where its separation plane is inclined at an angle of 45
degrees with respect to an XZ plane and a YZ plane, and al so serves
as a part of a side wall on the +X side of housing 31d that has a
rectangul ar holl ow shape . As a matter of course, a part of the side
wal | on the +X side of housing 31d can bel3 14 nade of a materi al

whi ch has the sane refractive index, coefficient of thermal expansion

d the Iik b itter 31b, and b litter 31b be

Compl ot el y. hOURHr TTRS I o1 r3bsi M A o W SE P 00rs Bbi i
mpletely hol . : |_

ot orence mirror 330 FERITES PR T DAt iR e by A kaee

of beam spli t{ffe 3 ometer 3070s & SHARMELa0N A BB A & d€gRE Uiy
31d, for exanple, one end of a dual-core optical fiber 33, "which can

perform 10 biwhitecdi oned Hpid Eodct IaNSM 95102 | Sedpis@t 1w § Nfaked in a
air-tight state at a predeterm ned angle with respect to the XY

pl ane. Thé atgradaieeofiropd imedifidrerl 33 Tandi ddef |@cttiton weorsBiteds of
set so that the traveling direction of |ight guided by optical fiber

33 is defl ectr i the whid e reetddoablesl def$te’iti®h- mirror 3la.

On a side on the other end of optical fiber 33, although it is not ,
shown, a branchi ng W&ttt BRaPShpReAddd3 L 4Rd Tof bAet bhe eF *Ofe32, in this

branchi ng section, a photodetection systemjs optically connected,
and to the ot%aesre'enatfegfp%[%%e%r%%ﬁ n]gIYZW% 11on A TFGHtOaUY @ such

2 7 T SR el oty ol el oS g

i's optically connec via an iso at or prevents .
light. 10 wikheaRhotadefeci bR rewssLMiNas & RAAT L Z8ht AdeRikkgAtfrom

receiving element (e.g., a photorultiplier tube (PMI) "and the
tip lens 26 in between. Further, light branching unit 31 and
reflecting mirror 32 are each placed substantially at the
center of optical system PL in the Y-axis direction (scanning
direction) (substantially coinciding with the center of
15 exXposure area IA in the Y-axis direction in the embodiment).
FIG. 3A shows a schematic configuration of laser
interferometer 30 when viewed from the -Y direction, whereas
FIG. 3B shows a schematic configuration of laser
interferometer 30 when viewed from the +2 direction. As it
20 can be seen when viewing FIGS. 3A and 3B together, light
branching unit 31 has a deflection mirror (bending mirror)
3la, a beam splitter 31b, a reference mirror (a fixed mirror)
31lc made up of a plane mirror, and a housing 31d.
Beam splitter 31b, as shown in FIG. 3B, is placed in a
25 state where its separation plane is inclined at an angle of
45 degrees with respect to an XZ plane and & YZ plane, and
also serves as a part of a side wall on the +X side of housing

31d that has a rectangular hollow shape. As amatter of course,

a part of the side wall on the +X side of housing 31d can be



251 i ke). According to laser interferoneter 30 configured in

t he manner descri bed above, a | aser beamemtted fromthe |ight
source (not shown) is guided inside housing 31d by optical fiber 33,
deflected in the +X direction by deflection mrror 15 3la, and is

i ncident on beamsplitter 31b. Theld aser beam which is
incident on beamsplitter 31b diverges into a neasurenent beam which

th h th tion plane . of b litt 1b and t I
"o the +X 5 GFELTIoR a1 or e B a I | ST T oo e Be
th ti ) t i .+ i ti T .
rregsﬁregfnreﬁt | g%a%@?%v%‘?%é glﬁé&terh%l Ifgpélg(rgé‘gé %frl]& i%gelr gﬁ(%catse e%?nfg%%e letter

reflection syifiace Rf ye&ald agdinNgdi 17198 3 RGNS, i Ud Gifdlde
path in an opposite direction, 10 returning to optical fiber 33.

Meanwhi | e, t kef neheirgca dheamsilsedebbedted roi o t berhef bethiroRasibhatem
of reference mrror 31c, and then is reflected again on the

separ at i oh plsme tdferheam splhal®erpBildm arah ikse sysadiesi zed coaxial ly

wi th the nmeasurenent beam and 15 returns to optical fiber 33.

And, the synthesi z&¢fisrgiceomigremsasui enbhreBeintattal ke eefaruHg@ce
beam entering optical fiber 33 enters theE%?otodetection systemvi a

the branchi n®Tsdd1§ onf G EptIeeFH bl BEDr evidusl y descri bed, and
the pol arized direction.20 is,arranged . the larizer nd then the
TR ARSI RET FoUBeconkian TinBrF P ErRsTT F ghiere e,

beans interfere with 2ach of he nce 'l

:’\ﬂ't ghainseﬁggt%ﬁeg%n@é i&ﬂ‘%\ | ught_d&ceiging. £ ik ss ad ihﬁii‘%ﬁ{wcgﬁ ﬁ%rform
gnal 1n accordarice wwth the intensity of the
i nterference diidiectaiNtha RIRCERSS] "G SidRhd Hidi®, the Nefd®led in an
air-tight state at a predetermined angle with respect to the
XY plane. The attitude of optical fiber 33 and deflection
mirror 3la is set so that the traveling direction of light
guided by optical fiber 33 is deflected to the +X direction
15 Dby deflection mirroxr 3la.

On a side on the other end of optical fiber 33, although
it is not shown, a branching section is provided, and to one
end of the branching section, a photodetection system is
optically connected, and to the other end of the branching

20 section, a light source such as, for example, a semiconductor
laser or other laser light sources, is optically connected
via an isolator which prevents the backflow of light.

The photodetection system has a polarizer and & light
recelving element (e.g., a photomultiplier tube (PMT) and the

25  like).

According to laser interferometer 30 configured in the
manner described above, a laser beam emitted from the light
source {not shown) is guided inside housing 31d by optical

fiber 33, deflected in the +X direction by deflection mirror



25 processing of a Mchelson interferoneter is perforned in a signal
processing circuit (not shown). Then, main controller 50, which
recei ves an output signal (hereinafter shortly referred to as an
output) fromthe signal processing circuit, nmeasures a change in the
optical path length of the neasurenent 16 beam The
interference state of the interference |light of the reference beam
and the measuy enent_ beam. nc.i%jeenct on.the |i recej.ni ng el enent

at

h;
changes accor &1%’9 6 jt]hse opth _ pat tPefaé[hg? %t%efrt Treasur enent
beam because the qptd Ci%'s;&%'%aﬁl' fheLRNEE Qﬁcﬁégngeéﬁ%&%ﬁnépfle@{@@“ﬁb

the reference beam nanely, the optical pat ength of the reference
beam i s substaRid@dsy GANStARMeadurdits €A B oh ¥ Drancshidd the
unit 31 and reflecting mrror 32 are fixed to barrel” 12 in a state
where 10 the seEnsdatalordipsi-arce fhekwrespliietbwo3ils aRUNtA4M€Us in the +X
constant, and the neasurenent beamtravels through liquid Lq .
Ther ef or e} t s mysthiical, patth d emfidresfce Heameaguradnen temditde off the
optical distance between |ight branching unit 31 and reflecting

mrror 32) clfamieddcdoidiaity tadhe gt thfe tefdiaeastion ndex 15
of liquid Lg, and aresult, the intensity_of the interference , ,
i ght qw‘ 'l 2hange %@&F‘&Pﬁ&fﬁaﬁfﬁeb@ﬁ%aéaﬁlﬁﬁg 1B PRt TY PR G 15

Liquid La Asearndingly o kA De SHIRGIBNL by oDl Lt g Lhe, QULRUE 5o,

fromthe si gnael processing Ci I‘CU%IIE% rocessed théelectrica

signal s fromJfpe Jd gl L8l g A £ ?’?{H i1 N %eé%f& ction,

refractive index of liquid Lqg (the change of tenp Iquid Lq
accordi ngot o g rohanae) GHLhe detect e, I ncidentally, it is known

in general that if pressure is constant, the refractive index of the
liquid is inversel YieamopdriE,ondle (dareases bazen itshe dfdnperat wief 2he
rises) to the tenperature. Referring back to FIG 1, on the
bot t om sur f ace fdfealdfcay strfpecaN®E, feofe reraep el r 2o v athmm Pre| Weeh tipe
hydrostatic air_bearing (hereinafter referred to as an air bearing)

i s provided iG¢fd gt ERRTRY NoPpF AR exePHERL IR Pildrd plybspmagplitter 31b

beari ngs . . , .
gs. and is synthesized coaxially with the measurement beam, and

15 returns to optical fiber 33.

And, the synthesized light of the measurement beam and
the reference beam entering coptical fiber 33 enters the
photodetection system via the branching section of optical
fiber 33 previously described, and the polarized direction

20 1s arranged by the polarizer, and then the beams interfere
with each other to become an interference light, which is
detected by the light receiving element and is converted into
an electrical signal in accordance with the intensity of the
interference light, and a processing similar to the normal

25 processing of a Michelson interferometer is performed in a
signal processing circuit (not shown). Then, main controller
50, which receives an output signal (hereinafter shortly
referred to as an output) from the signal processing circuit,

measures a change in the optical path length of the measurement



17 wafer stage WBT is supported in a non-contact manner via a

cl earance of around several pmon a base board (not shown).

Waf er stage WSBT, for exanple, includes a stage nmain section 91, which
is novable by a plurality of linear notors 5 within the XY plane, or
nmore specifically, in the X-axis directiof the Y-axis direction, and
the Tz direction, and a wafer table WIB, which is nounted on stage

mai n section.91 via a Z-leveling nechani sm (not shown) (such as a

voi ce coil n&eoa}n}. and is finely driven relative to stage main section
10 91 in the Z dir ' [ i QM : ' 0 Qn.

On wafer table V\7I'B‘,%q’{a(1al \%g g?%g%ﬁg? %ﬁ%{'é %h%o%ﬁ?dlt%%ter%% egj‘sée\i/g?g?lrﬁvﬁﬁythe

vacuum suct i Giefdrddies bk 48d aangedurbiehiehe s AN ddRI4IAPOL SHE facmt
of wafer table WIB, a liquid repellent plate 128 is arranged, which

forms a substryddiating elesbntTsindacacuwbiriinafer témuied pathhieength
waf er hol der, has a rectangul ar outer shape (contour), and has a

ci rcul ar bpenrimghs| nghthyehnangeretharbdadmismitée hptderlwhith distference
formed in the center portion. To the +Y edge surface and the -X edge
surface of waffetEOmERSVEPERL REAFoRNPolNShTpEeTenappreal, namely, the

respectively, and reflection suyrfaces are forned. On these reflectjian
surf aces, i ntoé%tflé?a(}'rré%aétﬁl t;r-,%“rﬂstlit rfbés%?ee SRR PFFbm S veshgrgially
interferonete Y-axi g.interfer. er .(in.FlLG_ 1, .only a_ Y-axis

i nt erferonet é"{or%%%nl%s' sﬁ)lé\/\n%lef 8r%£r?eal§1urni g l'gl gltwgo earnc%ngt é‘élelt 317 and

position t hatre%@é%‘ﬁge @ gt 8bf §£8”§£§éd Sé’étb%l?zféle 1br £adi aledy o itk re

by receiving the reflection beans wth each interferoneter,

di spl acengnt dnOBhgsheher&nsceaResiddiakdr Bhaenas dls, mai it &1 REd W AGht,
of a fixed mrror provided on a side surface of projection unit PU

serves as a reefcetkracessurdfaaca)t bd8mafraeacts tietbeghildrsdriqce Tiserefore,
nmeasured, and the neasurenent values are supplied to main controller
50. This al | o pritncednprdhl tengohteof rhdes mee stifernenws- deasnétiomaiptical

posi tion of wafer stage WST. _ _ , _ .
distance between light branching unit 31 and reflectingmirror

32) changes according to the change of the refractive index
15 of liguid Lg, and as a result, the intensity of the interference
light will change according to the change of the refractive
index of ligquid Lg. Accordingly, in the embodiment, by
monitoring the cutput from the signal processing circuit which
processed the electrical signals from the light receiving
20 element, the change of the refractive index of liquid Lg (the
change of temperature of liquid Lg according to this change)
can be detected. Incidentally, it is known in general that
if pressure is constant, the refractive index of the liquid
is inversely proportional (decreases when the temperature
25 rises) to the temperature.
Referring back to FIG. 1, on the bottom surface of wafer
stage WST, for example, a vacuum preload type hydrostatic air
bearing {hereinafter referred toas anairbearing) is provided

in a plurality of places. By the plurality of air bearings,



5 n exposure apparatus 100 of the enbodi ment, although it is omtted
in the drawings, a nmultipoint focal position detecting system by an
oblique incident nethod is further arranged, which is conposed of an
irradiation system and a photodetection systemsinmlar to the ones
di sclosed in, for 10 exanple, Kokai (Japaese Unexam ned Patent
Application Publication) No. 06-283403 (the corresponding U S. Patent
No. 5,448, 332 nd the |i . Tq§ ont r ol gﬁste %é}the .
exposur e appafatus B9 i RO Tdith1y & 7q%ﬁﬁ o Ve @
control | er 50, GAMROsad o5 0% A MELacaPHLED, (010 2 Wkl 2 1,00) dhak) |
control” of t n

performs overa € entire apparatus. exposure

apparatus 100 of t he rerbediymntysgonfd QUIsGinddl 4 he Jrannels desidRecain
above, main controller 50 perforns exposure by a step-and-scan nethod

on wafer W omawfiem 199eh20nWsd , mdeselke @y resuliks10t ywaf erimdd gsidrs
and the |ike, such as, for exanple, enhanced gl obal alignnent (EGA)

t hat has beenwipdrifrortied Xefmregtendhr Tivirse exposiufiecdll t hein the X-axis
step-and-scan nmethod is perforned by repeating a novenent operation

bet ween shot SiGRatHiGh idfer! sixddge Gslafpvedd §-he SFashinagFtion, and
starting 25 position ggiceleration starting position) to expose each

shot area on wW¥PEETWFERAE YTEcamrmt iy ek pesitebpar atReR Previtrstien 91
descri bed i n_which tﬂﬁvggttern of retic i,S tgaqsferred ont 0, each
I S

e R .
shot area by ‘tffe“séa l&%ﬁ%%ﬁ?%“ﬁ%?hhﬁﬁ3ﬁhﬁw FA st?éi%g??1COll
whi ch A : ; - - .

I ch an EXD%HO@\A% ?foﬁtl'smfflg%’el d?ﬂflhﬁeftl%flihagd}%egcc@ é@i&ggngqv%@ﬁlon

Won wafer stage I's per . , at the s hen
exposure1of waf e Wdasqbeenrconpl@iedx aRLACE9H A€k nalsPebimstarlbn.

operation to drive
On wafer table WTB, a wafer holder (not shown} that holds
wafer W by vacuum suction or the like is arranged. Further,
on the upper surface of wafer table WIB, a liguid repellent
plate 128 is arranged, which forms a substantially flush
15 surface with wafer W mounted on the wafer holder, has a
rectangular outer shape (contour), and has a circular opening
slightly larger than the wafer holder which is formed in the
center portion.
To the +Y edge surface and the -X edge surface of wafer
20 table WTB, mirror-polishing is applied, respectively, and
reflection surfaces are formed. On these reflection surfaces,
interferometer beams {measurement beams) from an X-axis
interferometer and a Y-axis interferometer (in FIG. 1, only
a Y-axis interferometer 116 is shown) for measuring the wafer
25 stage position that configure an interferometer system are
irradiated, and by receiving the reflection beams with each
interferometer, displacement from a reference position {(in
general, a mirror surface of a fixed mirror provided on a side

surface of projection unit PU serves as a reference surface)



5 wafer stage WBET to a predeterm ned waf er exchange position, based
on the measurenment values of the interferonmeter system i ncluding
Y-axis interferoneter 116. When wafer stage WST is driven by main
controller 50 in the manner described above, liquid Lg held in the
space between tip lens 26 of projection 1B unit PU and wafer W noves
froman area on mafer Wto an area on liquid repellent plate 128 with
t he novenent %% so.t hat

¥ i,d Lg held in a
space bet weer? gﬁﬁF% aF85 Bfgvﬁaeﬁe?ﬁugeﬁar?HQﬁsh?(ﬂﬁﬁfurement
S yn e e s R ol T .

the wafer fromwa er stage ér ‘'su

next exposur Q:cﬁrutcmelé/raéert@fﬁeaeage ﬂqr&tr«boalméhemonq@lprbscl%drpbk%rafer
50 perfornms wafer alignnent and exposure operation by t

st ep- and- scarsgmihatb®N a new wafer, and sequentially 20 transfers

the reticle pattern on a plurality of shot areas on the wafer.
Hereinaftér, a sinlrnaezppenat eppesatxeclip@dofepeat@dbydinent, although
exposure apparatus 100 of the enbodi ment, during the scannin

exposur e previtods] YPrdd@d bigu, theorifiawiantsy,a Mt 2% igontiastd erp&gi tion

performs a focus |eveling control of wafer Win which wafer table WB
is finely dr |C1F’etr?qtn“"tgnes3%taﬁ€'i‘ P 3 AT 0r1e P RACHR T SR TE ditl Fether

di t k th W
o ea AN o AT Sttt Y LoniiSid A58 SPTLASRANT, 'SR EE L &
system PL 2 k%%d&@b&%cﬂ?%ﬁ}é’de?n slmaq%roraoaeheuwgg %{séf@ ed in, for

mul tipoint focal position detecting system previous escri and

an out pui of r RSN ato K OCERSI AL £d NEb fad idd @étél’(’@@%ﬁfbation
el ectrical signals output by the light receiving elenent of |aser 5

i nt erferonet @ulB0 (dterai NnBbt el 6 sh34 0y (takecsedetposdhipd W .88 RAtent No.
out put of laser interferoneter 30). In concurrence wth the focus
| evel i ng conta.di48,332) and the like.

The control system in the exposure apparatus of the

embodiment is mainly configured of main controller 50 composed
15 of a microcomputer (or a workstation) that performs overall
controil of the entire apparatus.

In exposure apparatus 100 of the embodiment configured
in the manner described above, main controller 50 performs
exposure by a step-and-scan method on wafer W on wafer stage

20 WST, based on results of wafer alignment and the like, such
as, for example, enhanced global alignment (EGA)} that has been
performed beforehand. This exposure by the step-and-scan
method is performed by repeating a movement operation between
shots in which wafer stage WST is moved to a scanning starting

25 position (acceleration starting position) to expose each shot
area on wafer W, and a scanning exposure operation previously
described in which the pattern of reticle R is transferred

onto each shot area by the scanning exposure method.

FIG. 1 shows a state in which an exposure operation by



previ ously described, main controller 50 can drive at |east one
novabl e I ens via image-form ng characteristic correction 10
controller 51, based on the output of |aser interferoneter 30, and
can adjust at |east one inmge-form ng characteristic of projection
optical system PLL consisting of optical ¥ystemPL and liquid Lg,
such as, for exanple, magnification, distortion, astigmatism comatic

aberration, herj.cal 15 aberratiqgn .and curvature of image pla .
(i mage pl ane StortH oanI}q ShEh %ﬁﬂ?}ddco% r"f)alufeelf @darédﬁé?%gﬁ%%ge Wer is
i mage- f or m ng, Ghay ristic described above, in this case, in

addi tion to,%Br |ﬁ§%%gd of the drive of the novable |ens, the

wavel ength of illunieat,i o rghtsddgeamdie adidsiad o20A 78l af ity been
bet ween t he phenonenon that the out’put of |aser interferonmeter 30
shows, or norecngiedidd caldyn ddrecedldnge B0 Hdwi roptdrc adpgaithi drengt hiifve
t he neasurenent beam of |aser interferoneter 30 in liquid Lq (nore
speci fi cabl y,wafleer cligruge WoT thearefedeteveinadexaddr |éxphahde)posdion,
the optical 25 properties of projection optical systemPLL, is

obt ai ned bef SEEfth@ byharmesxperehent Yahgdudingha ShherEerongtoF syten

like, and is stared in_a nenor not shown) .inside main controller ,
50. As descri LJéglcﬂﬂa:f"iaﬁléx E‘%ﬁ’geﬁ%%’?% Js“’i‘OOWPEPa‘f%ger FLags VRE 1s
enmbodi nent , e ti th_of Atk S nt , be of .l aser
interferornstte%{r%cjg%|5}7332gia'(‘{'fé}}lo0%21lt %39% e%gegﬁ ?ﬁ%I%% ﬁ%%]dééég?%éd apeve,

exposure |i 9rltiddid"’{i.iqcﬁeT@Sirpwggtgaﬁ%gbwé-éygetg(ﬂo?.e%% 2_@3(5?&)%0[; Q[%teion

controller 50 can neasure the refractive 5 1n 1 qui

optical path ofiemosudevhirght il hoves fooRenRnePoeciyseert hetavas agea
refractive index (change) of the liquid on the optical path of the

measur enent keamhifguda Fegbillbnanphahg 128 twikh athd aseementesf erlosaizier
30, based on the output fromthe signal processing circuit that has
stage WST, so that liguid Lg is held in a space between a
predetermined area provided in a part of liquid repellent plate
128 and tip lens 26.
15 Main contrecller 50 exchanges the wafer from wafer W on
wafer stage WST to a wafer subject to the next exposure at
the wafer exchange position. Then, main controller 50
performs wafer alignment and exposure operation by the
step-and-scan method on a new wafer, and sequentially
20 transfers the reticle pattern on a plurality of shot areas
on the wafer. Hereinafter, a similar operation is executed
repeatedly.
In exposure apparatus 100 of the embodiment, during the
scanning exposure previously described, concurrently, main
25 controller 50 performs a focus leveling control of wafer W
in which wafer table WTB is finely driven in the Z-axis
direction, the 6x direction and the 6z direction so as to make

the wafer W surface corresponding to exposure area IA coincide

within the range of the depth of focus of optical system PL



10 processed the output fromthe |ight receiving el enent of |aser
interferonmeter 30. Further, according to exposure apparatus
100 related to the enbodi nent, during the exposure operation, focus
| eveling control to nake the wafer Wsurface corresponding to
exposure 15 area | A coincide within the rahge of the depth of focus
of optical system PL as much as possible is perforned by main

troll 50, based th t f th |t it
R A iy iR B B D o
i qui [%Eq_r %39
| evel i ngqcont eésrg?lleb ﬁ%ﬁg%?tgﬁaéy%%%%\gg ocq'rrrlgﬂaésyaﬁtélla ﬁL %ut

tenperature chapgs sofgﬂaggh:eclegs%gacmé ‘tYl'a‘i:YhéH p%eg@,@ea/elfl@@crlcal
degrees Cel sius, however, when the tenperature of |iquid Lg changes

by around 1/ m%auj&grcﬁmp% @Itsmelsllgﬂnte Bpté DAl npad hethengt &if of a e
measur enent beam of |aser interferoneter 30 changes by around | Onm
Because the rk&tﬂnﬁéxnmé&emnﬁﬂalhE@eénaEESs $hant by ek e it ahmply as
interferoneter using the | aser beamin general, in exposure apparatus
100, it is pousiBIOte Meakiner tHeterfgpremeiee thange 22 of |iquid

Lg at a sen5|t|V|ty of around 1/10009b ees Cel sius.,K Because of

this, the focus | eV |(11ﬂjchjcﬁﬁerrkﬁed'5ﬁt ek]ferﬁ%%dlwetlﬁr}ﬁ FHHER S acy,

Wi i_h booq EBRRIN P J LMD, Fr#f e%%g%f@ﬁggaﬁﬁﬁégﬁi 5187 Fhffast
enbodi ment, RERAWSE o eyzéggw dg)lﬁ@ kably Sﬁaﬁffagggtéﬂg@%' crection

mrror 32 which can be produce en conpare

tenperat upe seISOGfolAMe 310, heyadd agheathd oddsud Qver: £ siidae@ meter
optical systemPL, the terrperature (refractive 10 index) of liquid Lqg

can be measurxy winchosh adeudt avt Qleasitqohd lifa ge- £ bemdpd | el rpaidridtic
the exposure light IL being hardly bl ocked. Incidentally, in
t he enbodi nemzt aboyectwonl eot heat sy teas Phéeronieset ibed fnbpt écal system
exposure app%%?&ﬂij]f¥gdfhefg?FgﬁﬁL as, for example, magnification,
distortion, astigmatism, comatic aberration, spherical
15 &aberration, and curvature of image plane (image plane
distortion). When main controller 50 adjusts the
'imagemforming characteristic described above, in this case,
in addition to, or instead of the drive of the movable lens,
the wavelength of illumination light IL can be adjusted.
20 A relation between the phenomenon that the ocutput of
laser interferometer 30 shows, or more specifically, the
change of the optical path length of the measurement beam of
laser interferometer 30 in ligquid Lg (more specifically, the
change of the refractive index of liquid Lg), and the optical
25 properties of projection optical system PLL, is cbtained
beforehand by an experiment (including a simulation) or the
like, and is stored in a memory (not shown) inside main

controller 50.

As described above, in exposure apparatus 100 related



15 with laser interferonmeter 30 having light branching unit 31 and
reflecting mrror 32 that make a pair, the present invention is not
limted to this. For exanple, a plurality of sets of |ight branching
unit 31 and reflecting mrror 32 can be provided, and placed at

di fferent positions (the 20 positions cardbe either crossing exposure
area | A, or outside exposure area |A) in the scanning direction of

he | f f b | 12 of i cal PL h h
of the. apt | oA1S DREITTRRINIER:” FRENERs HhBA. TaaHFEERE ERAME B Tt
refracti ve i ndex, (ferpeLal uce) oL bigulg 16k cancbe 25 yRasnred at: e

each positio thi's case, marn con can measure

change of theaptdLalpypal bt engldsofe thegeasyraiei heamddhey chandesh
of refractive 'index (tenperature) of liquid Lq) between two points,

whi ch are on €ach éfs @ @) wiadn tyorof rdERsSHr BIeddn Qi d Sate pidisse Btadtive
timng 23 according to the novenent of wafer stage WST in the

scanni ng i r eigtdeon.ofl Aighiisl Tasen e ropoimtaboldaah 58 eapoperéorhmght IL,
pre-read control of the surface position of the wafer based on the
refractive i mdekochangerefpregise Ldiagvieradserpiearsadesindaxr othaige)
the wafer surface position using the nultipoint focal position

det ect i ng sys‘tfeﬁflefjcﬂ'q‘é%gr?d} &he ot hgR + mad-Tt 8 sty MeEsHT ssd teBRERof rom

del f tilt,.dri f f tabl e. WB.., Further, f I

ot onent VB BB L% 5y EP AL M e BB Shpckere o
el errac ve e o mety

conpensated B n MRS e (e B Fo L LPHG 001 £8: Ofthat, has

this, theopl yrddddsed taetsugbut irtdhin PRANCRIMIrEBEt v3Aganbaid eetider
mrror 32 can be placed apart in the Z-axis direction or the X-axis
direction. lSmoitfentaldtyyr i301 he enbodi nent above, while |ight
branching unit 31 and reflecting mrror 32 of |laser interferoneter 30
are fixed to barrelFuttheas aekbrdinghis expioghtrebrapehangs uilt r8laanad to
reflecting mrror 32 of laser interferoneter 30 can be supported, for
exanpl e, by rd¥PEPR2GLERPEL 1826 G LGP P S RERIC {aiotoshRAY S (ke veling
a netrology frame ar .the Lik ) ‘é'ge irrportfnt thing is that the

optical path SPHHR FEaBar8 WSt ¥ roth 13 Gh OBt ET oG gn P gposure

shoul d beSEHaféélfﬁngékﬁékde within the range of the depth of focus of

optical system PL as much as possible is performed by main
controller 50, based on the output of the multipoint focal
position detecting system and the output of laser
interferometer 30.

20 In a lcocal liquid immersion exposure apparatus, when
performing the focus leveling control described above, it is
necessary to measure the temperature change of liquid Lg at
a sensitivity of around 1/1000 degrees Celsius, however, when
the temperature of ligquid Lg changes by around 1/1000 degrees

25 Celsius, the optical path length of the measurement beam of
laser interferometer 30 changes by around 10nm. Because the
resolution is equal to or less than around 1lnm in an
interfercmeter using the laser beam in general, in exposure

apparatus 100, it is possible tomeasure the temperature change



Further, in the enbodi mrent above, while light branching 25 unit 31

and reflecting mrror 32 of |laser interferoneter 30 are placed with

the optical path of exposure light IL in between, the optical path of

t he neasurenment beam does not necessarily have to intersect with the

optical path of exposure light IL. Furthets in the enbodi mrent above,

i ght branching unit 24 31 and reflecting mrror 32 of |aser

interferoneter_ 30 are fixed to barrel 12 _and |i hing unjt.

31, “and Che HhEI0sares S rebRe L hhaLsaA S ar PER Sy EHTRBeEReF & 15t us-

connected by é twlo'fcft).éﬁs?p h%afoéﬁgelrevse‘?_’tjtr!_%% &l 1a§sa¥¥eﬂ>é p?esrformed
e'tha I'on ('such a

this, 5it is also possi a configura

configuration,ganpbenr gakhz8dyhyamsingnacBrkarb2at ivie heamoshl k& tern
as beamsplitter 31b, and placing a quarter-wave plate appropriately)

of a |ight branaudilg shid dreadghwdher apticeh @aéd pfedheidmser beam
that enters light branching unit 31 fromthe [ight 10 source and the
optical path of the&uwtdmsiineexpioghtrer eppamangsf t 0t bFf atledi engoadiinient ,
31 to the photodetection systemare separate optical paths is ‘

enpl oyed, andadwiss ghitlbr rigr anthinthodinief | Tetdndy vafreort 3w aplgcror
fixed to barrel 12 while the light source and the photodetection ,
system are fided &M 5annge) UGRH LR T Rz A6 Ldn PR e R 6COomRAF pA W i D
so-cal l ed air_ transm . ssion éin t hi.s case, transm %%ﬁn t hr.ou | iquid

Lq) of Iight 3 s P&t BETUEEh THE 1 TYHC sHur e Bhd" T ne'§ i ghte end

branchi ng uni and : ' nchi i %gg: h ;
phot odet ect i oéﬁzrsyst e%@ﬁ't \é%%}r%{%ré}}%?r% E%ﬁ'e%%%?tn%%é% oveé, \%ﬁ%acuve
l'ight brapchiinghadini br3ili g ef beatbahddsurdd d2tBbukas®d f1ow of liquid
interferoneter 30 are placed along the X-axis direction (a direction
orthogonal ta.d ke saanaptgcdlresthanf thas ea@ldsvas Lhgbt [L0Ming hardly
branching unit 31 and reflecting mrror 32 can be placed al ong the
Y-axis 25 di rectdked. I ncidentally, in the enbodi mrent above,
while the focus | eveling control of wafer Wduring scanni ng exposure
and the like is perfsrifehtaddsad in threenhpgimnent phgEe, while the case

interferoneter 30 and the qutput of the nultipoint focal sjtion
det ecti ng as been descfi é% where exposurepapparatus 188 is equipped

15 with laser interferometer 30 having light branching unit 31
and reflecting mirror 32 that make a pair, the present
invention is not limited to this. For example, a plurality
of sets of light branching unit 31 and reflecting mirror 32
can be provided, and placed at different positions (the

20 positions can be either crossing exposure area IA, or outside
exposure area IA) in the scanning direction of the lower
surface of barrel 12 of optical system PL, and the change of
the coptical path length of the measurement beam (the change
of the refractive index (temperature) of liquid Lg} can be

25 measured at each position. 1In this case, main contrcller 50
can measure the change of the optical path length of the
measurement beam (the change of refractive index
(temperature) of liquid Lg) between two points, which are on

each of a plurality of measurement optical paths, at a timing



25 system the multipoint focal position detecting system does not
necessarily have to be used in the focus leveling control of wafer W
That is, a control simlar to the description above can be
performed by measuring the positional information 5 (surface position
information) of the wafer surface relatedio the optical direction of
the projection optical systemin advance (prior to exposure, such as

f le, at the ti f | i t i f

oSi L1 o' SehSTCH The 1 LR, Ty PRECHeo S e J00T% Mo Thi el 900
of t h_e waf er i%bel@t:i]tpn .su][Ifna%%irée?:%léree,d léS_L'nn%o%téo Gi%scorSO( Q:raft rE)E'ez%orm
p05|t|onal i nformation of the wafer table neasure using a

i nterferonet gfrandbddedie®)1 T U0 a3 rackehBEERE8n 8RO NSI NGFd N&ased
measurenent information and the actual neasurenent information by the

Z sensor (or drhehd refestei oseimigx ahahle d5 MidE DLgexPdsutRe pre-read
I ncidentally, in the enbodi rent above, while a nozzle unit that has a

| ower surbaceamtimwhl tdie Wed eraisr pluackbd auigigt ion useid)g ashewtd lapoint
this, a configuration having nmultiple nozzles as is disclosed in, for
exanpl e, PCT fafiak 225 ohdn 2be bl ieht$ 0 9. 007 4950d0 Ll eant & 5ed bnto
enpl oyed. Th%HPoin i s that any configuration_can be enployed,  as

long as liqui PP St IGhEd CPREERS QB;@E %Eﬂ%ééhdFH “ofs i gafer table
reroer (115 LG05) 124 g LS oMty S SRS LARD ont el system

PL and waf er part of "an“appard se
the 25 change of Ry &alndiants i d el ated 4,9 g deld aatdy o ngtex, of
. . ko 41 1 T
the liquid existing In ?he |qU|dyf%nerS| n are or nme y ﬁ%e I qu
can be phacedy imbwirsd atre where-Atid eastedt Mo tcl BdecaRPA A USH 115y 1 4
contact with the liquid innmersion area. For exanple, the liquid
i mer si on nmegilantamtdy sef asetbureiRETt 26sui«er nati onal Publication
No. 2004/053955, and the liquid inmrersion mechani smdisclosed in the
EP Patent Appli cat iBssiRgs itdasi onhilop L U228 chsedlssofbbiglpplbisthaloing
t he exposure apparatus of the enbodi nent.
unit 31 and reflecting mirror 32 can be placed apart in the
Z-axis direction or the X-axis direction.

15 Incidentally, in the embodiment above, while light
branching unit 31 and reflecting mirror 32 of laser
interferometer 30 are fixed to barrel 12, as well as this,
light branching unit 31 and reflecting mirror 32 of laser
interferometer 30 can be supported, for example, by nozzle

20 unit 16 or a support member (not shown) (e. g., a metrology
frame or the l1ike). The important thing is that the optical
path of the measurement beam from light bfanching unit 31
should be set in liquid Lg.

Further, in the embodiment above, while light branching

25 unit 31 and reflecting mirror 32 of laser interferometer 30
are placed with the optical path of exposure 1light IL in between,
the optical path of the measurement beam does not necessarily

have to intersect with the optical path of exposure light IL.

Further, in the embodiment above, light branching unit



S5Incidentally, in the enbodi ment, while wafer stage WST incl udes
stage main section 91 and wafer table WIB, as well as this, a single
stage that can nove in six degrees of freedom can al so be enpl oyed as
waf er stage WST. Incidentally, instead of a reflection surface, a
novable mrror consisting 10 of a plane mM4ror can be arranged in

waf er table WB. I nci dent aI I y, in the enbodi ment above, pure

t he | tt
Sourse that {He BroaeHLS TV MOIF S Nt 11 AR (Vi Lo Reeie 30 are
l'i quid, h t t.0
Hud. 2 cher % kﬁﬁ%ﬁ%ﬁ&%ﬁ hg H‘cgﬁt 'E:ar% 'Ehh%sgt [APEM{ L aNee AR 1 nt

fluorine- Conts%dl‘dllg ah@efﬁelékg&t{éii&@éb@ﬁrys.ﬁ%teﬁ? atBCoptically connected
fluorine-containing inert liquid, for exanple, Fluorinert (the brand

name of 3M Uyt edesaaags&.og@rbpb@lmpctlb&es@l UsHbhEvEPNtAl ReNd dHeiHis,
liquid is also excellent fromthe 20 point of cooling effect.

Further, as theikiaisdpoksdbilewhhath shasnflgefattonVviesuadexdnghperration
than pure water (a refractive index is around 1.44), for exanple,
l i qui d havi ngan b@fm@hv@dubmdebalé@ualp@bamzmmrbetarﬂaﬁpil5t@ana@éoeam

used. As this type of |IC]UI for exanple, a predetermned liquid
havi ng G H 25Riidistg36P- ()””FF1 Bllﬁ&lﬁg %l%lﬁr&er“é”@ﬁfreoﬁéﬁ*éﬁ FRREWRy ptely)

rerractive | ndex, of o 50 0yest o, Calucerin) Dadag S or one
Stuent)  such AL NBKARCnDRMLANG 01 (ARAAAEAALLLAG LAKE 428 B ChL o one

Al ternativel Iq X1 ng ar y two or

of thesepi qLHdiﬁchiMnQQ:H@%Qt1@%1%$E}9Wfdt98ts@d%ﬂe%ﬂghggt(ﬂgﬁﬂﬂ}g)ng

the predetermned liquid to (with) pure water can be used
Al ternativel \ercas ddwndHing dindt 310w «Hd apzrwbcbafteaddicng £y tamMPre

base or acid such as H+, Cs+, K+, -, SO42-,
separate optical paths is employed, and the light branching
unit and reflecting mirror 32 are fixed to barrel 12 while
the light source and the photodetection system are fixed to

15 the lower surface of nozzle unit 16, sc that a so-called air
transmission (in this case, transmission through liquid Lq)
of light is performed between the light source and the light
branching unit, and between the light branching unit and the
photodetection system.

20 Further, in the embodiment above, while light branching
unit 31 and reflecting mirror 32 of laser interferometer 30
are placed along the X-axis direction (a direction orthogonal
to the scanning direction), as well as this, light branching
unit 31 and reflectingmirror 32 can be placed along the Y-axis

25 direction.

Incidentally, in the embodiment above, while the focus
leveling control of wafer W during scanning exposure and the

like is performed, based on the output of laser interferometer

30 and the output of the multipoint focal position detecting



5 or PO42- to (with) pure water can be used. Mreover, a liquid
obt ai ned by adding (m xing) particles of Al oxide or the like to
(with) pure water can be used. These liquids can transmt ArF exciner
| aser light. Further, as the liquid, liquid, which has a small
absorption coefficient of light, is |ess ZE0 tenperature-dependent,
and is stable to an optical system (tip lens) and/or a photosensitive
agent (or a protecti fil .top_coat fil .an antireflection fi
o “The 11 ke) WGkeRy oet e TtapPace Spoanuipat o8 H e Hip Vb ten Hoes
Further, in I i S S: | i S |.i
il can' be 18 Zel BEEe§Rr Ty ARFL (1 HEoRleR% A e R g Y
is al so possidd @af8aly.t hehkeGayes ednkir@yl &k hS1 £ 2¥8athe ABdckAp8YEA Bove
case, a filter that renoves inpurities fromthe recovered liquid is
desirably arrangesd igedfrenidd i Meegomemyy dd geys tthiedd quirtEcBnation
recovery pipe, or the like. Furthernore, in the enbodi nent above,
whi | e t hebexpesuriacappasittusn Snégumppedni i theé wif¢oncalrfdqrimklated
i mmer sion device 14 described earlier, the exposure apparatus does
not have to B& &ha&i ppedciltBlirephien (Forthexanpliectire PPELFdlstppign in
devi ce and/or_ {he quuid 25 recovery device and the Iikeﬁ?of | ocal

i

li quid i mrer SRS\ OE P4, TAnTFRIRRT S pEl & ThE §uBEPI-Eut 3b WYE ttHeEe
equi pnrent avaid abl.e i f ory_where the exposure.apparatus is
U RErSe AL HERERE L ol YO i sVeE T PR A BROSEAREE e

instal |l ed. Further, i c

28 descri bed l%,ewyﬂﬁ THLEERE A @V];%gi-@irbrjhggﬁgmnia%QO ?(ﬁé tﬁ‘l%aﬁgf?? table

exposur e apparatus by a step-anda-scan net or the e, as we as

thi's, theopresaHaddviRiddRdREMSE e ARded 30 ehsStatdds exinasr e
apparatus such as a stepper. Mreover, the 5 present invention can

al so be appl iied drmeaa iranl tof ttagevafipe tIes uen appsad atdlinequipped
wth a plurality of wafer stages, as is disclosed in, for exanple,
Kokai (JapanédsecUieraniated Patdite Appkd cerioimdPalsl & catfiegssiceNoand using
10- 163099 and No. 10-214783 (the corresponding U. S. Patent No.
6, 590, 634), the measurement information and the actual measurement
information by the Z sensor (or the Z interferometer) at the
15 time cof exposure.

Incidentally, in the embodiment above, while a nozzle
unit that has a lower surface which the wafer is placed facing
is used, as well as this, a configuration having multiple
nozzlies as is disclosed in, for example, PCT International

20 Publication No. 99/495504, can also be employed. The point is
that any configuration can be employed, as iong as liquid can
be supplied in the space between the optical member (tip lens)
191 at the lowest end constituting optical system PL and wafer
W, and a part of an apparatus used to optically measure the

25 change of physical gquantity related to the refractive index
of the liquid existing in the liguid immersion area formed
by the liquid can be placed in a state where at least a part

of the apparatus is in contact with the liquid immersion area.

For example, the liquid immersion mechanism disclosed in PCT



10 Kohyo (published Japanese translation of International Publication
for Patent Application) No. 2000-505958 (the corresponding U S
Patent No. 5,969,441), the U S. Patent No. 6,208,407, and the I|ike.
In this case, by constantly placing either of the wafer stages

i nt erchangeabl y bel ow projection 15 opticaf system PLL, the liquid
can be held in the space between the neasurenent stage and the |iquid

e on o SSBLLSeln YU P 0 LB misAde seeialdon ol
whi ch can 'rra”m@’eﬁ%éﬂb% ARy g a%"%LoS%é"c% ai'r?‘)crgef eé’?'ﬁa%@#t:gxﬁ%ﬁé‘ascion

20 (water rrom bei ng genera he tip lens s

optical systemdllication NdEUﬁM@%Q@8i%ahhglggbegiﬁﬁ?iié@0¥§1tﬁb exposure
measur enent stage can be arranged separately fronmthe wafer stage as

i s di scl osed dgpadaiuexaniies MEodiiaithati onal Publication No. 25
2005/ 074014, PCT International Publication No. 1999/23692, U.S.

Pat ent No5 6, 897, 9@ cankkrtthd Ui, ken ahd dnieodimpntd, cdnllkewhéked shagdelST
space between the neasurenent stage and the liquid i mersion unit by

pl aci ng t he rguslndafemtageage idi sectipnufdenngr 6péeri babbptWERY as well
system PLL in exchange with 29 the wafer stage at tjnes such as the
exchange operist FBASofe CAEGHEF BF 298 At S2RA ad vgt ¥ dagreSspef dtssifiom

of recovering and .supplving the liquid each tinme fer. is
exchanged i s%ﬁﬂ ar%éscogg)sélar%}[‘,%m %41 %anwﬁ oﬁl%aQ%e&ﬁ‘r \gﬁé’ﬁp}ﬁfte,nté"r}&ydan
also 5 preve’ltné‘}%ta%f oFRLKS £{om b %m,a%{eﬂ QQb&B%HPok%sisﬁing
sur f ace. urt her, t?’ne magni fication o tﬁe proj ection optica

system i not he,©Xpesi e apRaFdHt Usan bd her it manty b0y ec dis) dofronl y
a reduction system but also may be either an equal 10 magnifying

system or a magni f yinrd deyst=Amy anc the: pntjetinart eiidwsl msd amwan
be not only a dioptric systemor a catadioptric system but also a
catoptric systwrherndstysedpraejBot édaindgeraarveai t heride rattiqwerftedirse
i mge or an upright image. 15Further, in the enbodi nent above,

transni ssi ve thje ths PN E)7eRiIYh 3% ot revsiiedite Subst [ de the
on whlch & prdetel IS L1 AN, ShicLdLng, aly o0, (of, B Bhase paLien .
this ret igl e’toasililsumdjjnsa Iioosr‘ledliigrht fﬂ.r aer%(c?rrlpsl eSaéJe' e} Pl?stee,ntsuch as a
flucrine-containing inert liguid can be used. As the
flucrine~containing inert liguid, for example, Fluorinert
{the brand name of 3M United States) can be used. The
fluorine-containing inert ligquid is also excellent from the
20 point of cooling effect. Further, as the liguid, liguid which
has a refractive index higher than pure water (a refractive
index is around 1.44), for example, liquid having a refractive
index equal to or higher than 1.5 can be used. As this type
of liquid, for example, a predetermined liguid having C-H
25 binding or O-H binding such as isopropanol having a refractive
index of about 1.50, glycerol (glycerin) having a refractive
index of about 1.61, a predetermined liquid (organic solvent)
such as hexane, heptane or decane or the like can be cited.

Alternatively, a ligquld obtained by mixing arbitrary two or



20 No. 6,778,257, an electron mask (which is also called a variable
shapedmask, and includes, for exanple, a DMD (Digital Mcromrror
Device) that is a type of a non-em ssion type inmage display device
(spatial light nodulator) or the Iike) on which a light-transmtting
pattern, a reflection pattern, or an 25 &4l ssion pattern is forned
according to electronic data of the pattern that is to be exposed can

o e et e st R E BTN o £20, 1 50,05 o oy
tt f
paierne on SUALEL (K310ch0)SLIAN OO Galy SYSHO 09 LMD 20 cer

by one scannidyg g¥peseEe, S dihlS105eds fne ORIl 1 P8 b tained
(published Japanese translation of I|nternational %ubl ication for

Pat ent Appl i ¢at kad)intyo(mbR0R¢}) LB G ( hbedcaudiespont) g ™). 8, Batgergo, 2,
No. 6,611, 316). I ncidentally, an object on which a pattern IS
to be forded C(laﬁO@):bj eot (wubj egtuteowexposaae t® useicch Hnrenvegy dddmuid
is irradiated) in the enbodi ment above is not limted to a wafer, but
may be ot her dbBjaderes! ychddisng @rﬁe@an)t meEt iglesr afi Bl Fxisigerr bhe like
filmnmenber, or a Qsure

e of t he_ex
appar at us i s oot Wﬁrﬁl?tléﬂr%ﬁf%f:?% c@l’i’eng‘p%‘”s% aﬂﬁgifjércan transmit
manuf act u_r| n %erg ccor}(guctlasedrevr cehsd blELI I:E 5 geafssgnthl ?é??@lt kggggl%n Lid,

al so be vvrdeyapp 't o-%n exp urea

di spl ay deviges JAp Haﬂs \t{n ] 'ar}:%]]fi;tclraretateﬁ n%gtél’yt e i 1o f‘ﬁrpet  Ness

is transferred onto a rectangul ar ass plate a an expos

appar at uspf ortearp&%mm@ﬁﬂd‘ezﬂsantattglsﬁagmetﬂ&aheﬁ%calne EBEm (ti
devi ces (such as CCDs), m cromachines, DNA chips, and the Irkg In P

addi tion to fiabrd)cahdigrm phode\eeaeathwleeam qondaglirert: <2 idevECRES, (top
the present invention can al so be adapted to an exposure apparat us
that transferad diideoui,t gratardriraiol ectylassfislbstamttdie al idid)i cormted on
wafer, or the like in order to fabricate a reticle or a mask used by

a visible |i{he éigdsaeecapparafes, sh RO eoghdsur eFappaeatr ush e case

X-ray exposure rat us, an
y P an %gpfaser i1s used as the light source, fomblin oil can be

15 selected.
Further, in the embodiment above, it is alsc possible

that the recovered liguid is reused, and in such a case, a
filter that removes impurities from the recovered liquid is
desirably arranged in the liquid recovery device, the liguid

20 recovery pipe, or the like. Furthermore, in the embodiment
above, while the exposure apparatus is equipped with all of
local liquid immersion device 14 described earlier, the
exposure apparatus does not have to be equipped with a part
(for example, the liquid supply device and/or the iiquid

25 recovery device and the like) of local 1liquid immersion device
14, and such a part can be substituted by the equipment
available in the factory where the exposure apparatus is
installed.

Further, in the embodiment above, while the case has been



25 el ectron beam exposure apparatus, and the |iKke.

I ncidental ly, the disclosures of all publications, the PCT

I nternational Publications, the U S. Patent Application Publications
and the U S. Patents that are cited in the description so far rel ated
to exposure apparatuses and the 31 |like Zte each incorporated herein
by reference. I nci dental ly, sem conductor devices are

f act d t f t wh t.h

Mot e er Ao d hB 2 e Bl ol RV RELEn ik annl ied fiop SREIENG
ticl b t t f wh

S\lla][ grl icserraﬁﬁeﬁ% Tr'ed a%%g%%}l I c gpSiféeE?l < ggg#ﬁ%&g&agﬁegh (ke as

where the patfern JOrmed on s MSsdrt tfrﬂfé{ﬂdr?%agma‘ls@ @Jeﬁﬁ;lﬁé{?h:o

as the wafer by the exposure apparatus in the enb ment above,

devel opnent s epather expbeunalgip{a ecklichhas &@%e@@e&@em&@ﬁ@@ﬁ@ﬂ, ithe
devel oped, an etching step where an exposed nmenber of an area ot her
than the ar eqaxwtm*rs: tiherargsicst ageenailss bs appﬂn‘zed by ®tmohitng;steeage type
resi st renoving step where the resist that is no | onger necessary

when et chi ng 9¥ e appapRétedcisipeadvedh a pbyfell tis senbhyestsrges,
i ncluding a dici,ng process, 15 a_bondi ng process, ,the package

process), inspedsS 6nSSLOSS%aRd t heT| FRaTPL A/ tlﬁ?]éa%a%%ap@?%hémexamlned

by oxecati ng RIERE Rty Ao ek BEth bove 8@“3@6?@& S
?E?Zé?;?Zdl Setldlqce 20 cia{;@gge |rrpr0\Pecg{chmv tﬁ_gﬁgﬁi% 5I%P 634)
As is desgri heshaboMsb it heh QX RAKIH fe AP PEF A 1S, ansh the ﬁ%&&ﬁ&ﬁ@lé@éi‘w

of the present invention are suitable for 25 exposure of an object
such as a wafmiblifaatiar , fd:hepaesmic apmmbacian) b et o 5653%8 (the

present invention is suitable for manufacturing of m crodevices.

corresponding U.S. Patent No. 5,969,441), the U.S. Patent No.
6,208,407, and the like. 1In this case, by constantly placing
either of the wafer stages interchangeably below projection

15  optical system PLL, the 1liguid can be held in the space between
the measurement stage and the liquid immersion unit (optical
system PL). This eliminates the operation of recovering and
supplying the liquid each time the wafer is exchanged, which
can improve the throughput, and can alsc prevent water stains

20 (water marks) from being generated on the tip lens surface
of optical system PL.

Further, in the embodiment above, a measurement stage
can be arranged separately from the wafer stage as is disclosed
in, for example, PCT International Publication No.

25 2005/074014, PCT International Publication No. 1999/23692,
U.S. Patent No. 6,897,963 and the like, and the liguid can
be held in the space between the measurement stage and the

liguid immersion unit by placing the measurement stage

directly under projection optical system PLL in exchange with



32 CLAI M5 1. An exposure apparatus that exposes an object
with an energy beam and forns a pattern on the object, the apparatus
5 conpri sing: a novabl e body which holds the object and noves
al ong a predeterm ned pl ane; an optical system which projects
the energy beam on the object; 10a |iqui %upply devi ce which
supplies quuid at least to a space between the optical system and

th bj ect ; t d t | |

@ change of PR MEASTATR T o Fe SHh 28 r AR R L of

I de t Nt 5 r ar at :
atggldlnglfoH%%3|n&%lmhe?gﬁﬁgﬁﬁgﬁﬁ%b%ﬁﬁgﬁenttgéggggrﬁgggﬁrégn%%$overlng
change of phyg{fal,antid Béh(eeh%ﬁ@dv\dzééhtéﬁné %fHeaQqTaE\é% de@%cﬁénécQ& is

|l i quid between two poi'nts where at |east a part a path
ener gy not necessary, which can improve the throughput, and.can also

5 prevent water marks from being generated on the tip lens
surface.

Further, the magnification of the projection optical
system in the exposure apparatus in the embodiment above is
not only a reduction system, but also may be either an equal

10 magnifying system or a magnifying system, and the projection
optical system can be not only a dioptric system or a
catadioptric system, but also a catoptric system, and the
projected image can either be an inverted image or an upright
image.

15 Further, in the embodiment above, a transmissive type
mask (reticle), which is a transmissive substrate on which
a predetermined light shielding pattern (cr a phase pattern
or a light attenuation pattern} is formed, is used, but instead
of this reticle, as is disclosed in, for example, U.S. Patent

20 No. 6,778,257, an electron mask (which is also called a
variable shapedmask, and includes, for example, a DMD (Digital
Micromirror Device) that is a type of a non-emission type image
display device (spatial iight modulator) or the like) on which
a light-transmitting pattern, a reflection pattern, or an

25 emission pattern is formed according to electronic data of
the pattern that is to be exposed can also be used.

Moreover, the present invention can also be applied to
an exposure apparatus that synthesizes two reticle patterns

on a wafer via a projection optical system and almost



20 beam i s i ncl uded. 3. The exposure apparatus according to Caim
2 wherein the physical quantity is an optical path length of a

nmeasur enment beam between the two points. 25 4. The exposure
apparatus according to one of Clains 2 and 3 wherein the two
points are | ocated on a nmeasurenent opticdl path which is roughly
parallel to the predeterm ned plane of wwthin 33 the |iquid.

5. The exposur.e arat us, according to aim4 wherein the vabl e
body el ati VeI IVEE T L e SO EcCFORORERPR RS SHOC area on
pr edet er m ne I w th resp h ner beam for. f i on. of

a pattern todctl—ﬁee%%bjeé:c _,y é’ﬁ%_ gggnwnghéxﬁgggg%éé%tl%p ¢4 Orrsg% Hts fox
or t hogonal t%;%afi&?plsé?,alﬁ{buk{% diggstd QM Fdpah S Pl LAl dplod 0 the

pr edet er mi ned pl ane.
International Publication for Patent Application) No.

5 2004-519850 (the corresponding U.3. Patent No. 6,611,316).

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

10 substrate, a film member, or a mask blank.

The use of the exposure apparatus is not limited only
to the exposure apparatus for manufacturing semiconductor
devices, but the present invention can also be widely applied
to an exposure apparatus for liquid crystal display devices

15 inwhicha liguildcrystal display device pattern is transferred
onto a rectangular glass plate and an exposure apparatus for
producing organic ELs, thin magnetic heads, imaging devices
(such as CCDs}, micromachines, DNA chips, and the like. In
addition to fabricating microdevices like semiconductor

20 devices, the present invention can also be adapted to an
exposure apparatus that transfers a circult pattern to a glass
substrate, a silicon wafer, or the like in order to fabricate
a reticle or a mask used by a visible light exposure apparatus,
an EUV exposure apparatus, an X-ray exposure apparatus, an

25 electron beam exposure apparatus, and the like.

Incidentally, the disclosures of all publications, the
PCT International Publications, the U.S. Patent Application
Publications and the U.S. Patents that are cited in the

description so far related to exposure apparatuses and the



6. The exposure apparatus according to Claimb5 wherein t he
measur enent devi ce neasures the change of physical quantity rel ated
with the refractive index of the |iquid between two points, which are
on each of a plurality of 15 measurenent optical paths spaced apart
in the scanning direction. 7. The exposur¥ apparatus according to
Claim 6 wherein the neasurenent device neasures the change of the 20

physi cal quantity between the two poin on each of the plurality of
TeasUr ement QoA DT O RITAGT R o Y U6 S ARArent of ¢ he
novabl e body in the s ni.ng -di recti.on. . .. 8.__The exposure
appar at us_accor di ng"t0 Ay e ‘of RS OF (157.C%hE SpRaPars T oS
further conpriiSifghn the ste@R BE;UStIBDL GV LE W LN AdIUSLS Ao rmance
| east one of optical properties of a projection optical system

i ncludi ng t heyaptdrcak Systemiand & he rricdied, ant trpranelengt8t 0k1EMised
energy beam based on neasurenent results of the neasurenent devi ce.

34 59. othelexpesine appar dsusaaccardurgdt coaagyepnehofe G ataed is
to 8, the apparatus further conprising: a controller which controls

at | east one mEnuLaIugindgdArenotll heommmediird aledya ili thodinegdyi ohep where
orthogonal to the predeterm ned plane and an inclination with respect
to the predetdSiAfddirade Rt oh HeEs drefermi sfannad Gtq [ object

nmeasur enent devi.ce. . .
such as the wafer by the exposure apparatus in the embodiment

above, a development step where the wafer (object) that has
10 been exposed isg developed, an etching step where an exposed
member of an area other than the area where the resist remains
is removed by etching, a resist removing step where the resist
that is no longer necessary when etching has been completed
is removed, a device assembly step {including a dicing process,
15 a bonding process, the package process), inspection steps and
the 1ike. 1In this case, in the lithography step, because the
device pattern is formed on the wafer by executing the exposure
method described above using the exposure apparatus in the
embodiment above, productivity of a highly integrated device

20 can be improved.

INDUSTRIAL APPLICABILITY
As is described above, the exposure apparatus and the
exposure method of the present invention are suitable for
25 exposure o an object such as a wafer. Further, the device
manufacturing method of the present invention is suitable for

manufacturing of microdevices.



1010. The exposure apparatus according to any one of Clains 1 to 9
wher ein t he neasurenent device is an interferonmeter which
irradi ates a neasurenent beam perpendicularly on a reflection
surface, of the projection optical system arranged in the 15
vicinity of one end of an opposing surfac¥ that faces the object.
11. The exposure apparatus according to Caim10 wherein 20t he
interferonmeter has an optical unit including a branching el enent
arranged in the vicinity of the other SRR IS he opposi ng surface of
the projection optical systemthat separates a | aser beaminto the
measur enent beam and a reference beam 25 12. The exposure

appar at us accordingﬂ}o mgb%%réhﬁ éPa us that % Qégéffﬂ‘ﬂthlcalth

includes an opti cal QUI | aser mto
unit. 35 an energy beam and forms a pattern on the object, the apparatus

5 comprising:
a movable body which holds the object and moves along
a predetermined plane;
an optical system which projects the energy beam on the
obiject;
10 a liguid supply device which supplies liquid at least
to a space between the optical system and the obkject; and
a measurement device which optically measures a change
of physical quantity related with a refractive index of the
liquid existing within the space.
15
2. The exposure apparatus according to Ciaim 1 wherein
the measurement device measures the change of physical
quantity related with the refractive index of the liquid
between two points where at least a part of a path of the energy

20 beam is included.

3. The exposure apparatus acceording to Claim 2 wherein
the physical quantity is an optical path length of a
measurement beam between the two points.
25
4, The exposure apparatus according to one of Claims
2 and 3 wherein
the two points are located on a measurement optical path

which is roughly parallel to the predetermined plane of within



13. An exposure nethod in which an energy beamis irradi ated on an
obj ect held by a novabl e body that is novable along a predeterm ned
pl ane via an optical nenber and liquid, 5 and a pattern is fornmed on
t he object, the method conpri sing: a measuremnment process in
whi ch a change of physical quantity relat®d wth a refractive index
of the liquid is neasured optically; and an adjustnment process in

whi ch at | east one of, optical 10 properties of the projection optical
syst em i ncl udi e i cal nmermber and the liquid, wavel ength
properties of the energy beam a position of the novable body in a
direction orthogonal to the predeterm ned plane, and an inclination

of [the movabl e body wi kRel S2pecl ¢ addie Rirdabepdhing & 12 ihfalherein

: . &
adj ust ed, according to neasurenent results in the nmeasurenent

process. 14 £ hREnenceRAsU R diE thod taiGLardiney 0 G & mdkhndiey ein
in the neasurenent process, the change of physical 20 quantity

rel ated wbt h dihreatefaraetiithe ni bdexpoédéberhi gad b lbatevedntht wespechtso the
where at |least a part of a path of the energy beamis incl uded.

15. The exposurearetdasain aczoridirnp ol m 128 Vikerei o 25thecphyst cadnd
quantity is an optical path | ength of a neasurenment beam between the

two points. the RS USERRElr ©RFEtITdd Reddbrid R e aig bt Bigs

14 and 15 “h%&%ﬂking direction within a plane parallel to the

predetermined plane.
i0
6. The exposure apparatus according to Claim 5 wherein
the measurement device measures the change of physical
guantity related with the refractive index of the liquid
between two points, which are on each of a plurality of
15 measurement optical paths spaced apart in the scanning

direction.

7. The exposure apparatus according to Claim 6 wherein

the measurement device measures the change of the

20 physical quantity between the two points on each of the
plurality of measurement optical paths, at a timing according

to a movement c¢f the movable body in the scanning direction.

8. The exposure apparatus according to any one of Claims
25 1 to 7, the apparatus further comprising:
an adjustment device which adjusts at least one of
optical properties of a projection optical system including
the optical systemand the ligquid and a wavelength of the energy

beam, based on measurement results of the measurement device.



36 the two points are |ocated on a neasurenent optical path
which is roughly parallel to the predeterm ned plane of within the
liquid. 517. The exposure nethod according to Caim 16 wherein
t he novabl e body relatively noves in a scanning direction within the
predeterm ned plane with respect to the eiergy beamfor formation of
a pattern to the object, and the neasurenment optical path is
orthogonal to the 10 scanning direction within a plane parallel to
the predeterm ned plane. 18. The exposure nethod according to Caim
17 wherein in the rgsas;;herrent rocess e.change, of

Wit

quantity rel ated & 7815 aﬁﬁgusgfcct gqﬁ? nysorﬁ%ggur e
between two poiyy § whiLh,are. §aﬁﬁa{ela Bhls é{rygof measur enent

optical paths space€d apart ‘1 n the scanning di rectl on. 2019. The

exposure method aceoednigoli@el RhitAB-¥her8i8 at least Bnkh8s a position
measur enent process, the change of the physical quantity is neasured

bet ween t he tod o nicsrarledaddwliin he ¢l teatidy oftheasus enentthe
optical paths, at a timng according to a novenent of the novable
body in the svmvdtRyrminettilome 281@®N A rdebhdreet ivanuf 1t urdsgeatettiod;he
i ncl udi ng:

g predetermined plane, based on measurement results of the

measurement device.

10 10. The exposure apparatus according to any one of
Claims 1 to 2 wherein
the measurement device is an interferometer which
irradiates a measurement beam perpendicularly on a reflection
surface, of the projection optical system, arranged in the
15 vicinity of one end of an opposing surface that faces the

obiject.

11. The exposure apparatus according to Claim 10
wherein
20 the interferometer has an optical unit including a
branching element arranged in the vicinity of the other end
of the opposing surface of the projection optical system that
separates a laser beam into the measurement beam and a
reference beam.
25
12. The exposure apparatus according to Claim 11
wherein
the interferometer includes an optical fiber which

guides the laser beam to the optical unit.



a formation process in which a pattern is formed on an object, using
t he exposure nethod according to any one of Clains 13 to 19; and 37
a devel opnent process in which the object on which the pattern has
been formed is devel oped.

10

15

20

25

35

13. An exposure method in which an energy beam is
irradiated on an object held by a movable body that is movable
along a predetermined plane via an optical member and liquid,
and a pattern is formed on the object, the method comprising:

& measurement process in which a change of physical
guantity related with a refractive index of the liquid is
measured optically; and

an adjustment process in which at least one of optical
properties of the projection optical system including the
optical member and the liquid, wavelength properties of the
energy beam, a position of the movable body in a direction
orthogonal to the predetermined plane, and an inclination of
the movable body with respect to the predetermined plane is
adjusted, according to measurement results in the measurement

process.,

14. The exposure method according to Claim 13 wherein

in the measurement process, the change of physical
quantity related with the refractive index of the ligquid
between two points where at least a part of a path of the energy

beam is included.

15. The exposure method according to Claim 14 wherein
the physicel quantity is an optical path length of a

measurement beam between the two points.

16. The exposure method according to one of Claims 14

and 15 wherein



10

15

20

25

36

the two points are located on a measurement optical path
which is roughly parallel to the predetermined plane of within

the liguid.

17. The exposure method according to Claim 16 wherein
the movable body relatively moves in a scanning
direction within the predetermined plane with respect to the
energy beam for formation of a pattern to the object, and

the measurement optical path is orthogonal to the
scanning direction within & plane parallel to the

predetermined plane.

18. The exposure method according to Claim 17 wherein

in the measurement process, the change of physical
quantity related with the refractive index of the liquid is
measured between two points, which are on each of a plurality
of measurement optical paths spaced apart in the scanning

direction.

19. The exposure method according to Claim 18 wherein
in the measurement process, the change of the physical
guantity is measured between the two points on each of the
plurality of measurement optical paths, at a timing according

to a movement of the movable body in the scanning direction.

20. A device manufacturing method, including:
a formation process in which a pattern is formed on an
object, using the exposure method according to any one of

Claims 13 to 19; and



37

a development process in which the object on which the

pattern has been formed is developed.



