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1 DESCRI PTION *159159* *300002* EXPOSURE APPARATUS
AND DEVI CE MANUFACTURI NG METHOD 5 TECHNI CAL FI ELD The
present invention relates to exposure apparatu

devi ce manufacturing nmethods, and nore partlcu mmmgmmunmmmm
an exposure apparatus that is used in a UG con
process when manufacturing el ektronic deV|ces such as

a sem conductor or 10 a liquid crystal display d

and a devi ce manufacturing. method that uses sucmmﬂl“mm|||||||||||||
exposur e apparatus. BACK FRFION A |ithogra

process to produce el ectronic devices 15 such as a *Goooo2*
seniconductor (integrated circuit) or a liquid

cr APPARATOs N S
ar?tgds)g t at trans er an |errgg§&rqﬁ pa“ernmfﬁé METHOD
mask or a reticle (hereinafter generally referred to

as a reticle') via a projection optical systemonto
shapgaNacan F#1Efpr coated 20 with a resi st

(phot osensitive agent) or a photosensitive substrate

such as a&hgl asssphatiavdrerieinnaél etes efeekpdstieasppa@ratus and
"glass plate' or a "wafer'). Conventionally, the

r edigotiicen magrudjaetiv rm e xpddncs ,appar ators Ipesed. corlaarly to an
step-and-repeat nethod (the so-called stepper) has
be&@¥nfis¥elsyapBedahys Sundt 25 usqst dnpexiliiGhogxppbicerocess when

appar at us; however, recently, the type
manufacturing electronic devices such as a semiconductor or

a liquid crystal display device, and a device manufacturing

method that uses such an exposure apparatus.

BACKGROUND ART

In a lithographic process to produce electronic devices
such as a semiconductor (integrated circuit) or a liquid
crystal display device, projection exposure apparatus are
used that transfer an image of a pattern of a mask or a reticle
(hereinafter generally referred to as a ‘reticle’) via a
projection optical system onto shot areas on a wafer coated
with a resist (photosensitive agent) or a photosensitive
substrate such as a glass plate (hereinafter referred to as
a ‘glass plate’ or a ‘wafer’). Conventionally, the reduction
projection exposure apparatus based on a step-and-repeat
method (the so-called stepper) has been widely used as such
a projection exposure apparatus; however, recently, the type
of projection exposure apparatus that performs exposure while
the reticle and the wafer are synchronously scanned (the

so-called scanning stepper) is also drawing attention.



of projection exposure apparatus that perforns

exposure while the reticle and the wafer are
synchronously scanned (the so-called scanning

stepper) is also drawing attention. 2 The resol ution

of the projection optical system installed in the

proj ecti on exposure apparat us b&cones hi gher when the
exposure wavel ength used is shorter or when the

nunmeri ca perture. (NA) of e _Pproj 10N i cal
cyatem | dPE ResHIR e il o shA° RCIsRRR sBBs st ey en

fi qg{sﬂﬂtl%gf ?Beﬁie SEBSHEE_SLont&?pc?ﬁﬂpLoeSHEga%\éﬁls%%&es higher

used in a projection “exposure appar at i's becom

SNQIHS! tHRAle:Pb B AR IHR Lt UIRY] Gal ARBHAH 10fyhen the
the projection optical system becom ng higher. The

vavein@igids Wagelnt utsedNRQr oexprs Us o Pt @ edpt ildhl System is
248nm generated by the KrF excinmer |aser; however, the
Swavelgrgt.n gaperdbed, bynt bedArFtexebper wiasefind93nAtegrated
which 1is shorter, has al so been put to practical use.
| n caddiuiiton, hlreere:gqeome evave Igerdtdr meshd deptsh pofojection
focus (DOF) is also equally inportant as resol ution.
Resuinasugre RPPES agwé depbRcomifigcehogteanyder dxprisssednd the
as the following equations. R=k1X / NA 8=k2X / NA2 .
| n T IGale aPeTitg renefl o 8E0a owdienePt hca NS Y stemecoming
20 nunerical_ aperture of the oj ecti on optica
systeéfi®Zand TRE aig ﬁéggbewbﬁgf&%s%s%e#% GHRAYITFAgmpresent
equat i 1) and .(2), it c e seen that when
10ex o’ Lﬁ%e%srvié\ﬁfﬁneenr&tge% BYs tgheo?{ré“ﬁeedwlér}?df i‘calowever, the
aper.t i ncr. f [ r. & ti.0 R, .
o SRR L B, S R e R i go3nm, whien

eXPOS Wik, 2% APRA AlS o MNEY Yur REFIISEESRASWL TS
perfornmed 1 n an
In addition, when exposure is performed, depth of focus
(DOF) is also equally important as resolution. Resolution R
15 and depth of focus 8 can be expressed as the following
equations.
R=kiA / NA
d=ko'A / NA®
In this case, A is the exposure wavelength, NA is the
20 numerical aperture of the projection optical system, and k;
and k, are process coefficients. From equations (1) and (2),
it can be seen that when exposure wavelength A is shortened
and numerical aperture NA increased for a higher resolution
R, depth of focus & becomes narrower. In aprojection exposure
25 apparatus, however, because exposure is performed in an

auto-focus method where the surface of the wafer is adjusted

so that it matches the image plane of the projection optical

system, a wide depth of focus 08 is preferable to some extent.



aut o-focus nethod where the surface of the wafer is
adjusted so that it matches the i nage pl ane of the
projection optical system a w de depth of focus 8 is
preferable to sone extent. 3 Therefore, proposals for
substantially w dening the depth of focus have been
made in the past, such as the p%ase shift reticle

nmet hod, the nodified illumnation nmethod, and the

nu'fﬂe@e%“:ire,r ESHEEthr s%késcajnstl%q.ﬁ \N?Sg %ggvgheit%pth of

Rap v

the conventi'onal “projection exposure dpparatus,” dep

of HRGUS HaS PSRN RARANTOWRe Ha ¢, Q 3Ol ne phase shift
wavel engt h of the exposure Iight and | arger nunerica

apefdtirg Omdthd i RChicn AR Gall siseMorARtHIA, and the
order to cope with higher integration of the

I Ntedratgd yelkO redgiciti iethdd.i s certain that the
exposure wavel ength will becone nuch shorter in the

5future; Bewegedestnibadhalaorasein tthee cbeptentdfonfadcpsojection
may beconme too narrow so that there may not be enough
maregipe sdus agpehre tasspodapehopér setonsi s Assomdingingrrawer due
proposal on an inmrersion nmethod has been 15 nmade as a
metto dH¥gTt esuavadtangihy ofhdheemxpp e igbdueed larger
wavel engt h while enlarging (w dening) the depth of ,
f odlE'GFore L PREATERE e PR BFCIBELSOR PRHE | fYSEam. And, in

this j rsion met.hod, , resolution is inmproved hy
1R % SRR Bt IR (RSP A nBe G, Fcegrated
10P! oéiercctd' L ,ololttl .Clal 3 rstta%m \%g?att h: esgeﬁjpgol%ggg 8’%8’(51\%2\%1:}1 will

wafer W I i'quid such as’

to be'% %%ﬁl()fsh?ag%teﬁggh Eﬂ@t f\%@grg\@vﬁé\fé@é 'fneté?lech a case,

exposure [ ght urd bécones 1/n of't

vauglen@ity i i@l rdy vk cde to’f MaGtiove dondes Ok here may
the liquid which is normally around 1.2 to 1.6). In

addidd Qja aMiyH hlas-dimTeis oy Midhedkdcs e apRldfd.ons.
the depth of focus is substantially enlarged n tines
Accordingly, a proposal on an immersion method has been
15 made as a method for substantially shortening the exposure
wavelength while enlarging (widening) the depth of focus more
than the depth of focus in the air. 1In this immersion method,
resolution is improved by filling a space between the lower
surface of the projection optical system and the surface of
20 the wafer with liquid such as water or an organic solvent to
make use of the fact that the wavelength of the exposure light
in the liquid becomes 1/n of the wavelength in the air (n is
the refractive index of the liquid which is normally around
1.2 to 1.6). In addition, when this immersion method is
25 applied, the depth of focus is substantially enlarged n times
when comparing it with the case when the same resolution is

obtained without applying the immersion method to the

projection optical system (supposing that such a projection



when conparing it wwth the case when the sane
resolution is obtained wthout applying the imrersion
nethod to the projection optical system (supposing
that such a projection 4 optical system can be nade)
That is, the depth of focus is enlarged n tines than
in the atnosphere (for exanple,4refer to the panphl et
of International Publication Nunmber W99/49504 or the

SRR, B o5 R T s
Pu@rﬂl%@g'e@fquHm@E tM\Qggz{rquérQél d&l&dged-d o %tlo‘é‘?{amplﬁe, refer

(hereinafter referred to as conventlonal art ,

| MR $ihen gaRfdhad tald FOWs) tR%PRT UL a0 PubA | p,%rtfl%rnwmmwetrh
high resolution as well as a greater depth 10 of focus
t ham day 4td%e 4aior, tard 1dlkeg .al lows the liquid to be
filled stably between the projection optical system
5and t he Asubstiabetot hak psojakkdvs theokugei gettodeand the
hel d, even when the projection optical systemand the
wa fagp aanee uselcdtsiolelsed mov deht elfhaltn onfed Foindemteitdmal Number
art, however, it was difficult to recover the liquid
cor‘ﬁﬂ9e9t/él9)504ar¥¢ﬂetrr\ﬁ@15 tei giloyrepridisaisiioaffgier tiedenirgd do as
used for imersion to remain on the wafer. In such a
cas&oqwtﬁ@ataloﬁr@aborﬂz%ﬂﬂww fiREhpEnat hpg exposure to

ui d apori.zes S, Ilkel to cause a erature
i &4 Psatf.ogﬁle PRSI RV TSP FRANGRS 1% dhRater depth

d h h | d . .
e %rnoff%mehsaa%gia%q PRI i o o
forfﬂepe%i t%% I}hgngérbbh rwﬁﬂ&ge sté@gn and the

waf er —1's rmoun ere |n|ng I|qu

on & iafer eyl dsfl gwibRst Eﬁebf‘fgu?& {H&IRHLY, even when
maki ng the Wafer sfick 25 to th rrer arm an

di fiHe Wilo e tSRRATHE calN Addidh Qhd the wafer are relatively

moved.

15 In the conventional art, however, it was difficult to
recover the liquid completely, and it was highly probable for
the liquid used for immersion to remain on the wafer. In such
a case, the heat of vaporization when the remaining liguid
vaporizes was likely to cause a temperature distribution or
20 arefractive index change in the atmosphere, and such phenomena
could cause a measurement error in the laser interferometer
used for measuring the position of the stage on.which the wafer
is mounted. Furthermore, the remaining liquid on the wafer
could flow to the back of the wafer, making the wafer stick
25 to the carrier arm and difficult to separate. 1In addition,
the gas (air) flow of the atmosphere around the liquid could

be distorted with the liquid-recovery operation, which could

cause a temperature distribution or a refractive index change



the gas (air) flow of the atnosphere around the |iquid
could be distorted with the |iquid-recovery
operation, which could cause a tenperature
distribution or a refractive index change 5 in the

at nosphere. In addition, in the conventional art, when
exposi ng an edge shot on the wafer, in the case the
projection area of the projection optical system was
Io%%t%%ﬁg_gr t h e%%ge of 5 the wafer, the liquid could

| eak o gmﬁ § waf'er which would interfere with the

f bl i 19 9f i 86580, o] f i
pat ter n. PUTCREF1orE, | A FHG AL AF aas Rot e eXibing an

aval I ndgr t Ry ot priQj [ ptica [
ea AR RO ) B BP0l YRl s ot

t hemef e kR 1\ W RERXRRAIULEY st WasbedicR takt eeawak@e edge of
exchange on a wafer that has been exchanged, the

5st atle hatdetp e dehayadcountd 1 eatkheunef @& tveswaB¥edvhich would
under the projection optical systemand the liquid
hasntesrfesgpplitekdthe Aasgpasklbeimegn fdwemiprojefcttihenprojected
optical systemand the wafer. 15 In addition,
perimsiger alf (et Padreirnas Husthsomokekewhenf bbaswséasowas not
or an alignnment sensor have to be arranged in the ,
vi @Visiithya telegmngiaddt ithe spoicalt iopsopmiced shstem, it was
conventional art, however, because the suppl§ pipin%,
t hé 1 Ed@\r y pifoilny thend 1de 4 ined efged &°r 8RGEE 7 ofyherefore,
the outer side 20 of the projection tical system

10{ & ey FSBOST 5 EeTormRe T AILEd WAGH TsGeRhahae oh a wafer

perd h%h:? rh%l s B et > ’evx\%&ga&%e%o, 0 %Elld ' sltrz]:l r%d (Ijllatdl , b:gsg fjtr%s % ye H until

e
conventi onal ar es ‘could"be” found or

th%ﬁﬁy%%&%%dw%EqHBQﬁgaﬁgd$@e@hé &P o 'E%f &yfgem.and

t he space between t proj ection optical system an

the rUbsthalitha BNt Ypdi fed ROV dgI&ABE L [BEN the projection
transmttance

optical system and the wafer.

15 In addition, peripheral units such as a sensor like a
focus sensor or an alignment sensor have to be arranged in
the vicinity of the projection optical system. In the
conventional art, however, because the supply piping, the
recovery piping, and the like were arranged on the outer side

20 of the projection optical system, the degree of freedom was
limited when such peripheral units were disposed.

In addition, in the conventional art, bubbles could be
found or formed in the supplied liquid, and when such bubbles
come in the space between the projection optical system and

25 the substrate, not only did they decrease the transmittance
of the exposure light and cause uneven exposure but could also
cause defective imaging when the projected image of the pattern

is formed.



of the exposure light and cause uneven exposure but

could al so cause defective i maging when the projected

i mage of the pattern is formed. 6 Furthernore,

because the exposure light irradiates the liquid

bet ween the projection optical éysten1and t he

substrate, a tenperature changeg (a refractive index

change) could occur in the liquid, which nay degrade

t he i magi LY O . pLi
pressureE@%tﬁ%ghkgﬁﬁi%egggagéﬂﬁ%E%ﬁﬂﬁ?%ﬁkg?gg% %ﬁ%?%éﬁkes the

systiem@Ndet NecBUlRE pRbScBRY of RS ddesYBE 8h ardi Q€ substrate,

that holds the projectidn optical systemand the wafer

to a\/it*éh@fe%a@,ﬁlrfeochﬁﬁ?énﬁa MY e oierd dndegr adeng8e could occur
transfer accuracy of the pattern onto the wafer.

Moriaoweye, Mg d, h@hl@hl mgyi deflavs whé himespegtqul 1he of the
projection optical system in the projection area of

5t hepgatdmr n, Ineapeibionge thebireatuoe obrthe édguid between the
inclination related to the direction of the flow may

oc Q] et icn ARy ibeltdws teaused ¢heabdrstatdohmely adhese the wafer
projection optical systemsuch as inclination of the

i negerge S hsitane e ?%@ RERiERC bforp arttilgla ldeysaamngnnche wafer
transfer accuracy of the pattern, which deterjorates

t hetq i WP 5 it PUMT Mt iE oV ANt dsBddadge grransfer

th tt . di ngl y, [ [ t b

T TG © o pPE W REEEohDEnPRORAr SN S e T ahen the
10.t 0 ﬁb#{}/f“d 12100\»% %%L%%rp%:ctl %Eweoé%) '%c%ri%%ea%tﬁa:ical system

i nvention was made undeér such circu nces,
ac ' : i f e ' i : :
oS B Ly L FRREC L T SHERL L BYEPL b snstton

| mgiales, @ 23cRahberBnWt Da88qenerde BeaRL-2R8n of the flow
transfers the pattern onto

may occur, which may be the cause of aberration of the
projection optical system such as inclination of the image
15 plane or the cause of partial degrading in transfer accuracy
of the pattern, which deteriorates the line width uniformity
of the transferred image of the pattern.
Accordingly, various improvements can be made to the
examples of the conventional art referred to above.
20
DISCLOSURE OF INVENTION
The present invention was made under such circumstances,
and according to a first aspect of the present invention, there
is provided a first exposure apparatus that illuminates a
25 pattern with an energy beam and transfers the pattern onto
a substrate via a projection optical system, the exposure
apparatus comprising: a substrate stage on which the substrate

is mounted that moves within a two-dimensional plane holding



a substrate via a projection optical system the

exposure apparatus conprising: a substrate stage on

whi ch the substrate is nounted that noves within a

t wo- di nensi onal plane holding 7 the substrate; a

supply nmechanismthat supplies Liquid to a space

bet ween the projection optical gysten1and t he

substrate on the substrate stage; a recovery

meghani r.eco t LQuLd; iliary.:
recovef@ﬂ%%gﬁ%5%'3%1%Egﬁlye§§$éégygﬂtﬁgggi%ﬁhéﬁ%&%cﬁ?éﬁld to a

colh NobebReERCVERMD R LIRS EEEPMET Yoy SRENAALSM e Istibst rate
thi s exposure apparatus, the supply nmechani sm

suppl i ldupyddre R Rpace RRIREY R HRMAIRCHNeR recovers
optical systemand the substrate on the substrate

st ages landitileadd amegox el Ya AR Qhedt winy Aeerehns siihthat recovers
liquid. In this case, a predetern ned anount of
511 duied liisyuhied avi(ifdH |ed)l dbetotedre (ddwovergal afy) thee recovery
projection optical systemand the substrate on the
subsagharel Wt.age. Accordingly, by perform ng exposure
(pattern transfer on the substrate) in this state, the

15 i mer ditork kst Ise@oissi rgp girredatawd tthe wawellengeishenism

t he exposure  light on the surface of the substrate ,
cart URP ST tidied A £R theneRach PRtveen ridie &UqiRSHiftepprtical

f the |iqui th I th in th [ d
A N LR T .
ti t t f. f in th ir.. In additi . 20
ol T IS P s Sl 00 2B,

LT gl ; e ke ; i :
L Shet SENLY S e LOIOLY PR S G bocucen (2ho

pr oj §£td ON QR irmaly sustamMand ddhe s aURst rA3le tre substrate on
exchanged constantly, therefore, in the case when a

f orgiggns Ut et AdheiRs. onckhe wakak, bRhepkereir8ing exposure
matter is 25 renoved by the liquid flow. This allows
exposreem tdradrigier on the substrate) in this state, the
15 immersionmethodis applied, and the wavelength of the exposure
light on the surface of the substrate can be shortened 1/n
times (n is the refractive index of the liquid) the wavelength
in the air and furthermore the depth of focus is broadened
around n times the depth of focus in the air. 1In addition,
20 when the liquid supply by the supply mechanism and the liquid
recovery by the recovery mechanism are performed in parallel,
the liquid between the projection optical system and the
substrate is exchanged constantly, therefore, in the case when
a foreign matter adheres on the wafer, the foreign matter is
25 removed by the liquid flow. This allows exposure with high
resolution and a wider depth of focus compared with when

exposure is performed in the air. 1In addition, for example,

in the case a situation where the liquid could not be completely



resolution and a wi der depth of focus conpared with
when exposure is perforned in the air. In addition,
for exanple, in the case a situation where the |iquid
could not be conpletely 8 recovered by the recovery
mechani sm occurs, the auxiliary_recovery nechani sm
collects the I|qU|d that coul d fot be recovered.
Accordi ngly, the liquid does not remain on the

Suqsetcrcﬂzt efedMﬂ er%%ot\}%%wf?r{éc% 'éﬁp%\éﬁﬁ' enctq‘,lsé aux111ary

referre 5to ear i er that “occur due to the remaini ng

(resd Al Dy Inctathi dof (P10 idMe 1ERETeS Uit vaotdlcr l?l%t be
exposure appar atus in the pr esent inventi on,

patdeRIdv Gy beAt:&a@a&ﬁr;wq @Ret hequsHbgbEat ﬁoW‘ Tr@mg@ﬁdon the
precision, and the liquid remaining on the substrate

cansuissr it ,preMeit eckepd tthd Re raxpes une oy eapRaic@isuseferred
in the present invention, the liquid supply by the
S5suppd pamddeantsatancdctheddd g dheecaveiyimy (desidual) liquid
recovery mechani smdo not necessarily have to be
perfframedcarrihg. sdifeerafowe, WathHile easesurh@pparatus in the
exposure apparatus can further 15 conpri se: | at e

pr RASFEN nratentdast etf}farﬁatd?ertme:%werhepw rrgd on the
nount ed area of the substrate on the substrate stage,,

t he B Hart g &85 RI&E e dngéd cat Meuddimd aefypining on

th ht f f ot bstr at ted
on 1o TS R 2RO 14 QU Sn kesbe, Nt on RRFAPREUTe

105 SRR 397 AR 0 S Pt o é353§3%¥%?1ey by the

prm&ﬁﬁlon opti ca emis

in & 633%%1 é’g}gﬁéﬂlea d QA 14 %é.l t écyoxfég_lgﬂ bap%thvée%covery

t he jecti1on optical system

| gy ch fansp e chgb e hetaeen {Ne nRKRI 61 ORMLIGRl at the same
systemand the plate, therefoore, it becones possible

to ipimeyvent the liquid 25 fromflow ng out.

In this case, the exposure apparatus can further
15 comprise: a plate provided in at least a part of the periphery
of a mounted area of the substrate on the substrate stage,
the plate having a surface arranged at substantially the same
height as a surface of the substrate mounted on the substrate
stage. In such a case, even when the substrate stage moves
20 to a position where the projection optical system is away from
the substrate in a state where the liquid is locally held
between the projection optical system and the substrate, the
liquid can be held between the projection optical system and
the plate, therefore, it becomes possible to prevent the liquid
25 from flowing out.

In the first exposure apparatus of the present invention,
the auxiliary recovery mechanism can recover remaining liquid

at the rear side of the projection optical system in a moving



In the first exposure apparatus of the present
invention, the auxiliary recovery nmechani sm can
recover remaining liquid at the rear side of the
projection optical systemin a noving 9 direction of
the substrate, or the auxiliary_ recovery nmechanism
can recover remaining |liquid at?the front side of the
projection optical systemin a noving direction of the

subgt/, Me8.orP JfN tthlée s{uiﬁrsstE SPEOIY €1, 2PRALALYS, rte%% very

present 1 nvention, e auxil'iary recovery mechani sm

CamddGiniide @asUebbBherMBENANASAY DAL, SHCKS dldlifdodN side of
this case, the exposure apparatus can further

COMid $20 @3S iRl aTeGharietmihhat noWRRPLESSeec@Aok00f the
envi ronnental change in the periphery of the liquid
cauysedtdatesucti on operation of the suction nechani sm
According to a second aspect of the present invention,
5t her e | $npriovifded tee goconce expasatesappahatmseddrat invention,
illumnates a pattern with an energy beam and
t r drsf evusk itlie yyatrtesrayeammt oethaa isgbstamatieolivalea a suction
projection optical system the exposure apparatus
commahaimgm Fhajibsucaise fdttdge on which the substrate
I's mounted that noves wthin a two-di nensional plane
hol di ng lfh&hd§hSeEsreths SHPPSY I ReéRRATSFIEhgAN further

supplies liquid to locally fill, a space between the
or GBI fopt (9 SRR E6 RaTd Sh e Pth SLPREE S5t Ke
SUb%RH%%%ﬁgn w.th the |i

id, a_.recovery. mechani.sm
L0 ha eSS T nENATGS 5%? &pr Pgryp%§v¥&§dﬁﬁﬁué§ caused
le daar Ref iggheny of, A U rea of
e TR AT B rhe Cusht re R FREPGETR navi ng

a surfaeeiangedodd sl pakalhyoEnensym NGihthvention,
as a surface 25 of the substrate nounted on the
subsidrad €s Yragh.ded a second exposure apparatus that illuminates
a pattern with an energy beam and transfers the pattern onto
15 a substrate via a projection optical system, the exposure
apparatus comprising: a substrate stage on which the substrate
is mounted that moves within a two-dimensional plane holding
the substrate; a supply mechanism that supplies liquid to
locally fill a space between the projection optical system
20 and the substrate on the substrate stage with the liquid; a
recovery mechanism that recovers the liquid; and a plate
provided in at least a part of the periphery of a mounted area
of the substrate on the substrate stage, the plate having a
surface arranged at substantially the same height as a surface
25 of the substrate mounted on the substrate stage.
In this exposure apparatus, the supply mechanism

supplies liquid to the space between the projection optical

system and the substrate on the substrate stage, and the



In this exposure apparatus, the supply nechani sm

supplies liquid to the space between the projection

optical systemand the substrate on the substrate

stage, and the 10 recovery nechani smrecovers the

liquid. The liquid supply by the supply nmechani sm and

the liquid recovery by the rec&@ery mechani sm do not
necessarily have to be perforned during exposure,

howey dyr e . ed rm. 5
POUERETs: A mkEASh1 UG SAAOSEE, L 8, Y SIS L8 Suppy by
pr %h@%h@%&?%ééﬁéni §MS$@@1|@@ 1%9%3?9&&5@&??8% & recovery

substrate age. Accordingly, | e I nmers
MetfQtha RO &1JtS RISYIRA WHR Nitdh b \M‘ff]y%(}lf%tﬂn@a during
n

and a wi der depth of focus conpared with e

expogiysidss pewkoerpdat Ndfrr aufinfndxpbotir€xaplredetermined
even when 10 the substrate stage noves to a position
Swhameriteo fridjgedtd D loeplilgdle sybtenees Ay rbéiostibe optical
substrate in a state where the liquid is locally held
betsyedrent aed (ihej ealb $onaopoincaie sepstemtamkdadre. Accordingly,
substrate, such as when exposing the periphery on the

subst rtdtee, imgre igHan dadiatyl mrrdselrsust ogind agmecheith high
substrate stage after exposure has been conpl eted, the

| i FRSP LU e Nkl ettt deRtte 9 dasdts srmpsthesaWith when
system and the plate, ~which nmgkes it possible to
p¥&7ﬁ%ﬁs%%lﬁi%% FRSf O g T ouf At if YU EFEMBAE fR¥en When

I b he liquid be held t the | .
1oL SyResausest15cLLAULS £ S D DELVESR Dot ece o
SUBIALE |5 AT, §XEDBNS8 oy Lo DOROIES SO0 P e wnere

takifng ahid M R SURPING t1§ dtl Wl -+ HE VMR Yo optical

with the exposure apparatus in the present invention,
t hesypatde bR dcaie Reib duransd eshed ad wmegpesipa@%ga@ye @R riphery
e

the substrate, and the 25 throughput al so can
| Murovats wspatiadd )y ecalse ddthdridi®ig the substrate on the
15 substrate stage after exposure has been completed, the liquid
can be held between the projection optical system and the plate,
which makes it possible to prevent the liquid from flowing
out. In addition, for example, because the liquid can be held
between the projection optical system and the plate while the
20 substrate is being exchanged, it becomes possible to start
exposure operation of the substrate without taking any time
to supply the liquid. Accordingly, with the exposure
apparatus in the present invention, the pattern can be
transferred with good accuracy on the substrate, and the
25 throughput also can be improved, especially because the time
required for liquid supply after wafer exchange will not be

necessary.

In this case, a gap formed between the plate and the



required for liquid supply after wafer exchange wl|
not be necessary. In this case, a gap forned between
the plate and the 11 substrate can be set to 3nmm and
under. In such a case, even when the imrersion
section on the image plane side of the projection
systemis on the border of t he lubstrate and the

pl ate, such as when the substrate stage noves to a

poséJBso{}:asce Zhe btehge?iupétfr?r&eari u"é@i’frgpeéhgh ecase, even

proj ection optlcal system elng l'oc un
the, 0 &fd | Qi Gl s systiMord hehe llln%éi ﬁ%ﬁ@%&éﬂ%f the

substrate and the plate is kept fromflowng out into
t NG G ctdiksh 13, ity SW bacentepst@arobr tige |d Wl Wratd tind the
the second exposure apparatus in the present 10
I NEMH 1 ON, sUdle sexpogur enappabat steastdye ti®ves to a position
conprise: an interferoneter that neasures a position
50f WhHersuhstsd et ratade; awng faomat e adicdtdonngpt ical system
mechani smthat perforns air conditioning in the
perfipheheiofy tlhealtieguddebet teenpthpecpiop expiiorel system, the
optical systemand the substrate. 15 In the second
ex poisiiid éspaﬁaﬂu@a AubRérpresard themiatd va kdntqbrem flowing
supply by the supply mechani sm can _begin on the

S mrtdx%@apo duehfpPdthgpeetfafetrnptesent the liquid.

|nvent|o here is rOV|ded athird ex Qsur
hppar at ud S [9ACSTRCh ERRS SRS ARRATEET Wit If gy Present

enerr%y eflorp1 an( transgserrse t he aatter nc ont substor at e:L .

VI a a rOJ ectio p|ca sfﬁp“’fﬁ t(ur?e e%ﬂo él comprlse: an
ap [ t t
SIS R %@%ﬁ#&%fﬁ%%% HIEN Ybserace

t wosdi eensi gpal, bl ane il A ch 1 A&y f i

i nt erf(je?orret er r%halt measulr els al p03| tion %{ a?ﬂger orms ait

fub:s&g@itel&{ﬂgge i m%arl@wlmﬂmtlw i®Stween the
I qui

projection optical system and the substrate.

15 In the second exposure apparatus in the present
invention, liquid supply by the supply mechanism can begin
on the plate.

According to a third aspect of the present invention,
there is provided a third exposure apparatus that illuminates

20 a pattern with an energy beam and transfers the pattern onto
a substrate via a projection optical system, the exposure
apparatus comprising: a substrate stage on which the substrate
is mounted that moves within a two-dimensional plane holding
the substrate; an interferometer that measures a position of

25 the substrate stage; a supply mechanism that supplies liquid
to a space between the projection optical system and the
substrate on the substrate stage; a recovery mechanism that

recovers the liquid; and an air conditioning mechanism that



to a space between the projection optical system and
the substrate on the substrate stage; a recovery
mechani smthat recovers the liquid; and an air
condi ti oning nechanismthat 12 perforns air
conditioning in the periphery of the liquid between
the projection optical systen1éﬁh the substrate. In
thi s exposure apparatus, the supply mechani sm

opieaorny Sl AR ARE T RE R Y B8 3, iaute
LB P (SIS R 1 |l

nmechani smpang itsh@ Jdoodird @ERVAM s ,bY Heh@ upPaQV &fe¥hanism
mechani sm do not necessarily have to be perforned

durd uith IEXR0UI 1 N RBEYBE, sBapé eflet w& o etk et obptical
liquid is held locally between the projection optica
5systyemenarchd hehes uthgigtatas eorort hehes uhgigtada estsageyegt and the

| east during exposure. Accordingly, by the inmersion
metteorhvexposigternism perdoramed thie hlinwld r edol thilencase, the
and a wider depth of focus conpared w th when

exposiiid isgppdiyfloy rié sHPPhy meéehanhsn Rngddhei biquid recovery
because the air conditioning nmechani smperforns air

corttl tGIghi TREF IR Dh&qsEaphet o mathd 9qefifarily have to be

TR ot B B R i e amoune
10, TN B et ket SR e b e B i 30 Cbtical systen

of P TAIOSHAL (PR WA A OSSP guring

ti“%iﬁﬁ%uréﬁf@QQB&HQng?9§X?9W§QQQHm@ﬁ%ik§FmEEKGE; éﬁgéfure is

al 'ows the position wafer stage WoT to be nmeasure
Wi the 19006 &€ GHTAE Yh 1 ghl e £ 10118 oM drH th ey IO h of focus

apparatus in the present 25 invention, the pattern can
be dommsfed etk Wvlergoatb @00ty aicy performed in the air. 1In
15 addition, because the air conditioning mechanism performs air
conditioning in the periphery of the liquid, turbulence of
the gas flow can be prevented in the atmosphere in the periphery
of the liquid when recovering the liquid by the recovery
mechanism, which can prevent measurement errors of the
20 interferometers that may occur due to the turbulence of the
gas flow (including temperature fluctuation of the gas,
refractive index change, and the 1ike), andallows the position
of wafer stage WST to be measured with good accuracy.
Therefore, with the exposure apparatus in the present
25 1invention, the pattern can be transferred with good accuracy
on the substrate.

In this case, the air conditioning mechanism can include

a suction mechanism that sucks fluid.



on the substrate. In this case, the air conditioning
mechani sm can include a suction nechani smthat sucks
fluid. 13 In this case, the suction nechanismcan al so
performthe function of recovering the Iiquid which
could not be recovered by the recovery nechanism In
such a case, for exanple, when 133 situation where the
liquid could not be conpletely recovered 5 by the

recovery I{f‘ﬁ‘f}l??é”c% fﬁHé%uét{lﬁ;rﬁfg{gEbgﬂlgﬁcml 2,@0 perform the

collects at cou € recovere

Accof i@y or ﬂé&déﬂﬂk{jtg@%cﬂﬁtd LWETRW AN d RSt be recovered

substrate, which keeps valr i ous i nconveni ences

refigf ked £8cEEly eledihiali HECUTNdEEch G chiRR, M eFRIdUAb1e, when
(residual) liquid fromoccurring. 10 In the third

expostiteaspparaieie thet hieypi@sentl d myehkl Otnplébel pirfecovered
condi tioning mechanismcan locally air-condition t

Sperdypherey mfcdveeryt ingpadtdhn iisndependent tfheomudid on mechanism
air-conditioning inside the chanber where the exposure
apparldtass§ shadused.d 1Bat cogdchnof beheedovated o Aticoddingly,
exposure apparatus in the present invention, the
pr djrectlilei ishelpeal ney stasma g ﬁ@r—suaébsarptar avhigh dfeeps the
optical elenments in which an optical elenment |ocated
cl o5Est°4D lPﬁé’“é’GBé@P&teé RaSeRrAel &° fSeedy /gt occur due to

section excluding a rtlo sed for exposure, and at
| oddte orr?énazdﬂawerﬁﬁ Do dpdidichd T ch{ﬁrdmg
1of ecoverin

d
(bubblesngt ?%hlfgg%¥ gngeﬁéﬁggFﬁﬁﬁSg? E%%Eeﬁ%?%lnventlon,
Accyding E8n§ SHBEQ% Jnfrn%g%.Qgggfﬂg —é%ﬂé&klom the

there is provid exposure appar at u

T ndes, 25 @hdal tqﬁfﬂj W trﬂié}i&rﬁd@{tgyfﬂﬁé‘@}?é‘d

transfers the pattern onto
alr-conditioning inside the chamber where the exposure

apparatus is housed.

15 In each of the first to third exposure apparatus in the
present invention, the projection optical system can include
a plurality of optical elements in which an optical element
located closest to the substrate has a hole formed in a section
excluding a portion used for exposure, and at least one

20 operation of supplying the liquid, recovering the liquid, and
recovering bubbles (bubbles in the liquid) is performed via
the hole.

According to a fourth aspect of the present invention,

there is provided a fourth exposure apparatus that illuminates

25 a pattern with an energy beam and transfers the pattern onto
a substrate via a projection optical system, the exposure
apparatus comprising: a substrate stage on which the substrate

is mounted that moves within a two-dimensional plane holding



a substrate via a projection optical system the

exposure apparatus conprising: a substrate stage on

whi ch the substrate is nounted that noves within a

t wo- di nensi onal pl ane holding 14 the substrate; a

supply mechani smthat supplies_liquid to a space

bet ween the projection optical1§ysten1and t he

substrate on the substrate stage; and a recovery
meghanisothat Jr.ego t Lavid, « pherg&idn i C
prgjggfﬁbﬁkogﬁféa? é?é?é ﬁ%%+%%g§ﬁéta pI{Héh%{%%(%lquld to a
optdile EE@W@BB%H@F\% 1eRt2Bnopht £ak1 & anbOG# 88bstrate

closest to the substrafe has a hole forned In a

Se@n fRe ANHUHTYs8aPek tdrRNaUSEhfOFy RXPASHA Bm Bk dkcovers
| east one operation of supplying the |iquid,

r econverliirgitd)e wheqwich, té&rd progeetdinngplulibllesyvissem includes
performed via the hole. 10 In this exposure apparatus,
5i n a péuaptliicyl ol epental hatemsttsiciungsi diherpropjtdctailorlement
optical systemlocated closest to the substrate side,
a Holcaties ¢bpaedtitip Bheeuthisiratirahass hotle maeed dn a section
exposure, and through the hole an operation of
SUFPIGAUE theé INdHiPn Meesh &o0m@aes Utiequiadhd et least one
recovering 15 bubbles in the liquid is performed.
ThERSTRE O BACEIRRMW P the bbadi Bl & ecoanfaried whenl igetd, and
case when the. s | y mechanism and the recovery
eI GHh 41 BR R ed SRR D e 5 BPedt on
opti cal S I.n. . addition Lsg in this case the
100 ippl y mathant SR i aBPRaarAS o e ospEEChb kgt that

t hes &Fﬂe%ckih%[‘gggﬁ EE@ ' oﬁyéﬁgngfdsi&?erﬁ l’h.t&!é'@éoe Alsest to

the substrate 7 and the recovery nechani sm

r equegnkheakicdyi de, | hdilt $sCASEmed NGy 14 QUEE SHPPAYE is not
by the supply nmechanismand the |iquid recovery by

t hei el e Ve iR, SED thatouecassanidle v dratien of
performed during exposure, however, a predeterm ned 25

aneunplofirg gihed liisyuiel,d deefonveari righe hr Qjiegtiidgn or recovering
optical system
15 Dbubbles in the liquid is performed. Therefore, space saving
is possible compared with the case when the supply mechanism
and the recovery mechanism are disposed exterior to the
projection optical system. In addition, also in this case,
the supply mechanism supplies liquid to the space between the
20 projection optical system and the substrate on the substrate
stage, and the recovery mechanism recovers the liquid. 1In
this case, the liquid supply by the supply mechanism and the
liquid recovery by the recovery mechanism do not necessarily
have to be performed during exposure, however, a predetermined
25 amount of liquid is held between the projection optical system
and the substrate on the substrate stage at least during

exposure. Accordingly, by the immersion method, exposure is

performed with high resolution and a wider depth of focus



and the substrate on the substrate stage at | east
during exposure. Accordingly, by the inmersion
nmet hod, exposure is perfornmed with high resol ution
and a wi der depth of focus 15 conpared wi th when
exposure is perfornmed in the air. Therefore, with the
exposure apparatus in the preséﬁt i nvention, the
pattern can be transferred with good accuracy on the
SUQ§$@f§ d @ﬂﬂj¥mﬁmgpgﬁﬁﬁmQ%fIG%? QP 22N SRG AN S
ed In y o I

arran t he periphe t he projection optica

Sy SitrRiPe IS0 WITTEAIRS oo LA Qpar@ s st the Wt
exposure apparatus in thé present iInvention, the

exAesiTR idppat akUsa €88rh Wdhee t@@ﬂﬁfé%@édaﬂmﬁltg{)@d accuracy
unit that stops both liquid supply 10 operation by the

suppl theeehasi-satandahdquhd degoyeryr OpRfadnm O Rudhiheection
recovery nechani sm when the substrate stage renmains
5st atriramayed  1AC cdredipey iphea yf icfft it has peot] eaft iblne oprrésent system
invention, there is provided a fifth exposure
apparsst uhadesed.l umi nates 15 a pattern with an
energy beam and transfers the pattern onto a substrate
via a pr 6]%%@?]@@1:0EPPC%1r%’SIETrPeE?UfFHé espsFdieapparatus in the
apparatus conprising: a substrate stage on which the
SUBRRSSATE 3N SRfutted HRate XRARIY QnidaF agus can further

t wo- di mensi onal _pl ane hol.di the substrate;, a . suppl
ot I ndt SSUPRIT e ity dTd Tt 6 H00%0 Pl d isBERb Ay PR LY
t he_pr.oj.ectiqn tical stem,and t he suhstr at on

10t heoljgeurbs At g)ys?cgjgee;sué)l??g/a mreecc?(‘)"I\pelrsf/]n TeC laiﬁiqs%fﬁaetcovery

::%gzveerraﬁ:iérh%iyl i:ﬂgifje%%‘(%lﬁff!n{éc\ﬁg%riswghéHbﬁ’ﬂé al r;a;agcee stage

Ins ‘statronary, i qui d supply opeération

t he-UPRIY stmGhan,sm and iquid recovery operation by
the recovery 25 nechanism are stopped.

According to a fifth aspect of the present invention,
there is provided a fifth exposure apparatus that illuminates
15 a pattern with an energy beam and transfers the pattern onto
a substrate via a projection optical system, the exposure
apparatus comprising: a substrate stage on which the substrate
is mounted that moves within a two-dimensional plane holding
the substrate; a supply mechanism that supplies liquid to a
20 apace between the projection optical system and the substrate
on the substrate stage; and a recovery mechanism that recovers
the liquid, wherein when the substrate stage remains
stationary, both liquid supply operation by the supply
mechanism and liquid recovery operation by the recovery
25 mechanism are stopped.
In this exposure apparatus, when the substrate stage is
stationary, both the liquid supply operation by the supply

mechanism and the liquid recovery operation by the recovery



In this exposure apparatus, when the substrate stage
is stationary, both the liquid supply operation by
the supply mnechanismand the liquid recovery
operation by the recovery 16 nechani sm are stopped. In
this case, for exanple, when a]éprojection optica
systemw th a high resolution ("& projection optica
systemthat has a | arge nunerical aperture) whose

di siangs, ket ween j egti oR:Qpt.ical t th

5 ghbstr5?§¥(morﬁ%%%wg%gia%%e?ﬂﬁg gﬁ%?r ?§§u§géﬁﬁgﬁé When a

| i dot i rebPt Pk ek teliew PERILEL §9 1 c@RERlorS Y8 18 ect ion
and the substrate by its surface tension. Because thé
necgssidayl tsysxahangs Hies d IGUHgE infidedWdal mMpslr teA%8S whose
while the substrate stage is stationary, the anount

of diisnérdteusett weam dhe educied tifven cbt icaipayet am t3hd the

the case when both liquid supply operation by the
Ssupplbs tredtearivomkand Hi guadcecoyvemaldpesatised, byh¢ Helquid is
recovery nechanismare perfornmed in parallel at al

timeslq }ﬁ/@fcwe@ﬁll yherere i¢rt sbsntdica lssageemsandvilig substrate
but al so when the substrate stage is stationary). In

t hiy ¢h8cSHELaRa Fengies - prired e fithedn @t L bt ol e¥ehange the
is held petween the projection optical systemand the |
substFH% oh %ls’hﬁ‘%srtjatcéssetsag@léte fheastuifiihate stage is

xS er s HPHAY 17 T e IR GRTaF &SR when
100l il AR, SHPRESH AL KOS SRR Gy speas ton b
appaatdsdiny tﬂ&ﬂﬁs&mtadww&dmréﬁe&g@ :osﬂerka({ﬂrbrg%y the

transferred wth good accuracy on the s ate, an

t herseimtity AbchbAYkA HsePecaBried Bdueed11eT S all times (not
especially suitable in the case when the liquid used
i s @x0st Iwher2THen At eft d et dgd Sits e, h RXPeIWE when the
apparatus in the

substrate stage is stationary). In this case as well, a

15 predetermined amount of liquid is held between the projection
optical system and the substrate on the substrate stage at
least during exposure. Accordingly, by the immersion method,
exposure is performed with high resolution and a wider depth
of focus compared with when exposure is performed in the air.

20 Therefore, with the exposure apparatus in the present
invention, the pattern can be transferred with good accuracy
on the substrate, and the amount of liquid used can be reduced.
This is especially suitable in the case when the liquid used
is costly.

25 In each of the first to fifth exposure apparatus in the
present invention, the supply mechanism can supply liquid to
the space between the projection optical system and the

substrate on the substrate stage from the front side in a moving



present invention, the supply nechani smcan supply

liquid to the space between the projection optica

system and the substrate on the substrate stage from

the front side in a noving 17 direction of the

substrate, or the supply nechagisn1can supply liquid

to the space between the proje 7i on optical system and

the substrate on the substrate stage fromthe rear

Si 48 Jiddt i DY v ghf)??%b@@, Ay tRE st‘xgggpt‘%\? ﬁ%%ha?iilsﬁlh%an supply

each of the first to th exposure paratus in

Preseptid BYeftd GpaddIBe¥ROA Wike PRRARIUSCEPL UL Nefstem and
conprise: a drive systemthat drives the substrate

st agfe idhb A RIRIIEHNN 3G AU Gt GlriotN tWet Rear side in
respect to the energy beamto transfer the pattern

ontzo mMdve ey kbitreaits dm of SeRNFULGt rEEeaxposur e met hod.

In this case, the supply mechani sm can have a
Spluralityn eacBupDlohepditrstate anigeth sgaocsdrapappatratas in the
non-scanning direction perpendicular to the scanning

di megsent, iaventhen,sulis exrschvas ssprear tpEan thether
liquid fromat |east one supply 15 port selected from .
t hEPFIRFAq 't @ Glﬁlé’ﬁpﬁb/?tﬁ@rgga{nd%hﬁw dee subgirptishetage in
size of a divided area subject tq exposure on the
sulfsPrEfgte AR BRI FPR DI RE SiXeRtaopett i a9ReGIr Bedite energy

inyention, there i royi ded a sixth exposur , ,
ApPiEAR 08’ FRAESTET PSS STB00T B at e HERGER Lanin @ scanning
ener eam and transfers the pattern onto a plurality

10of %ﬁﬁ%%ﬁﬁf gF%ggx%n a substrate respectively, via a

proj ectign en&gcggséy%%ﬁguggfgga@ 4 fsf;ﬁge@ru@g% 3 plurality

conprising: a substrate stat f _ strat
i S JDUNIR y t tm\&ersad@édﬂsvbaac_ém-ﬁﬂfeqsil %nﬁlotrp-'s%%%ning
a

hol ding the 25 substrate; a peripheral wall t
surdinstsi it deagsdndinedRid @& the scanning direction, and the
supply mechanism can supply the liquid from at least one supply
15 port selected from the plurality of supply ports in accordance
with the size of a divided area subject to exposure on the
substrate.
According to a sixth aspect of the present invention,
there is provided a sixth exposure apparatus that illuminates
20 a pattern with an energy beam and transfers the pattern onto
a plurality of divided areas on a substrate respectively, via
a projection optical system, the exposure apparatus
comprising: a substrate stage onwhich the substrate is mounted
that moves within a two-dimensional plane holding the
25 substrate; aperipheral wall that surrounds at least an optical
element arranged closest to the substrate constituting the

projection optical system, and also forms a predetermined

clearance with respect to a surface of the substrate on the



el ement arranged closest to the substrate constituting

the projection optical system and also forns a
predeterm ned clearance with respect to a surface of

the substrate on the 18 substrate stage; and at | east

one supply nmechanismthat supplies liquid inside the
peripheral wall fromthe rear difde in a novi ng

direction of the substrate. In this exposure

ap + Men dhe rate J Vi tods
du%ﬁ{lkg’tﬁgemve%ér}t ag]flépt t-tealseu éstfrog%e %?jgglé/sﬁf) |ar§fglssrm that

t h%\ﬁﬂ(\gﬁsiters.a&@quﬁaeiﬁéjﬂﬂ)é %h@{é@@@})ﬁg}ﬁy%lﬁ%&lﬂﬁthe rear side
liquid inside” the peripheral wall, which includes the

spage Petoreely direHiUredf AheORuEErazkst em and the
substrate on the substrate stage, fromthe rear side

in the movinys dixpeclirenapbhatdeud P whiehst iatsebsané tiehes moving,
liquid is filled in the space between the projection
Soptilee] isystemiagd thhemsubsénat ef whesn duies tstdrsd reatagye holding
is noved. In this case, when the predeterm ned divided

ar édhe spbsheasabstheaseppby e areddrsnt feppt bfedthicohiquid inside
optical system _the liquid is supplied to the upper

si d&oPqHP i iA ldéth ldrea s hni ifdwdgsaiih hefrmce ietween the
reaches the space bel ow the projection optica

sy R S 4N iOQ,tl\ﬁﬁ‘énSYﬁEe@u%éfﬂ At SEbsfibeEq Ph flife substrate

b ek e SN L0 PR BEAEED df%cion ot che
IOSUbSL}kgsa‘;treatleS falnldl %gle\l\ﬁ_i%l i&hie ! 'q.l‘ile% .%C%‘Rédl ngcl:g’bebtyween the
pef?ornlng gxposure (pa tefn 20 transfer “on the

SURII P dPbot Teadiaeth 8h 82 ROENBOB: 200 (L BhEQubstrate

to exposure, the 1 mersion mnet

and; £xpRIW.e s Pefd UIRd Whlh PhehoFESOLUEhORe@N A ded area
w der depth of focus conpared with when exposure is

perdrordmd shib st canbveAndnde B thé So¥@Yect 118n RBLRIAL system,
can be transferred onto 25 each of the plurality of
di virded iaydas ienstppl sebst¢ aite: Wipidar side of the divided area
15 without fail before it reaches the space below the projection
optical system. That is, when the substrate is moved in the
predetermined direction, the space between the projection
optical system and the surface of the substrate is filled with
the liquid. Accordingly, by performing exposure (pattern
20 transfer on the substrate) for the divided area serving as
the area subject to exposure, the immersion method is applied
and exposure is performed with high resolution and a wider
depth of focus compared with when exposure is performed in
the air. And, in this way, the pattern can be transferred onto
25 each of the plurality of divided areas on the substrate with
good precision.

In this case, the exposure apparatus can further

comprise: a recovery mechanism that recovers the liquid at



good precision. In this case, the exposure apparatus
can further conprise: a recovery nechani smthat
recovers the liquid at 19 the front side of the
projection optical systemin a noving direction of
the substrate. In such a case, _.the supply nechanism
supplies the liquid inside thel eri pheral wall from
the rear side in the noving direction of the
su r a e ' I t:he :
e AR na S oE B TR R SRS S i moving
SYSi: [ h i I-eClion u at I
e R T e hasiega e Fit waga t hg° Supply
Pr dleRHainA PRl b6 8k e S NS mi and gt es Sadstcaber a3pRBYa1 L1 from
novi ng direction of the substrate. Therefore, in the
castel@ehor eige At tRE smadhed ed e dthieors WIS tihY eublshe¥te, and
are renmoved by the flow of the liquid. In the sixth
Sexposurecappayaneshani shecql lbseind thevédtuad, atttiee front side
supply nmechani sm can have a plurality of supply ports
i noft hdeppriophetyoof ophnitat aslyatenniamrde owving direction of
substrate where 15 the energy beamis irradiated via
t h&hsatstUdst rat@ -t hénpEbjecEpsA, opbPcalagydt eppphied flows
exposure, and can switch the supply port used for
supRyisss Fhe RIUATE 1P aBédraantes WeH RnG hBe ik Tigrate along
direction,of the substrate. In the sixth exposure
ApEPaE % e etent iR ERPFORate20 T uit@ the case
apparat.us can furth conpri.se: a.drive system _that
10 g e e W berrarareage i en SPPEaEEP hBaY sEhm Ay ved By

di reet ion Wdh hHes q&ﬁﬂ}_ the energy beamto transfer
the pattern onto the sSubstrate in a scanni ng exposure

net hod. 1hnefdisy Gas€pddiers %Bglaia%%hﬂmtﬁ@ SADs O invention,
provided on 25 one side and the other side of the
| rread alip@ yameahhAikR€can have a plurality of supply ports in
the periphery of an irradiation area on the substrate where
15 the energy beam is irradiated via the pattern and the
projection optical system on exposure, and can switch the
supply port used for supplying the liquid in accordance with
the moving direction of the substrate.
In the sixth exposure apparatus in the present invention,
20 the exposure apparatus can further comprise: a drive system
that drives the substrate stage in a predetermined scanning
direction with respect to the energy beam to transfer the
pattern onto the substrate in a scanning exposure method.
In this case, the supply mechanism can be provided on
25 one side and the other side of the irradiation area in the
scanning direction, respectively, and the supply mechanism

that supplies the liquid can be switched in accordance with

the scanning direction of the substrate.



scanni ng direction, respectively, and the supply
mechani sm that supplies the liquid can be switched in
accordance with the scanning direction of the
substrate. 20 In the sixth exposure apparatus in the
present invention, the supply chani sm can have a
plurality of supply ports arr& ged spaced apart in a
non-scanni ng direction perpendicular to the scanning

direct| ?H 12 5 FJE% SHPPL Yre o 8?2%%@&%&?5%%3%&% Bevention,

liquid fromat [east ‘one supply port

the Rl Wildity riferaRRY Rer hivieh 22¢A0r3aNnes W'ft I%uptpl'l% ports

size of a di'vided area subject to exposure on

subsiraaioed Igpaderl Sipsiit @XDes wod -arRananhYs dll&efcma on
present invention, the exposure apparatus can further
conpirpgerdiaudlaat e oo dednnlitig kiakedteast, anparheofsupply
t he periphery of a nounted area of the substrate on

5t heesinlastirsat east aigeply hepllatieibalrory st denbacene supply port
arranged at substantially the sane height as a surface
of seectabireattdeanplnradion atheuppbytnattes $naygecoddance with
each of the first to sixth exposure apparatus in the
15 tﬁ’fee%éﬁ‘? oifrey 8AViigRd atfa BUPOSTOE & apBRP AL LS cPghhe substrate.

further qgrlse at | east one bubbl e recovery
mscham <m ‘i}h tglP‘é'f@o%’éEP%sulb%BBP%atHStHétF‘FcRFF%S%Ht fRy¥ention,

?hﬁé%??%ﬁf%%?ﬁ#%ﬁ?% st o 6e" (59 Eac cot - kg te provided
of I 1§t attolgg\?%h :é£)19§uor§ tRPBE %Lézle g?urtrﬁou HES YW ea of the

|nvent|on posure app

Hs%%*at%noﬁdi:gétm wast% ogjhgs §aféWMr?g a surface

con tions based on at

MERSUBIRMY a¥ad LSSt adi 2 PT edind 'sgﬁevl%i‘@@t %fs a surface of the
tenperature information on the liquid tween said

Pr GGt ren OpidutAle 5 o5t @NaARGSAIrG teukslagat.e. 25
According to a seventh aspect of the present
I nventi oln each of the first to sixth exposure apparatus in the
15 present invention, the exposure apparatus can further
comprise: at least one bubble recovery mechanism that recovers
bubbles in the liquid at the rear side of the projection optical
system in a moving direction of the substrate.

In each of the first to sixth exposure apparatus in the
20 present invention, the exposure apparatus can further
comprise: an adjustment unit that adjusts exposure conditions
based on at least one of actual measurement values and
prediction values of temperature information on the liquid
between said projection optical system and said substrate.
25 According to a seventh aspect of the present invention,
there is provided a seventh exposure apparatus that

illuminates a pattern with an energy beam, moves a substrate

in a predetermined scanning direction, and transfers the



there is provided a seventh exposure apparatus that
illumnates a pattern with an energy beam noves a
substrate in a predeterm ned scanning direction, and
transfers the 21 pattern onto a plurality of divided
areas on the substrate via a %égjection optica
systemin a scanni ng exposure hod, the exposure
apparatus conprising: a substrate stage on which the

SUbsiRLS IchtPuNtAd hat JRe S WildidN a8 eas on the substrate
t wo- di nensi onal 5 plane hol ding the substrate; a

SURAlaY a BRI SIBr Bt 1 8HP JfSem khGlisdah@ idgSPaS®sure method,
bet ween the projection optical systemand the

subsiy akpostrthepsahsiuaicemplragéngansg sudsGeMes ¥tage on which
mechani sm that recovers the liquid, wherein liquid
suppiey shpstme teuppl youmssh amiasnmand sl w gt On reeceverdyimeysional
the recovery nechanismare 10 perfornmed in sync with
Sexpdsureehopdingi Urs sipsteadle ;of tupplwinechedliamedstosupplies
the substrate. In this exposure apparatus, because
| i iR ISUFS ¢ BPacRebesuppn yt e ohiadil a3 Eord QRtguiad system and
recqvery bé the recovery nechanism are performed in ,
sydd P tRsEXpbs ATe tBEet T lotRt & §Faggé R 215 ¢peery mechanism
di vided areas on_the substrate, when the pattern is
{1 dEeF FERVBREO R A [ ice AN F BAR SRt S8 FaNpBY e SUPPLY
on th substrate.in.a scanning exposure method, a .
o GRS T o e Cof ST RE d § e ORa TRt sm are
ca I - : en. t rojecti.o
100 bRt ol Ay e R A SRR P Ry of che

ar e PRRES AdYOUgh dhe dydadiatd on area of the
energy beamvia the projection optical system and by

the i Mmersi oni SRLRGU rRXPOSAF£Lh S, PRICHLRED] ¥hid i@ v by the
resolution and a wi der depth of focus conpared wt
whesupExpasuheni smpard di qeddineddve i by thMeanebove€ry siechanism
state can be 25 nmade where there is no liquid on the
subste gtesr fdumeaty i pemiodvith exposure operations for each of
15 the divided areas on the substrate, when the pattern is
transferred onto the divided area subject to exposure on the
substrate in a scanning exposure method, a predetermined
amount of liquid (exchanged constantly) can be filled in the
space between the projection optical system and the substrate
20 while the divided area passes through the irradiation area
of the energy beam via the projection optical system, and by
the immersion method, exposure is performed with high
resolution and a wider depth of focus compared with when
exposure is performed in the air. Meanwhile, a state can be
25 made where there is no liquid on the substrate during a period
other than the irradiation period when the divided area subject

to exposure passes through the irradiation area of the energy

beam, or other than a period including the irradiation period



other than the irradiation period when the divided
area subject to exposure passes through the

irradi ation area of the energy beam or other than a
period including the irradiation period 22 and a
slight length of tinme after the jirradiation period.
That is, on sequentially expoé?hg the plurality of

di vided areas on the substrate, each tinme a divided

aregd § SXRAREHensif ldu'fdt L BRCY L Pnés 1?@8‘_%%% 1Bt That

the projection optical system and e substr and

fulis) 'o‘ihu's@qﬁ%ﬁ‘ﬁ\i%rll{yaéﬁpfagﬁﬁ@t €lq<|3prL?f§P{@Fdof vaﬁl\&faed areas
can shorten the period in which the liquid ™ exists on

t hersubst sabst rabé fheL£an t@in%oa SRR BS$ a9Rar adid¥posd, liquid
substances in the photosensitive agent (resist) on t he

subsipile tastheldpaas beppeesstidereiygdtdmiedpalical system and
degradation 10 of the atnosphere in the periphery of

5t heesubsthrstmatd randadilli dniquie dd guied heateeddpedtieily
irradi ati on of exposure |ight during exposure of the

pr avediqwgneat vivdegthacea dbestrot thafperiodhhin expicdurtdie liquid
of the followi ng divided area. In this case, each tine
expusiAtes ¢ ddeh B ata@td vivddEh PemEdse issippress degrading
perforned the |iquid supply by the supply nechanlsm

andP¥ i1y srté?crkﬁﬁe?y”bft}"t%@}}qtq%ﬁedlsd;ﬁlt"r?e ar@tfcrﬁve(rr)?SlSt on the

WEC ni.sm.can formed. In S Case,

Ty hé eﬂjgt parnPRtESto I?%eem’s%fb‘?s‘%“}eaﬁteﬂstdfé’er adation
1Om-')Vc§f‘]~'gckiJ at%r?osspu In% }{ee%lonahntrg/:g:fnq:g} su%)stratet In

suppl y y mechani‘sm SONe poln

bef oy I'Henfrtq{g 1%49?1&% i iHed Y 63 SRS ¥f exposure

exposure enters ‘an"irradiation-area on the su strat

n e cﬁﬁ%n%ng&ﬁ}ésggénbf't%é ﬁ:fz%@e@ﬁ%q; Mi@3ibB8 area does not

pattern and the projection optical system on
expostde: e ldkpdd srease, tHderd 1 104 ich$ Wppl My dhe .

supply mechani sm
In this case, each time exposure of each of the divided
15 areas is performed, the liquid supply by the supply mechanism
and full recovery of the liquid by the recovery mechanism can
be performed.
In this case, on transferring the pattern, due to the
substrate stage moving in the scanning direction, the liquid
20 supply by the supply mechanism can begin at some point before
the front edge of a divided area subject to exposure enters
an irradiation area on the substrate on which the energy beam
is irradiated via the pattern and the projection optical system
on exposure.
25 In this case, the liquid supply by the supply mechanism
can begin after moving operation of the substrate stage between

divided areas, which is performed between pattern transfer

on the divided area subject to exposure and pattern transfer



can begin after noving operation of the substrate

stage between divided areas, which is perforned

bet ween pattern transfer on the divided area subject

to exposure and pattern transfer 23 on a preceding

di vi ded area, has been conpl et 92%[ or, as in the

exposure apparatus of Claim36,“the liquid supply by

the supply mechani sm can begin when the front edge of

th iving%c& I ] 1Q £X f e%pﬂgﬁ PRy :
pogoir?iao . SGICﬁt ﬁgg\?g(r‘ﬁ I’?%)?éogl%r%gb%peglarat se?tr?%#’hg)r’ as in

Pr egfNlexpoRvier! kpParQBukl 8ASE B ik NGt RBePRIEBER. st¥81y by the
to the substrate stage noving in the scanning

di reagdg I9hmethanh seut gin ey when the Siipd ydegechanisdndivided
can stop at a point when the rear edge of a divided

ar exr Ul e dto tex pogursel reo mesa ddfefs an duprddi addsare ik

area on the substrate on which the energy beamis
Sirradi at dai thiea selvenrdt teposane ipe apadjusc tinomheppireslent
system on exposure. In this case, the liquid recovery

by itreentdcivery hseanaheshieant e dadftteam it aeep*a@ tdren siupstrate
transferred onto the divided area subject to exposure

ands IRIOFO VARG A BpRragamhind sigectiensubser hi@usd syprly by
bet ween di vi ded areas perforned grior to pattern

t r At SUREH Ya TEGOGEE MG FFARA2r *PDERYT e |the ear edge

th t in th t i tion, .. .
on U1 AT ETIThG HEReSPAT TEE 1 BHEOPB: EROMRbEL ot 17 Fadiation
103, TR Bllel PublEr el bl BHE Qe rhlhedfl 4 i rradiated

befpre+hhe,J@ad 2498 104 2o ;Le\éit%ﬁ %@fcﬁ@g%%mt@n exposure.

exposure conmes conpletely o an irradiati on area on

the substrmtie N ARICh thize 19RRIGY RV rys Py kadl 3bvery
via the pattern and the projection optical System on

exXpRstia#h i s dah tehids a¢ase, thBephtgoid Ssipptandsethel onto the
supply mechani sm
divided area subject to exposure and before moving operation
15 of the substrate stage between divided areas performed prior
to pattern transfer on a succeeding divided area begins.
In the seventh exposure apparatus in the present
invention, on transferring the pattern, due to the substrate
stage moving in the scanning direction, the liquid supply by
20 the supply mechanism can stop at a point before the rear edge
of a divided area subject to exposure comes completely off
an irradiation area on the substrate on which the energy beam
is irradiated via the pattern and the projection optical system
on exposure.
25 In this case, the liquid supply by the supply mechanism
can stop when the rear edge of the divided area subject to

exposure reaches a supply position. In addition, the liquid

recovery by the recovery mechanism can end after the pattern



can stop when the rear edge of the divided area

subject to exposure reaches a supply position. In

addition, the liquid recovery by the recovery

mechani sm can end after the pattern 24 is transferred

onto the divided area subject to exposure and before

novi ng operation of the subst r &% st age bet ween

di vided areas perforned prior to pattern transfer on

a %%P%?%g%ggrrgﬁybggg @H§QHR%Qkﬂ§aréa!%uﬁ?%gtoﬁot tosure and

fifth an event h exposur e apparatus i prese

| NYRIYY Q@ mo b DEg DRI 1@ APPRIHRA! USh §8Pa { MskRBk between divided
conprise: a pefripheral wall that surrounds at |east an

optdreals Rraided st e gt b tradtse GO id Wiidk@Geding
the projection optical system and also forns a
pr efietieyed nadkLleryiance with 10 respect to a surface
of the substrate on the substrate stage, wherein the
5supply mEchaachnoSuppd ifds tthhenki gairdnthséxigodinee apparatus in
peri pheral wall where an end section of the projection
opttihsalpresestterorenthieonsi ddicofe iprs ungh stpratra tfusorstagy further
According to an ei ghth aspect of the present .
i NERAGES: aPemate sl prévitdet auréryhds akpeggtean optical
apparatus that illum nates a pattern wth an energy | _
be&mSHVe§12588hstP dthe SRS rptederr? i hRELIRE dits Wojection
direction, and transfers the atter nto,a pluralit ,
o SHicasHPERE. e Al Sou bR FPa b T o R A i Bp Bt Gprance with
optical systemin scannj e sur.e net d’lé? th
100] postes bt R o b Ag U GG Pt ENSI Mgt te stage,
whi : te | at.ed . AV, i hid -
o e e BbRLT bR TR A0 L R e 4l Anstde the
perddhgirad ravelb 11 hate SUBRAMEIS e 2L chedSt n@Np AP e &Rl on optical
el enent arranged cl osest to the substrate
consjdtdit idig dHe rdy eot itk epidLlatsy streRtaAnd al so

fornms 25 a predeterm ned clearance with respect to a
surface a@fcddreling to an eighth aspect of the present invention,
15 there is provided an eighth exposure apparatus that
illuminates a pattern with an energy beam, moves a substrate
in a predetermined scanning direction, and transfers the
pattern onto a plurality of divided areas on the substrate
via a projection optical system in a scanning exposure method,
20 the exposure apparatus comprising: a substrate stage on which
the substrate is mounted that moves within a two-dimensional
plane holding the substrate; a peripheral wall that surrounds
at least an optical element arranged closest to the substrate
constituting the projection optical system, and also forms
25 a predetermined clearance with respect to a surface of the
substrate on the substrate stage; a supply mechanism that
supplies liquid inside the peripheral wall; and a recovery

mechanism that recovers the liquid.



substrate on the substrate stage; a supply nechani sm
that supplies liquid inside the peripheral wall; and
a recovery nechanismthat recovers the liquid. 25 In
thi s exposure apparatus, the supply mechani sm
supplies the liquid inside the perlpheral wal |, which
i ncl udes the space between t hé> proj ection optlca
system and the substrate on the substrate stage, and

t he re00¥ﬁ;¥h%ﬁcg§ HFQ 8§EEQSEB th%h gﬁéglg chhanism

Accor di ng stpply by
”e“slﬁ%rﬂ)'lsi@same g.l'ei%f ll'dqfﬁgl&@%ﬂ\éggf% fé/nélhﬁl W8GRV &INich includes

mechani sm ar e ormed I n par a pre etern1ned

anppRt spRfcd ivdthd hexeRanged e%tt idhl optRe) isyshehdand the
i nside the peripheral wall including the space between

t hgupistjrectel 6A tHE NMdtoalt s ¥ehem, anddt tee shsdveatyemechanism
Therefore, when exposure (pattern transfer on the

5sulkstinaiot)s ihepetdotded Haroddiegldi,viviled aheasiqmnid keipply by
substrate serving as the areas subject to exposure,
by tper Soppilygnebkahismiahd upel §ignddr eeocveeyy by the recovery
descri bed above in parallel, the i mrersion nethod
pr e\ﬁcmglllysmar@eeerﬁbemedsleapalr@dlelamﬁ @ygosieeniineld amount

high resolution and a w der depth of focus conpared
wi o \Méréhué& W@ng@%eﬁf @rlﬁe&lm% t B8 &edd dnside the

perf or, gﬂﬂstlo i.n this case, because %
exé’c?s%p ear Gdar iio8s thepSPRpRe §|twv%|n| Raprojection

at | east el enen cl osest

1070 e 0 SuSLErace cois PO FEEEE ne TSR Latidsn Wneh Skposure
opt g%@te%xlsk?yn@}%ralo%o thfeorsmi)sacr% %gfetl%r e@%%r ed for the

France with respect to a surface e sub rate

on &ﬁhﬁc@&)%tr%%tseoﬁt ade. sQBs@PgEénQef\pf"n laesarteﬂec%reas subject

the contact area of the liquid and the outer
al fed expriur@Xt HEMat 9 ilng %dg tihe ?u%‘éir fs%%)‘foltye%%'dor}_ecovery

of the I'iquid 25 prevents the liquid from I eaking
Outcyisiter il pebivphefi damAllel, the immersion method previously
15 described is applied, and exposure with high resolution and
a wider depth of focus compared with when exposure is performed
in the air is performed. 1In addition, in this case, because
the exposure apparatus comprises a peripheral wall that
surrounds at least an optical element arranged closest to the
20 substrate constituting the projection optical system and also
forms a predetermined clearance with respect to a surface of
the substrate on the substrate stage, by setting the clearance
small, the contact area of the liquid and the outer air is
set extremely small, and the surface tension of the liquid
25 prevents the liquid from leaking outside the peripheral wall
via the clearance. Therefore, for example, it becomes

possible to recover the liquid used for immersion without fail

after the completion of exposure. Accordingly, with the



via the clearance. Therefore, for exanple, it becones
possible to recover the |iquid used for inmmersion
without fail after the conpletion of exposure.
Accordingly, with the 26 exposure apparatus in the
present invention, the pattern _can be transferred
onto each of the plurality of i%i ded areas on the
substrate with good precision, and various adverse

ef f8eis GaUe P aRY clBe: higul ‘E)r{e%%nﬁﬂgeﬁﬂighe the pa fern can

substrate can 5 be avoi ded. i S case, the insi

of yhe mefdmhara] ald ek RE th ?l%%%@ﬁ&&?o&r@ﬂ%ﬂﬂ%d areas
state. In such a case, |eakage of the |iquid outside

t hepeaiiepheitt ald Wi tpdd ral sRIghtareati®us adverse
prevented with nore certainty. 10 In the eighth

ex Efsidcr sapparsaidudyl pheheiguederdmal mireftororchaMemstheite can
substrate stage holding the substrate is noving, the
51i dpd cawuplsd. by t he supply nechanismand the liquid
recovery by the recovery nechani smcan be perforned.

In the eilghthiexpaser etppdrsitdss cifnthReppregkaralsvall can be
i nvention, when the substrate stage hol ding the

subdt Pab@IRELVSIRESG DHEES SHAtGUI dIBUPMFY Sopecst i bpakgge of the

the supp|ly nmechanism and |iqujd recovery operation by
th B SHERNBAF SRR ELRReBet d{Abk R Loants 08t didant can

where the 1iqujd.is held wthin th i pheral wal |
cart D@ i Hiohet 2895 (e GG exposur e appar at us

10in the pﬁ$§%%% Ji@ﬂ%yiﬁgﬁﬁ§dy% %@%% 5%5 IQ%dt%%ﬁﬁk%%%%t

can be set t0 3nmm~an r.~ Ac ingtdo an

as [ enocfiérh,ewﬁre%sﬁﬂé étﬂy é é]'slta:%{éeﬁglhﬁngrQNé%&rate is
ni nth exposure apparatus that illumnates 25 a
Pal{RFihgy hal QRSO RFAY BPUER SISt Mt@iddi s and the
liquid recovery by the recovery mechanism can be performed.
In the eighth exposure apparatus in the present

15 invention, when the substrate stage holding the substrate is
stationary, liquid supply operation by the supply mechanism
and liquid recovery operation by the recovery mechanism can
be suspended, and a state where the liquid is held within the
peripheral wall can be maintained.

20 In the eighth exposure apparatus in the present
invention, the predetermined clearance can be set to 3mm and
under.

According to a ninth aspect of the present invention,
there is provided a ninth exposure apparatus that illuminates

25 a pattern with an energy beam, moves a substrate in a
predetermined scanning direction, and transfers the pattern

onto a plurality of divided areas on the substrate via a

projection optical system in a scanning exposure method, the



predeterm ned scanning direction, and transfers the
pattern onto a plurality of divided areas on the
substrate via a projection optical systemin a
scanni ng exposure nethod, the 27 exposure apparatus
conprising: a substrate stage aon which the substrate
i s nounted that noves within a4Mo-di nensi onal pl ane
hol di ng the substrate; and the supply nechani smt hat

has .8 o R abbbya0f sSURRL Y: POLE S ALLADEE té%a&e%d%gﬂ%ﬁich the

inab non-s%gnnlng direction erpendlcugar to

SCaH G atH | 8GidBte APHat AR HPPL YH TRENEDS ST RURPL b8S1 plane
the liquid along the scanning direction fromat | east

oneSUPM Y Ref tsigd el diPmH e WiInahiddhefi ssURPat has a
ports in accordance with the position of a divided

ar el il i\eot 4o axgasure ik tder et rsdacek) dpar in a
predeterm ned spatial area, which includes at |east a
S5spavertmtameeimd hil sadisitara tpee mpe rtdiies tslHYs traatten es tsaga raindy

the projection optical system For exanple, in the

castli zctigast anbetlsé sapefl vt hechawi dedsurgrleie subpetiqedd along

exposure in the non-scanning direction differs 15

depeifiisRgnoAnohdi post i porf 1o ehel R 9§ ¢ aperlyubpeleiselected

to exposure on the substrate, the supply nmechanism

sel FEH g g R R PorTURRIGbRAHG 118! e PsanGoyith the

of the divided grea ubj ect 1o exposure on the

SUBET L8R R qOERERY AREE B GaF O SKBOSEFBaH Fige ibstrate
1OSUD§A Ya Booxret eakfecﬂiq{er%g stoattiha sS4 ZQJhOlfcht hl ccilu\ﬁedse%t least a

area subjec 0 “exposure in the ndn-scanni'ng

di ' ingl - : tian it
pecos mEaTRre 10 et i B, RS e 4% 1 $¥hod land <ne

corgespandi W dhe c4rngesQfn t he divided area subj ect
to exposure in the non-scanning direction, and by

per for m @ rSeABRPNG, EXPOBEIE 2D a4Si &kt Rl $TBE YfOPhe divided
nmet hod while supplying the liquid to the
area subject to exposure in the non-scanning direction differs
15 depending on the position of the divided area subject to
exposure on the substrate, the supply mechanism selecting the
supply port according to the position of the divided area
subject to exposure on the substrate consequently is
equivalent to selecting the supply port according to the size
20 of the divided area subject to exposure in the non-scanning
direction. Accordingly, with the present invention, it
becomes possible to select the supply port corresponding the
range of the divided area subject to exposure in the
non-scanning direction, and by performing scanning exposure
25 using the immersion method while supplying the liquid to the
space between the divided area subject to exposure on the

substrate and the projection optical system along in the

scanning direction without spilling the liquid on areas other



space between the divided area subject to exposure on

the substrate and the projection optical system al ong

in the scanning direction without spilling the liquid

on areas other 28 than the divided area, the pattern

can be transferred onto the divided area subject to
exposure wth good accuracy. I8 this case, the size

of a part of the divided areas on the substrate in

thet}{é - %awﬂ%e% ra%g,o!léu@%aqeteq'nf fc%rne%te ft&%@s%erred onto
that of the remaining divided areas, or in thé case

chipred; ydieldgd.ar eas; &k é&lé%ds%rteh@ieﬁrw&]gra/ccgjr cy. In
the substrate, the size of all "'the remainihg divide

ar easi d edfS MY SEHNIJH a PIRCHORHERYRA dhe S/ on the
In this case, when the divided area subject to
expafyterati)ihstite diovi-Ge@dnalied dirébeipemphBeydDRfdhent from
substrate, the supply nechanism can supply the liquid
Sonlphdtr i ahparemafinthg dptriadali dyeoa$, soppiry tphar tcase chipped
spaced apart in the non-scanning direction. According

t 0 i vighach aageectans Gdvenrigsdite ipewamphieqry, oflSheheubstrate,
is provided a tenth exposure apparatus that

i | IWhe paeef al pdtheeramad phnaslistislagyapeamimeesoa-scanning
substrate in a predeterm ned scanning direction, and

t r SHAKG S A e Gaterihe W -a plurality of divi ded

areas on _the substrate via rojection optjca
Svetom | AmEaisate ehsthe ThTIRR e’ Subignbetn gxposure
substr.ate stage on,whic

apparatus c rising: h th
10GTt Pt & 1S BGREed HR ROVl PRI g SUos rate, the supply

t Wy .k{%i%jngﬁsnm%%thedilngﬁi@ o%l‘igﬁg A ia %q:ta of the

supply ne as a plturalit supply ports

ar rianges spacsd ARty idh @ s YL RCAUYNG diyf 8¢ld MRn-scanning
perpendi cul’ar to the 'scanning 25 diréction, the supply
mechiadrd sTREuppl ying the liquid al ong
According to a tenth aspect of the present invention,
15 there is provided a tenth exposure apparatus that illuminates
a pattern with an energy beam, moves a substrate in a
predetermined scanning direction, and transfers the pattern
onto a plurality of divided areas on the substrate via a
projection optical system in a scanning exposure method, the
20 exposure apparatus comprising: a substrate stage on which the
substrate is mounted that moves within a two-dimensional plane
holding the substrate; and a supply mechanism that has a
plurality of supply ports arranged spaced apart in a
non-scanning direction perpendicular to the scanning
25 direction, the supply mechanism supplying the liquid along
the scanning direction to a predetermined spatial area, which

includes at least a space between the substrate on the

substrate stage and the projection optical system, from at



the scanning direction to a predeterm ned spatia

area, which includes at |east a space between the

substrate on the substrate stage and the projection

optical system fromat 29 | east one supply port

selected fromthe plurality of supply ports in

accordance with the size of a divided area subject to
exposure on the substrate in the non-scanning

di rnecti,o I [ S r , r.di

thatase ar Thelty Be ot et el T S s PE 7, suepLy

the, g1y 3628RBG ddhteChi @R: thEhei SAPPE Yo MBI MreS: subject
abl'e to select the supply port correspondi ng the

r ange expolsi@edovi drE ahBar s40E et e ROSHRNiINY Whection.
non-scanni ng direction, and by perform ng scanning

exposur e Tust hgs texpdsurey spparaeulphdudRE reuppldhdgize of the
the liquid 10 to the space between the divided area

5 sulyjiecitdecba exp Gsurie adnt o tehxp csulrst fattd eamen £ de@anning direction,
projection optical system along the scanning
di rtdot isorppdivt aathagpidnl idrsg aliee ldaqued et dbeasugttier port
than the divided area, the pattern can be transferred
ont@ ragfeaidindeihareadseudt sbe dio7idgrbauea sMlieqobd exposure
accuracy. In 15 this case, the size of a part of the ,
di Vitddd'ameds it He 9 SHFQGEHAE i Rh e h G eamHingg scanning
direction may,be different,from_.that of the remaining.. .
i FraRer By LR e B! oF FRa o vh e S Rt 1€ Liquid
t he ngn-scanni.n i recti.on . pe the_s .|

10, adid T SheR Sebhitl o B siahdd §28a P Bnettore posuze on
di v .yt 'Qﬂﬁry of u e,
théﬂgfggﬁgﬂﬂ%ﬁ%§Eﬁg%}2§3ﬁﬁ%%b Hfghfﬁgﬁ%ﬁgygé%g%%hﬁ%f“g the

Ch%niﬁﬁj"@‘i%ct%ﬁ%iﬁﬁbé&‘%@i%lcifﬁijethé hrlelqﬁiiQPBM @Pééhs other

can be sel'ected according to "the si'ze change. In eac
of drhh iKY M andide e £X RO R AR &lads P thifi@sf&% red onto

present invention, the exposure apparatus can further
the divided area subject to exposure with good accuracy. 1In
15 this case, the size of a part of the divided areas on the
substrate in the non-scanning direction may be different from
that of the remaining divided areas, or the size of all divided
areas in the non-scanning direction may be the same. 1In
addition, when scanning exposure is performed on the divided
20 areas in the periphery of the substrate, the size in the
non-scanning direction may gradually change, however, even
in such a case, the supply port can be selected according to
the size change.
In each of the ninth and tenth exposure apparatus in the
25 present invention, the exposure apparatus can further
comprise: at least one bubble recovery mechanism that recovers

bubbles in the liquid in the upstream side of the 1iquid flowing

along the scanning direction with respect to the projection



conprise: at |east one bubble recovery nechani smt hat
recovers bubbles in the liquid in the upstream side
of the liquid flowing along the scanning direction
with respect to the projection 30 optical system In
each of the ninth and tenth exggfure apparatus in the
present invention, the supply chani sm can supply
liquid from the rear side in a noving direction of

t he, suybshr at g+ o, According to an el eventh aspect of
theI%1esent%&%§%ﬁtion, there is provided an el eventh

exposur e 1apPRERIMS thBali ndd Luel P&t €5 A RRLLS BpPhtBt88 in the

energy beam and transfers the patternonto a

SURstdsing Vhoedt P6R) @Gld HpPPY et atM Sheddn E®ply 1iquid from
exposure apparatus conprising: a substrate Stage on

whittle triearl @ isigbsihy at endva mpuitredttibat ofoves Widhitate.

t wo- di nensi onal plane holding the substrate; a supply
5nmechani &mcplrati ngupplkinesl ¢ veptill aspeca spate dnet seren inkention,
projection optical systemand the substrate on the

subdtarst d sstrapyidedd amt dleysntdnexpashire appecednys that
mechani sm t hat recovers bubbles in the liquid in the

15 ldpstieshes deprettera VWighi anfeRer oy theaespettnagsfers the
the projection optical system In this exposure

ap PR oRkert SRSSFAd € Padte PrCJeciASnePPbhcahesystem, the
substrate) is eronmdinaxnmevgaethme I's ,

1 GEP 4T S BPBBE BPriMRF SPHId AP SYRSTTRET SdRARSPich the

10t hesu%osgsr%%ceeig?%)\r{]\ﬁt rédt pﬁ%g)trmov%%t\!v?@hﬂptalt C\Achj—.&yn%ne.rq%angl plane

the substrate € substrate stage, I nmer st o

gﬁgfb;l Vﬁ'n?eéﬂg éu%ﬂ%@e,e§%%§g§pﬁ§$%€a%%ﬂ t\%l\%e%(n)éﬁgﬁffes liquid

er dept h of fpcu _ _
exXRes W &dar P Id®Rd die theRideiich RRHfQNMdstERe and the

bubbl es found in the liquid are recovered by 25 the
bulhlss yreaey &y dRChalisRdte e depstampmsilde saf dke pubble
recovery mechanism that recovers bubbles in the liquid in the
15 upstreamside of the liquid flow with respect to the projection
optical system.

In this exposure apparatus, when exposure (pattern
transfer on the substrate) is performed in a state where there
is liquid in a predetermined spatial area that includes the

20 space between the projection optical system and the substrate
on the substrate stage, the immersion method is applied and
exposure with high resolution and a wider depth of focus
compared with when exposure is performed in the air is
performed. The bubbles found in the liquid are recovered by

25 the bubble recovery mechanism in the upstream side of the
liguid flow with respect to the projection optical system.

That is, the bubbles in the liquid are recovered by the bubble

recovery mechanism before they reach the optical path of the



liquid flowwith respect to the projection optical
system That is, the bubbles in the liquid are
recovered by the bubble recovery nechani sm before
~they reach the optical path of the 31 energy beam
bet ween the projection optical sj%/stem and the
substrate. This can prevent thétransnittance of the
energy beam (exposure light) frompartly decreasing,

detsrd o1t R SGIBL dITRGE o s dhe dy
whi ch %@Hﬁsggt&/@he 5 g{}tt?gl est ent éjrpiq;nléltat heé})s%ge’éne and the

betaReyt tafte prohest 9N PRV theyst8ALANEtERBe of the energy
substrate. In this case, the bubble recovery nechani sm

campearhgesiposhuebl eghal ongomi pdrt he ddandat i) eletkasoration
been recovered). In the el eventh exposure apparatus
I n dfheher pgentctBdi imegée | osy, thee 1Hkkh| ehiehowes ycaused by the
mechani sm can be provided in plurals, and the bubble

5r edondrhe srertaniisg uded foace doedwsrdamd hebyhdljesstiion optical
switched in accordance with a noving direction of the
substatame and theewuwpsddasde t he bubbl es can be kept
from entering the space between the projection
optical dystBhP fRES1EhenRuRRbR thefayaiy Pechpaaisn can exhaust

?nlj st .rb teﬁsi rmq\;ifwr}t, Iq:{]lﬁvqeugwg: Eac,t ifﬁrﬂ@fgg subsl;ercz%tv%red>.
Sper 2t v3r bne ARERTSRERY Bpoa BB RN U, present
10t haitm?eq{%ﬁt%é %%0%%%1%0?@%5892 mggh9§§§ o e [ 883% ded in

oneé of actudl Tneasurenent val ues and predi ction values

of 4rnmerat Hﬁ@_ﬂﬁ!elf e&%&é%é&éxﬁfgmé&@gwsm%teva@f@r tReovering

projection optical systemand t ubstrate.

Acaaishings i@ awhwehblhi asRecdrndd & iRheseRbving direction of
invention, there is provided a twelfth exposure

appatatsup stthatt 25 Thl sidnad esske ,pahieebQbBileh asn energ@gpt from
beam and transfers the
entering the space between the projection optical system and
15 the substrate while the substrate is moving, whichever
direction the substrate moves.

In each of the ninth to eleventh exposure apparatus in
the present invention, the exposure apparatus can further
comprise: an adjustment unit that adjusts exposure conditions

20 based on at least one of actual measurement values and
prediction values of temperature information on the liquid
between the projection optical system and the substrate.

According to a twelfth aspect of the present invention,
there is provided a twelfth exposure apparatus that

25 1illuminates a pattern with an energy beam and transfers the
pattern onto a substrate via a projection optical system, the

exposure apparatus comprising: a substrate stage on which the

substrate is mounted that moves within a two-dimensional plane



pattern onto a substrate via a projection optica
system the exposure apparatus conprising: a
substrate stage on which the substrate is nounted
that noves within a two-di nensional plane 32 hol di ng
the substrate; a supply nechaniiﬂkthat supplies liquid
to a predeterm ned spatial are ich includes a space
between the projection optical system and the

SUbSHIALE PRe S TURSL,;a% %@%@g@e &g Ak, %@Jat&zg @i ies liquid

unit that” adjusts exposure ndi tions base

t enRes R ddtnaii®t 5pat eR1thed WaYkLd ihetymenatdi®ace between
proj ection optical systemand the substrate. In this

eXx oS i cAiRPAidinu Sp thilke: 1S WiRlteresha iihemMs uBsRHaites dnhe he
liquid to the predeterm ned spatial area that
i nduldesaate beagt; tdred apasé) betmeeh urtie phafeniju¥ts exposure
optical 10 system and the substrate on the substrate
5st ayadiien sexposyr o fanpens turensfrdormmrttiloe on the liquid
substrate) is performed in this state, the inmersion
metdsgdvaen &hs ira® Jart iopeniieadi t3y s teimgrndeddleutsivbstrate.
and a wi der depth of focus conpared wth when .
exposur e Iis thésf GXPOGULR ERPagietuSs S8Ef 6pPdyY Mechpngsm
case, 15 the adjustnent unit adjusts exposure

corthRA RS fded 16 1s L &h& PERdese @S sRatial area that

nmeasur.enent val.ues .and the preﬂ %tion

I .of . ,
{ ergbr st A milGr 10 G tHe e bECwbenIEREion optical
1Opr os] e'moré %ﬁ.tﬂhceal ssctrearpea%q) tLJill% .SsLi{?)Ssttrr tt% stage. ,When
This® d | e "of

Ther'et or e, OWS an appropriate adj ust

ex [N , ' i R0 e ' ;
FARPMSREHLLaNS, 2EnL BTG, 85000k ) Mbrned i

t erperpkubeedi Shé iibiad i o mbPRoI MY 1SeE ah@lexposure with
i mrer si on, such as the aberration (for exanple, focus)

di stirgrbukisen usibhi &nd he whtejregéhOR &f Facllsheodp&ae@Wwith when
the substrate where the energy beamvia the pattern
ancexduesiXe psopecfoomedpin thke systiesmpes fiormadi.at ed)thofs case,
the pattern, or
15 the adjustment unit adjusts exposure conditions based on at
least one of the actual measurement values and the prediction
values of temperature information on the liquid between the
projection optical system and the substrate. Therefore, this
allows an appropriate adjustment of exposure conditions,
20 taking into account degrading factors of the exposure accuracy
that goes with the temperature distribution of the liquid used
for immersion, such as the aberration (for example, focus)
distribution within the projection area (the area on the
substrate where the enerqgy beam via the pattern and the
25 projection optical system is irradiated) of the pattern, or
in other words, the change in the image plane shape.

Accordingly, with the exposure apparatus in the present

invention, it becomes possible to transfer the pattern onto



in other words, the change in the inmage plane shape.
Accordingly, with the exposure apparatus in the
present invention, it becones possible to transfer
the pattern onto 33 the substrate with good precision.
In this case, the exposure apparatus can further
conprise: a drive systemthat &3 ves the substrate
stage in a predeterm ned scanning direction with

re%tsg&%meeqﬁrtgy PREYPIO dirgnsfer the pattern

onto the substrate 1 n"a scanning exposure nethod; and

at | east W Hli@MREIRL U S eRsRistiredly ﬂtp%&i%tt usCaGh ggh% ther

of which is arranged on one sSide and the other si

of ddigHPirdd et iden vepkyeakbmsyahemit véfer s b thrate stage in
direction. 1In this case, the exposure apparatus can

f urd beedz@eenipedsecaren M@diicleican onnwi th hadsgyadiethe energy
tenperature change of the liquid occurring while the
511 qheah passesns hieougie pattereacnhottte substrate whes scanning

the energy beamis irradiated via the pattern and the
pr ofuxadwre vpthedl angsa edealsased sampdebsoredered t 8t least
of at |east two tenperature sensors arranged 15 on one .
si REFh®reheforhefrhsi sl fepird idfelope padehand e t¢fher side
exposure apparatus in the Eresent | nvention, the ,
exdﬁ%LﬁQ§ BpPACKEISTC QRELGRE NBY SEBRpE R sEhe Fcafyjiyg direction.
systemthat drives the substrate stage in.a
predeterﬁ?h& IS EATR NG FERASHT SR ATEdHEe Cap frd her
ener beam to_transfer 20 the.pattern.anto the

10 TR S n 2aPEEARAT h" aXbs G B nBE ROHC VT 7R [ e change
adj Mst|nty ynj ' ; Ur e it g@q
[ ntéfconsildl;qualtq %dét{%tnr}saler a?ﬁ?le%edit&(%]ﬁbluciuﬁg i g]egthrouqh an
| bl Bet weeNs . P10l %@Mtﬁ@%&@ig%%@a@rﬁ&@nﬁrﬁi@iated via

substrate in the scanning direction.”25 In this case,
t herrodlj st et AHd tr @b B disdich pasd idnadystem, based on
detection results of at least two temperature sensors arranged
15 on one side and the other side respectively.

In the twelfth exposure apparatus in the present
invention, the exposure apparatus can further comprise: a
drive system that drives the substrate stage in a predetermined
scanning direction with respect to the energy beam to transfer

20 the pattern onto the substrate in a scanning exposure method,
wherein the adjustment unit adjusts exposure conditions
taking into consideration temperature distribution of the
liquid between the projection optical system and the substrate
in the scanning direction.

25 In this case, the adjustment unit can adjust a positional
relationship between an image plane and a surface of the

substrate taking into consideration inclination of the image

plane caused by the temperature distribution in the scanning



rel ati onshi p between an i mage plane and a surface of

the substrate taking into consideration inclination

of the imge plane caused by the tenperature
distribution in the scanning 34 direction. 1In this

case, the adjustnent unit can incline the substrate
according to the inclination of3% he i mge pl ane

caused by the tenperature distribution in the scanning

5 djyrectiqn and can also scan the substrate in a
dirégﬁioﬁ'o' the inclination. In each of the eleventh
and t“Blﬁ%ht%ﬁgo%%%% ap %r%BH%sth%n%h%nH%e%%%t1ncl ne the

i nvention, the supply mechani'sm can make a

t h%db%&'a‘i@'d@&)tﬁiﬂ@”ﬂw tHd 8Gid18m i drhe s ulsd rlatae;e plane

10 In this case, the supply nmechani sm can nake a

of cdumed iuithd rnddatigay &g ibhitd JMViMGhe scanning

direction of the substrate. In the twelfth exposure
Sapphrmatatsi dm anlte cpneaésb stamethé osubdheatenperatdimection of

information can include at |east 15 one of actual

nedse ementinedlics and prediction values. In the

twel fth exposure apparatus in the present invention,

t he expodur eagppaf dihs ed&veniht had twepftlexrpsure apparatus

tenperature sensor that can detect the tenperature of

t het? FREUR TR HEt &Y e OB of '@ tSUbP lopPEERRN§§51%AH BAde a flow

t he %gggrate 0 mhereln t he exposure condi tlons are
ad #10 o qesctdfowé substrate.
t enper at ensor he twe osure appar.at us
10|nnPhe pﬁésents Cﬁ&@htF%ﬁ SYBR ¥ %%% %?sTn Qﬁ# a flow of
pose d O PO B AEINREN 30 o HRAS oY) G LR of the
e pr Jectlon op |ca Sys ur

thgnﬁggggggp can be adj ust ed, based on the

In the twelfth exposure apparatus in the present

invention, the temperature information can include at least
15 one of actual measurement values and prediction values.

In the twelfth exposure apparatus in the present
invention, the exposure apparatus can further comprise: a
temperature sensor that can detect the temperature of the
liquid between the projection optical system and the substrate,

20 wherein the exposure conditions are adjusted based on
detection results of the temperature sensor.

In the twelfth exposure apparatus in the present
invention, focus control in which a positional relationship
between an image plane formed by the projection optical system

25 and a surface of the substrate can be adjusted, based on the
temperature information.

According to a thirteenth aspect of the present

invention, there is provided a thirteenth exposure apparatus



tenperature information. According to a thirteenth

aspect of the present invention, there is provided a
thirteenth exposure apparatus 35 that transfers a
predeterm ned pattern on a substrate via a projection
optical systemin a state where liquid is filled in

bet ween the projection optical stem and the

substrate, wherein in the case nultiple exposure is

pe&% EW%QEn@f%&ESh ErQ%EESEHihédt %Pﬁrﬁg L9, rate via a
di vided area on the substrate en a secon

pa S &l t S [ I
e e e R BT

t ha nphej-@ekhoBheppt&fbctyshespeneat ey suhistamt @ hel Bubstrate,
this exposure apparatus, when nultiple exposure is 10

perfered, iaf the theefmiibtipastetpod srd riangericdthed)t @ first
the divided area on the substrate in a state where

S5t heatitguindisstrénsfedred entspaceibetiedearéheon the substrate,
projection optical systemand the substrate, the
secmdd thant erse¢end raisfeary éd eatso thensfiévieddrartde divided
on the substrate with the liquid being held 15 between

t h@J@eopactnensgpt i ealte sysitlamtaed i Aidubstheing held between
Therefore, nultiple expaosure to which the i mrersion

methiGd PHOS e553are PRLE Gidr FSHISRET 285 thep SsRsE KRiten
h h | d hi gh due t
AR oS SR, i e -
th th d h d b 20 t
PR R RO R o o

pOqu gr'%bf%rtege Br@ﬁéfﬂbg &e %ego ?%l%f‘ebﬁ% rlsii.quld is

the tr operati on e secon tern can

st afit; M houy @’?h&én}geéﬁéent@ﬁe | 28 éjcﬂfbrp%p%ﬂ%@l &dstem and

According to a Tourteenth aspect of” the present 25
| N isibstilefes itheprs@ddied pa theumt aentdt @6FRIWHR onto the

appar at us

divided area on the substrate with the liquid being held

15 Dbetween the projection optical system and the substrate.
Therefore, multiple exposure to which the immersion method
is applied is performed, and exposure with high resolution
and high accuracy due to a substantially wider depth of focus
is performed. 1Inthis case, because the liquid is held between

20 the projection optical system and the substrate at the point
when the transfer of the second pattern begins, the transfer
operation of the second pattern can start without waiting for
the liquid to be supplied.

According to a fourteenth aspect of the present

25 invention, there is provided a fourteenth exposure apparatus

that exposes a substrate by projecting an image of a pattern

on the substrate via a projection optical system, the exposure

apparatus comprising: a substrate stage on which the substrate



that exposes a substrate by projecting an i nage of a
pattern on the substrate via a projection optica
system the exposure apparatus conprising: a
substrate stage on which the substrate 36 is nounted
that noves within a two-di nensignal plane holding the
substrate; a supply mechani sm tHat supplies liquid to
a predeterm ned spatial area which includes a space

betjwepR hRBy PROE 8V AN ARH AL é&’élcﬁfm@ﬂi@l&‘?&l lane holding
substrate on the substrate 5 stage; and an adjug)

unithd Ralo s2Hael;S ae¥BPp UL emESRNEh § 5ANSha Pasgsh Ok s llquld to a
pressure information on the liquid between the

pr gjrecldt@rnipidcabasyst enenehtib® Snbbtdas & spAckstween the
exposure apparatus, the supply nmechanism supplies the
| i quicd et itdre oppdce lbeyseen driwk tSwbstibateaoa émechel@ubstrate
substrate stage and the projection optical system
SWhert ageposnd en( pdl tetment amsftethan adhe sssbsxpaseje conditions
the substrate is perforned in this state, the
| RS Co rP TR RCh L 1 apmqr@cﬁtloan@remu{@um fpetfivgien the
resolution and a wi der depth of focus conpared with

wheH BHsFsinte aRs iserlf Gvifd@n nchehg substister f or ned.

In this t he ad ust ment unit adjusts exposure

condi t; orfd BEEd SR BHESS GO bt T én SBRHEAC oChan Lom
d.-het th t d th

SUBITAE S SR8, 1 QFs8 Y FRE PrERe et TR {PRe HEe on the

adjé@%grad‘%@%oga t%%ngifrtdj%%ctlo f1¢d1 | nt asécem When

account ors he exposure accu 20

th IS
o U e s e ML an PN Do

| ol ghe rfrlo@edSUaNt@Ss thatdargR EAmbPeisReh&BhdOMN s applied,
(for exanple, focus) within the projection area (the

ar emd R xidae usebat Eat i gheres o Tl @neirgy abeadeYi @deptte of focus
pattern and the projection optical 25 systemis

I rreamhee) wiftt ehgratedgragunehe < g nimed e ithegerir is

15 performed. Inthiscase, the adjustment unit adjusts exposure
conditions based on pressure information on the liquid between
the projection optical system and the substrate. Therefore,
this allows an appropriate adjustment of exposure conditions,
taking into account degrading factors of the exposure accuracy
20 that goes with the pressure distribution between the
projection optical system and the substrate due to the liquid
flow, such as the change in the aberration (for example, focus)
within the projection area (the area on the substrate where
the energy beam via the pattern and the projection optical
25 system is irradiated) of the pattern, the change in the image
plane shape, or the control error of the surface position of

the substrate surface.  The pressure distribution between the

projection optical system and the substrate may be actual



pl ane shape, or the control error of the surface
position of the substrate surface. The pressure

di stribution between the projection optical system
and the substrate nmay be actual 37 neasurenent val ues,
which are directly neasured usi,ng a pressure sensor
or the like, or prediction valggs based on

i nformati on obtained in advance by experinment or the

I kRa s urRnfinthe/a 16R%E, wm%hp%trtee ] SR ] tera%%%_fe%r &9ng a

onto the 5 substrate with good précisio

Cagfre sl S WRSlelAt @ :CaMebe 1&xpoSed %ull%t%hngalﬁ@ée%ased on
in a predeterm ned scanni ng dlrectlon the liqu

suppificathaitd dnhebspdee dehweekahike PROeapkiramenpt b@alt he like.
system and the substrate can flowin parallel wth
t h&rs ednmierg chGegi det iparn,teand dame bad jtustsegrlr reail ontan the
adj ust the exposure conditions based on pressure

Sdi stukisiutaiten viitht lgeost @meiaigicdi.rection. In the
fourteenth exposure apparatus in the present
i nventi oAN théssedser dihe cap s adeposadoargtrodrd ndpile being
noved in 15 the same direction as a flow direction _of
t h&qQviegliid q|Pﬁﬂ@§Q%ﬁW¥%%h§W%%&%%hF%—éﬁﬁd@@bu§hﬁ111QUld
the present invention, the a%Austnent unit, can adju

thé é‘ro EBﬁdFP?Sﬁs BE4EEP g dj RSN oPTical system

DB SRR 0L S Y TERRNAg L2 i ng
10 XRASIU & ;appar, ?&P%ﬁf dﬂ%ﬁ%%h%%nhnltn%%%tb ﬂgFEh%he exposure

adjustnent Uni%t can e exposure

ba%ﬁ&fﬂi&%&% drpqul'ég%tdr%r‘ AL +EXRRUIR f1'1 the scanning
conditions corresponding to a supply anount o

i quivddidme supply nmechanism 25 According to a
fifteenth aspect of the present invention,
In the fourteenth exposure apparatus in the present

invention, the substrate can be exposed while being moved in
15 the same direction as a flow direction of the liquid.

In the fourteenth exposure apparatus in the present
invention, the adjustment unit can adjust the exposure
conditions based on adjustment information on exposure
conditions corresponding to a scanning speed of the substrate.

20 In the fourteenth exposure apparatus in the present
invention, the adjustment unit can adjust the exposure
conditions based on adjustment information on exposure
conditions corresponding to a supply amount of the liquid by
the supply mechanism.

25 According to a fifteenth aspect of the present invention,
there is provided a fifteenth exposure apparatus that
illuminates a pattern with an energy beam and transfers the

pattern onto a substrate via a projection optical system, the




there is provided a fifteenth exposure apparatus that
illumnates a pattern with an energy beam and

transfers the pattern onto a substrate via a

projection optical system the 38 exposure apparatus
conprising: a substrate stage whi ch the substrate

is nmounted that noves within a -di nensi onal pl ane

hol di ng the substrate; a supply mechani smt hat

su ' | gHi pet wee j8Cctj.o :

op%lq! g O%%sﬂyéstgghlggﬁgef ﬁce g s%blgﬁ'\gtgegl%}%g?ﬁg{gu stdreatgre1 which the

St aQfs ta- J1RC O floU RGN EN: 8 MR wi fIRCOWEE So L dBndh a1 plane
and a liquid renmoval nechanismthat renoves the

| g 1My €he G sE e ;08 sL@EAYEHEEnHY1 dMe NERCOYSSYies 1iquid
mechanism In this exposure apparatus, the supply
meddmn Ipakd: Eplders dhire ddojéat itom tdpe ispdc e yeriemeahd the
the projection optical systemand the substrate on
5t hesuwhdistatat enstagesubatirahe stagevex yramwohani smachanism that

recovers the liquid. In this case, a predeterm ned
anoanovsfrd itqud ddicgiles] dn(d id [laduilse gy alt mechaing sm that
of) the projection optical systemand the substrate on
15 4%@%5{\?&{1@%@@0%&%’(@ Rt Ye npepvexpdyrehe recovery
(pattern transfer on the substrate) is perforned in
t hiehat’eMthe i mmersion method is applied, and the
wavel ength of .t he exposure_ _|light on_the surface o .
the subsﬁﬁa%éuéar?xﬁ’é’sé]ﬁ&r taé’r?@&%f}ﬁ?' ttiglﬁeguﬂ?liys mteﬁi‘anlsm
r ef ive. | f. Lqul .d h en . ' .

lOt hesr%l%rlles chgﬁlﬁ.hqglldt 1?8 tbﬁgéﬁqaéﬁ heg}yg?}{eéhe g}égj ggtign optical

and I ITOT € e ocus

B i P oA SRR 0 e

SURRL 36 FEBSN 3 STH AN th&dveay Ghd elCin(ﬁrc}/. by nt Iatﬁri]S case, a
e

recovery nechanismare perforned in parallel,
| | i ghdred meieted Recphe] 8€tl DHudPptiLak1system aad ddeveen (the

25 substrate is exchanged constantly. In addition, for
examy e9f) the projection optical system and the substrate on
15 the substrate stage. Accordingly, when exposure (pattern
transfer on the substrate) is performed in this state, the
immersionmethod is applied, and the wavelength of the exposure
light on the surface of the substrate can be shortened 1/n
times (n is the refractive index of the liquid) the wavelength
20 in the air and furthermore the depth of focus is broadened
around n times the depth of focus in the air. 1In addition,
when the liquid supply by the supply mechanism and the liquid
recovery by the recovery mechanism are performed in parallel,
the liquid between the projection optical system and the
25 substrate is exchanged constantly. In addition, for example,
in the case a situation occurs where the liquid could not be

completely recovered by the recovery mechanism, the liquid

removal mechanism removes the liquid that could not be



in the case a situation occurs where the liquid could

not be conpletely recovered by the recovery

nmechanism the liquid renoval nechani smrenoves the

liquid that could not be 39 recovered. According to a

si xteenth aspect of the present invention, there is

provi ded a sixteenth exposure 3 par at us t hat

illumnates a pattern with an energy beam and

transfels.de 5 pattern onto a substrate via a

projection optical systemand liquid while locally

hol _d' ngAtcl&%rld'igllt_!j' o QNs AP & a%lp%%% St 48e ﬁfeé&@t invention,
projection optical system the exposure apparatus

COMMHd & N MR 3t & iSitree 0N MY e ppihisithat @ hat

I's mounted that noves within a two-di mensional plane

holidi ngnitrize: kD asplasteahewiahsappéye FEe s Mridiatransfers the
supplies the liquid to an imge plane side of the
Spr gjadid o oopbi gadulsyistate el d iar projeecovaryptrecdhhrdy@mem and
that recovers the liquid outside a projection area of

t he immojcewhion optd Ky heysiiag thad imusescondn imegegrlane side
nmechani smthat recovers the liquid outside the first

15 qfeddire mr ot alfins ARt itde Ir eysdem t Fhehexpasjuast iamparatus
area. The projection area of the projection optica

sySTRT1§iNG he SUPsdd ateeinada Oprdj et LR safket reft eqhs mounted
obj ect such as , a pattern i page projected by the .
P T oot i PO (- R e gt Holding the

apparat.us,. the su mechani sm.20 .suppl i-es t ljquid
107 DA o 1 SHEBAY o R ARNE T BN Bt Feat LS o an
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on the image plane side of the projection optica
syg$riedilithrt BecRadf €hB pfo Pt ianshbencad Sstdif; and a second

substrate via the projection optical system
recovery mechanism that recovers the liquid outside the first
15 recovery mechanism with respect to the projection area.
The projection area of the projection optical system,
in this case, means a projection area of an object such as
a pattern image projected by the projection optical system.
In this exposure apparatus, the supply mechanism
20 supplies the liquid to the image plane side of the projection
optical system, and the first recovery mechanism recovers the
liguid. 1In this case, the energy beam irradiates the pattern
in a state where the liquid is held locally on the image plane
side of the projection optical system, and the pattern is
25 transferredon the substrate via the projection optical system
and the liquid. That is, immersion exposure is performed.

Accordingly, the wavelength of the exposure light on the

surface of the substrate can be shortened 1/n times (n is the



and the liquid. That is, inmersion exposure is
perfornmed. Accordingly, the wavel ength of the
exposure light on the surface of the substrate can be
shortened 1/n times (n is the 40 refractive index of
the liquid) the wavelength in the air and furthernore
the depth of focus is br oadenedfround n tinmes the
depth of focus in the air. In addition, in the case a

Si tr"%z.}ctrja i Cﬁﬁaeyé'hgf gk{)el;gghgﬂ?:)dtﬁgwa%é’ﬁ.oetn % in the air and

conpletely recovere rst recover

nEQﬁ%FHHﬂPmd&Q@t?ﬁ@Qﬁ%ﬁﬁ?%@vggﬁus”?%h%Qb%@bn@%i%Qohﬁd n times

| ocated on the outer side of the first recovery

MechrNiEPrIcdd et e Ibh@uid . hatncouldte08h, Pe€n the case a
recovered. According to a seventeenth aspect of the

pr esenia ti®n meRidOmhdhettd 9 iAW defila seeMLe¥letely
exposure apparatus that illumnates a pattern with an
5 eneregyp vieea land Her Ahs$ e e colviee yoaédledmi @Nf @ha second recovery
substrate via a projection optical system and |iquid
whinleghagdain,y wigladi ng tlveatieguicth dheaputeageipleawd the first
side of the projection optical system the exposure

ap FERCRVeS Y1 ashiapyiissl ngo ld enitss thhat d istudge tatwisiogid not be
the substrate is nounted that noves wthin a

t WS TE%Dnal pl ane hol ding the substrate, wherein

the substrate stage has a flat section which is

subst ant PECRF PGs frowift FEYCRGPEREDR 6FPERE QibsfeaP&essnt

t he _per.i.pher t.he substrate he e substrate
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transferred on the substrate via the projection
optdrenh igyustern angd 111 fiubddihathd SLi%JmBSt:%I £ image plane

exposure 25 is performed. In addition, for exanple,
evesidihefl tHe projection optical system, the exposure apparatus

15 comprising: a substrate stage onwhich the substrate is mounted
that moves within a two-dimensional plane holding the
substrate, wherein the substrate stage has a flat section which
is substantially flush with a surface of the substrate in the
periphery of the substrate held on the substrate stage.

20 In this exposure apparatus, the energy beam illuminates
‘the pattern in a state where the liquid is held locally on
the image plane side of the projection optical system, and
the pattern is transferred on the substrate via the projection
optical system and the liquid. That is, immersion exposure

25 is performed. In addition, for example, even when the
substrate stage moves to a position where the substrate is

away from the projecticn area of the projection optical system

in a state where the liquid is held between the projection



substrate stage noves to a position where the
substrate is away fromthe projection area of the
projection optical system in a state where the liquid
is held between the projection 41 optical system and
the substrate on the imge plane side of the
projection optical system sucllas when exposi ng the
peri phery on the substrate, or when the substrate on

th tr, t Ls.€ ; -

oS Sl S5 2R, RntEaR0st At PO DU e o
Pr AHee iy LIl iRl o pAAMs il & e S &HdOR xposing the
provi ded around the substrate held on. the substrate

St 3@aipHethyt ke ldH@ishireair e ket WHeemMtHeOWutg t ratle on the
According to an eighteenth aspect of the present 10

I Neridstratd Beage iis PrONLNGEd AT teirgbk eest e BEROSEEE completed,
apparatus that illumnates a pattern with an energy
Sbedmeadd qurianséerise Hdiel pativeren dheoproedisismtaptvicalasystem
projection optical system and liquid while locally
holadichd teh & Uatqfied tgrprap Havage dlagpaindsitde sfubstieate held on
projection optical system the exposure apparatus 15 .
corfdg SiukgLtrateupsagatr eaRd dgee dri dMicc Banhbe st rfatam flowing
I's mounted that noves within a two-di mensional plane
hoﬁﬁﬂhg the substrate, wherein the substrate stage
has a flat section_substantially flush wt surface
of the sGSSEFEE%hELd 30n eltgﬁﬁ%eﬁﬁ%& PIPE &t é?&e,%h&né’resent
whe, sure td . e . trate |
103 RO o ARPLLL BDR85 e 20 BB LOL ek g apparacs

seGtan 1fa¢6 i18ach0LNes r%ﬁgpcr%_nhehgkgg g@sn'airpwitqansfers

on the imge plane side of t projection optica

SYSHRMp kR el SnEYPOHUISS tARRA JliuSa HHS)EPEIEY RRAMBal system
illumnates the pattern in a state where the liquid

i's 41l diecal WiiDe 1% 1ihe horedegpt R8El isded @h R€image plane
projection optical system and
side of the projection optical system, the exposure apparatus
15 comprising: a substrate stage onwhich the substrate is mounted
that moves within a two-dimensional plane holding the
substrate, wherein the substrate stage has a flat section
substantially flush with a surface of the substrate held on
the substrate stage, and when exposure operation on the
20 substrate is suspended, the projection optical system and the
flat section face each other to keep on holding the liquid
on the image plane side of the projection optical system.
In this exposure apparatus, the energy beam illuminates
the pattern in a state where the liquid is held locally on
25 the image plane side of the projection optical system, and
the pattern is transferred on the substrate via the projection

optical system and the liquid. That is, immersion exposure

is performed. In addition, when exposure operation of the



the pattern is transferred on the substrate via the
projection optical systemand the liquid. That is,

i mrer si on exposure is perforned. In addition, when
exposure operation of the 42 substrate is not
performed, the projection optical systemand the flat
section provided on the subst r 4% stage can be
arranged to face each other to keep on holding the

| q.ilH Q¢ d tﬂg ﬁé@%%r&loﬁg%dy gﬁe ?ﬁj&%u@;@hsg&%l system and

optical system so that or “ex
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liquid can be held on the imge plane side of

Pr Qi aGdguy ept Faak Sysh ey It ﬁ(@%psgﬁsﬁéﬁﬁﬁn%%he liquid on
exchanged and exposure can begin as soon as the

subsig ahegexshangeide ofamel ptefecvi bAWPt MAIT ERYLEAL so that
the liquid to be supplied. In 10 addition, because the
51 i fiid eixambélegd whethhe pluagd iplyané suldetrafes leere continuously
projection optical system it can prevent water marks
or e deadee threormilspiing cqgendseathed dornt Hidvet iipagier pdemeoside of
the image plane side of the projection optical system
ducheoprrfgectipnQtfiasd ay§t g wip.lelBhaswdsdinag e bs gxchanged
ni net eent h aspect of the present invention, there is )
pr c?\ﬂdcjéd‘%’sh’irﬁetcé‘é‘npﬁgéﬁp%u?%o%p?)%r%%ssuqmate exchange 1is

| Sy R R R T Eoﬁr?%?%fcéi‘ igl‘ibe supplicd. I
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di ng . ;
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hol ding the substrate, Wwherein the substraté stage

hasinadd a1 asRCEial ofuhsd HJRIdL Jrl Uph iWatlhs@ssuhf@e€ to the
of the substrate held on 25 the substrate stage, and

af tteirp expoSilvee dfyitrte wgubstrate hel d

15 According to a nineteenth aspect of the present
invention, there is provided a nineteenth exposure apparatus
that illuminates a pattern with an energy beam and transfers
the pattern onto a substrate via a projection optical system
and liquid while locally holding the liquid on an image plane

20 side of the projection optical system, the exposure apparatus
comprising: a substrate stage on which the substrate is mounted
that moves within a two-dimensional plane holding the
substrate, wherein the substrate stage has a flat section
substantially flush with a surface of the substrate held on

25 the substrate stage, and after exposure of the substrate held
on the substrate stage has been completed, the substrate stage
is moved to a predetermined position where the liquid on an

image plane side of the projection optical system is recovered,



on the substrate stage has been conpl eted, the

substrate stage is noved to a predeterm ned position

where the liquid on an image plane side of the

projection optical systemis recovered, 43 and the

substrate on which exposure has been conpleted is

unl oaded fromthe substrate stdde, after recovery of

the liquid has been conpleted. In this exposure

ap t W LW S t :
SPRHEUSE DS SIONDSIH |UBIRLES b8 UIEPULEN e 1
| MRgA Rlaner sbHe hef stihe: PLOL 8ELLERN é’ﬁééf@écé%é%??hfeéﬂé’ liquid

the pattern is transferred on the substrate via

projLctdcdh igicdesystem and the liquid. That is,
I mrersion exposure is perfornmed. In addition, after

the expogurehof dxip sy supphrateshelik efelhy Isedstinatminates
stage has been conpleted, the substrate stage is
Snmovetk toe ttteerrpriedet entritrediheos ttihen,liayud d tilse hleilquildbcally on
on the imge plane side of the projection optica
systhemiimsigeegovvaree g idthef tthe sulostecdtionstopdd dad mywedm, and
to the predeterm ned position, even in the case when

t héhsubstEare UStspagéenpsedon 6heg pusstfake Wheriehe pgojection
substrate is away from the projection area of the

pr SJRECtGn Sotehiensy $PEmL 1gHed: | i ThAtd iin FEatsipn exposure

bet, t j ecti ti cal t d the fl
Sect GIFTHIAbU o GRETShRerr AREE: ADB. SFROARAPL POnEhe
10, ner B THE G R IAL PR REPaRAER TR e el o herea, tne
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substrate stage facing each ot n any case, t

i quid jiigriecevered aldfd Jihe S uhsikr aker5d %ch%_j é@c\éie(ﬁn optical

to the predeterm ned position, and when the |iqu

recoytiam is oM Eted, tinem the @Mﬂaaieesfcagem @bved to the
the 25 exposure has been finished is unloaded fromthe
Substeddteermined position, even in the case when the substrate
15 stage moves to a position where the substrate is away from
the projection area of the projection optical system, the
liquid can be held between the projection optical system and
the flat section provided on the substrate stage. In addition,
the predetermined position may be set to a position where the
20 liquid is held with the projection optical system and the flat
section provided on the substrate stage facing each other.
In any case, the liquid is recovered after the substrate stage
moves to the predetermined position, and when the liquid
recovery 1s completed, then the substrate for which the
25 exposure has been finished is unloaded from the substrate
stage.

According to a twentieth aspect of the present invention,

there is provided a twentieth exposure apparatus that



stage. According to a twentieth aspect of the present
invention, there is provided a twentieth exposure

apparatus that 44 illumnates a pattern with an energy
beam and transfers the pattern onto a substrate via a
projection optical systemand |iquid while [ocally

hol ding the liquid on an image *pl ane side of the
projection optical system the exposure apparatus 5

Comrl et n@@l@ﬁe CQ@EhSQ}lt%%ﬂiyp&ééﬁ%ﬁ$%ransfers the

liquid to an image p ne side proj ection

OptdfAale Y Shed aafido & ra€XRAUSE PBEhaRrLSBhIHdical system and
exhausts gas on an inage plane side” of the projection

0pUJQﬁhx§Mﬁ&Q€]ld@&ﬂl&*ﬂd&@&n@U@@éMJﬂﬁﬁhﬁBh%ﬁi1ﬁ§§b lane side

supplying the liquid in parallel wth exhausting'1
operfattihen mafotdve ithaisti dEchanitsm, lthd Rispoes Wigaratus
apparatus, the energy beamillumnates the pattern in
Sa staaper Mhiere tehesUdpdui cheichandlsth [theal Isyipgd ietshehiemddeuid to
pl ane side of the projection optical system and the
patarerdmaigs plansferdedbrthehprodbstianecptacahesystem; and an
projection 15 optical systemand the liquid. That is,
| MBS SgsoRAiesn itglqiereﬂ@e\ws 9% Sa@di EroAMAgec Ple@e side
t he Iqu|d supply by the _supply nmechanismto the
i rré>gfe B ;ﬂF@JﬁC&é%OPﬁéCﬁ%oﬁYéctﬁnbnwh%ﬁﬂMhes%@%w mechanism

be i | l.el th the .exhaust o W thin the
ordeisid FE e i ud or Har S R o Bt ing
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the i mage plane si oj ection opti cal
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invention, there is provided a twenty-Tirst exposure

the image plane side of the projection optical system, and
the pattern is transferred on the substrate via the projection

15 optical system and the liquid. That is, immersion exposure
is performed. In addition, because the liquid supply by the
supply mechanism to the image plane side of the projection
optical system begins in parallel with the exhaust of gas
within the space on the image plane side of the projection

20 optical system, the space can be filled smocothly with the
liquid, and such an operation can also prevent inconvenient
bubbles and gas voids from remaining on the image plane side
of projection optical system.

According to a twenty-first aspect of the present

25 1invention, there is provided a twenty-first exposure
apparatus that irradiates an energy beam on a substrate via
a projection optical system and liquid and exposes the

substrate, the exposure apparatus comprising: a substrate



apparatus that irradi ates an energy beamon a

substrate via a projection optical systemand |iquid

and exposes the substrate, the exposure apparatus

conprising: a substrate 45 stage that is novabl e

wi thin a two-di nensional plane holding the substrate;

and a control unit that control® novement of the

substrate stage based on at |east one of tenperature

i nf i of .t {-Qui r u ' [ 0 .
sctrag%lt k88 is Iﬁ@\{#ﬁﬂy ﬂt@ﬂ% B E75 &E?ér'{];ﬂ%]ﬂ%i ég(r)i%rng{/ holding

t he iquid. I I'S exposure appar at us,

beamd supsthradicat §dq08 L8Rt sYPSEK At ecvi@ I r l% movement of
projection optical system and the Iiquid, and the

subhsiy alub It EesRGe haled Bn dHMRIEHORBDRXRES WebdeTature
perfornmed. In addition, because the 10 control unit

conitrfal ndthenmferstd 1afqdilte asitbgireaise s ageF ased orORf the
at | east one of tenperature information of the |iquid
Sand icriessure i nformation of the Iiquid, defocus or

the like, which is generated during exposure due to

t enper at dine téisng&pofs utriee apmatrert usn  ideweeerglyebeam is

proj ection egtical system and the 15 substrate as wel |

as prressiate opnttHee wabst radgnv be téfef pepijgetjon optical system
suppressed,. and degrading in _the transfer accurac¥bcan

be @Bt dVéntledUich #dd (G16h SYRFtF Atia HegramfisePr 0dBas, is,

by . f, ' devi t trate usin
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with good yreld. Accordingly, _ rom  ano
2SR Hfrd DREBERSEDLNI WAL OMhuid, BRRoPESSA dnkhAike, which

25 the present invention is a device nmanufacturing
metitpgehBabted during exposure due to temperature change of the
water in between the projection optical system and the
15 substrate as well as pressure of the water, can be effectively
suppressed, and degrading in the transfer accuracy can be
prevented.
In addition, in a lithographic process, by transferring
a device pattern on a substrate using any one of the first
20 to the twenty-first exposure apparatus in the present
invention, the pattern can be formed on the substrate with
good accuracy, which allows production of a higher integrated
microdevices with good yield. Accordingly, further from
another aspect of the present invention, it can be said that
25 the present invention is a device manufacturing method that

uses any one of the first to the twenty-first exposure

apparatus in the present invention.



uses any one of the first to the twenty-first exposure
apparatus in the present invention. 46 BRI EF

DESCRI PTION OF THE DRAWNGS Fig. 1 is an entire view
of an arrangenment of an exposure apparatus related to
a first enbodinment in the pres%%t invention; 5 Fig. 2
is a perspective view of a Z ti'lt stage and a wafer
hol der; Fig. 3 is a sectional view of a |iquid

SUBRYES DEERIHPION TR BRANINGES | over end

sec and a prping system 10 Fig. 4 is

a sectiomiyi ewiQf ahidig iB-Byvi Buld Oan3irrdddement $£8an exposure
view for déscribing a focal position detection

sysgpardtig lata Mok mdirgr amddinestows, amaddasent
omtted arrangenent of a control system of the

exposiare iapparatus in 15 the first enbodi ment; Figs.

7A and 7B are views for describing the reasons why

Saberrati ¢y .0 duwr aiperpaatriadi uieorwandatohtas wedernbya wafer
irradiation of an illumnation light; Fig. 8Ais a

vi eWlgitowi ng a state of a wafer stage when 20 it has

noved to a liquid supply position, Fig. 8B is a view _
showi ng gﬁgexgnﬂbﬁea e isesil véRal Of ef AtiBH bhetmpdy /gdrainage
waf er, stage and a e’r,o' ection unit in a step-and-scan
expBsir éhogﬁswera&ﬂnan i 5hﬁ/a¥8W?raﬁladF$%¢t18‘%‘i%fa3\HaéWel and
showi n.gp.a st at of a wafer stage when it has noved to

a 13 dquitt "t & ¥fage®’ 25 position; Fig. 9 is a view

10Show ng g.;9f ate ;Qf the JNside 1l Y€ 1ine B-B in Fig. 3;

Fig. 5 is a view for describing a focal position
detection system;

Fig. 6 is a block diagram that shows a partly omitted
arrangement of a control system of the exposure apparatus in

15 the first embodiment;

Figs. 7A and 7B are views for describing the reasons why
aberrations occur in an irradiation area on a wafer by
irradiation of an illumination light;

Fig. 8A is a view showing a state of a wafer stage when

20 it has moved to a liquid supply position, Fig. 8B is a view
showing an example of a positional relation between a wafer
stage and a projection unit in a step-and-scan exposure
operation for a wafer, and Fig. 8C is a view showing a state
of a wafer stage when it has moved to a liquid drainage

25 position;

Fig. 9 is a view showing a state of the inside of the
liquid supply/drainage unit filled with a desired depth of

water;
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15

20

25

l'iquid supply/drainage unit filled with a desired
depth of water; 47 Fig. 10Ais a sinplified view of
the vicinity of liquid supply/drainage unit upon
exposure of a first shot, and Fig 10Bis a
sinplified view of the V|C|n|ty l[iquid
suppl y/ drai nage unit when a maﬂgr is scanned in a
direction 5 opposite to Fig. 10A; Figs. 11A to 11F

are vi eV\@“lbhaioﬁtlQéNaasﬂnSY\’lﬂ.eé vaUPRIY AR DR8I ty of 1iquid
operation in an exposure apparatus related to a

Se%@%l@z‘%@hm@e when @'E_M\@f&{ Shage dean_?ﬁBQ@dsH&, and Fig.
expose a shot area; is a view for

desoB Hisng tsh@pqaﬁe\&wrie@n oFdgee sHetindfya ofaflequis

exposed with the exposure apparatus in the second
entsaghipigntd iaiata cempihdyswaehi guiralf suppd yWakraigthger wndtirection
related to a nodified exanple in which a plurality of
pardpipisgrre dice Higovildéd extending in parallel with a
scanning 15 direction; Figs. 13A to 13F are views for

descri bi AG9& - nééﬁfﬁ@dllgxaﬁﬁl§1§W5théa§e§bﬁu a flow of a
enbodi ment that show a flow of a supply/drai nage
opé*%mﬂ%ﬁ{QMﬂ%¥@QQMﬂﬂﬁr%ﬁﬁﬁﬁelPsa§c§ﬁﬁ@§uF§ a@?ﬁé@éué related

shqt area,; 14A and 14B ach show.a nodi fi
xS SHORN MR SR BRSE R T, SERgnedgro expose
|s a ¥ﬁ3¥/of a nodified exanple of liquid recovery

ga & prdV|ded in a part of a prOJectlon | ens;

Elg 2é6aI galggoﬁgﬁgﬁég?L?%hgé%%?kggga WEQQ qﬁ#%1an edge
Pr @3fU onl AURNEdONis 8RF0sed with the exposure apparatus in the
second embodiment that employs a liquid supply/drainage unit
related to a modified example in which a plurality of
partitions are provided extending in parallel with a scanning
direction;
Figs. 13A to 13F are views for describing a modified
example of the second embodiment that show a flow of a
supply/drainage operation when a wafer stage is scanned to
expose a shot area;
Figs. 14A and 14B each show a modified example of the
liquid supply/drainage unit;
Fig. 15isaviewof amodified example of liquid recovery
via a hole provided in a part of a projection lens;
Fig. 16 is a flow chart for explaining an embodiment of
a device manufacturing method according to the present
invention; and
Fig. 17 is a flow chart for showing a process in step

204 in Fig. 16.



Fig. 17 is a flow chart for showing a process in step
204 in Fig. 16. 48 Best Mdde for Carrying out the
Invention - First Enbodinment A first enbodi nent of
the present invention is described 5 below, referring
to Figs. 1 to 10B. Fig. 1 is an entire view of an
arrangenent of an exposure apé&ratus 100 related to
the first enbodi ment. Exposure apparatus 100 is a
proj ecti on exposure apparatus, based on a

st ep-and-scan nethod (the so-called scanni ng stepper)

10 p t e
syé%%ﬁ?ighﬁdg ?g??cFizégg ?hgt d¥%s a retlcle R

SerVimg S mpgBskentd proj ectl on unit PU, a stage unit
50 that includes a Z tilt stage 30 on which a wafer W

servi ng asf arstksiboatitein® &P thteeolres@n € Afitvicdlt i9YSi €Mescribed
for such parts, and the like. 15 As is disclosed in,

5f orbesxanyplms f elapare s FEtent 1 Applliddati on Lai d- open
No. HO06-349701 and its corresponding U.S. Patent No.
5,534, 97Fid.hé iaaarﬂ;éﬁenﬂ voewidd am avatd mreneysodnal @xposure
i ncl udes parts such as light source, an illum nance
unu&RﬂaﬁqtyJSopkq(baqewsqobrhq Hate i@ sidenbadigsnitoal Exposure
integrator 20 or the like, a beamsplitter, a relay
| erfPParatdts afle ND & |Hrt%?reCt1émr EXRAS IS ,a,p@a(r@m,oﬁoased on

I ST SR (SR IS S SATg P SpPe)
II
1057 ey a'pﬁéﬁr@rtila% IO GRrRESHErEY, LR AT qysten 10,

i raClPettlQﬂtét §tHge Zﬁsﬁrtkfa{]cehlo'llﬂg ésré@ﬂﬁ[{eﬁt ggr ﬂ'lﬁ as a mask,

substantially u |forn1| m nance um natio

i gshtprld—j’eéth.%rﬁbﬁl%xﬁl}rmé ét?a?cfé urBeamo( waxe!l eA8t Rdes a z tilt
193nm) i's used as an exanpl e

stage 30 on which a wafer W serving as a substrate is mounted,
a control system for such parts, and the like.

15 As is disclosed in, for example, Japanese Patent
Application Laid-open No. H06-349701 and i1ts corresponding
U.S. Patent No. 5,534,970, the arrangement of illumination
system 10 includes parts such as a 1ight source, an illuminance
uniformity optical system that includes an optical integrator
20 or the like, a beam splitter, a relay lens, a variable ND filter,
a reticle blind (none of which are shown). In illumination
system 10, an illumination light (exposure light) IL serving
as an energy beam illuminates a slit-shaped illumination area
set by the reticle blind on reticle R where the circuit pattern
25 or the like is fabricated with substantially uniform
illuminance. As illumination light IL, the ArF excimer laser
beam (wavelength: 193nm) is used as an example. As

illumination light IL, far ultraviolet light such as the KrF



illumnation light IL, far ultraviolet |ight such as
the KrF 49 exciner |aser beam (wavel ength: 248nm) or
bright lines in the wultraviolet region generated by
an ultra high-pressure nmercury |lanp (such as the
g-line or the i-line) can also be wused. In addition,
as the optical integrator, parﬂ@ such as 5 a fly-eye
lens, a rod integrator (an internal reflection type

i n% iﬁ%%r%ang‘ﬁk 'f%%%%h%% l%Ptéﬁgbm?égg?QHgt%anﬁes in the

ong as t e nati on
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application is applied, permt, "the disclosure of

U. §erQﬁh§ﬂQaﬁk1Q@u@hoég tﬁef@LlYne]éE'ﬂKé”ﬂHHfHé¥jcan also be
herein by reference. In addition, on the optical path

of udddum nata@aitighf ad ltha bbftlj'l_cta|l| URt88taOBr sS4 B8 such as
10, a beamsplitter is disposed that has a high

5t ranfiytegackeand aarbdi intyedoar seflaeci hvetyal waftlestion type
the optical path of the light reflected off the beam
15 igpleiguegror Jan dmteegiidifara ctedmor opdpcadale lsgessr pabdbe used.
is disposed, which is nmade up of a photoel ectric
cofieronenas ehematimnal Wlnnd‘fﬁﬁggnqtede‘#@w% or elected

Fig. 6). The photoel ectric conversion signals of
|rn%%ﬁ%ﬁ%N'@QeHEéFhlﬁhéFel%Eﬁﬁﬁ¢%%P@%ﬁ PRl GRtion is applied,

consgLter 20 (elento Fia B 20 elicle sate r,

SUCtIO%_ Ret|%1§§§ta e.RST is structured finely
drlj\%cbq @957 rpp1' yperlr endicilar to the opti cal

axis of gH%@?E??”or?yﬁe %‘ijcqc(aclo QEhdéf‘QLJ%’YHHF;%&lon light

opti cal aX|s roj ection op Ica

whi gh i hk nbey g&%fﬁé@f@n %%@t%trr?ﬁb by b%aWEPQ&@tét:aﬂse disposed

dri've section 11 (noft shown in Fig. , er to
6) dhal he@MBErhs§s NS iSUEh @S add hNeal r IPLITw relﬂlelc&lmty,

structured also drivable in a predeterm ned scanni ng
and on the optical path of the light reflected off the beam

15 splitter, an integrator senor (optical sensor) 14 is disposed,
which is made up of a photoelectric conversion element (not
shown in Fig. 1, refer to Fig. 6). The photoelectric
conversion signals of integrator sensor 14 are supplied to
a main controller 20 (refer to Fig. 6).

20 On reticle stage RST, reticle R is fixed, for example,
by vacuum suction. Reticle stage RST is structured finely
drivable in an XY plane perpendicular to the optical axis of
illumination system 10 (coinciding with an optical axis AX
of a projection optical system PL, which will be described

25 later) by a reticle stage drive section 11 (not shown in Fig.
1, refer to Fig. 6) that comprises parts such as a 1linear motor.

It is structured also drivable in a predetermined scanning

direction (in this case, a Y-axis direction) at a designated



direction (in this case, a Y-axis direction) at a
desi gnated 50 scanni ng speed. The position of reticle
stage RST within the noving plane of the stage is
detected at all tines with a reticle |aser
i nterferoneter (herelnafter referred to as a ‘reticle
5 interferoneter') 16 via a npo bl e mirror 15, at a
resolutlon for exanple, around 0.5 to Inm In
acqigg ¢J e stage RST, a novable mirror that
has a re |on ‘surface orthogonal to the Y-axis

directi Oﬂ’h%r}goﬁlmﬁglferé'ﬂlréﬂ sthak ﬁﬁswﬁthiﬁftlh%%J)@Dng plane
surface orthogonal to an X-axis direction are

pr i ded s&rad;ecqrsr R A0 aihese mary i ke @il rr'é@_rl%,le laser
a reticle Yinterferoneter and a reticle X

| ntigTdearfarRineyt & & hefedtiadedir haRered ndigg al, rudlktle
details are representatively shown as novable mrror
515 ianckristrianer dnit)ed bev danet movdble rhicralentsal by ,a fresolution,
exanpl e, the edge surface of reticle stage 15 RST may

be o iestaalitn erdendt ©. b aronlanr.ef [lecétonadurdraceticle stage
(corresponds to the reflection surface of novable

m Rt isr)ovahwleamélnffcpérfchamﬁﬁéa@ reff lelwé 1oaf $wefaem orthogonal
surface that extends in the X-axis direction used for

det'&etihify TR ifosiiestion angt i MOvRdge TRIF T Hiieg has a

SE%%E%éﬁﬁlrect iéﬁéhgﬁglaXIS 20 dlregm%%i§}éihls on are

102 r\?ltc{eoc[ efalneaCt orL)r ma ecger oqr?est oavr?éa tn}lcﬁror)? '

|nt eroneters retic

!ntfggfgfgﬂ%t%Bteg%%rgkgkg%nhnaugh er#fglﬁﬂfiférq$rometer are

I nterteroneter ual-axrs in eroneter t

ha%dd%&d@&5H5@€$QEJ§¥?§? 25 andnkased 19Ntb8cpresentatively
measur enent val ues of icl'e" Yinterferometer, = the

Ot 0 rRtAIlE mitags RST 4t & d¥ did ectiFdiditer 16.
rotational direction around a Z-axis) can be neasured
I N Incidentally, for example, the edge surface of reticle stage
15 RST may be polished in order to form a reflection surface
(corresponds to the reflection surface of movable mirror 15).
In addition, instead of the reflection surface that extends
in the X-axis direction used for detecting the position of
reticle stage RST in the scanning direction (the Y-axis
20 directionin this embodiment), at least one corner cubicmirror
(such as a retroreflector) may be used. Of the
interferometers reticle Y interferometer and reticle X
interferometer, one of them, such as reticle ¥ interferometer,
is a dual-axis interferometer that has two measurement axes,
25 and based on the measurement values of reticle Y interferometer,
the rotation of reticle stage RST in a 0z direction (the

rotational direction around a Z-axis) can be measured in

addition to the Y position of reticle stage RST.



addition to the Y position of reticle stage RST. 51
The positional information on reticle stage RST from
reticle interferometer 16 is sent to main controller
20, via a stage control unit 19. Stage control unit
19 drives and controls reticlg stage RST via reticle
stage drive section 5 11, base Ton the posi tiona
information of reticle stage RST, in response to

i nstruct ikgns -f.r.om. nai rol.ler 2 Proj.ect i ni

PU i 5 di SeBa be o et rereer dgn ARy roseets! prdoH]ksT from

Pr jegGtd1Qn 1 WAkl rBYoRRFRL $6Si & R eb AQina¢htroller 20, via
projection optical systemPL, which is made up of a

pl W dddge cHhtafolopinicall el egenys, cohtk81bEnIBr €9 drives and
specific, a plurality of Ienses (lens el enents) that

Shajoh it sSaret ieflld Galag@XIRSTAX ial retth@ 14 &Xiage drive section
direction, held at a predeterm ned positiona

5r elldt,i baskhdpomitine posheibaatl elnfdsnar Dyrectfi pat bpléecalage RST,
system PL, for exanple, a both-side telecentric
di dpt rmespysteerha hatstididtdons dreedererim med tpodjleot i26n
magni ficati on £such as 1/4 or 1/5 times) is used.
Ther ef or &F liomy wad bt 68 ¢4 ypesed berlioghreticle stage RST,
illumnation system 10 iJlum nates the il lum nation

ar &8 1onFi8ti t e BOIFF R 6n Vi GRAPPFLSERa? Geerel 40, and
passed. t hroough . reticle R farnms a,.reduced jnmage of the .
P AT PR EREE Y SEER L MR fEnSS Pl ibgo By blarality
reticle R ( rtial reduced jnmage of the circuit .

10 e SR TR oS Sor PRCE TS COH Be Caid pigrality of

r es].i egﬁs e(sp h(QLteQ'?Se résl' ﬁtn{e\ﬁet Y et@%s s\ﬁila%eg g:gj;ee .Cstaim%n olﬂﬁiitc aFl)U axis AX

(projection optical system tion, although

It 35 8 bladilsngt hecHiaw Ngsi1d 20 APHdNERInEACY tional
of | enses nmaking up projection optical systemPL, a

pl waldddrdhispeethia densasreper at € ptddectibe optical system
control of an image form ng quality correction

COML olfbereB8dmple, a both-side telecentric dioptric system that

15 has a predetermined projection magnification (such as 1/4 or

1/5 times) 1is used. Therefore, when illumination light IL

fromillumination system 10 illuminates the illumination area

on reticle R, illumination light IL that has passed through

reticle R forms a reduced image of the circuit pattern within

20 the illumination area on reticle R (a partial reduced image

of the circuit pattern) on wafer W whose surface is coated

with a resist (photosensitive agent), via projection unit PU

(projection optical system PL).

In addition, although it is omitted in the drawings,

25 among the plurality of lenses making up projection optical

system PL, a plurality of specific lenses operate under the

control of an image forming quality correction controller 81

(refer to Fig. 6) based on instructions from main controller



(refer to Fig. 6) based on instructions from main

controller 52 20, so that optical properties

(including imge formng quality) such as

magni fication, distortion, coma, and curvature of

i mage plane (including inclination of inmge plane),

and the image plane position c 4 be adj usted. 5 | nage

form ng quality correction controller 81 nay adjust

th ual f ' r.Qj ed ;vi rQjeGt i :

op?iogala:’ols;%ltagmogll%%gfqan%\%o%ge%}gt%i%cﬁel\h g‘ralgﬂ)g (le?dr? nyormlng
adjishiing ) thenawehengliiF 10f tildniManaticdR ilonghtcohls, @hd
by ‘conbi ning both ways as appropriate. 10 In
adduirivetu e GFUS PRI R | (S nRarfdamied ndSiifGition of image
exposure apparatus 100 of the enbodi nent to which the
| Mpdrasie)n anel ok (1 gee pdeser idesd tianechn $eappljveded.
inthe vicinity of alens 42 (refer to Fig. 3)

5serving dsage dptrmdéah eluedenty colakctdpst cobutesller 81 may
projection optical systemPL | ocated closest 15 to the
I mege ysitarrd g wlfaari by 0 fa thiequimé gsu pplojedrtaionage priojection
32 is attached so that it surrounds the tip of barrel '
40,0RfHicEH SHelLes PhePY aiy imetrgitislenRl eHuey finely adjusting
suppl y/ drai nage uni t, 32 and the_arrangenent of the
pi pitfgWey§t EREEBMk tldd MR A HETuAL 8Nt PRePY gaRg114ng both
be described, |ater .in the description. 20 Stage unit

50 " ASEPHER S Teh as a wafer stage WST serving
b .St , f | 7 [ .
2,8 SUbs hsuane e oL TC PLgARane

waf er st age rirve C

whi ' | 7 -
| S'egﬁao‘gdﬂeeé'%?gg‘fggﬁs SbRdSr \é\ﬁza% el%;t g8 WiSlch p%eellowerSJ_Ol’l

own in , wafer st I sposed

Pr e8I PN +RP L Rle SHSHRIG A3 tRlr)0N A a%’fl%e(ir}minstﬁ@l‘én)vicinity
. Wafer stage WST conprises an XY stage 31, which is

drigfen 1Bnkhe2 XYréf&eatd ey 3li Beatingt 98 Saloptlit®il element
l'i ke (not shown) constituting wafer stage drive
sectHaonconstitutes projection optical system PL located closest
15 to the image plane (wafer W), a liquid supply/drainage unit
32 is attached so that it surrounds the tip of barrel 40, which
holds the lens. Details on liquid supply/drainage unit 32 and
the arrangement of the piping system connected to the unit
and the like will be described, later in the description.
20 Stage unit 50 comprises parts such as a wafer stage WST
serving as a substrate stage, a wafer holder 70 provided on
wafer stage WST, and a wafer stage drive section 24 which drives
wafer stage WST and wafer holder 70. As is shown in Fig. 1,
wafer stage WST is disposed below projection optical system
25 PL on a base (not shown). Wafer stage WST comprises an XY stage
31, which is driven in the XY direction by linear motors or

the like (not shown) constituting wafer stage drive section

24, and Z tilt stage 30, which is mounted on XY stage 31 and



24, and Z tilt stage 30, which is nounted on XY stage
31 and 53 is finely driven in the Z-axis direction and
inan inclination direction with respect to the XY

pl ane (the rotational direction around the X-axis (Ox
direction) and the rotational _direction around the
Y-axis (6y direction)) by a Z 31t drive 5 mechanism
(not shown) that al so constitutes wafer st age drive

seqy ?fﬂgﬁﬁsﬂ\}g{ceﬁngtﬁé It a§<t1§g§ f’%st &9}1%{%ﬁ1g’lination

whi ch IS noun ovvnln

PerSReClti e VW i d fp'egrt 2o it e ekl 'epl'l%rh%l 4 oo '1%'?1al

of the area where wafer Wis nounted (the 10 circular

ar ea At ttihke S?BEHB)the W%%rlsh@éﬁ%lrlrégtqgmréﬁ&scﬁé %lt'atlonal
body section 70A that has a specific shape where t

conelez t ilecakednantwae Qfxitheadi aneanad i dn e w0k @ tilt drive
square-shaped Z tilt stage 30 are projecting and the

5r emsiahiang smmnoorsierven ) ctatesll sorconsE irtentmisnwvafier stage drive
di agonal line are shaped in quarter arcs of 15 a

ci rsslcg iome 24i.zeAhadr gut 4 Katl tt héager 80} awafgrediolder 70, which
descri bed above, and four auxiliary plates 22a to 22d
arrhéﬂg’éd“iarfetrhéqrpéﬁ pieeniedof the area where wafer W

Is to be_nounted so that they substantially match the

shape of Afaild BBAYNséBt Fop DORSPaRel v ufFaite Y fiig- 2, in the

p°¥pta°1'af° 36 Fat taRbyo b, e Rt ean §3ﬁ§§d@§%%mecﬁ (the
10 he' c uldy %e Slunrtc ecé)r];té’\@f el \Qle(rt he 5%73} FHQPMFSP a main

di fference feen auxi h ary pl a?e

s Ho%$§e@%?%ﬁd7am95t % a) IsPeAifELé ? %@ ]!‘:é g‘LWénzgorners

Dis formed between auxifrary ato

anQd@t%rd ¥ sesRecthyeldagia ﬁﬁﬁe%'@@ a0k ugiseggﬁaped Z tilt
is set at around 3mm or under. In addition, wafer

al sa s 38 aed PJrdietishppad ted Q'é)ma:.'ﬂl@.\f@_gVﬁﬁo éibf}{—‘eers located
the size of the notch is around 1mm which is smaller

t ham g&e Pembinisg diagonal line are shaped in quarter arcs of
15 acircleone size larger that the circular area described above,
and four auxiliary plates 22a to 22d arranged in the periphery

of the area where wafer W is to be mounted so that they
substantially match the shape of main body section 70A. The
surface (flat portion) of such auxiliary plates 22a to 22d
20 are arranged so that they are substantially the same height
as the surface of wafer W (the height difference between the
auxiliary plates and the wafer is to be around lmm or under).
As is shown in Fig. 2, a gap D is formed between auxiliary
plates 22a to 22d and wafer W, respectively, and the size of
25 gap D is set at around 3mm or under. In addition, wafer W also
has a notch (a V-shaped notch); however, since the size of

the notch is around 1lmm, which is smaller than gap D, it is

omitted in the drawings.



omtted in the drawings. 54 In addition, a circular
opening is forned in auxiliary plate 22a, and a
fiducial mark plate FMis tightly enbedded in the
openi ng. Fiducial mark plate FMis arranged so that
its surface is co-planar with auxiliary plate 22a. On
the 5 surface of fiducial mark“pl ate FM various types
of fiducial marks (none of which are shown) are

formed that ,anee YSAY £ O » ABAMPTRALOPET ALIRADS $HGxi11ary
b easu y the

as reticle alrgnmenf or baseline rement

al ignment odet gl anrsysteq (horRepdesermped didf®ly embedded
Auxiliary plates 22a to 22d do not necessarily "havé 10

t 0 ihe thlcalopepiapRed, Faldci BE MPPRIp B d a0e Of Zddrdded so that
stage 30 nmay be arranged so that it becones al nost

t hel tsamm dfeli ghti s o -Welfaera \WwiTire aedintidrsy tpd ofter M2&a. On the

flat portion in the periphery of wafer Wat
Ssulmstraradealolfy f i Hec$alrendnek giltatas FiMhevaui baset ypods walf eriducial

W 15 Referring back to Fig. 1, XY stage 31 is

st meothe ddongpedblieiabtaomishdwn)t heesfanmnedgtidat exte orsed for

(the Y-axis direction) but also in a_non-scanning _

di MRS WieNate OReFRLd Ongj peehiphrefacgendl eanment 1 lpgseline

scanning direction so_that the shot areas serving as .

a PIeASHEmETYr PYitheayt aPeaRt sif tRatdiondy i @R tiggbe described

posj tioned at an,exposure ar conj.ugate with the .
Pl 0B VA S Kb K5 A A 37 el o TipCessarily have
103t 80 30953620 ROBLAL I Ofli 1 INIGN. 20, SRl LONA FOL: ccage 30
scanni ng-exposure-of "eac shot™"area on waf er and” an
Op%z%’i %na@irg ngooﬁ%@tii@ ed fso'é gsgeﬂ\{\@e&me height as
di vi eé) ar eas Sggr_ nmovi ng waf er Weto ?ﬁe 5 _ 9
acGel A, onrgé Mg 1B08h i LSEAMNING SRS thNhe periphery
position) to expose the next shot are repeated. The
posdf v e wafters id=aaen MBI W tdHen dhie REiRJN&s the surface
of wafer W.

15 Referring back to Fig. 1, XY stage 31 is structured
movable not only in the scanning direction (the Y-axis
direction) but also in a non-scanning direction (the X-axis
direction) perpendicular to the scanning direction so that
the shot areas serving as a plurality of divided areas on wafer

20 W can be positioned at an exposure area conjugate with the
illumination area. And, XY stage 31 performs a step-and-scan
operation in which an operation for scanning exposure of each
shot area on wafer W and an operation (movement operation
performed between divided areas) for moving wafer W to the

25 acceleration starting position (scanning starting position)

to expose the next shot are repeated.

The position of wafer stage WST within the XY plane

(including rotation around the Z-axis (Bz rotation)) is



(including rotation around the Z-axis (Oz rotation))
is 55 detected at all tines by a wafer |aser
interferoneter (hereinafter referred to as "wafer
interferoneter') 18 via a novable mrror 17 provided
on the upper surface of Z tilt stage 30, at a
resolution, for exanple, aroun®0.5 to 1nm 5 In
actual, on Z tilt stage 30, for exanple, as is shown

i n qe@e%te%z & ‘él’l"‘ﬁ%%'ﬂ raorwanQé tlt}lasterhal%taerferometer
r ef 0

efl'ection surface orthogonal to the scanning
di r @O AANE Yot sl L HLMya AN 130 X ATvaRte r7 ) 18 via
mrror that has a reflection surface orthogonal to the

Nony $iARM1RY ndirk@et 1oNptbhed&dashstdd hpeetd Phad &f 7 tilt
provi ded, and corresponding to these novable mrrors,

as dtheyenafgr dthterdesicanliens, fatr ¥xafioalf,eamRiner 0.5 to 1nm.
that irradiates an interferoneter beam perpendicul arly
5o0n X awovedl,e om 17 ari 1E7 $ tagee B0Y ifatre refxauinpiet, erast Hat shown in
irradiates an interferoneter beam perpendicularly on

Y rfvablle A& Y roevaltyMe 16 ey grigvictet; hasvevwsf lesiidlon surface
details are representatively shown as novable mrror

17 ridhagmer]l itet §heepoaBRéngIdirecH gn (the Y-axis direction)
Incidentally, the X interferoneter and the Y

i Nt Aokt ¥ Svdf et A thttdr¥te herfetiert ofd e4te Potsnrface

nulti-axisa.interferoneters t hat ggye a plurality o

f
me £SUMAHRTE Tty | E %0 NGTT SAAH i1 B Hafitd e r Ghgt dr@xis

ot her_ t han t.he X and.Y ositi,ons_ of wafer sta WST
100 or s B &5y BEPudachy T b s S lnd fainse movanie

(Zyg‘?){(%rg\lnfso,zafsmﬂé Q«{&&e ii%élrsfé’r%ﬁftiﬁq%, %rnoy(nq.ntt%q:ferometer

pi t chi ng rotation, I's rotation

ar quit tihe 2% ided) an @ngE@Ekbﬁgtéﬁybééﬂﬁﬂé{E?nd!ﬁﬁibrly on X

is rotation 25 around the Y-axis) can al so
neagdifAfl.e Marofron 7eXxan®lLy ihReredgemsvetacRa®fiadiates an

tilt stage 30 may be polished in order to forma

r efireodn fer gugtiaac @ aappeeppoddeutl a rijechet Ieeta®e mirror 17Y
15 are provided; however, such details are representatively
shown as movable mirror 17 and wafer interferometer 18 in Fig.
1. Incidentally, the X interferometer and the Y
interferometer of wafer interferometer 18 are both multi-axis
interferometers that have a plurality of measurement axes,
20 and with these interferometers, other than the X and Y
positions of wafer stage WST (or to be more precise, 7 tilt
stage 30), rotation (yawing (0z rotation, which is rotation
around the Z-axis), pitching (0x rotation, which is rotation
around the X-axis), and rolling (By rotation, which is rotation
25 around the Y-axis) can also be measured. And, for example,
the edge surface of Z tilt stage 30 may be polished in order

to form a reflection surface (corresponds to the reflection

surface of movable mirrors 17X and 17Y). In addition, the



surface of novable mrrors 17X and 17Y). In addition,
the 56 nmulti-axis interferoneters may detect
positional information related to the optical axis
direction (the Z-axis direction) of projection
optical systemPL, by irradiating a | aser beam on a
reflection surface provided onS@%e frame on which 5
projection optical systemPL is nounted (not shown),

Vi @mﬂtl—% L%Ehegr§8¥£%%€e§5 rwathEtﬁqééigloci{flﬂ?n%%rmatlon

at an i1nclination o Posi t'i onal ormati on

velQaidted RECERBII NN o 4af g ratagenVWedhd S8t H‘irectlon)
stage control unit 19, and then 10 to main control

20 ofi arotjageieanbpolcani §ydem H130eyCOREEAL atDhY é—%.aser beam
controls wafer stage WST via wafer stage drive Section

24 dmsed il ddig posddfeng drdfvardsrt icon they ArelneCidny which

i nformati on) on wafer stage WST referred to above, in
Sr egpunset iton iopstirasdt syt efr ddh il mowortierd| (nertt 20owdhd , via a
Next, details on liquid supply/drainage unit 32 wll

be refdsuytiiped surdfesre ianyarged g 23 tdnid 4tagieg.303at an

shows a sectional view of Iiquid supply/drainage unit
32,irgllomgtwicrh athédS°ever  end section of barrel 40 and

t he plplng system_ In addition, Fig. 4 shows a
sectlonalO@F@WO&@lIFﬁéoﬁmﬁtlﬁnFlﬁr yelpcdtivg ipgormation) on

su dr ai na i.t 32 i.s confi ured to e deta abl e
RP&J»Z\% s gﬁﬂ#@e@r S i H e SO el e ddeg and then
eXC aﬁ%lerané%!&];:l{%ﬁt r\rl%a%ta gee %%Coﬁotllh&enfag%f %%%ge control

?régé%é‘ F%%dale%f gﬂaﬂglcﬁrfx% section

(the omer en ectlon neter “sect1 on

403 4 Hfdeg, whrsg,JH 6i:r'.1'.'%§r%rl '1%%5&%& hayy Qitetl‘?f01t
sections, and the tip of small dianmeter section 40a
S lsfwmnﬁﬁldrﬂpﬁh%@flblt@@em whgse rddaf®thebve, in response
to instructions from main controller 20.
15 Next, details on liquid supply/drainage unit 32 will be
described, referring to Figs. 3and4. Fig. 3 shows a sectional
view of liquid supply/drainage unit 32, along with the lower
end section of barrel 40 and the piping system. 1In addition,
Fig. 4 shows a sectional view of line B-B in Fig. 3. Liquid
20 supply/drainage unit 32 is configured to be detachable to
barrel 40; therefore, in the case inconveniences such as
malfunction or damage occur, it can be exchanged.

As is shown in Fig. 3, on the end of the image plane side
of barrel 40 of projection unit PU (the lower end section),
25 a small diameter section 40a is formed whose diameter is
smaller than other sections, and the tip of small diameter

section 40a is shown as tapered section 40b whose diameter

becomes smaller the lower it becomes. In this case, within



becones snmaller the lower it becones. In this case,

within 57 small dianeter section 40a, lens 42 is held,

which is one of the | enses structuring projection

optical systemPL |ocated closest to the image pl ane.

The | ower surface of |ens 42 i% to be parallel to the

XY pl ane orthogonal to optical dxis AX. 5 Li qui d
supply/drainage unit 32 has a stepped cylindrica

1%%%&%%\&@%&59%%h@o%rzofgrhé Ql'?ﬁltshﬁeﬂide‘)lhl@ﬁdls one of

I n t center, an opening as a clfcular

SeqlHOon chRk@ WRk-GBtusTRb| pHb8BE £6n SGST 1 O 408 1Qdn PL located
barrel 40 can be insertéd from above is forned in

verdligss tditbe € hb 0lma J8 € T 1Bt @heOfl o}B ropeRt A8e 338 lens 42 is
(the dianmeter of the inner circunferential surface of

a rdiongespapetl si deo walel X82el andlictt horjoes 1t be apel¢ar eaxis AX.
on the outer side) is constant fromthe upper end to

5t he vi ci Ailgpidoduphky /dwernapnandBavhes a $tdepedeylindrical
lower it is tapered, or in other words, the dianeter
becdes singn eiewad 4rof tbasépoehcéanaithe tdigladut @nd in the
surface of tapered section 40b of barrel 40a and the
i NFEN U aBeCRPN NG %hApad Rede WalrFUlQche@ltk@ﬁdﬂﬁio which
a nozzle (hereinafter referred to as a
noZA%e s ddemshers 8Ecthenshke f b@&ﬁ@énﬂ@n%%? k?% ineyerd@d from
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case, ring-shap c t hat

predet surkpesi y@ i s EBhg{Sﬂﬁﬁsffo?n kaeng @?te\fﬁﬁeo the vicinity
depressed section 32b and openi ng 25 a. The | ower

enc S WHadWer Idrty- Hapethesi de WaldomddC licwerafitanged apered,
to be co-planar with the | ower surface of |lens 42

(t her lHowestheendved S, acsheofd karatalr 4@)comble sdiadeirer Bg a
15t heconsequence, with the outer surface of tapered section 40b
of barrel 40a and the inner surface of ring-shaped side wall
32c, a kind of a nozzle (hereinafter referred to as a ‘tapered
nozzle section’ for the sake of convenience) is formed that
widens when viewed from above (narrows when viewed frombelow) .
20 On the lower end surface of liquid supply/drainage unit
32, a depressed section 32b in the shape of a ring when viewed
frombelow is formed on the outer side of opening 32a. 1In this
case, ring-shaped side wall 32c that has a predetermined wall
thickness is formed between depressed section 32b and opening
25 32a. The lower end surface of ring-shaped side wall 32c is
arranged to be co-planar with the lower surface of lens 42

(the lowest end surface of barrel 40). The diameter of the

outer periphery surface of ring-shaped side wall 32c is



outer periphery surface of ring-shaped side wall 32c
is 58 constant fromthe upper end to the vicinity of
the |l ower end, and below the vicinity of the | ower
end, it has a tapered shape that narrows when it
nears the bottom As is obvious fromFigs. 3 and 4,
bet ween ring-shaped 5 side waPB 32c and snal

di anet er section 40a of barrel 40, a space is forned

dl ame! ! of b | ' S
o S S g A PR el ey (¥ dpver ena,
of 2r@ PLYUERIdHY vOE i hSEQVSE Y nRI P&Fe P2risS 1 PSENd sdcar;{bred shape

the vertical directionh spaced al nost equally apa

ar e rhe rotd ekl 16l MeWHseeRCeotPdi he bottom
(upper) surface of depressed section 32b referred to

above of aki gui gosupREYE déri NBge. UNidnB2, LRAEQYLEH ring-shaped
hol es 34 are forned, respectively, in the verti cal

5di redetel o1l GRdbaehnld Smddd dfi afengrs Baped ol d@awalfl b3z2eel 40,
in the X-axis 15 direction and the Y-axis direction,
ana@ ispceeash foimmedghhhbl &s SHapedeirr mifnexmawsiplanar view
pipes 54 is inserted (through hole 54 |ocated on both
si dedemvipeex- Gew o cirobe hee) notIslidviss sbACEl gone end of
3, refer to Fig. 4) . In addition, on the bottom ,
(upperyradhitaet HRCADPFLRIRES Ot oniBeproed|jnyting vertical
suppl y/ dr.ai nage 20, unit 32, circular holes are fornmed. .

DAITIRN PR pIRATEST CEMAleVafBrE. B pates) entire
1Oand.theghfmer end section of full recovery nozzles 56
ar €iHEEREEF 0 the circul ar hol es, respectively

Furt her e oMer d _of i qui .
ey TR A 810 L AULY oo gpogg section 22

outer 'sitde o

eSS T 405,25 U8 R SRRy LERNE 3L MU o

I n HNies 8aSEre &orrh@gl',sf‘élﬁ)ﬁélc‘@i@@ly\/,a'i'n 8Re ¢dati has direction,
on both sides of ring-shaped side wall 32c in the X-axis

15 direction and the Y-axis direction, and into each through hole

34, one end of exhaust pipes 54 is inserted (through hole 54

located on both sides in the X-axis direction are not shown

in Fig. 3, refer toFig. 4). Inaddition, on the bottom (upper)

surface of depressed section 32b of liquid supply/drainage

20 unit 32, circular holes are formed at a plurality of places

(for example, two places), and the lower end section of full
recovery nozzles 56 are inserted into the circular holes,

respectively

Furthermore, on the lower end of liquid supply/drainage

25 unit 32, on the outer side of depressed section 32b, a depressed

groove 32d, which has a ring shape when viewed from below,

is formed. In this case, a ring-shaped side wall 32e that has

a predetermined wall thickness is formed between depressed



a predetermned wall thickness is fornmed between
depressed 59 groove 32d and depressed section 32b. The
| oner end surface of ring-shaped side wall 32e is
arranged to be co-planar with the | ower surface of
lens 42 (the | owest end surface of barrel 40). The

di aneter of the inner peripherﬁ”%urface of 5

ring shaped side wall 32e is constant fromthe upper

q%rto%vet @%d Q}é‘@rd?ﬁ‘f*?é{‘@é&f%é&elo%“t3%b pe?hghﬁ&yer end surface

ace 1s con rom er end

V' At wgoknkhed oves £nd, BQleQeﬁLape 4%{;1‘.%' Bé%é%/'%ﬁnar with

t he Iomer end, it has a tapered s narro

wheihd tLoW@@r§uJ§f'£c@Q>tft Q8hs 1D Tt&%edﬁ@%QSQferf&?Eﬁ§§§§g of barrel
groove 32d is configured to be somewhat snal (a

pr exet.er rtheedidmstancey thenldae&egeeapheegtbg@faae of
and on the bottom (upper) surface of depressed groove

532d-iofg-dpupied! suiplel wedrlaBRagesuaohsBant af pbmirteé tupgdr end to
st epped through holes are fornmed arranged at a
pr edet doveregntibwipaei hge ¢duter gaehi miet hesuhffaough s constant
hol es, one end of each of supply pipes 58 is inserted
f r dmcbéve, uppelr tis! $aatihe diianwtidy ofethe diowatr ehd, and below
| oner end of each of the through holes is referred to
as d&supsiiyifoz Al He mwenn@nd od t hesogt éapsirgdl shape that

depressed groove 32d 20 ref rred to above of liquid

it B Bt @her words, a ;
h I b f dt t
10§:£l Poﬁr? ge“%er’ﬁi‘ Oinﬁér’rgséggfeérﬁgvrﬁ%@ £ I o e
f t
gre ternrne ng téﬁiéﬂﬁﬁﬂﬁ%ﬁ%ug%%gggegd%ﬁﬁ%tH?an depressed
[ ORI N BOI,! QR JRerRa bOWRLn eI SUL | AGf: Alce of depressed

prOJected section 329 i's par tot

dcjl&fcﬁvé)f32|d98§ #26u 28BS £ )cﬁ@erafrh;ﬂ:é hetiwesn, V\@fp?lruﬁé[llty of
nd its surface, that is clearance i s 3mm and
undstepgedl through holes are formed arranged at a predetermined
15 spacing. Into each of the through holes, one end of each of
supply pipes 58 is inserted from above, and the small diameter
section at the lower end of each of the through holes is
referred to as a supply nozzle 36.
The wall on the outer side of depressed groove 32d
20 referred to above of liquid supply/drainage unit 32, or in
other words, a peripheral wall 32f may be referred to as a
projected section 32g, since a portion of the inner periphery
of peripheral wall 32f projects downward a predetermined
distance AH when compared with the remaining portion. The
25 lower end surface of projected section 32g is parallel to the
lower surface of lens 42, and the clearance between wafer W
and its surface, that is clearance Ah is 3mm and under, for

example, around 1 to 2mm. In addition, in this case, the



exanple, around 1 to 2mm In addition, in this case,
the 60 surface of the tip of projected section 329 is
positioned approximtely AH | ower than that of |ens

42. The dianeter of the |lower end of inner periphery

of peripheral wall 32f (the vicinity of projected
section 329) 5 becones Iarger6 S it nears the bottom
having a tapered shape. As a consequence, by the walls

(3 3 (: )i 0 . S that. co i tut e
GoprBaess o g L R Rd S e PR it GpdrLoned
ref - T I ecid gn..for, the
saf@k%?gggﬁv%%ﬁgégg?'Sgﬁgggﬁ%§1§¢ih(§5 %ﬁﬁ %ﬁén Vi ewed

10 from abeveiGhateews wite Viogeedchdomrbehaw)y. pkRighery of
ring shaped area on the outer side of projected

seqidraiph3da lofvaper Bpierahewad ¢iR32fy ®h frdfeiddeSddtion 32g)
the X-axis direction as well as the Y-axis direction,
5t whegainress bbrgecusd et seats thlkabohbum, dhapriedeterapaemzh shape.
depth, slits 32hl and 32h2, 15 and slits 32h3 and 32h4

ar s ¢r resdh sephvengiedt fpyoftheaata 1sisi t(32ies apehsSi2der(@Blgy ) on both
smal | conﬁared w th depressed groove 32d, so that a
capidded FnphetihEndi O drere666F FWePYR e 31kind of a nozzle
I nt ake hol es that communicate with the slits 32hl and |
32nergfpidiss FefRfreshd 3am 2 redgensd sopz ignisgrt ion’ for

are .circyl ar _hol es. 20 whose .di ter, i lightly .
argl e YhaONE TR ) (S IarTe hiidadoi deqt when viewed
sli 3.and 32h4.  are for 0 er , surface

lopf #Lfoﬁﬁuz‘% Os‘%pp(lnya}%%rdé"fsnaglee nur#‘[fe q’fip tf/\%?%%geﬁqwgdst one
| ntake Nee LNHeSRAANNO LALAMN (Bl by @R AR orojected
i ntake hole, one end of auxﬁllary recovery pipes 68

i s dserdedofide %érE'paerﬁi WIOVEYEE, SNolhas Yié£GAVERY X-axis
pi pes 601 and 602 that communicate with slits 32hl

andiixAvk 1ocak et 1ana batte 8-8L2$sidl rddig ok, axws pairs of arcuate
direction are not shown (refer to Fig. 4), and only
slits that have a predetermined depth, slits 32h; and 32h,,
15 and slits 32hs and 32hy are formed. The width of each slit
is considerably small compared with depressed groove 32d, so
that a capillary phenomenon could occur within the slit.
Intake holes that communicate with the slits 32h; and 32hs,,
and slits 32hj3 and 32h,, respectively, which are circular holes
20 whose diameter is slightly larger than that of the slits 32h;
and 32h;, and slits 32h; and 32h,, are formed on the upper
surface of liquid supply/drainage unit 32, with at least one
intake hole corresponding to each slit, and to each intake
hole, one end of auxiliary recovery pipes 60 is inserted (in
25 Fig. 3, however, auxiliary recovery pipes 60; and 60, that
communicate with slits 32h; and 32h, located on both sides in

the X-axis direction are not shown (refer to Fig. 4), and only

auxiliary recovery pipes 603 and 60; that communicate with



auxiliary recovery pipes 603 and 604 that conmunicate
with 61 slits 32h3 and 32h4 | ocated on both sides in
the Y-axis direction are shown). The other end of
each of the supply pipes 58 connects to a supply pipe
l'ine 64, which has one end connecting to a 5 liquid
supply unit 72 and the other eﬁﬂ-connectlng to supply
pi pes 58, respectlvely, via val ves 62a. Liquid supply

uni§11 ngjHﬂ 5%%53@% ?oégEQdaénabgtﬂuég?égnfn @he Y axis

pressure pu ature control unit

opefatas: el d h:pn tr oI of main controller 20 I n
this case, when liquid supply unit 10 72 is operated

in a stateaenert Bagcerr egsANGE Nghy aly ;gpﬁﬁaplpés O Donnect s
for exanple, a predetermined |iquid use i mrer si on

whase 4 enpplat wigel sieentuol hRdcROhéBasnétend Alcting to a
the sane tenperature as that in a chanber (draw ng

S5om 1icad)d whepd W Lhet MRiandatde eftheexpasdutenappat @y Uuso supply
100 is housed is supplied 15 via supply nozzle 36, to

a sultartialdespeladses lspace apartiivesofed. byLiquid dsupply unit
suppl y/drai nage unit 32 and the surface of wafer W
Her &} A@fctledesvapyes $2eh @rowi Heduid texdh @f prhesure pump, and
supply pipes 58 may al so be consi dered together and

r ef%rﬁfeé%pert%t% £ gitidp el (RSTEt e Wdpr éhe control
ol P 5 oA 8 LR et ndft BRI51 §4501 |w‘n,4wgubg supply unit
10, TEE 1 2%%%%@25@;%%;% Brargif eSS S oqqing valve 62a
To5 SBReh? iy 823 Lo} ALl A RYEB006R Hlod for tnmersion
obt@i fed ddh, @rragc%r%'slguéaﬁtfr’bf?eat Jﬁ%@ q%nqgcwéut the same

manuf acturing plant or the al so has
advadthdes ol rdhay Bgaﬂolrﬁgv§ﬁ§ﬁb§£f@ﬁampﬂiq bhetted) where (the

phot oresi st on the wafer or to the optical |lenses. In
main body of) exposure apparatus 100 is housed is supplied

15 wvia supply nozzle 36, to a substantially closed space
partitioned by liquid supply/drainage unit 32 and the surface
of wafer W. Hereinafter, valves 62a provided in each of the
supply pipes 58 may also be considered together and referred
to as a valve group 62a (refer to Fig. 6).

20 As the liquid referred to above, in this case, ultra pure
water (hereinafter, it will simply be referred to as ‘water’
besides the case when specifying is necessary) that transmits
the ArF excimer laser beam (light with a wavelength of 193.3nm)
is to be used. Ultra pure water can be obtained in large

25 quantities at a semiconductor manufacturing plant or the like,
and it also has an advantage of having no adverse effect on

the photoresist on the wafer or to the optical lenses. 1In

addition, ultra pure water has no adverse effect on the



addition, ultra pure water has no adverse effect on
the 62 environnent as well as an extrenely | ow
concentration of inpurities, therefore, cleaning
action on the surface of the wafer and the surface of
| ens 42 can be anticipated. Refractive index n of the
water is said to be around 1. #4 5 to 1.47, and in
the water the wavelength of illumnation light IL
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ot her end of each of the recovery e 2 connects
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connecting to a liquid recovery unit 74 and the other

engiaGiesld the @ukd IRCOENENR PeS B2 PeeSRRGHiIYRINEd.
via valves 62b. Liquid recovery unit 74 includes

parts suRerfascailvieqihdet ankf tdrdwatesUs EaNdMbTPe #sind 1.44
operates under the control of main controller 20. In
St hit® tade, amrbnnttiee wateespoadianve haalogtd 62hi 1 Iwnimetaion 1ight
opened state, liquid recovery unit 74 recovers the 15
watldr she rties ss (ites tl@3nimal¥ L /cl=oseduspads Ir éoerl3ddmt.o
earlier via each of the recovery pipes 52.
Her ei naf Tée, otaeveand2f epebwwidds neeavRryfPimes 52 connects
recovery pipes 52 may_al so_be considered together and
r ef'& Ped ©COVES YaPYRPVE1GR 0B, 69BI¢R didt Qg mngl cepnecting to
ZOAT e upper end of eaoq g% the full recovery nozzl es
n

56 &6 VE B TdindO (-0 85O P pERReRE ing to
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of main controller 20. d, each full recovery nozzle

56 desnt reanfdrgpoed trothe snayvad) ahby ehPredebebBhiedg valve 62b
di st ance | ower
is in an opened state, liquid recovery unit 74 recovers the

15 water in the substantially closed space referred to earlier
via each of the recovery pipes 52. Hereinafter, valves 62b
provided in each of the recovery pipes 52 may also be considered
together and referred to as a valve group 62b (refer to Fig.
6) .

20 The upper end of each of the full recovery nozzles 56
referred to earlier connect to recovery pipe line 66 referred
to above, via a joint recovery pipe line 68 and a shared valve
62c. In this case, each full recovery nozzle 56 is configured
to be vertically movable by a drive mechanism 63 (not shown

25 in Fig. 3, refer to Fig. 6), which operates under the control
of main controller 20. And, each full recovery nozzle 56 is

configured to be movable by a predetermined distance lower

than the surface of wafer W. Therefore, when valve 62c is in



than the surface of wafer W Therefore, when valve 62c
is in 63 an opened state, by lowering all the ful
recovery nozzles 56 to a position substantially the
same height as the wafer surface, liquid recovery
unit 74 conpletely recovers the water on the wafer
(or the auxiliary plates 22a t8322d referred to 5
earlier) via all the full recovery nozzles 56. The

Ot@ﬁ{o %é@ié%%ﬁ%yg% nﬁgﬁgéaﬁﬂﬁglﬁiQ%% g%%%g@%%%%%ryt%ozzles

a vacuum pi pin iIch "has on

Coneely BOpok9taoMasyyst exhaust yubhd hnd halight as the wafer

i ncor porates a vacuum punp as a suction nmechanli sm an

t hesiatfRle endq6 PANREIVRE i @n £X NAUSEmA Do b PRS e®bvers the water
respectively, via valves 62d. Vacuum exhaust unit 76

opeymates Wwader the wantaindidfadiBipnacent pohl €6 2H referred to
Her ei nafter, valves 62d provided in each of the

S5exferdti gri)pesa 2 Inmhealfad lbe ecmvairde med Alegetter and
referred to as a valve group 62d (refer to Fig. 6).
15 | n addirei ohheausindli aff yeadcofetiepeprsud0pime 634 connects
referred to earlier connect to vacuum pi pi ng system
69,La éspeciWePiring Systemarcéd waled 626 ohe €hids connecting
case, in the situation where all the valves 62d are
oper? EndaFHeTuRTBRHAGSENURI 16 78N3% InGRIRALAIES vhemeuum pump

the water is filled u refer to Fig. 8) to 20 a
DodiS o MERB PR e d e SFREE 31 FoRBCg5 g o exhaust

1070 8Ra9 oy . oPpoCr bhr bl nelh A 5 B2tar ST R PR Ebst unit
UpRAS E%ég &&ﬁ&ﬁ%@gﬁcxﬁﬁﬁ&hpQﬂﬁ%gdﬁMyéﬁ}f&%f%%s20.
the water lTevel. 1n addition, 1'n thé case ere val ve

626;d % ik @1k OP§R8 e s 262 S TAlR i3 YA e¢hay t6e>Er{SHJst pipes

76 is operating, for exanple, when the water a
(f1oMmaQUh ) sOUSidR spRiciRReE8he Bl 324 rJIRABIIELECtOs a valve

earlier, the water is sucked up into the slits
group 62d (refer to Fig. 6).

15 In addition, auxiliary recovery pipes 60; to 60, referred
to earlier cbnnect to vacuum piping system 69, respectively,
via a shared valve 62e. In this case, in the situation where
all the valves 62d are open and vacuum exhaust unit 76 is
operating, when the water is filled up (refer to Fig. 8) to

20 a position above the lower end surface of lens 42 on wafer
W (or the auxiliary plates 22a to 22d referred to earlier),
it creates negative pressure in the upper space of depressed
section 32b, which raises the water level.

In addition, in the case where valve 62e is in an opened

25 state and vacuum exhaust unit 76 is operating, for example,
when the water leaks (flows out) outside peripheral wall 32f

referred to earlier, the water is sucked up into the slits

(any of slits 32h; to 32h4) due to capillary phenomenon as well



(any of slits 32h1l to 32h4) due to capillary
phenonmenon as well 64 as by the vacuum suction force
of vacuum exhaust unit 76, and exhausted outside. As
the valves referred to above, adjustnent valves (such
as a flow control valve) or the |ike that open and

cl ose, and 5 whose opening carf4al so be adj usted are
used. These val ves operate under the control of nain

I Ei
g?r}’H %gl €he %%#L{/L%%&CE?.ODI gorgé:g%f: g}hcg{ﬁZnSgQRgEfsglerﬁégg%& and

d supp rainage unit are

I N A EIddLplodidigdion toward the bottom 10 (upper)
surface of depressed section 32b at a plurality of

poi nts, aRdché Gi1eeSUPPE ¥ HEQitRAGISo W] b3 dskhehitX@th +8s (such
the bottom section of barrel 40 with screws 80 via

sucls hokesw camspectianeley oretes Tikdithatddppehfand close, and
addition, on both sides of tapered section 40b of 15
SbamtelseA®pgeamitre céraxdlsdireeddjarsteal paier wfed. These valves
tenperature sensors 38A and 38B is fixed,

r esyrectateehpdeTheheogopttr odf of Macgecorhpet deurd sersersto Fig.
is sent to main controller 20 .(refer to Fig. 6). In
addiltion, as is shown in Fig. 3, in the vicinity of

20 slits 32h3 and 32h4, gas supply nozzles 853 and 854

are provicdethe YRR§estirfery. o Furidvdidhereprlyy gralighgptunit 32,
is.omtted i drawi ngs, .in the vicinity of slits

th
SoRP i SO GRE St Y HIEA e RS R SRSk bottom
10, B A S oAb #3%@%52%%%?%5&%1“2/ of
3, f t i g.. ‘ ' t .
S Bl 0 G g e pom e e caniel <o
thgaedid®ntio? JO%rrel 40 with screws 80 via such holes,

respectively (refer to Fig. 4).
In addition, on both sides of tapered section 40b of
15 barrel 40 in the Y-axis direction, a pair of temperature
sensors 38A and 38B is fixed, respectively. The output of
these temperature sensors is sent tomain controller 20 (refer
to Fig. 6).
In addition, as is shown in Fig. 3, in the vicinity of
20 slits 32h; and 32hy, gas supply nozzles 853 and 85, are provided,
respectively. Furthermore, although it is omitted in the
drawings, in the vicinity of slits 32h; and 32h,, gas supply
nozzles are also provided, respectively. The gas supply
nozzles each connect to an air conditioning mechanism 86 (not
25 shown in Fig. 3, refer to Fig. 6), which operates under the
control of main controller 20.
In exposure apparatus 100 in the embodiment, a focal

point detection system is provided for the so-called



poi nt detection systemis provided for the so-called

65 auto-focusing and auto-leveling of wafer W The

focal point detection systemw || be described bel ow,
referring to Fig. 5. In Fig. 5 a pair of prisns 44A

and 44B, which is nmade 5 of the same material as |ens

42 and arranged in close conta@® with lens 42, is

provi ded between | ens 42 and tapered section 40b of

bar r i . VI Cl Ai t he .
end S a e g e Leb PR LML R et TR eal poine
secdd j bl 044 I, O i :
B e e B Rl e oa Sk Ave T ng to Fig.
forgred that extends in the horizontal direction and

conmuni cates the inside of barrel 40 with the outside.

On the inmperigi.de, (4 heaspase p3iides aharegd 198 LaHi@ )is made
end of such through holes 40d and 40e, right angle

5pr icsive hé6Aamadndise 46R arseldhsposerhd nespegkdveh sl eyl contact
fixed to barrel 40. On the outside of barrel 40, an

i r veidiratlieos 49 stiemp30x ides! despesedl dracidlgandet afetdre section
t hrough holes, 40d. In addition, on the outside of

bard® A0 barnpsHotddbet ecti on system 90b t hat

constitutes the focal point detection systemwth

i rradi at ifo PG IEPECeni 00d1e ¥16i8p68RE theciayerrnd of a large

ot her through hole, 40e. _Irradiation system 90a _has a

| gcﬁ]tar%edifrrcesw ot MHICh denthe 1S6F P ingds Luding small
controller 20 in Fig..1, and em.ts Jjmagin b in

10] IS o R T P Al S e Tho Mot @ £9d 8 mieh holes
of pi l.e Sl EL ] S .t [ I ng. ne. of. .
25 BTARE G 3oE PR SR BpE bt (R B8 Rl gl oot ion

beayfry A S Bf d 8t Ld R 5 fd gt _oafn@daefr%rﬂ 9P %@ﬁg the outside.

vertically downward, and are irradi ated on
surdracen ofi wafers \Wd r((iﬂﬁearbﬁ%h:'ei H4Qe referred to earlier) end
of such through holes 40d and 40e, right angle prisms 46A and
15 46B are disposed, respectively, and fixed to barrel 40.

On the outside of barrel 40, an irradiation system 90a
is disposed facing one of the through holes, 40d. 1In addition,
on the outside of barrel 40, a photodetection system 90b that
constitutes the focal point detection system with irradiation

20 system 90a is disposed, facing the other through hole, 40e.
Irradiation system 90a has a light source whose on/off is
controlled by main controller 20 in Fig. 1, and emits imaging
beams in the horizontal direction so as to form a large number
of pinhole or slit images toward the imaging plane of

25 projection optical system PL. The emitted imaging beams are
reflected off right angle prism 46A vertically downward, and
are irradiated on the surface of wafer W from an oblique

direction against optical axis AX by prism 44A referred to



direction against optical axis AX by prism 44A

referred to 66 earlier. Meanwhile, the beans of the

i mgi ng beans reflected off the surface of wafer W

are reflected vertically upward by prism44B referred

to earlier, and furthernore, reflected in the

hori zontal direction by right éﬁble prism 46B, and

then 5 received by photodetection system 90b. As is
desgribed. abgye, nih et h@h&'ﬁ%%ﬂ#smé?tt&é EﬁaEQfoSLbear?s reflected

position detection Systemis forred consrstrng o

muld plg Paliir Jocalr RS Gn d&t %tﬂl%tg%y%%IPl%%iﬁ.ﬁr upward

on an oblique nethod simlar to the one disclose

forg gﬁrx@hne44éaap@f@§lee£actoeeb_rwelri, Cahd o ke el 1R f1ected
06- 283403 and the corresponding U S. Patent No.

5, 4488382 or Bishtd1E d3yeiceTonney demt Bhaleadd ¥ 3¥8Y €hd then
90a, photodetection system 90b, prisnms 44A and 44B,
S5andredghtedbyglphotprdetr tdoh sandtdbBOblheAtdealiescribed above,
position detection systemw ||l be referred to as

f oclal tPosiantmdidetrent idre sistaamgd@ a1 d0)etstiiont lystem is
foll owi ng description. As |long as the national |aws

i n ffegiepharedistangs fop mldd BoankSoaad mhsthiehidstection
international application is applied, permt, the _

di ST Bgsegion ke apbieupmatnes pomiaag 19 Sheparesiisclosed

are,fu;g i ncorporated herein by reference., 20_ .
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105 B 0 e DEAILGDIBLEEY 30 UBLED (0%, e, 552,
conipILet A% sty IRSIEIL AL S spge,

25 ﬁMdMé@fﬂLdrY‘ s?g'@:%@'%bﬁﬂc}eg}%iigﬁgl 44% ra?@ué)@, (atnt&alt:ight angle

is,” rotation int direction) via stage
condFdmdinieln 394wk Wafree r&taD it rsaetberidft Werem will

scanni ng exposure (to be descri bed
be referred to as focal position detection system (90a, 90b)

15 in the following description. As long as the national laws
in designated states or elected states, to which this
international application is applied, permit, the disclosures
of the above publication and U.S. Patent are fully incorporated
herein by reference.

20 Defocus signals, which are an output of photodetection
system 90b of focal position detection system (90a, 90b), are
sent to main controller 20.

Main controller 20 controls the movement of Z tilt stage
30 and wafer holder 70 in the Z-axis direction and the

25 inclination in a two-dimensional direction (that is, rotation

in the 6x and By direction) via stage control unit 19 and wafer

stage drive section 24 when scanning exposure (to be described

later) or the like is performed, based on defocus signals such



| ater) or the like is perforned, based on defocus
signals such 67 as the S-curve signal from
phot odet ecti on system 90b so that defocus equal s
zero. That is, main controller 20 perforns

aut o-focusing (automatic focusing) and auto-Ileveling
in which the inmaging plane of 9rojection optica
system PL and the 5 surface of wafer Ware nade to

subst apti alLy cai %&ﬁe’% W L Ly E%%“t%ldl%;t@%gci‘ééjint ggggévﬂf%%b so that

i rradi ati on area rea optica onju

tf“aéﬁdéUE'BHdéﬂk %&ﬁﬁxde§ﬁﬁkb§g,Fﬁé&heﬁﬁnggoller ZOOFerforms

illTumnation light IL, by controlling the novenent

Z tdlto-dans n3p (addomat ek I8N gA0aH8 I JAGAle1ing in which
position detection 10 system (90a, 90b). Details on

t hitheoperajiran pidre her dascyddigichn |@telcd N drem PL and the
description. Fig. 6 is a block diagramof an

S5ar rangenento Dfwaf a0t rande eyt ero cfulbsdposiirA 1appariaidisle with
100, with the arrangenent partially omtted. The

coradl oystremithimitiley icorpbsdd cof afearditihe area optically
controller 20, which is made up of a workstation (or a

m corbiRiteitdr thre 1lkeingid ot ayeaconawiibgd teard ier) of
whi ch operates under the control of main controller

20. 1 gHemathian tHeohdedti oY RIS bed S & hrarovaaPAt of 2 tilt
controll er. 20 connect 0 a nory 21, Within nenory ,
51550 06l Moo PARGE AR GRS La%bbosition Getect ion
informatio or l.cul ati ng.water tenperature .

1001 SRR | DI0T oot BEG A d BB S Gn OPRS PR i1l be
tabl g dat,a) s withif, the projection .area of the pattern
on wat er _ rbferred to earlier o tica 1y conjugate
wi th the gid ugi nati gnoaged Lfr 4 !fccliﬁﬁr\(l)gr}% ent of a control

illumnation 25 [ight IL is irradiate I n ot her
WOT £lss + ot L Nestiesudd raghatd Qs argp, o dhe naf g Whaihent

illumnation light IL is irradiated via the pattern
antbgr o] £Cly emiaptiddial TRgst@m bl system is mainly composed of
15 main controller 20, which is made up of a workstation (or a
microcomputer) or the like, and stage control unit 19, which
operates under the control of main controller 20.
Other than the sections described so far, main
controller 20 connects to a memory 21. Within memory 21, the
20 following information is stored: information for calculating
water temperature distribution (for example, computation
formula or table data) within the projection area of the
pattern on wafer W referred to earlier optically conjugate
with the illumination area of reticle R where illumination
25 light IL is irradiated, or in other words, within the
irradiation area on the wafer where illumination light IL is

irradiated via the pattern and projection optical system PL

on exposure, based on temperature difference obtained from



on exposure, based on tenperature difference obtained
from68 the neasurenent results of tenperature sensors
38A and 38B and information on the flow of water
(flow speed and flow rate) under lens 42 while
scanni ng exposure is performed (to be described

later); information (for exanpﬁ , conmputation 5

formula or table data)for calculating tenperature

change nLoefldiifnt & Qads R G ERANGRA Ang 388
aberration (for exanple est cCus position,

Curay yﬁ@o%atﬂageon phane(dwnekuding: i (REblNAtd o a8k flow rate)
i mge plane), spherical aberration, and the |ike) of

t heirfeRdrt Grehs Mg ey HING eed=ech Md hﬂ)d’po]teﬂehqe Headicne@N (to be
area, and neasurenent errors of the focal position

d etdectd rarb esdy Sltesra )30 a, n fMwa taeeur (idry eaenptle ,t wmputation
tenperature distribution; and other information. Such
S5i nfformmtlicor $ adbteaidsdch )ifv radedmd,a thased emperature change
simulation results or the like. 15 The reason why an
aberaedifiior ertfsnga bemnre spendset patheeg langerdgeaberration (for
projected on the irradiation area on wafer Why

| 1 rEATR g RIS GPslitgan. cuavat e h émage

des ri bed helow wth the inclination of the |na

Tl Jt’]ﬁg%d}ﬂwﬁ%bc 1d?artéétr1 TG BAHR e, Sbherical

ref rrln ta Fi

! erfs i ehn afinob BRE PE g?t?srncl&tﬁgoeuﬁ%?ct%%mthm
10Vat8le an Mafial Wwhen 1 h%nvé@tn%'asq{ge%e% fresr oﬁNteflred focal

the relative speed et veen projection optlc syste

pﬁﬂﬂ nEUL V@é@é’cﬂlsbnzesry%tetnh 9daS 9%30%&4 \ngero%e to the

mafer W rests and no water f OMIoccurs and wafer

s hadathdue tcpt&&mdﬁtramatarﬁﬁ dﬂrgstt llrt{drrnraétctlcﬁt I Nguch

the irradiation area on wafer W In Fig. 7A
r efiareneead it ers Ghuditat 65 adwemcd,enmpayat Wre simulation

section and reference letter Hindicates a hi gh
results or the like.

15 The reason why an aberration change occurs in the pattern
image projected on the irradiation area on wafer W by
irradiating illumination light IL will be briefly described
below with the inclination of the image plane in the scanning
direction as an example, referring to Figs. 7A and 7B.

20 Fig. 7A shows the temperature distribution (temperature
contour) of the water on wafer W when the water exists on wafer
W and the relative speed between projection optical system
PL and the water is zero, that is, in a state where wafer W
rests and no water flow occurs, and wafer W is heated due to

25 illumination light IL irradiating the irradiation area on
wafer W. In Fig. 7A, reference letter C indicates a low

temperature section and reference letter H indicates a high

temperature section. As is shown, when the temperature



tenperature section. As is shown, when the tenperature

69 distribution of the water changes by the

irradiation of illumnation light IL, it becones the

cause of a change in the best focus position, and the

cause of changes such as spherical aberration,

astigmatism distortion, and t%€ like 5 in the pattern

i mage projected within the irradiation area on wafer
W d '%ttﬂb%t%_%she’ofbet%%u%ttet}e.clht%%%rsatbgf § nedl AW of
inthe vicinity of the irradiation aréa is
SYMMa il i¢Blei da 1Rt focus Rk e 2RAYNGOD ARBhge in
end in the scanni'ng direction (the | ateral glrectlon

of dre eage L uUHRGR i@fn,Fiahd Me RN Phhaad R&ch as
best focus position of a point on the other end’in

t hesmeaniddlg atereetion, pOtOYmMBZismar&igtotheoSANnd the like
position, therefore, inclination of the image plane
5does rdte @adturernm itragyes pannjicag edi wedhiion thEhedrradiation area
tenperature distribution of the water is not limted

t o arthevafEy dhe Showhiencheg, BAcaammd ther eempgrbeuae

case where a tenperature change occurs when _

i | 1Aif R an gt the il cisdnbed e Heragdiedriorapgea is
the tenmperature of the water near the tip of

pr 6) Y88 ton ot ddie Bpstte AU HEOSHES I Giferd PIRdRt K& one end
tenperature of ,the water, close tqQ the surface of wafer

W 30 EanGANTENd; S B St it W dCRE ATeRAF PG5 Spesh the page

lobets\ﬁer%nacem %J E%é;%)lo,ptﬂoﬁﬁnltt E’g,sga:rgge@ Zg%gi:gfo%@%\%gos;ﬁ:ion of

not Zer o, or anpl’e

. . . Li i ndic . .
o P St SR o, Bt A PUEBLEL BE, o .
i 11408 patiee §airr%htsolsktﬁ6fl§dﬁl%f@ﬁo£@,e 12112 beM he image
area on wafer W the tenperature distribution of the

watpelra ra g LmIN resild S raS HeS st dd HirectABn Andhe
also in Fig. 7B, reference letter Cindicates a | ow
t eneeMpedna®@ire distribution of the water is not limited to the
15 one showninFig. 7A, and there may be a case where a temperature
change occurs when illumination light IL is absorbed by the
water, and the temperature of the water near the tip of
projection optical system PL becomes higher than the
temperature of the water close to the surface of wafer W.
20 Meanwhile, in a state where the relative speed between
projection optical system PL and the water is not zero, for
example, in the case the water flows at a predetermined speed
in a direction indicated by an arrow F in Fig. 7B, when the
wafer i1s heated by illumination light IL irradiating the
25 irradiation area on wafer W, the temperature distribution of
the water on wafer W results as is shown in Fig. 7B. And, also

in Fig. 7B, reference letter C indicates a low temperature

section and reference letter H indicates a high temperature



section and reference letter Hindicates a high

tenperature 70 section. In this case, the tenperature

di stribution of the water in the vicinity of the
irradiation area is obviously asymretrical.

Therefore, when this asymmetry of the tenperature
distribution is ignored, the bdst focus position 5 of

the point P2 on the other end in the scanning

dir I t e di [ ) ; -

of s%gﬂl%.( gﬁ th?g [;Qge, {ﬁg.ﬂ%gagtﬁee g:PJTgsechlLf{ tglco% of the

I'g. /A) deviates to a point upwar rom
surfacs ofy wafery Wi ity & Ree t%.%srtadfi%‘%li%élp%sr'eta! Qry Q)fbviously

point P, on the one end in the scanning I rection

COitGinRs: Middl t henhsuelraee, ofnwaf ehi¥ s EhRmEe2$0R18he
why the best focus position of point P2 does not

coigwpder adude dtiBersvuitaee 0f Mafared) ithebbeatsfode position
wat er heated by the heat f rom the waf er noves f
Sromfpohetpdint @, poi hheR2thet rnidhis tdesecanhhiegodsertion (the
it is to the upstreamside (a position near point Pl)

, Cloltnglt etifedtodmef thempagsstsngdmdes ofoifgg. 7A) deviates
dom nant, whereas, 15 the closer it is to the

dovirstar @arhngi 4 pavpadi fron hearspoface ¢R)wafmatibd while the
water is nore dom nant. Wen the tengerature _ ,

di R59HdOCYS PLSAEISRRINPRANE B opBthE Qe F8fehiebhe scanning
occurs i.n the best focuipposi

[ f j . d
poi ™ 952 H58L A0 A P B B UY 6° CHAGS FanpeFaE o The reason
10dl S(J}{}} Ikgg '8@% E Jc{uessggg‘%%itog 029 tohl%tCBa%%e s nP’)c/ cojirhcide with

(di'stribution) in refractive 1ndex. AcEording

thitﬁlé%ﬂ%%ac%héf]gfasf@?(’ g%%%c%%cslér ti’l@ v%@gf heated by the heat

aberrations, spherica erration, astignmatism

di st i@ waPArifivdd Keom pBERESPORAI PF:1 4P BN€ In this case,
tenperature distribution. As is previously descri bed,

becaus & 1theire 1 HBY s DEo & KA SMIIeh 81d85 (hepPel @i dk ear point
change occurs when illumnation light IL is absorbed

by B;he adl®watand Ideirieipenaigstereim t Benorat @ombeant, whereas,
the tip of projection optical system PL becones hi gher
15t harhe closer it is to the downstream side (a position near point
P;), heated water is more dominant. When the temperature
distribution is as shown in Fig. 7B, a difference occurs in
the best focus position of point P; and point P, because
temperature change (temperature distribution) corresponds to
20 the change (distribution) in refractive index. Accordingly,
in this sense, changes may also occur in other aberrations,
spherical aberration, astigmatism, distortion, and the like,
corresponding to the temperature distribution. As is
previously described, because there may be a case where a
25 temperature change occurs when illumination light IL is
absorbed by the water, and the temperature of the water near

the tip of projection optical system PL becomes higher than

the temperature of the water close to the surface of wafer



the tenperature of the water close to the surface of

wafer 71 W the tenperature distribution of the water

is not limted to the one shown in Fig. 7B. As is

obvi ous fromthe description above, aberration

di stribution (such as, focus distribution) caused by

the 5 tenperature distribution the water within the
illumnation area depends on the direction of the

Waber HlOWenbd Addidl A0 WABNLGRAr i Sn@ Waler fd Ot 1imited
between lens 42 an ma?er W previously descri bed,

pressums didd epnge graurg, between the upstream and
downstream sides. In other words, 10 the pressure on

the downgly @amcpivd@uss e thedalesee ipTRar ebovd,t Rberration
that on the upstreamside. That is, the pressure of

t hedi swat igyu thistrweenuqit o sgetficarusoptistad 1 sytsiteem Rlawsrsd by the
waf er W changes, and such pressure changes the
Spodianiparafutedss42ibntinafel the/wathe clwitthém ctlaesddumination
aberration corresponding to the position 15 within the

i | lanfanasrandd e st f%sIQQfeiQiha?fgéihm waiee thdsltow .

focus position, or causes control error in_the

aut o- f ocuS! aAditagio-YeselShere L8 adthtgodlopheetween lens 42
pressure distributjon jn the ifanning diregEjon

r el BRI BIRE Y 1 T he dg5sdd Ped 1 RESHAr SR diefrenee occurs

t d ch [ d ith.th
0 80 3, E0300E3,] 2060 dBBEe LD, SR v,

10, 4 904 DRI K AECRLH PR LU IEEBLY: conparec

conpu or mul as

that; ineldeshhen S NGin SREET Ofhihe Makek 3PdsthBe of the
supply quantity of the water as 25 data (or

parae ebstwebAlp i < i Bt BcPI @SSHd ENARESafer W changes,
coefficient that corresponds to thée change in

abesrdatduh (Ussuras cheslgelsoets position, oeuramd e 0fd wafer
field (including

W, which then causes aberration corresponding to the position

15 within the illumination area such as the change in the best

focus position, or causes control error in the auto-focus and

auto-leveling. 1In addition, the pressure distribution in the

scanning direction relates closely with the speed of the water

referred to above, and changes in accordance with the scanning

20 speed of wafer W, the supply quantity of the water (liquid),
and the like.

Accordingly, within memory 21, table data (or
computation formulas) is stored that include the scanning
speed of the wafer and the supply quantity of the water as

25 data (or parameters), for calculating a pressure change
coefficient that corresponds to the change in aberration (such

as best focus position, curvature of field (including

inclination of field), spherical aberration, and the like)



inclination of field), spherical aberration, and the
like) 72 within the irradiation area. Such table data
(or computation fornulas) is obtained, based on the
results of sinmulation that has been performed in
advance. The pressure change cqefficient also includes
aberrati on change conponent, i“ch 5 corresponds to
control error in the surface position of wafer W

Wt\M fFPrEBEylefladJ;QEM as&Qf, t\E/gChvé:deD]hé)B ?l E&L %tolrr%tatlon

t he aberrations referred to abo

tenpamaliie 1shange el bhekatn 2Rd PLESHUE %fcgﬂﬂlgfatlon that
coeff|C|ent as 10 paraneters are al so stored

seri#s pieropasatd s iih tahﬁ/aﬁwsurrﬁepb(iégéﬁr@f change
exposure apparatus 100 in the enbodi nent having the

ar reggemnenterde st sobefic ahove adddrdie desbahbeded@dnent, which
referring to Figs. 8Ato 10B. 15 As a prem se,

5ret¢atrredparsid dobeohvadedmor éhni the sstrafgee BSFitlion of wafer
addition, wafer stage WST is to be positioned at the

wafler exchange position, and wafer Wis to be | oaded

on wafer holder 70. Then, in the sane manner as in a

typi cal dddddimperesppet; foonpraparatbeyl berkay eadculating
whi ch are predeterm ned, are perforned, such as

ret%ﬁf éb§|rr@ﬁﬁ=@ﬁlts resrRged ti‘%talbﬂv@ ahﬂahrﬁéaﬁl%%tt@ﬂperature

1 GRS e Th e PN RAGUSI AP G bt S i ers
""" ﬁ@%ﬁ%ﬁ%ﬂeﬁi‘% Sk o%%?t‘&ﬁﬁﬂieﬁf Gopal
Allgnnent sé9¥%§ &@1 87 ? gpqﬁﬁ§ Q% §%¥§1 rocess of
conpl eted, main cont Ier 20 then gl ves I nstructions
to éiﬁﬂghﬁé”ﬁﬁﬁﬁréﬁﬂé 100 in the embodiment having the

arrangement described above will be described next, referring

to Figs. 8A to 10B.

15 As a premise, reticle R is to be loaded on reticle stage
RST. 1In addition, wafer stage WST is to be positioned at the
wafer exchange position, and wafer W is to be loaded on wafer
holder 70.

Then, in the same manner as in a typical scanning stepper,
20 preparatory operations, which are predetermined, are
performed, such as reticle alignment, using a reticle
alignment system (not shown), the alignment detection system,
and fiducial mark plate FM previously described, and wafer
alignment, as in baseline measurement of an alignment system
25 (not shown) and EGA (Enhanced Global Alignment).
Then, when wafer alignment has been completed, main

controller 20 then gives instructions to stage control unit

19, and moves wafer stage WST to a predetermined water supply



19, and noves wafer stage WST to a predeterm ned water
supply 73 position. Fig. 8A shows a state where wafer

stage WST has been noved to the water supply

position. In Fig. 8A reference Iletter PU indicates

the position of the tip of barrel 40 of projection

unit PU. In the enbodi nent, t he Snat er supply 5

position is set to a position where projection unit PU

i's istjoneg.:dir [ i r &

RO IoS ey 0Pus Ll T S48 e

| guivbd SPRIne Wilder/ 218 MR Ido A% 1QRENS T¥akYE . 9BRUP e ference
62a to a predeterm ned | evel, and begins to supply

watiest fdrompElindike t3@ suRPhbY¥snezahess3dne BN, of barrel 40 of
I medi ately afterwards, main controller 20 starts the
opermijeart iefn watiirmexhausthenehbd@imaatwekheasater supply
conpl etely open val ve groups 62d and 62e, and begins
Svaqamteddraust sdata teach mfsittherexieust ppigestidranchit PU is
auxiliary recovery pipes 601 to 604. In addition,

durr oyt tsiagte o shirzed tans , albesy endi i woistr gld ey 2@ tsediMhs

| ocal air conditioning in the vicinity of liquid o
suppl y/ dN&¥fagBauni o olbhe xRt porFidgheapperation of liquid
condi tioni ng nmechanism86. In this manner, by

supptBRg Yte Watdst "hit'o AhEORGH & DY % ¥ IHhade Pléhe

e TR e e R R LR 0 e
lofi Ig 331 ot h . [ n £ heT g%ceimggt .i% lcanf;%\l so_prevent .
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P
a predetermned period of time elapses, the
25 sdihstantd @bwlekeﬁgd@ﬁm%19@&&5;951%%%1& @l dand begins
suppl y/drainage unit 32 and the surface of fiducia
mardaqlat @ xhBMsicsvi s lda6h Wit bha éededepTigeedsammitaukiliary
of water. The water
recovery pipes 60; to 604. In addition, during such operations,

unit 76

15 main controller 20 begins local air conditioning in the
vicinity of liquid supply/drainage unit 32, by controlling
alr conditioning mechanism 86. In this manner, by supplying
the water into the space on the image plane side of projection
optical system PL while exhausting the gas in the space, not

20 only can the water be filled smoothly in the space, but it
can also prevent inconvenient bubbles and gas voids from
remaining on the image plane side of projection optical system
PL.

And, when a predetermined period of time elavses, the

25 substantially closed space partitioned by liquid
supply/drainage unit 32 and the surface of fiducial mark plate
FM is filled with a predetermined amount of water. The water

supply amount immediately after the water supply starts is
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supply anount imredi ately after the water supply

starts is 74 set to a low |level so that the water does

not | eak outside froma clearance (gap) forned

bet ween projected section 32g of peripheral wall 32f

and fiducial mark plate FM due to the force of water,

and at the stage where the wated is filled 5 up to the

hei ght Ah and the inside of liquid supply/drainage
un'stﬁts%ob%cq.%%ﬁ.l%v%q_n@oett@!aﬁ:l %}?%ls%t%@a .’est Iﬂ%t"\@te%rk outside

supply anmount i's set to a evel . In controller

20 fyay, raeeﬁ%%négcfogapwf&mgd%et\!\@é@rﬁ ﬂhﬁjoﬁé&%ion 329

by adjusting the degree of opening of €ac ve in
valoe p@hraphefaa, wal 1by2 o d alildurg sh0 mbhe wakee F‘JMRﬂ%é’ to the

amount itself fromliquid supply unit 72. "I mediately

af tRyrddhe falfe SURRIY a3t alHes stlhR Waledle TWRPMMAter is filled
anmount nmay be gradually increased, or increased step

by & €. the BdygEassh aMiemhiehenwatierosuppjyid e/ghes /drainage
depth Ah, the space partitioned by |iquid

suppliyy dlabrageesnibt c8Bpaatel hecldSedwsdaoe, dfhd heter supply
wat er becones under ne%?tive pressure, which supports

t han@inghisofet He adilerh lggailnstMahe auttsiadd eaf 2Pinean gerform
suppl y/ drai nage unit 32 due to the vacuum suction

f ortE bR SGREL T MHAGSE BRPPLYEMAUHH: biysadjpgting the degree

o eSSl LTS IS BT St o by comtrotitng
' ft t.h t I h dept h Ah, the,

Bl R SO TR e e o2
RIS BRSELS 856LL00.38, o PLL PRI Bl cuony

i's AAudnd e dde y Wakekakgqal §P_it?1%r%a‘@;ett{;.§9e? by step.
peri pheral wall "32f (projected 25 section 32g) by its

surface tﬁﬂ§h?_rba§/éh,eﬁhtehet}9é GRS BLPEdy SRALS NELWBRA An, the

projection optical systemPL and fiducial mark plate

FM dsc heair tiid e dMolyh LEggllddsupply /drainage unit 32 and the
surface of the water becomes under negative pressure, which
supports the weight of the water, against the outside of 1liquid
supply/drainage unit 32 due to the vacuum suction force of
vacuum exhaust unit 76, that is, the negative pressure raises
the water level. Accordingly, when the water supply amount
is increased after the water supply reaches depth Ah, the water
becomes difficult to leak from the clearance formed under
projected section 32g of peripheral wall 32f. In addition,
in this case, because the clearance is around 1 to 2mm, the
water is also held within peripheral wall 32f (projected
section 32g) by its surface tension.

When the predetermined space between projection optical

system PL and fiducial mark plate FMhas been filledwith liquid,

main controller 20 then gives instructions to stage control
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main controller 20 then gives instructions to stage
control 75 unit 19, and noves wafer stage WST so that
the tip of projection wunit PUis positioned at a
predet erm ned position above wafer W In the case

waf er stage WST noves fromthe _starting position of
wat er supply shown in Fig. 8A '&n i nmersion area under
5 projection unit PUw Il pass through the border of

auxj liitafy ar?lloarﬂ gg%a%q" &@i%w\é& Qc? \é%rthfiggge%ﬁ g?ojection

surface of aUX|$Yary plate a and ?ﬁ% sur

vaf g Vbar £ oMt ke 88N pheld@hie rmah@dt BEs 88Pon above wafer
bet ween auxiliary plate 22a and wafer Wi's around

1mm, the e €ss8eladetnslesgd RBS b CARr bR tR &t & 1188y position
10 When peripheral air is drawmn into each of slits

32k twateI2Aidpl W atiowh SWCHFign 823 Sin tisam32il dno a32hd under
referred to earlier, in the case no counterneasures

ar erogleertiant undy Bausel higasd thitvlughcehasbowddr asf auxiliary
| ower the pressure of the space on the [|ower side of

eagh agld 228 ared wedatri We howeysur, es iand tilvepustiehe &t auxiliary
negati ve pressure occurs, the possibility of the water

| eddiartg 25@0%6% Keecseakarr O f(\gapgr hdee admsjsdctbg same height
section 32g of peripheral wall 32f beconmes higher. In

t h&TehhBEi PRRLS L YRR ¢eX 1 LdRF YcBhET B 7R ﬁ@%é%ﬁﬁi @ rhs around
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of wafer Wthat includes the projection area of
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based on a step-and-scan nethod are perfornmed in the

marreve dedcei béckach slit to a negative pressure, and when such
negative pressure occurs, the possibility of the water leaking
from the clearance (gap) under projected section 32g of
peripheral wall 32f becomes higher. In the embodiment,
however, air conditioning mechanism 86 referred to earlier
effectively suppresses such air turbulence and negative
pressure from occurring in the vicinity of each slit, via gas
supply nozzles 853 and 85, or the like,

Fig. 9 shows a state where the inside of liquid
supply/drainage unit 32 is filled with the water reaching a
desired depth on wafer W, and the immersion area is formed
on a part of wafer W that includes the projection area of
projection optical system PL. And, exposure operations based
on a step-and-scanmethod are performed in the manner described

below.



bel ow. 76 More specifically, under the instructions of
main controller 20, stage control unit 19 noves wafer
stage WST via wafer stage drive section 24, based on

waf er alignment results, to the acceleration starting
position for exposure 5 of the _first shot area (first

shot) , which serves as a first’® divided area on wafer
W hel d on wafer holder 70. When wafer stage WST noves

fro”]theNM@%e%ﬁ%%BQH%aﬁq .th%ﬁtekﬂgiqn§%QB%¥%ﬁns of main

position) to the acceler tion starting posi
refQried e r aPVe SR RGRUS101 8K 49 %Fo"i‘?retsslwltalzgsr stage WST

operation of liquid I0 recovery unit 74 as we

opens alafaasit Qe Malwe £2tQfon val,veHURBR @ d1ignment
predet erm ned degree of opening, and recovers the

watreysultsd ,ded icfei dceupplkyt doni ioger i tpdi tidh for exposure
recovery pipes 52. And on such operation, selection of
Svalofe thé2liiusedshot diea rciosdr phoft )\watvel cAnslerves as a first
adj ust ment of the degree 15 of opening in each valve
6218 iariglgsk efreemed, waber idithe vk dmyiader bblHequi@. When wafer
suppl y/drai nage unit 32 is filled with a constant
andifmg i Shaneye atf tam thpneste haunpdiesosheiaat ekiquid supply
surfaqe,hi%her than the | ower surface of lens 42. In
t hiRO TSN Ingdion tEEnBFEEI 8F 2 DBOHBt e bhpr@tRAS. Il s eefryred to
val ves 62a that correspond to supply.nozzle 36, which K
o Tt TaC T S T o b B 1 T s Gt Liquid
rojection unit Uin.t nmovi ng di rect.i on . of waf er
100 BEGRET S W ' o AT od By oneWElve 62 of

cor. r A oY Whi I .at
CONLERPNLL L0, TPAPKEY Yy RUARR M Wi B8 |BOU BTy, anc
i n ghevonvd Reedivheeti ONs i @ 1aiq9ﬁ%ﬂ%h§bmy?e§a%gggeuﬁit 32 via
openi ng. This operation creates a water "l ow under

| ense d&redihat peeves, f o bhesi@alopy e 19n,PEe186EEBA of valve

unit PUto the
62b used for the recovery of water and adjustment of the degree
15 of opening in each valve 62b are performed, so that the inside
of liquid supply/drainage unit 32 is filled with a constant
amount of water at all times that makes the water surface higher
than the lower surface of lens 42.
In this case, main controller 20 may completely close
20 wvalves 62a that correspond to supply nozzle 36, which are
located at a position besides the rear side of projection unit
PU in the moving direction of wafer stage WST (wafer W) and
open valves 62b that correspond to recovery pipes 52, which
are located at a position on the front side of projection unit
25 PU in the moving direction, at a predetermined degree of
opening. This operation creates a water flow under lens 42

that moves from the rear side of projection unit PU to the

front side, in the same direction as the moving direction of



front side, in the sanme direction as the noving
direction of 77 wafer stage WST, while wafer stage WST
is nmoving. And, also in this case, it is preferable
for main controller 20 to set the supply anpunt and
the recovery anmount of the mat%r so that the inside
of liquid supply/drainage unit 92 is always filled 5
with a constant anount of water that makes the water

surfacs Shiy QeWS%hfwﬁhlfg hONEF SUWAGRTOE llﬁ51§14§ Wnd also

whi | e exchangi ng e water constantly. en wa

(wafer hkaggs¥BT) « has hesn mayved 9 hhen é&ﬁ@k@@ék% to set
starting p05|t|on descri bed above, stage control

unithel uppdiyNsmd el Blaindet e ettty &&bmeﬁteoﬁtt&&ewﬁl@& so that
and wafer stage WST in the Y-axis direction via

retihed enstageofiriivgiidseappon/dtaandgeadeit Sage divares filled
section 24, in response to the instructions frommain
Scontirtdl leeco@8raAndamahen dbtatest apes, m&REds anite Wa,er surface
reach their target scanning speed and 15 nove into a
consitamr Speed then dlowesrro s rfteatee 0 fi [Ueursi A&t i otillei glvchanging
IL (ultraviolet pulse light) fromillum nation system

10 Wi qo GaShfNdYe the pattern area of retlcle R,

and scanni ng e osure begi ns. Sta%F control unit
perforns“@ﬁ@ B4t W & &R iST§ e ey @a§ob§€8v@oweﬁ to the

20,28y & %q“r}eﬁﬁari:gf’léia“o%tft&”o}gééé’%"r@% J el 158k gont rol
1OMflﬁ{ltSE§gK$ c%r}é’?eig?ﬁ'ikfgplgr %\{H rg%qlctl%rél%ggé l&gT and wafer

nmeasur enen ues o romst er

retdic] & ifrerfenqneter, 16 Ry é@&ﬁ%ryﬂeas%ﬁb&q SR drive

control uni't 19 perforns synchronous contr

espaci@ldry 1ciuc—:1|nragw§%@ngegg@><99§véesge%%h bed, ait}p\&%sponse to
so that the Y-axis direction noving speed Vi of

retired e g tRehand-ont b i¥r dri i 1RGE I20N MYENIwhen both
speed Vw of wafer stage WST are
stages, RST and WST, reach their target scanning speed and
15 move into a constant speed synchronous state, illumination
light IL (ultraviolet pulse light) from illumination system
10 begins to illuminate the pattern area of reticle R, and
scanning exposure begins. Stage control unit 19 performs the
relative scanning referred to above, in response to the
20 instructions from main controller 20, by controlling reticle
stage drive section 11 and wafer stage drive section 24 while
monitoring the measurement values of wafer interferometer 18
and reticle interferometer 16 previously described.
Stage control unit 19 performs synchronous control,
25 especially during scanning exposure described above, so that
the Y-axis direction moving speed Vr of reticle stage RST and

the Y-axis direction moving speed Vw of wafer stage WST are

maintained at a speed ratio corresponding to the projection



mai ntai ned at a speed ratio corresponding to the
projection 78 magnification of projection optica
system PL. Then, different areas in the pattern area

of reticle R are sequentially illum nated by
illumnation light IL, and wh%n the entire pattern
area has been illum nated, sca 5 ng 5 exposure of the

first shot is conpleted. By this operation, the
pa . Of ti.Cl | S e tr ont o
Tt A tﬁodtn §* %r‘ .ercﬁ:ql‘b% égﬂtl%a]] t&n{ .

the Tirst s Vvi'a ‘proj ection ical systemPL. On
Scann'ngT%éﬁesHE?f@EeBEGa£é£§ti§kHHe gﬁtW%E%ra a of reticle R

descri bed above, 1 n the same nanner as when wafer

st age Wehudt inpvies ffinqmitrhie et iQURIM MM aRAYH NA{YHO 11, and

the acceleration starting position described above,

maiwherothecokhern r20padieshsaréhenhgdegseen of1 0pERHa®d, scanning

(including a fully closed state and a fully opened

5st atxoxnfreadthtial Fersongtatt uts ocgmpakvedgr oBpsthiRaperation,

and 62b, so that a water flow is created under |ens

42, thes pelfdte nmpeésrét orl € hie ireaedsicee ahdptvimefénned onto the

unit PUto the front side in the scanning direction,

t haftinst shed fove Mo ldigtdan optofcadafsrstwm iBL .t he same

direction as the noving direction of wafer W(+Y

di recti o SSAEN1TGA SPosUgien@ifi fihed fhitew shothen wafer W

vicinity of liquid ,20 supply/drainage unit 32 at such
Srﬁl?llbﬁﬁjead% Vot il(’i‘ntg‘le Fﬁée %P%?gf?%vv%?ntvfﬁ%er stage WST

point _is the ne as._ scanni di rect.igon_ SD.of wafer W
10( _Nnoves J{rom Sta}le W Sttehre wp&% fHOO%QCS]pOé}eCFOI ghe cacteZLreratlon

a
diTection); an gre

th aly é]%eiorsé @g%ii@g oﬁpfggc J&igt%é/@fagng J%]Jterq gifogré:%{o&tl{%%g 0 adjusts

wat er ove waf er romthe’le

i gie Hdlf-eo 3 ob@%iﬁba"édiﬂailﬁarﬂggt Qefﬁii?r@f@éé.f@tnshteate and a

area of i11lum nation |ight on"the surtace o

waf @il (§ p e eekite) areadaeh tABve PAdA & Nt @i H@ LR groups
R via projection optical systemPL) is

62a and 62b, so that a water flow is created under lens 42,

15 that moves from the rear side of projection unit PU to the

front side in the scanning direction, that is, the moving

direction of wafer W, in the same direction as the moving
direction of wafer W (+Y direction).

Fig. 10A is a simplified view of the vicinity of liquid

20 supply/drainage unit 32 at such a point. The direction of the

water flow at this point is the same as scanning direction

SD of wafer W (+Y direction), and the water flow speed is

greater than the scanning speed of wafer W. Therefore, the

water flows above wafer W from the left side to the right side

25 of thedrawing, and the illumination area of illumination light

IL on the surface of the wafer (the projection area of the

pattern on reticle R via projection optical system PL) is

always filled with a predetermined amount of water during the



always filled with a predeterm ned anmount of water
during the 79 scanni ng exposure (the water is
exchanged at all tines). |In this case, the water my
| eak outside fromthe front side of projected section
32g of peripheral wall 32f in ng scanni ng direction,
dependi ng on the fl ow speed an lowrate 5 of the
wat er, however, the water that |eaks out is sucked up

i nt 0 [ y -
SSRGS RS QS W SETIRRAS I cipes).
recovery 1pi pR$s603se, and pxbavsheg 1@&%@%&5@«3&&% the front
regardi ng the scannlng di rection of wafer

| quidk Jrabregulcd cdokebeibacoygr ed §é&£bhé§@PWﬁ§Nl 32f in the
pi pes 52 provided on the opp03|te side of supply

pi pesarbd randispilklied, oudsd e perdnpbreat 1 ovalslpeddgahd flow rate
recovered (renoved) fromwafer Wby auxiliary
5recovehy prpes, 608wevar adohd ivart,erashias $hewn out Hg.sucked up
10A, in the case bubbles are found in the water

suppltied! 168 2buphest ngarhdtl abyiesondimaae waneyatedn sucked
just after the water supply is performed, because the

spave VETaHEt S ayeds siiie dpatel aBSEliBEY BREPVRFYiRipes 603,
avai | abl e on the u trean13|de of lens 42, bubbles are

coldTEt 1B AT Hih & %ceTga t A&e Fﬁ@?réénﬁth?eéEﬁnnlng

(eSS AIE DEELD T3 D A0S oL P v

|
BSOS U BRI et
Su% e§3|5@e§n§rkqvll§r3—§i é%ts&gg h&ﬁérif%&halt gEﬁ AL & covered

between | ens 42 "an er W means t

bubp oy NOr HELAIAOF 8f &) %glmgaerwfré&%q&y 8ides 60;.

proj ect ed 25 on wafer W [I'ncidental Iy, a groove may
be provi deda@aithen| aweis SyWraes ofg) €08, 42 itRed@Pase bubbles

unused space, that is, the space where
are found in the water supplied, or supposing that bubbles
15 aregenerated just after the water supply is performed, because
the space (negative pressure space) described earlier is
available on the upstream side of lens 42, bubbles are
collected within the space so that they do not reach the area
underneath lens 42 when the relative speed of the water with
20 respect to wafer W does not exceed a certain value (normal
usage state). That is, because bubbles in the water are
collected between supply pipes and lens 42, they do not reach
the area between lens 42 and wafer W, which means that the
bubbles do not deteriorate the image of the pattern projected
25 on wafer W.
Incidentally, a groove may be provided on the lower

surface of lens 42 in an unused space, that is, the space where

exposure light does not pass. In this case, even if bubbles



exposure |ight does not pass. In this case, even if
bubbl es 80 reach the area between lens 42 and wafer W
because the groove captures the bubbles, it can
prevent the bubbles fromreaching the optical path of
the exposure light in a nore s§©ure manner. During the
scanni ng exposure descri bed abOve, because 5 exposure
needs to be perforned in a state where the

i pat hon Al LR Wal 85 Wisubahai &) by £9LAGLEES e groove

with the 1 mging plane o% proj ection optlca€ system

PL cafRiu? GOk & Uil e 201 PRISPpPEvAHE A-HOBUBHNE s hbm reaching
auto-leveling in the manner described below, from a.

t 0 the opasedl padther aHPEkpobut e ikfhtf 062l mpesidd@ire manner.
detecti on system (90a, 90b§. a. Main controller 20

t akes i nDoeasgr enenscaah g @fpoderpetaidridaLR®@ve, because
38A and 38B during scanni ng exposure, and cal cul ates

5t erpg@ostunce réicfdsertende AEr fwhirehl iin thetattenpdreateurtde
di fference between the upstream side end and the 15
dovnsturdamtdicteasad of weleri W sadisdtaindr adrleacohnehdes with the
wafer in the scanning direction. In addition, main
confe@ingr Phang SesPre hect heporaticon $vFteaPiulgimgontroller
wat er tenperature distribution within the irradiation

ar &b &L “ﬁhﬁ%ﬁt%?ﬁﬁﬂ?s%ﬁg éﬁﬁbﬁ%%HQW%?Vﬁéﬁﬁ@I&“oﬁhe manner
t ab) e dat a tared i menory 21, 20 in order to obtain

L ORGSR U o S U om S8y S GpGPg: PARPCE Of the
ba nt e t A ture o ff ce AT and
10l Bl o e S e oG 42

b'zin ad%%ﬁho%onQ%iﬁl%gnb@okg%%SZ?nuﬁﬁéshqgment values of
i nformation storeg in menory 21 (such as conputation

f ordas e ot r@bkendata)3sa ade 998 L£aliGlY 3L8AnL A§ exposure, and

tenperature change coefficient that corresponds to the
changeJ 1 thes tr rQis tRAS 1diGTTe dice APl i crati PRIHAL S

on both sides within the irradiation area in the

temperature difference between the upstream side end and the

15 downstream side end of the irradiation area on the wafer in
the scanning direction. 1In addition, main controller 20 uses
the information for calculating water temperature
distribution within the irradiation area on the wafer (such
as computation formula or table data) stored in memory 21,

20 1in order to obtain the water temperature distribution by
computation, based on the calculated temperature difference
AT and the flow amount of the water flowing under lens 42,
b. In addition, main controller 20 uses the information
stored inmemory 21 (such as computation formula or table data),

25 and calculates the temperature change coefficient that
corresponds to the change in best focus position, for example,

at points on both sides within the irradiation area in the

scanning direction, based on the water distribution obtained.



scanni ng direction, based on the water distribution
obtained. 81 c. In addition, main controller 20 uses
the table data or conputation formula stored in
menory 21, and cal cul ates the pressure change
coefficient that corresponds tq_the change in best
focus position, for exanple, a@lpoints on both sides 5
within the irradiation area in the scanning direction,

ba%Ed O'int Q?d%ﬁggﬂi NG, %tq_folvlaécrerZOV\{l@@gl {:Q? %%fé data or

supply anount. [n addition, maincontro

SURSIJUHARS I o hRTREERbYER CHANGRCEPEI T LR AM1ates the

pressure change coefficient obtained respectively In

b. ARk Gir ARMER JNR F FHQ 1P WAt 0B Fr@lisPdndsSter €e change
in menory 21 for calculating the aberration

prew peslyrdessrpdeds i Sncht s dxaniphe ,cafpygbaht &Mon both sides
formula for cal culating the best focus position, and

5calwdudratresheherbediat bonsapesiitn ohe $odinekagulie;ection, based
points on both sides within the irradiation area in

t herstarns agnnisg dipesst icdnwaéer | aaddichieoma t emisupply amount.
controller 20 cal cul ates the shape of the inmage plane

(i ifbl i natlinogdef tilga /| Fade gloasepldrrt RO spbsjtécuites the
optical system based on the results calculated in d.
abFRFRAT TS diange &ne s anfe angt getessogia ihenge
(sets 20 the detection offset),atleach detec%ion£§§£nt,
(i rITdi B et PR 18 RESPREGING LBedRsh - ANY He fRea(e into a
positio qﬁrect'on sys%en1?ased on the %%gglatio .

107 o 4k bACBAUIR £HE” tar JeP-URF bt Tl o CUlating the
o tHQ{J i 0 RGN, é’f Uz GRaYr ok, apd 'eﬁ";!i” i
co% ro agc;l vvaipg% \}\%u%‘% tglgs, _rmal n’coH?r ol T et &%%Omputatlon
contd,Ql 81 4 N MVEeBNL, 10fn £ dHd theilade, 3 ?&i‘@foehr, and
hol der 70 so that the surface of wafer
substiantlialdy 1o HdHAeSF MU pddie iidBIERH d%mple, at points

on both sides within the irradiation area in the scanning

15 direction.

e. In addition, main controller 20 calculates the shape of
the image plane (inclination of the image plane) of the
projection optical system based on the results calculated in
d. above at this point, and sets the target position (sets
20 the detection offset) at each detection point (irradiation
pint of the imaging beams) of the focal position detection
system based on the calculation results, and based on the
target values, main controller 20 performs focus control and
leveling control of wafer W. That i1s, main controller 20

25 controls the movement of Z tilt stage 30 and wafer holder 70

so that the surface of wafer W substantially coincides with

the image plane.

f. Main controller 20 repeats the processing a. to e.



f. Main controller 20 repeats the processing a. to e.

82 descri bed above during scanni ng exposure at a
predetermined interval. As a result, each point on

wafer Wis driven along the inmage plane of projection
optical system PL, and defocus, . which is generated

duri ng exposure caused by the Wt er 5 tenperature

change of the water between lens 42 and wafer W or
th%e%r&%wcﬁa%%%gauggggtg Shr‘%‘i%&"gt& éé@}f\é 24 %Ff determined
effectively suppressed. Vﬁen sc nnl%g exposure oF the

fi it sShatl .OnA\éﬂé e V1S, GeMPH8L € b Wt WeDE&{riven along
stage control unit 19 steps wafer 10 stage WST via

waftefe sihage plIdne ofeptbacB4onf Ot BXEIMRIRtePL.N@and defocus,
X-axis direction in response to the instructions from

maiwhidtonty @drerrad®d taurtibe; acgrlserat icmsHcanty nthe water
poi nt for exposing the second shot (the shot area
Sserbanmpe s v essedengedioti ded watea) beonweahetey 4hchrahwafer W
the stepping operation (novenent 15 operation between

di viirdelde aress) ref charfee dsedye t8Wadiaméeaw, slaotise gf fectively
wel |, between the exposure of the first shot and the
exFoRRE e -he second shot, main controller 20

i L ar HieRCREN R FRROCAER haVadien fsPags mparer i is

oS B SR SIS LR AP RO Whos vaces
t] dyri t ' ' .

1000 oo 93, Y90, NELD LDeS! S00L 10, 098! HlPcampte, 1o

belgy Lkengis4a féﬂ&rh?nr%r%&{gée tBotdﬁQ‘infsEQﬂtctﬁio\%gf féz?om main

projection unit PU 1n the venment direction o

st ags iR 1aandoi 1t aABWHcAR dax i 8t b Peg ¥oiRdt for exposing
constant anmount at all tines. Next, scanni ng exposure

I s ey fydmd fod hersecond shela serwiaferasWa Reddd divided
manner simlar to the description above under
area) on wafer W. And on the stepping operation (movement
15 operation between divided areas) of wafer stage WST between
shots as well, between the exposure of the first shot and the
exposure of the second shot, main controller 20 performs the
open/close operation of each valve in a similar manner as in
the case when wafer stage WST moves for exposure from the water
20 supply position to the acceleration starting position. With
this operation, even when during the stepping operation
between shots, the water is supplied to the space below lens
42 from the rear side to the front side of projection unit
PU in the movement direction of wafer stage WST, and its amount
25 1s maintained at a constant amount at all times.
Next, scanning exposure is performed for the second shot

on wafer W in the manner similar to the description akove under

the control of main controller 20. In the embodiment, because
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the control of main controller 20. In the enbodi nent,
because 83 the so-called alternate scanning nethod is
enpl oyed, when the second shot is exposed, the
scanning direction (noving direction) of reticle
stage RST and wafer stage WST is the opposite of the
first shot. The processing of @i n controller 5 20 and
stage control unit 19 during the scanni ng exposure of

t hethséeQBDga_SLtﬂga é.ft%ﬁf/ai%eglslc)én%gggsrﬁ%}tlﬁé itéqgmglgged, when the

processing previou SCri IS cas

V\Blée_cd}ﬁ*j nsk%?:mirso'éﬁose%g leu%t%ntﬂ%gdgﬂrr% tg.fofnuI (lm);)ving

opening (including a fully close state an

opengd&liaif) o RAGR 1vAlMQ (ORI HHd RG FEY “&aW@ WST is the
groups 62a and 62b, so that 1 n the noving direction of

wafpp i thbER Hes fOPROSHHE .t 0 ThiR€p BXPOSIH 1€y @ff hden controller
first shot, a water flow is created under |ens 42

t hat0 evestbyeomohersramitsildedotripyofketsommimd dlposure of
to the front side. Fig. 10B shows a sinplified view

of tthwe sdaind tshadf il duaisd sUp yWhar aarsge sl 3 henipgr 82 ssing

at such a point, and it shows that wafer Wnoves in

t heerew idivsdet ides cwidrds cahni Hyl £xecsupe o¢li hansiereegitroller
shot is perfornmed and that the water flows between

| errd A8 3T Wiy dagmSe (He OR&TE Td rlédqlon ey Rafferl Ly closed

of THRFS IS 21 3 R S ARRIn® s RB <l iy Consticuting
ti t edl f ) th ' it

Pl PR B SPE IR, oo A Bl et o
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o Rl Yo Mhal PR, R BT Y Bt s,
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and projection unit PU during while exposure based on

wesﬁi@@faﬁgo?yééﬂiﬁﬁtm iEy) B8 filge PEFdr BRAe .f OF1 YA EIB shows
a simplified view of the vicinity of liquid supply/drainage
unit 32 at such a point, and it shows that wafer W moves in
the -Y direction when scanning exposure of the second shot
is performed and that the water flows between lens 42 and wafer
W in the same direction as wafer W (the -Y direction).

In this manner, scanning exposure of the shot area on
wafer W and the stepping operation are repeatedly performed,
and the circuit pattern of reticle R is sequentially
transferred onto the shot areas of wafer W serving as a
plurality of divided areas.

Fig. 8B shows an example of a positional relationship
between wafer stage WST and projection unit PU during while
exposure based on the step-and-scan method is being performed

for wafer W.

When scanning exposure for the plurality of shot areas



When scanni ng exposure for the plurality of shot areas
84 on wafer Wis conpleted in the nmanner descri bed
above, main controller 20 gives instructions to stage
control unit 19, and noves wafer stage WST to a
predeterm ned water drainage position. Fig. 8C shows
the state where wafer stage WsP%as 5 been noved to
the water drainage position. In Fig. 8C, reference

| etd wa%érj Wﬁ%aggﬁpgggﬁgofiﬁt%}gg rf?zInrqg\? c{%sgcral; %ﬂ;"rarb%ve, main

r
40 6? projection un s case,

dr i 2981 NASIAY QP vl Sels thRcd RS WO MY & e dil Rinit 19,
of barrel 40 is "positioned directly above auxiliary

pl afrey 2ecreslQaliext stABENWSONEH 0k %%’eé’@qefﬂﬁﬂﬂec@'v%&%% drainage
all the valves in valve group 62a, while fully

opesudi iadr . t peguaBueshowis e/ &t agfecOupe@bwaAertditage WST has
same time, main controller 20 lowers all the ful

5r edmmeaTr ynawary [ tes 96 wat alr idma inegjeampaemtGdrso ThaFig. 8C,
the tip of full recovery nozzles 56 cones into contact

w theferermexilet ey Rl andig2besdnie phent bpens vievep of barrel
62c. By such an operation, the water below lens 42 is

corffl @tfelprad@idtderediny PUqui 8N rideby etasamitthey avadfaredrainage
a predeterm ned period of tinme. Then, wafer stage WST _
NS ot Ahe Swedr t&x@hBAGat 19D poerei b &he afafearrel 40 is

hange, | f d. As i bvi.ous f th
destti pti BHFS6 FECC 15h TR e L Bt R0 T t he

enbodi ne a I mechani t ha suppl i es -t.h .
10quuid (&%?%?)%gggt %n%ﬁ%gée%g¥ﬁggglﬁr%#£%??SHJ'%he valves in

CEUF e LGNS Fk, 0181 E0 I Wy 0maRe TS 1o valve
sUpptuPi | i e 6fe SONBCELHAY o1k | WU GrSURP Yo MNidyers all
72, the plurality of supply pipes 58 respectively
connectRd 1t @ SRRy RoRe1kisN§66¢iYi @rive mechanism 63 so that
the tip of full recovery nozzles 56 comes into contact with
15 auxiliary plate 22b, and then opens valve 62c.

By such an operation, the water below lens 42 is
completely collected by liquid recovery unit 74 after a
predetermined period of time,

Then, wafer stage WST moves to the wafer exchange

20 position, and wafer exchange is performed.

As is obvious from the description so far, in exposure
apparatus 100 in the embodiment, a supply mechanism ,that
supplies the liquid (water) to the space between projectiocon
optical system PL and wafer W on wafer stage WST, is made up

25 of parts such as liquid supply unit 72, supply pipe line 64
connecting to liquid supply unit 72, the plurality of supply

pipes 58 respectively connected to supply pipe line 64 via

valves 62a, each supply nozzle 36 of liquid supply/drainage



val ves 62a, each supply nozzle 36 of |iquid

suppl y/drai nage 85 unit 32 respectively connecting to
the plurality of supply pipes 58, the wi dened nozzle
section comuni cating with each supply nozzle 36, and
the like. In addition, in expo%gre apparatus 100, a
recovery 5 mechanism that col Pects the liquid
(water), is made up of parts such as liquid recovery

unh51%482r%%%%%5¥1Q%E% Eb%%egﬁln OQ%eQE'n lhgallﬁg'gf supply

recovery unit the“plurality recov ry pip

resneetd yel ytl@&%@fgr{?éii h%z&ﬁ%oggﬁylghp@oxﬁxh&}?lc@@lﬁ’cj ith each
val ves 62b, the tapered nozzle section communi cating

10 sigdh vt e 1R ofe,eachy reeovans.pi pe 52, and the
like. I'n addition, in exposure apparatus 100, an

auxi | i aryn eelcdvepy, meeharpssure tppaedthy paoysasweBovery
as vacuum exhaust unit 76, vacuum pi ping system 69
5 comeeditainignt,0 thaduwnleelrausstt heudiiqui@, (aaxielr)ar s made up of
recovery pipes 601 to 604 connecting to 15 vacuum
pi parg sspsicana 89l idal § alacmyegae ungiti 74, 3eddover @xhipofline 66
l'iquid supply/drai nage unit 32 connecting to each of
t heoraeatingr )For éé{ﬂPelr%/ ISiOPES L ¥r éggdct/idveltle #igreHdty of
like. This auxiliary recovery mechani sm can renove
(réEﬁV@??ﬂiﬁép?FéﬁlHeSB%CVhY% Y GPPRECTERE ¢ r§Gogery pipe line
ver,y mechani coul d not over. 20 In . the
entRdTEnt S LPRE BORT | 137 y TRLCRARP HHekhacarh Po fopEgni cat ing
r er, i_ni [ r Wh ucti.on;
10( %oc\ﬁ e tt*l% o%naea%kbg.cecoq}é S’d%b)PebIS%\M ﬁ:lgndért?/leallrl 5

dry Up tﬁ% lU@H%Qon nbEQ s%leggﬁékgE%@ 1b6 an auxiliary

addi tion, in exposure apparat us

MeGhan &Ry h@@ha%liew §§S§§rr&&? bewwan:%ﬁ@ﬁ&ﬁlamﬁé&ﬁm Bxhaust
the periphery of the water (liquid), which occurs due

t 0 it 76N vAYuMRGHWIrRXBaysbmWd ofBedts niRde - fm exhaust
parts such as air

unit 76, auxiliary recovery pipes 60; to 604 connecting to
15 wvacuum piping system 69 via valves 62e, slits 32h; to 32h; of
liquid supply/drainage unit 32 connecting to each of the
auxiliary recovery pipes, respectively, and the like. This
auxiliary recovery mechanism can remove (recover) the liquid
onwafer W that the liquid recovery mechanism could not recover.
20 In the embodiment, the auxiliary recovery mechanism removes
(recovers) the remaining liquid onwafer Wby suction; however,
it also may be removed by blowing dry air to dry up the liquid,
or blown and scattered.

In addition, in exposure apparatus 100, a supply

25 mechanism, that suppresses the environmental change in the
periphery of the water (liquid), which occurs due to suction

by vacuum exhaust unit 76, is made up of parts such as air

conditioning mechanism 86 and gas supply nozzles 853 and 854,



condi tioning mechani sm 86 and gas supply nozzl es 853
and 854, 86 and the like. In addition, in exposure
apparatus 100, a drive system that drives reticle
stage RST and wafer stage WST synchronously in the
scanning direction with respect to illum nation |ight
51Lin order to transfer the B&icle pattern onto
wafer Win a scanning exposure nmethod, is constituted
by retigle.stage drive section 11, wafer stage drive
seé?ﬁ%ﬁﬁﬁﬁ}ﬁg%% stage control unit 19. In addition,

ring-shaged; ghfe: ¥R 11 BegpbiuPEO¥hOer: §0s 159,28 dPive system,
partition opening 32a (lens 42 on the 1 mage pl ane side

of UN-0] 861+ 88 reptiicaal s1§é/c?’3é eRTRInd §adbsRASRR WHT 5B chronously
center of opening 32a) tforned in the center of liquid

suppl yher ataageng Wi te 32 crad th rgspbapeto depnessetion light
section 32b is also provided on the outer side of

5ri nNg- sSmapedezi de wabhsB8¢ whesectecle ngptdfeheigito iafer W in
set higher than other sections, therefore, even when

t he wattenifld guipdpuirs meppbdedis manstifuited by reticle stage
suppl y/drainage unit 32, a void space remains within
théﬁﬁ% fedfian ng-shfer sdagesidyssssdtar 3., lamd stage
this manner, in exposure apparatus 100, an bubbl e

r e CRETRP i is made up of parts such 20 as

[ -sh d side wall 32c, ri -shaped sj de [l 32e, .
o haust Be a8ads B neaergheBeine de e Lol iy Bibvided so
i ng- sh d. . ed. section -32b f,ormed_by . .
107 b IAoBEa e AR ER PS5 L R e Aol g Lane side

o2 o che kg Euck e Amgs, 1 14 Bisgs gy iR o

ring- de I'ng-s epresse

seddé 2B sane et df OhMede Sé’érﬁ@é’f‘dcgPg_iﬁfdl{o?%ituig%ﬁy/drainage

unit- PU covering the entire circunference,
suhgtiangp alang r eyt ¥i9h 988 de@rlavicdts e d 2598 2BUMEL s€brovided

bubbl e recovery

on the outer side of ring-shaped side wall 32c whose ceiling

15 height is set higher than other sections, therefore, even when
the water (liquid) is supplied into liquid supply/drainage
unit 32, a void space remains within the inside of ring-shaped
depressed section 32b. 1In this manner, in exposure apparatus
100, an bubble recovery mechanism is made up of parts such

20 as ring-shaped side wall 32c, ring-shaped side wall 32e,
exhaust pipes 54 connecting to the upper space of ring-shaped
depressed section 32b formed by ring-shaped side wall 32c and
ring-shaped side wall 32e, and the 1like. Furthermore, in this
case, because ring-shaped side wall 32c and ring-shaped

25 depressed section 32b are both formed surrounding projection
unit PU covering the entire circumference, it is substantially

equivalent to having a large number of bubble recovery

mechanisms provided covering all directions.



mechani snms provi ded covering all directions. 87 In
addition, in exposure apparatus 100, an adj ustnent
unit is configured to adjust the exposure conditions,
or nore specifically, offset of the focal position
detection system (90a, 90b), nditions related to
focus leveling control of 5 waffer W (i nmagi ng
conditions) , and the like, based on the actua

measur engnt ;uak Hesny( ”?ﬁsé'iﬁ&'s@ﬁ’? tae%egaaé&g SO Adjustment

38A and 38B) of tenperature information on the wa

betiaen; s ki £k @Rt é&?hs@ﬁsﬁ@@xglesﬁtr% B6n8PE Eons, or more
precise, lens 42) and wafer Wand pressure

i nfspromlfiien 1y ,t be feates rbehvericdD gyjteidn o teRitied system
system PL (to be nore precise, lens 42) and wafer W
t he( A, t 9dei) ngcoadstiibutede bytaadi to cisduollledrel i2{y control of
Furthernore, in exposure apparatus 100, a prediction

Suniwa feirsW damieigguedon @i pi eds ct atnldet hedpdeeat va sed banges actual
of the water that occurs when the water passes
t hitaegh nement vadugsi dneapasedsbpitempemarate crersqpa 38A and
IL on the wafer, based on detection results of the
t wo BB ey SRS LTSNS & 'SRATRTd I8 BIithSo sEd e o esmeen
end and the other, end in the scanning direction,,
r eSFEHTFEIP B GG SYSITET e H&%S’%sf“iotrﬁt BFehy Sfai hens 42)
cont rol | 2 20, The nunber, %f t enperature sensors b
dod hte Thdc d SR IR SHWIE (18158 Bt TR (S e Ter between

10t e'H}%(’;jaetd{ri%nC%ZR%a‘ia% rs.eﬂg@i i"tf]‘c%o b nidh? pEdedse, lens 42)

onl ne nay be necess er tTo ~obtain

nor g AelAd e gt eIRerALW ¢ dingt Rk @Mt e ¥RISUEBtroller
appar at uUs nay ‘conpri se three or nore tenperature

sengpr sruréhefiors, de@sexpbsdre higirtditus 8660 ALt ion unit
exposure apparatus 100 in the enbodi nent, when t he

r etisclcengaguern ts piedinst e dcapkeatack shahgared tie water
waf er W based on the scanning
that occurs when the water passes through the irradiation area

15 of illumination light IL on the wafer, based on detection
results of the two temperature sensors 38A and 38B disposed
on one end and the other end in the scanning direction,
respectively, the unit also being constituted by main
controller 20.

20 The number of temperature sensors does not necessarily
have to be two, and if the temperature change can be obtained
by one sensor, only one may be necessary. Or, in order to
obtain a more detailed temperature distribution, the exposure
apparatus may comprise three or more temperature sensors.

25 As is described in detail, according to exposure
apparatus 100 in the embodiment, when the reticle pattern is

transferred onto each shot area on wafer Wbased on the scanning

exposure method, the supply operation of supplying the water



exposure nmethod, the supply operation of supplying the
water 88 to the space between projection unit PU
(projection optical systemPL) and wafer Won wafer
stage WST and its recovery operation are perforned in
parallel, by the supply nechani§?1 and the recovery
mechani sm descri bed above. That , exposure 5
(transferring the reticle pattern onto the mafer) i's

perdOrRd sp'a@eabt%ﬁ:@E@nV‘Bf"&?eét P&ﬁdﬁﬂf’lf e d?f optical

water (the water 1is exchahged at al tlneg3 I's al ways

fildetdbhedid) et wearr henm %fé@'s@:@d@@@? talﬁtcﬁs_ts \:/rvecovery

projection optical systemPL at its tip, and wafer

nowyeath toibivafrer petagem¥@Tin A ran 11Q lC,OBS_‘yeﬂleénsQQ:ap]!)h%echanl sm
i mrersion nethod is applied and the wavel ength of

I | lamd thtirerdyveght méthani smelesuwrfideel sbowaf errha £ap exposure
be shortened to 1/n of the wavelength in the

Sat nosmrerfer(img sheheetrigflreapat vernmeo bhe tweef ewgt &8 performed
which is 1 . 4) whi ch inproves the resol ution of
thelrpraOJSé@ttueowh@meu éaPr§9§t@ﬁmlnﬁd1®n9‘d@tt¢f)nﬂaﬂ:ﬁe1ta(¢§@ water
the water supplied is exchanged at. all tinmes, foreig

matterF FENRE DR e ler Wrem B rdittwed oy itte (1edw) TPetueen
of water _In addition, the depth of focus of

oljeerb%i% Sptd |cor§r§tté+ﬁeﬁ RO IEN e PRdriGiRlg System PL at
20 of th t
Lheret orBr (4P e/l dLikeiten Fitls 3 g - 2
f t
RSOl e W SRS 10 8 L

makv%svélt r\flgz{k? oﬁ' flfl'uﬁﬂlntatfl%r quﬂEU§Lt ?r&qg}?é'rsu de 'J]f wafer

the case en the depth focds has e secure

only cRmodBds i Hie: SRed ﬂcﬁ‘!?h 88 irk davehencasei RftKd&tmosphere
air, the nunerical aperture (NA) of projection

opt {icdls syst Lot Phcehve hedexcbeaskd ward chwalis® is 1.4), which

i nproves the resolution.
improves the resolution of the projection optical system. In
15 addition, because the water supplied is exchanged at all times,
foreign matters found on wafer W can be removed by the flow

of water.

In addition, the depth of focus of projection optical
system PL is enlarged around n times when compared with that
20 of the atmosphere; therefore, it is advantageous when focus
leveling operation of wafer W is performed using the focal
position detection system (90a, 90b), because it makes it more
difficult fordefocus tooccur. And, in the case when the depth
of focus has to be secured only around the same level as in
25 the case of the air, the numerical aperture (NA) of projection
optical system PL can be increased, which also improves the

resolution.

In addition, when bubbles are found in the water (liquid)



I n addition, when bubbles are found in the water
(liquid) 89 supplied fromthe supply nechanism or
when bubbles are generated just after the water has
been supplied, such bubbles are collected at the
upstream side of the flow wth respect to projection
unit PU (projection optical sy@@enmPL), by the 5
bubbl e recovery nechanism That is, the bubbles in the

R L e e eBs "Bt B 1 Cs o AR Ay are

SUGRrat o tQREY Akt UF ANt REQYAE r hA8 KdANSILbLaREE Sich bubbles
ill"'umnationlight 1L frompartially decreasing or

t hey @y ejcaqterd ddragetft tpst20apatigs nof riamd dadadiitg respect
due to the bubbles that enter the space between |ens

42 mngrogker 18h LNiadel t (pry ek iich obviieus &yedehi BS), by the
10A and 10B, the bubble recovery position of the
5 bulihikd Iree cocery ryaodaim sisus ed haftod s ¢ of hee dubig elsubbl gse water
IS switched, in accordance wth the 15 noving
di reatst iconl lefc et dry Whef drukddanmlegoveny medhagism, without
direction in Figs. 10A and 10B is the scanning
di reeaqhemg L aRd s e laved@nd éss ofhenefareecsreh an
that wafer Wnoves in, the bubbles can be kept from ,
entWRGTRF ¥ HeCepRIE Bt e BR et i wafer L L Wira iy Light
su verment. .20 .1 n additian, when the plurality of
Shotl I T Sy g el (e g ek s, of the
for (! I Ry a a situyati rs where _the
1Ovvatpé—ir cz;r!r%lng%fog'ed%%ﬁ%%é%gldye %%Itl%%c%ggbg%g#heatr Sgégért;}“e space
neq%gn; r r uch as when the water
| eaks O%Hsil?eﬁi%igﬁsﬁgﬁe% gf’ai nage unit 25 32, then
the waterrfBabiequhd RSt bemald.actedn @f gkN PdbReAnd 108, the
words, the water that has |eaked out, is fenoved
(r Qﬁibkﬁlréiﬁbcofzé@glpé&ﬁjieﬁdﬁ[ by trkebauXil & irdidb ViedGOMEENanism used
e

mechani sm descr i

for collecting bubbles is switched, in accordance with the

15 moving direction of wafer W (for example, the moving direction
in Figs. 10A and 10B is the scanning directicon). Therefore,
regardless of the direction that wafer Wmoves in, the bubbles
can be kept from entering the space between lens 42 and wafer
W during such movement.

20 In addition, when the plurality of shot areas on wafer
W are sequentially being exposed, for example, in the case
a situation occurs where the water cannot be completely
collected by the recovery mechanism referred to above, such
as when the water leaks outside liquid supply/drainage unit

25 32, then the water that could not be collected, or in other
words, the water that has leaked out, is removed (recovered)

from wafer W by the auxiliary recovery mechanism described

above. With this operation, the water does not remain onwafer



above. Wth this operation, the water does not renmain
on wafer 90 W therefore, various inconveni ences that
occur due to the renmmining (residual) water can be
avoi ded. That is, neasurenent errors of wafer
interferoneter 18, which neasures the position of

waf er stage WST, can be ef f ect i ely suppressed 5 by
suppressing the occurrence of tenperature distribution

Ny, ”%%e%te'f%sr% QoY 1%‘&%%% §eR@eLN@naECUE Cgr;}cg&gf to the

he
a réfractive 3%X chan in tﬁ% atnosp Rere cause

by Ahe ihgaly o(fre MRRRNHZ @Jta't%'} Waen bteh%vro(i@%'dm NghYat ek,
evapor at es. Furthernnre such an operation can

Pr e\t R rivat ef o £ 8158 Rh BEr LG 1Y themvafear lﬁr QfRich measures
nmoving to the back of the wafer, so that the

si ttiat posi when & ft herwafaradgd wsm dah bbe: ERd ¢t BFe Bf Buppressed
and becones difficult to separate fromthe carrier

5ar inycanppeesavopdede datwaddirideonf eemostdeuapEhrstnioution in
100 conprises 15 peripheral wall 32f (projected
sedtheoatBogHhenhiocp s erppunds ingttHeeastut henperifpheefractive
of lens 42 serving as an optical elenment of
pr djinslens shagss dal thyesedmopeharssesaused by wWakeheand of
al so creates a predeterm ned clearance with respect

t o VARSI peftdeR e dher WWer‘”%%g@V\ﬂS’Praéﬁé ‘t he
cI rance is set to 20 a small val ue of arOﬁnd Ah=

t
SRR e, s\‘ﬂ% ECPRSET L OF G4 HOTERIE P8 Vaer renaining
Lol LT Bl A2 SO e e L L
t |
gy 18 L A3 AP R R BB o

be gRImm 038 fH 1&u1 2% f gep%’&%’ﬂ@ &rdnP t@l‘aec‘%\éeirrltetle arm can be
l[iquid (water) used in the inmrersion nethod w thout

f aidvaafdeey. the conpl etion of exposure.

In addition, exposure apparatus 100 comprises

15 peripheral wall 32f (projected section 32g), which surrounds
at least the periphery of lens 42 serving as ah optical element
of projection optical system PL closest to the wafer and also
creates a predetermined clearance with respect to the surface
of wafer W on wafer stage WST, and the clearance is set to

20 a small value of around Ah=1 to 2mm. Therefore, the contact
area between the water within peripheral wall 32f and the
outside air is set extremely small, and by the surface tension
of the water the 1liquid is kept from leaking outside peripheral
wall 32f via the clearance. Therefore, it becomes possible,

25 for example, to recover the liquid (water) used in the
immersion method without fail after the completion of
exposure.

In addition, according to exposure apparatus 100 in the



5

In addition, according to exposure apparatus 100 in

the 91 enbodi nent, even when wafer stage WST noves to

a position where projection unit PU (the projection

area of projection optical systemPL) is away from

wafer Win a state where the w%ter Is held between
projection optical system PL (Iéns 42) and 5 wafer W

such as when a shot area in the periphery on wafer W

i's r n,the r | By 2

o R ORI 0L T P 0, oL By on where
WatBio it iR/ KBRE pd r@Mel bPuk B8 o4k S8 BY b g dheptical
wat er "bet ween the projection optical system and

awgydtamny ml)aties swany font e fek0 woliat es shiae® 222 k0 the water
22d). Such an arrangenent can prevent various

I naeN\rlice heasyeeal $ad etk ayttfilcaw 6fy swatePIf rQens 42) and
occurring. Furthernore, because the gap between

auxdiiear W, pluahess2fhehoa22doanarevafior tWe pesdipheryB3rmom wafer
and under, the surface tension of the water prevents

t hé¥ hatetpdsarn Prowiery the vafer tdrewgépr betaweWSRaf 2 exwhanged
and the auxiliary plate in a case, such as when wafer

st @fe B TR0 PEROF RS Rasthaan Wead afgider they Vatehde3n be kept
projection unit PU (projectiaon optical systemPL) to

5 PO IO SUREE WY DONEYT (R P g the
B S0 S S b PR N L One M (Ednof the

wh ' dif f I
10 %\}eategr;ée% %efoznuﬁ%gggoggﬁ[%e.l ngﬁrcgngg grg%%%%ﬁgptmcnanf prevent

15

20

25

bet ér  and e’surrace o

th%ﬂ%di%ﬂoo@kﬁér&ed&sﬂ@&ée gaaf thee)&%'{&ll%w Water from

exposure begins arter wafer W been exchanged,

becauss gy Watertherhghd, bebwaese %ﬁeDQQEeBEkQQeHnEEXiliary
PU (lens 42 of projection optical systemPL) and the

auxld@dy Jdate radradd wdrehegiimiseg o exposWde under, the

exposure can begin without waiting for the water to be

supplifeie tension of the water prevents the water from flowing
into the gap between wafer W and the auxiliary plate in a case,
such as when wafer stage WST moves from a state where wafer
W is under projection unit PU (projection optical system PL)
to a position where wafer W is away from projection unit PU.
The inventors have confirmed that leakage hardly occurs due
to the surface tension of the water even when there is a surface
difference of around 1mm between the surface of the wafer and
the surface of the auxiliary plate.

In addition, for example, when exposure begins after
wafer W has been exchanged, because the water is held between
projection unit PU (lens 42 of projection optical system PL)
and the auxiliary plate prior to the beginning of exposure,

exposure can begin without waiting for the water to be supplied,

which consequently improves the throughput.



whi ch consequently inproves the throughput. 92 In
addi tion, because the water supply into liquid
suppl y/ drai nage unit 32 begins on auxiliary plate 22a
before the exposure begins, the risk of the resist
being partly renoved by water pressure or the |ike as
is often the case 5 when starting the water supply on
waf er Wcan be avoided. |In addition, because air
condi ti ogi.n 1ani s I peludi g pl .
nozzles)ﬁgi%dgg%gggfogéggﬁggpgﬁfp é?&r g?pégguﬁéto liquid
SURRIDH /3898 N1 823 I B dhenab gl 1k 8r P8 thte 22a before
turbulence of the gas flow i'n the atnosphere (such as
thendl fexbdsrchigedtife, charbern swheyre thize iR tbedy nef partly
the exposure apparatus is housed) around the water
helr@ricv@id ey Wgitied pIepRledbal fage 1umket 232 igaBflBen the case
prevented when the water is recovered by the recovery
5 meciham smaart iy tthe awtidn aupp liyveooy erayf eredhaninsie avoided.
which in turn prevents nmeasurenment errors 15 of wafer
i nterferdmepddit8onhabemraysecedr d¢oeditivhéngumbohendem 86
of the gas flow (including tenperature fluctuation of
t hel igeps,udingf gast Puerlidexzehanyeaiampndid janee)theapgriphery
allows the position of wafer stage WST to be neasured
Wi M%&m/dﬁ@é@@&%gﬁt it Whe¥Sodticewater is held,

t 100 i_n_the 20 _enbodi t, d th [ _
PRI A0,n e, 20 SOOI IR e {0 AN vEL 248 o
Lof P Sh " 5 RTS8, e
e | Ny f C
SeO AR B U | RSRS8O s

of &} 18} far AR athe @irangengnt Hf q?@yén%%ﬁth%%n the water is

described in the above first enbodinent is a nere

exagl et Uyt the &dMialy ole GRWiISH drhdly e auxiliary
present invention is not limted to this. For exanple,

recovery mechanism, which in turn prevents measurement errors
15 of wafer interferometer 18 that may occur due to the turbulence
of the gas flow (including temperature fluctuation of the gas,
refractive index change, and the like), andallows the position
of wafer stage WST to be measured with good accuracy.
Accordingly, with exposure apparatus 100 in the
20 embodiment, due to the various kind of effects as is described
above, the pattern of reticle R can be transferred onto each
of the plurality of shot areas on wafer W with an extremely
good accuracy. In addition, exposure can be performed with
a wider depth of focus when compared with that of the air.
25 The arrangement of each section described in the above
first embodiment is a mere example, and it is amatter of course
that the present invention isnot limited to this. For example,

in the embodiment above, while wafer stage WST is moving, main



in the enbodi nent above, while wafer stage WST i s

nmovi ng, main 93 controller 20 adjusts the degree of
opening (including a fully closed state and a fully
opened state) of each valve «constituting valve groups
62a and 62b so that a water fl§g IS created under

| ens 42 that noves fromthe re side of 5 projection
unit PUto the front side in the noving direction of

%@%é}&%ﬂ%-a ! g&etﬁgorbfa[&reve o%&alj gtrin%%t%ga%ng a fully

I'S nmovi ng, In contr er 20

degreasdf AReN thd @ eliud) Rpehddildvatd)osad siat & ARt
a fully opened state) of “each valve constituting

valaeh grialfs ri v aned Aowge tdrat aadlGomitser thia@wal vater flow
created under lens 42 that noves fromthe front side

of iy @recitieah unddr RErn 42hehagamasicde fivort hedalg side of
direction of wafer stage WST. In such a case, the

Sauxiddjargt iareconidr YUnec hiae Smongf eidedihotleamiavwemg slirection
to recover the remaining liquid on the front side of
pr gjfestafmr wiagePWSI5 (Profleetdomt opty cathishestwafie] )stage WST
in the nmoving direction of wafer W That is, the .
r ertel RPHGDBY did 1 conteedv-eredl Wiy 8l usBAHie degegee’dt opening
on the front side_in the nnvinq:direction of the wafer
and @BAUG Y ar ROV Er GLPT PR TOTLq iaBshy SRliviepened state) of
comuni cat.i_n with the slit. 20 In additjon, j he
{1 AT B et et 5 Yaoe, S i s Aq e, B2b B0 that a
recoy, [ ' it I h

10 PR CTRRES AR e iRty $888, P RS RobE"er8 che £ron
supy| i Nt 3t idd e ROV DiRes O i
EE SERORuld e Hd A R PP AP boving

respecdd vl o fVaaum sxhgushstini trn/8ucdnd dasd hard k@xiliary
however, for exanple, air conditioning nechanism 86

MByrd Stdide nfe Eati N retdai$ad hadr St iiansd iddder the
(liquid and gas). That is, air conditioning nmechani sm
86 mayaining liquid on the front side of projection unit PU

15 (projection optical system PL) in the moving direction of wafer
W. That is, the remaining liquid is recovered via slit 32h;
located on the front side in the moving direction of the wafer
and auxiliary recovery pipe 60; (i=any of 1 to 4) communicating
with the slit.

20 In addition, in the first embodiment described above,
an auxiliary recovery mechanism is constituted by parts such
as slits 32h; to 32hy formed in a part of liquid supply/drainage
unit 32, auxiliary recovery pipes 60; to 604 communicating with
slits 32h; to 32hy, respectively, vacuum exhaust unit 76, and

25 the like, however, for example, air conditioning mechanism
86 may include a suctionmechanism that suctions liquid (liquid

and gas). That is, air conditioning mechanism 86 may

incorporate a vacuum pump, and a suction nozzle connecting



i ncorporate a vacuum punp, and a suction nozzle
connecting 94 to the vacuum punp may be di sposed in
the vicinity of each gas supply nozzle previously
descri bed. By enploying such an arrangenent, the
vacuum punp serving as a sucti%q mechani sm may al so
performthe function of recoveri®ng the water that 5
the recovery nechani sm previ ously described coul d not
regoven, . ( t ea ide | iguid: . .
! o S mt e 35l WA R s KB Facipipy gt each
32k A9, BRY y YL, 1O pRe v 8LERY 48scH{BMd By employing such an
suppl y/ dr ai hage unlp 32, and’in accordance MAtﬁ t%e
Posirdd0iyapeene tthe sHeLuRNpHRBZEErvsnli sPesedctliR® mechanism
suction 10 nozzle may be able to cope with water
| eadeag@lisdc peHfiqit lthe |fam@eri onange relddvaddinlg @he WwAter that
t he enmbodi nent descri bed above, the water supply and
5r eddveergcarverperddrarecsmbiregivabéy Wscrildmei nguld not recover
exposed. In the case, however, the water can be held
by ref sgber drsitoheawatcart ssdspl yaahd snppdyeidyainage unit 32) .
operations do 15 not have to be perforned durin
ex OS5 FASRddRELR, JaNr oAl ORI POt RETRfi®heEEomed in
may renove the yemaining water from wafer Wthat .
coli s %@Hlé/c/&r@rlé@geomlﬁe 3ec S y mBSIsRRIOgmce with the
out si de .peripheral wall 32g by roviding dry ajr or ,
hoPaS A a5 ANSES G (HE TR e PSR SeR 1 fge suction
embodj vent__above, . fiducial mark plate FM i di sposed . .
1000 TSI e BG 2RAST FoaroPR 4t & RUeh er s HH ai & it tontLy
t hi nt, . oRg. W .t j |8 rk
Fu P EREET TR R bl R Rl OB Boed above,

of dihe heedl suppsities p@i&%ff%@%}e@%&%@? wggp%mer Wis

be di sposed on a part 25 of the auxiliary plate. ,
t heodieferanpssdLl | eat tRY phat e havevét dugh@lwd®IK can be held

plate FM nay be conbined in one plate. In addition,
t heoyawddfiaatey tphatieni, swaeeyi defptovatd ngeddiee®ntdgerations do
15 not have to be performed during exposure.

In addition, air conditioning mechanism 86 may remove
the remaining water from wafer W that could not be recovered
by the recovery mechanism outside peripheral wall 32g by
providing dry air or hot air so as to dry the remaining water.

20 In the embodiment above, fiducial mark plate FM is
disposed on a part of the auxiliary plate, however, instead
of this arrangement, or along with fiducial mark plate FM,
a reference reflecting plate used for calibration of the focal
position detection system (90a, 90b) may be disposed on a part

25 of the auxiliary plate. Or, the reference reflecting plate
and fiducial mark plate FM may be combined in one plate. 1In

addition, the auxiliary plate is provided covering the entire

periphery of wafer W, however, it can be also disposed



peri phery of wafer W however, it can be al so di sposed

95 partially at required places, or it can be di sposed
spaced apart at a predetermned interval. In

addition, in the enbodi nent above, besides the

st eppi ng operation between shots and scanni ng exposure

when 5 wafer stage WST is staﬁéing still, main

controller 20 may cease both the water (Iliquid)

su - r.Atj A [ previ I

o e e B BB o A SArD by lipgted spaced

eGREY SR BRI S0 RILIUsW, described.  Even in
such a case, the water inside |iqulid supply/drainage

10 unit 32 i@dielidnduent @ nehemdeldigRnef aRegatl i ¥esides the
pressure described earlier and the surface tension of

t hestealEimg Beeause onhBelfedn bRo€XCaed ga-dihel vte8ipdsire when
| ower in the case wafer stage WST is stationary when

5compdieads b b WITei s asanefirst eppi hg maper adbnonol bet @@anay cease
shots and scanni ng exposure, the anount of liquid to
15 by hugde camrtdie (ladivciel comprdnedpsinat itdre byagdentserpply
both the liquid supply operation by the supply
me @R aTh Sih P el dU s e seddast anshdhea ivart ey aelsevery
recovery nechanismare performed in parallel at all .
ti IRREYGTOOTORY VE MhERCRIPEY R GREN VBT 3il§0 RERY Hejis budescribed.
al when it js still). However, K by. continuj 20 the .
et APy chrl G e NREES HBYETS srist Dgrepd v/dFainage
stati.qnaky.,. . | free the lower surface of |ens42 .

10 ¢ QiR SRt e 5, LT ARt ) ot T AT bt Rurg descr ibed
abqevaerlité}e ﬁésc%é“éér%@? teql%si%rn' Qf(li.hwgg%ﬁs Because the need

t e wat P t he wat er

pr em se, “water supply position and
dr 8l Nage-HG/d it AWy i FigRr 84 and 8Gse waferf srtage WST

respectively, do not have any relation with the wafe
exchapggt i BAsEY vt ¥ehes redhaead Nasthsen @88epPafg operation

posi tion). The
between shots and scanning exposure, the amount of liquid to
15 Dbe used can be reduced compared with the case when both the
liquid supply operation by the supply mechanism and the liquid
recovery operation by the recovery mechanism are performed
in parallel at all times (not only when wafer stage WST is
moving, but also when it is still). However, by continuing
20 the water supply and drainage while wafer stage WST is
stationary, it may free the lower surface of lens42 from
contamination.
In addition, in the embodiment above, the case has been
described where as a premise, the water supply position and
25 the water drainage position shown in Figs. 8A and 8C,
respectively, do not have any relation with the wafer exchange

position (wafer unload position and load position). The

present invention, however, is not limited to this, and for



present invention, however, is not |limted to this,

and for 96 exanple, the water supply position nay

serve as the wafer |oading position and the water

dr ai nage position as the unload position. Such an
arrangenent may be realized by9 djusting the relation
between the area of the tip of ojection unit 5 PU

and the area of wafer stage WST (to be nore precise,

th dﬁﬁg I & ) t 'qjieGt bR, R es, NQy

get%xi n the|é %m%ymgﬁte\%af%%qlsgﬁs%%lgﬁ g%.y Isr%rﬁ%i s%scgs}?g, water
t th/éﬁiiQ{(? 8YBPLYonaith the walsr 49hahB88& &Ye 6 as the unload
conti nued or sustained at the wunload position and

| oggbgiasidn.onsatht Be dBf&hgethdnsUsdly b&as ]l iked Mg adjusting
| oad position and the unload position of the wafer may

be tdet ratl stthensdetwpesi thenateef ef rede ttol @ A pa@ijtddrd on unit
position) where fiducial mark plate FMis to be
Spodil iamded heti peetl pfhebbdar prageck$Dn(tumikie RYreapdeadise, the
area of wafer stage WST (or to be nore precise, the
awduridryp i atlatemphdhadt pd@ardtiah@Ulslogsp neit get in the
projection unit PUis |ocated above any one of

auXiay &fywaprat e5anIRC¥ b2 2o durith§hiar epsal i theetater supply
In such a case, because it becones ﬁossi le to hold

t héPhder WAL Ll ATRLRBSCURAYr PR RN YN U R P Hratsitained at the
I d dr aj evi d i bed
SUBDL A8 10 101 895, 010U Y desErI b R b o
100P§ft 'l%ob?ﬁ)esqt%{%nt t?a%dStten%' %Ci' Sa%f"g)os'lrtti%%d'of rEhtehlw%fer may
case, once e water 1S suppl | eé) unaer ens 2,

ex i e i | C o
N R R R o O

42 yHdr2ddihib el ridr | gﬁa@mhm baRsa t ilon@d di PSct 1y below
suppl y/drai nage unit 32 conprising peripheral wall 32f

I s piseitect orongeirt thw helrdl the witeer amderfdrens a4 ofsT (or to
projection unit PU, however, the present invention is
notbd muirteegrecikki, sthe auxiliary plate) may be set so that the
15 tip of projection unit PU is located above any one of auxiliary
plates 22a to 22d during wafer alignment.

In such a case, because it becomes possible to hold the
water at all times under lens 42, the water supply and water
drainage previously described may be continued during a period

20 other than the exposure operation based on the step-and-scan
method. 1In this case, once the water is supplied under lens
42, exposure of a plurality of wafers can be continuously
performed without draining all the water under lens 42.
In addition, in the embodiment above, liquid
25 supply/drainage unit 32 comprising peripheral wall 32f is used
in order to hold the water under lens 42 of projection unit

PU, however, the present invention is not limited to this.

That is, for example, liquid supply/drainage unit 32 does not



That is, for exanple, liquid supply/drainage unit 32
does not 97 have to be used. Even in such a case,
because the distance (working distance) between |ens
42 of projection optical systemPL and wafer Wis
around 3mm the water is held E% surface tension
between |l ens 42 and wafer W Im'addition, in this
case, 5 for exanple, a nechanismsimlar to the liquid

supRlve mRChRNLEEY . angy & oLk dsﬁ&?%’%a)’s@‘ﬂ%@@ the distance
di sclosed in the panphlet of Internati’onal

Publvaatiinen NWHeIc M0 PV 4R 1end e IdKrPleRMiitSldptical

descri bed, may be provided. In such an arrangenent,

du%yts(tetrﬂ‘lBL auni Wa Bé y Wpl @besudassnin beHeaartdrei s heM@Iby surface
when 10 projection unit PU deviates from above wafer W

sudierasi oshieat wébe lwafket2 adgevaieat Won Irsaddposed, itrthehis case,
wat er can be kept from | eaking fromunder |ens 42
Sunlfickeepanphe, dovermmign sinithirsto thed,iamiid suppigmechanism
stage WBT is standing still, the water supply and
watagrd drl@iuﬁaigéeﬁﬁyeéws@eﬁbamtémpe@lsq:howdsl@atsree pdgehlet of
to 15 the |nnerS|on nmet hod, exposure with hig

r eSO RRE ST i@l e%%sllﬂeetwt WU@%%&O%&%% Frodie like
co ared with the cas in the atnnsphere% can be

perﬁﬁ%ﬁﬂ?s¥%€%F8Fhﬁ? MEY P D RECE RS éuChanarrangement
SR it S G S IR SN B e
10I ' ?ercj&'neqf;ngms ty/P%ra Oi‘gﬁfgnﬂf'ﬁo 2a ?Pééfvf such as when

encl osurée "(peri phera

aroclmed_wa%% éagelgg@@f&t ad ckpouagd. oAl @%qa%&h@agebe Jept from

operati on can done al at once, sinmplif

t he, dmBliHEFRBGEURREF atd N 42! Binl DRe mm&buﬂé@m In this
the val ves for supplying and 25 draining the water

cormand, dhidetlafdrosthge Azl e ssecidiony till] qWedwater supply
supply/drainage unit 32 via piping, and as these
pi Ery watklredrbli ragebesy arlesqbef stafpgyd useth this case, due to
Furt hernore, the tubes
15 the immersion method, exposure with high resolution (or
exposure with a wider depth of focus compared with the case
in the atmosphere) can be performed. Accordingly, the pattern
can be transferred onto the wafer with good accuracy.
In the case, however, as in the embodiment above, a unit
20 like liquid supply/drainage unit 32 whose nozzle section and
the enclosure (peripheral wall 32f) around lens are integrated
is used, the exchange operation can be done all at once, which
simplifies the maintenance operation.
In the embodiment above, the valves for supplying and
25 draining the water connect directly to the nozzle section of
liquid supply/drainage unit 32 via piping, and as these piping,

flexible tubes are preferably used. Furthermore, the tubes

that connect to the valves and factory piping are preferably



that connect to the valves and factory piping are
preferably 98 separated nechanically fromthe main
body of the exposure apparatus and projection unit PU
via springs, so that the vibration does not spread.
And, such an arrangenent can prevent vi bration and
wat er hanmmer that acconpany t he8 openi ng 5 and cl osi ng
of the val ves fron1travellng and affectlng t he

pr (ge %tfa%dJ@d 1%‘11 r%?d Qhkeoq}éfl L e %3/ TP %xposure

appa at us, ecom n € cause errors.

| AP a!rﬂj %?%%Ht%oqul%‘{ﬁt 49 10Q Qptif®s, so that the
enbo i ment above, i'n the case multiple exposure such

as WyHlte eXRREY eotlGdreper f anARdsuaht 8h bReahbbfbnt can
pattern is transferred onto a plurality of divided

ar eaevesnovibreas pnahdabee rWhased toiat kBeompany the opening
step-and-scan nethod in a state where the space
Sbetamekercl qariojectii dheunial vield (frems t42 vefl iprojaect iadrfecting the
optical systemPL) and wafer Wis filled with the
| i quiad,eatheorsesdhdpand drihe mayn bodyeof taes¢ eposdrompparatus,
the plurality of shot areas on wafer Wwith the water
beiaftf M GPTHETINEEYE |G &4 2 Ta vk Bajesfuesy equrns thl s case,
as reticle stage RST, a stage that can hold
retlcles]%h%%ﬁltbﬁntﬁél%%P%%F¥%@P@@&@F§Sfe@@6ﬁ%t%%P@@Pdlment

bl h t he one di sed
RS AT EnE S5 e B BRReRL RS PR aR T (IS exposure
Lal d rnfoN?n dHOZaf%667%g 1}:9 thatc’t%a”ang%r(ansdfernred onto a

becau e retl 5% allgnnen an flgn

ha y%rdff me*aeg@egg RBEOE 5§ h%gﬁ&%ﬁ;% based on

Ie exposure can orne

anYthé)rs‘%@pe%d-%c%rlsh%tt%o‘thﬁeat Q@a%@%ﬁepgtwrépace between
projection unit 25 PU (lens 42 of projection optica

syggreiydiyi andinwaf ev Wéss 44 ldregrehkbrtba &paywl system PL)
between the exposure of the first pattern and the
exposlie fefr Whes Saddrdl pathetie linpiind,s tb@s€econd pattern may
15 be transferred on the plurality of shot areas on wafer W with
the water being held between lens 42 and wafer W. 1In this case,
as reticle stage RST, a stage that can hold two reticles based
on the so-called double reticle holder method is preferably
used, such as the one disclosed in, for example, Japanese
20 Patent Application Laid-open No. H02-166717. With this
arrangement, because reticle alignment and wafer alignment
do not have to be performed between the first shot and the
second shot, double exposure can be performed without any
problems in a state where the space between projection unit
25 PU (lens 42 of projection optical system PL) and wafer W is
filled with the liquid between the exposure of the first

pattern and the exposure of the second pattern. In this case,

multiple exposure that uses the immersion method is applied,



mul ti pl e exposure that uses the inmersion nethod is
applied, 99 and a highly precise exposure with high
resolution and a substantially enlarged depth of
focus can be perfornmed. In this case, since the
liquid is held between | ens 42%%nd wafer Wat the
poi nt where exposure begi ns on-“the second pattern, 5
t he exposure of the second pattern can start w thout

\évan‘ioo rrent kﬁg}jgr]é&lé"e e%o@%r%umlt'he%lg]hn A 1ution and a

reticle alignment nay ‘be perfornmed

i n s%hfsttaatrﬁl\’éﬁ%rﬁ ehﬁ%r%@%ﬁ%e%%h"‘@%nf%@h e@éh%e Lﬂlértfoxprﬁéd In

(lens 42 of projection optical systemPL) and fi duci al

mardhisl@apkat 81 fidk ithd illiled M Ehhd 1@ beatien IBns 42 and wafer
addition, in the enbodi nent above, main controller 20

sewiatg tae apiad) wBtpenéxpostrebbead nss tde wlkerdeaidnenpattern,
within the irradiation area of illumnation Iight IL,
S5sudthasxpeureenpetrl e atthpge teaef €ani edrt hatthout waiting
corresponds to the change 15 in best focus position,

basfert drihe Hel gveas redentsupeslileds of  tenperature

sensors 38A and 38B (the actual neasurenent val ues of

t enper at dine tihef IPRALEIENGN 2Ry Swa et Ifdewadagnment may be

pr 0= ect IrCr)I}n?é:1 El%t ég%?%%%ls"tg}?er?ﬂ?%mlygg%Fglz ej?g%exagreorje tion unit

e TRy TR 28] S 3] BREEda P RESH HARar e
betWEﬁ; Qﬁijgt qﬂ1%ptjﬁ%11§yst%ﬂgPL (lens 42) and
e %Mlns ad-. Hi's' case Yormation on the

t r ansm tt dQk i ohet 5.8' @hg @Iﬁgoéﬂﬁeﬁt?uk?&;@n(ﬁ?a Q*F controller

waf er Wt at ave béen neasured 1s sfored i'n advance

i N JPEREY A a ABH IMENS EXPOS UNS ti Sb 2ol RELher ABLy r S8 B within
controller 20 obtains the thermal absorption anount

of drhe WwadR1idui perd@dndy ia Iredeiaod negrealeyl adc®nas the
using the output of integrator sensor 14, the
t r ansmpdtanoee change coefficient that corresponds to the change
15 in best focus position, based on the measurement results of
temperature sensors 38A and 38B (the actual measurement values
of temperature information on the water between projection
optical system PL (lens 42) and wafer W), however, main
controller 20 may obtain the temperature change coefficient
20 Dbased on prediction values of temperature information on the
water between projection optical system PL (lens 42) and wafer
W instead. 1In this case, information on the transmittance of
reticle R and the reflectance of wafer Wthat have been measured
is stored in advance in memory 21, and when exposure 1is
25 performed, main controller 20 obtains the thermal absorption
amount of the wafer by performing a predetermined calculation

using the output of integrator sensor 14, the transmittance

of reticle R and the reflectance of wafer W, and then predicts



of reticle R and the reflectance of wafer W and then
predicts 100 the tenperature rise (tenperature

di stribution) of the water in the irradiation area,
based on the obtained thermal absorption anmount and
i nformati on on the water flom1§flom13peed and fl ow
rate) under lens 4 2 due to wa &P supply, water
drainage 5 and scanni ng operation. Then, main

Okgﬁ e +6@ Ppég'ﬂxﬂJ eﬁﬁﬂﬂ?ﬁ@%%&gF%@gggﬁ of the water

coe I Cle %ase on the Iction resu

rmrmuertr@ mrlr%rdlta‘%ltchle CELY d%%fsréob%% It %taﬁm't%al
above. As a matter of course, when obt ai ni ng the

t enpytdiiorchnoget ORI f hebenbt i SRICH EREWaRl!ref 120 (FBYw speed
use 10 the actual neasurenent val ues of tenperature

i nfaordral bwraar) thde nakers {fetvweerd paokecuppl yyptaeat drainage,
system PL (lens 42) and wafer Wand the predicted
Svalanes sbasedngnopbeadivput Tfen, ntadgr abadrséhser2d4an obtain
and the |ike described above at the sane tine. 15 In

addintd drempiar ather ce rdbediaee o efifdvd e it seohtomother pr2@liction
obtains the tenperature change coefficient and the

pr &AW E S ,cHahge Megetey dlahtlaradd tthen aist dlassniped in the
best focus position wthin the irradi ati on area based

on PR MATE PVRe | PR MATEH REI aaag%otwb%rh@btalmng the
fficients askfaraneteQ§ The130 resent ﬁﬁ %g,
Sraluhe CHANAR GG e AR Al Hhice " (O | rmay use
20 f.t t h
1020 g7 (LA SN 208 1008 LEPETNS, AL patson on

then, %te%bbétﬂeéﬂ&ggféc@ﬁg o 1 % 'inhbg tf&s 42) and

irradi ation area formu eerre

abygr huty SHRBHHAI MH 28 R 1aRk *b%gmmlt% RARER o
coefficient. In thi's case, main controller may obtain

t heirhesdrftisepesirt 1 O eet | YkéradBc B & Bboet A8tthe same
does not include the tenperature change
time.

15 In addition, in the embodiment above, main controller
20 obtains the temperature change coefficient and the pressure
change coefficient, and then obtains the best focus position
within the irradiation area based on a formula or the like
that includes both the coefficients as parameters. The

20 present invention, however, is not limited to this, and main
controller 20 may obtain either one of the temperature change
coefficient and the pressure change coefficient, and then may
obtain the best focus position within the irradiation area
by using the formula referred to above but substituting zero

25 as the remaining change coefficient. In this case, main
controller may obtain the best focus position directly from

a formula that does not include the temperature change

coefficient and the pressure change coefficient as parameters,



coefficient and the pressure change coefficient as
paraneters, 101 such as fromthe tenperature

di stribution or the pressure distribution of the

water within the irradiation area. In addition, in the

enbodi nent above, the case has 8 en described where

as the exposure condition, mai i0tontroller 5 20

adjusts the offset of the focal position detection

sygﬁgﬂq AN f, f

base o%%?he igﬂ@ftgég‘ﬁ)sefr%gtﬁél ?ggﬂgr}%bugctlﬁwgr? S t\é\fle fhe SUre
SCANNU G HITRR 1N tMd Ridt et RE HHIAARL 119 i8R ion area.
obtained in the nmanner descri bed above. The present
inventionn BEWeYesn, i s Rele bhPbéedeho B e, 3N d8s&Nfis been
pattern surface of reticle R may be adjusted or the

I naldgmtiibad afhde dsmage pixaesudess @ldnddft iphg)] eetinokontroller
optical system PL may be adjusted via inage formng
5qudll ey joetsetheont fsontablther f8talasos hei explssirecion system
condi tion, based on the obtained best focus positions

on &t pegddsmsf thaef suandievg ldingecfiwnf 45 Wi bhispdt e the best
irradiation area. Then, when the inclination of the o

i TRCYA RRELEARARSLOHOAS PPy @brifecseanngagdirection within
controller 20 may performthe offset adjustnent of

t heFod&ragdsitirana ragtRE3 e didt ERPAAINPRF [AFSRTIRed above.

f I [ .of f, d ribed in the enbodi nment,
oal A et el shelSERE. 5 PRhobTh e g Bl anc
ti ddi ti in.t.he case when it,ds
1000 e el A R R R B st g, oF the

di Sltr{dlkiq{a{ﬁ@ %ff ttlﬂ %F\S%Og%}lg ﬂé@ff éf]%rogyesctteir%n optical

measurenent of the foca ition detectio

(908, st PP L Ye deNedd & vianifSle 'f@%mli%gp&ﬁépff'fg:o%@ection

taking into consideration measurefent errors due
t hecortergieret 81 ¢ Ghenge xpetiRer édnt £ this! bhBuliANthéfobtained

the water, or the detection results of the foca
poPddtort ateise ploisdn isyst em both ends of the scanning direction
15 within the irradiation area. Then, when the inclination of
the image plane cannot be totally corrected, main controller
20 may perform the offset adjustment of the focal position
detection system and perform the focus leveling of wafer W
described in the embodiment above, based on the state of the
20 image plane after correction.

In addition, in the case when it is predicted that the
temperature change (temperature distribution) of the water
will affect the measurement of the focal position detection
system (90a, 90b), focus leveling control may be performed

25 taking into consideration measurement errors due to the
temperature change (temperature distribution) of the water,

or the detection results of the focal position detection system

(90a, 90b) may be corrected based on the output of temperature



(90a, 90b) may be corrected based on the output of
tenperature 102 sensors 38A and 38B, and focus

| eveling control may be perforned, based on the
corrected detection results. In addition, furthernore
in the enbodi ment above, the P@gssure change
(pressure distribution) of the ter is 5 obtained in
advance by simulation or by experinent, and the

MOVeIRAfy Of384 tidd 33E29€ 30 ﬁo%u%oﬁterv%llll%% %%QQOanﬁg/ebe

results however, the novenent of Z tilt stage 3

%ér%r‘ﬁfé@ r QJa's%Qi onf ¥heLXIIRt PR R iIhE results.

neasurenent results of the pressure of the water,

whi ch maynbedaeasyhedf byt Re pREBSEULE mm&&@ﬂ@@%@be, the
to the liquid supply/drainage unit. In addition, the

enpodisente abeved dpursasuwre tdist qiesdwne cdfange efater is
the water due to the water flow However, the
Smowdrieriinegf iwafdvastageyVWsimubyt ben contlrpoldxge mdmeerithe and the
i magi ng operation may be corrected by taking into 15
comsiviRedtti of 4 helhatt@ogpBesisucentnol heddeszehonviheresults,
flow exists (in the case the |iquid supply/drai nage
uthW@srrntabe medeReih ¢ hé atteFtadppIQneBcdwerhg congrolled,
addi ti on, nbodi nent above describes the ca
V\,h Féé‘{ﬂ S\%??% Tohbf I FFHEGHie rlec?’“ﬂﬁé 3% %he pressure

20 h h d
oclr HOMBVEE" e "Bl 8 CRRATGY GLR0 3 hiRg ore sensox

10V QUS HYPES, Yl qt%rilﬁtd g‘u}tp(lf)}‘/%*}a% r?%[’"ﬁ% cal

aberra I on, astigma tion

magni fi cati qryi@fi Shhe t'h'éﬂ%b%fdlh'%%tp%h n foc%Js%%t 8d the
within the irradiation area on wafer W

t eI AN L cBRagEes 22 1Y wBERSSHEE @%ﬁ@ewéﬁeksflow However,
descri bed above, such changes may be corrected by

opedtas infentdith &S wadjdistdtRg Py eetd Obe Qrte@lled and the
system PL, adjusting the wavel ength of illum nation
imaging operation may be corrected by taking into
15 consideration the water pressure in the case no water flow
exists (in the case the liquid supply/drainage unit does not
perform the water supply/recovery).
In addition, the embodiment above describes the case
where focus leveling control error due to the temperature
20 change or pressure change does not occur, however, in the case
changes occur in the various types of aberrations (such as
spherical aberration, astigmatism, distortion, and
magnification) of the image of the pattern projected within
the irradiation area on wafer W due to the temperature change
25 or pressure change as is described above, such changes may
be corrected by operations such as adjusting projection

optical system PL, adjusting the wavelength of illumination

light IL, andmoving reticle R, based on the temperature change



light IL, and noving reticle R based on the

tenperature change 103 (tenperature information) and

the pressure change (pressure information) of the

wat er. Dependi ng on the type of resist on the wafer,

resi st substances may dissoIVﬁ énto the water and

have an adverse 5 effect on th& image formng. In

such a case, it is necessary to reduce the influence

th [ I : Lak t [ [
SeasBarmen Theoarevions That "k S Skt (pressure

on it {¥8 /i3 RAenf)OIH RG OfyslcRe next shot. The foll ow ng
second enbodi nent has been nade from such an aspect.

10 - Secoegehahedi BBNthA s¢pendremwbedisiesh ehet hafer, resist
present invention is described below, referring to

Fi gubstbAdes hhyFdikeblpar istbhahe khatrert badsasweotn adverse
simlar arrangenent as the first enbodi nent

5 pr éfifers] pndeserinzer fotemisgne Iefsr@neecasaerat siawnkkessary
be used, 15 and the description thereabout will be
br itef resfucenttineelip £ lyginceedhathéhgr dangerdwed optgmial of the
exposure apparatus in the second enbodinent is
si A9sas oV hak seRPsheut When EhdSdicverus skrhaereghbhexposed,
t he sugglﬁ/draina%e nmet hod of the water via liqujd .
SUPIRSPALEENIRIYIRPEMZBIRL HaP meESnih Rt | erfRggtollowing second

Accordingly, 20 fromthe vi oi nt of avoi di ng any

e SIATIR 2 GRS degtt (HPo R WA DS made

f ocusy Q ints different from the first
10enbo f%en(f n%¥ﬁ%k£§bosure apparatus of the second

enbodi MRl <cphe] oRRBLALEARS ¢ ek LBABCLRC iAYRARYES is
operation based on the 25 step-and-scan nethod is

perdeydvithe d1BE Eow PO fldrGaldgys o WHeR .Wef £ ceXLhaNge st s that
predeterm ned preparatory operations (reticle
al irgnrerhe basel bnes inEasy eredhgehehiteas! tigNEMst embodiment
previously described, the same reference numerals will be used,
15 and the description thereabout will be brief, or entirely
omitted. The arrangement of an exposure apparatus in the
second embodiment is similar to that of the first embodiment,
other than the supply/drainage method of the water via liquid
supply/drainage unit 32 by main controller 20. Accordingly,
20 from the viewpoint of avoiding any repetition, the following
description will be made focusing on the points different from
the first embodiment.
In the exposure apparatus of the second embodiment, when
operations other than the exposure operation based on the
25 step-and-scan method is performed, more specifically, when
wafer exchange and predetermined préparatory operations

(reticle alignment, baseline measurement of the alignment

detection system, and wafer alignment) are performed, the



detection system and wafer alignnment) are perforned,
the 104 wafer exchange and the predeterm ned
preparatory operations are performed in the sane
manner as in the first enbodi nent except for the
poi nt that the supply and recorﬁéy (drai nage) of the
wat er on wafer Ware not perfo d at all during such
5 operations. Accordingly, in the description bel ow,

Op%Jaai]*érO@cfﬁglﬁgt Eﬁé”@fmé’r%%&%%#rﬁﬂ%%&rﬁ%ﬁ%eﬂﬁ%%e@ations

plurality o ar eas _ _
St%ﬁ%ﬁ@@x%%%%e@ﬁﬁhoghéﬁEhm@em9§§§£'§§QMut§§P%ﬁh%kg£mbodiment

the operation during scanni ng exposure of shot 1

ar eagetd rblRet BE ePPi MY taRaT @hleoaupF;pe$M%§dw1%z (¥ ainage)
a premise, liquid supply unit 72, Tiquid recovery unit

74,0 fanthevaauem exhaasdér Unidre/BoshpwnfbPmEbgat Ga BT &Urdng such
be operating, and the valves in valve groups 62a and
562darddtiorspen, while valve 62c is fully closed, and

the valves in valve 15 groups 62d and 62e are opened

to a predecomdiingd vdegneehe deisgyiptiant beldw, stmarations when
wat er suppl y/ drai nage operation flow while wafer

st &g G155t AR ¢ b° dafdernaoBheta &rlegalditvaat shot areas
exposure apparatus related to the second enbaodinent. .
Théehar&t BﬁF?ﬁd’ﬁ‘aFﬂ%ggetelPe‘t%ﬁcr?nt Retleddrd 1 be described,

erbodiEnt, i 1 29, o b, desaribed below LeLErrinGe onos

area SA subject t exposure nears a proj.ection.area
L0 AT QI Ao ™ = Wathers A9 1A hat T -

light IL4sS,irradi.ated: vi ' r0j. ' .
o0 Lt gl e S S 09, Bl very o

25 eontgd i durd S81dud et ere stirgs MBI Hial. tdisre to be
point, reticle stage RST is also driven in the

opp&sd e did el hef vaakes gt agev¥ijratpa epeethd 62b fully
corresponding to the projection
open, while valve 62c is fully closed, and the valves in valve
15 groups 62d and 62e are opened to a predetermined degree.
Figs. 11A to 11F show a water supply/drainage operation
flow while wafer stage WST is scanned to expose a shot area
of an exposure apparatus related to the second embodiment.
The water supply/drainage method in the second embodiment will
20 now be described below, referring to the drawings.
Fig. 11A shows a state where a shot area SA subject to
exposure nears a projection area (an irradiation area on wafer
W where illumination light IL is irradiated via reticle R and
projection optical system PL) IA of projection unit PU by stage
25 controlunit 19driving wafer stage WST (at this point, reticle
stage RST is also driven in the opposite direction of wafer

stage WST at a speed corresponding to the projection

magnification) under the control of main controller 20. While



magni fi cation) under the control of main controller
20. Wiile 105 wafer stage WST is noving, main
controller 20 adjusts the degree of opening of each
val ve in valve group 62a of the water supply so that
the water is supplied on maferI%%via supply pipes 58
on the rear side of projection it PUwth respect 5
to the noving direction (scanning direction) The gray

ar & £ WER): J W9 1 s1 3R v3RAWS nf-h8 /8RN 1the IR’ s the
of wafer W which is covered with water. In this

St AeRyreRA6h AN PH £V M vadkeupn &2h v&f gk B8p VBLLHE the water
drai nage (water recovery) is set at a fully cl osed

st sy isD phew eksl wadescriisbeapplQ ethen, wadker wskage supply
WST noves in the scanning direction while the water
supplpesc 68t bnuelse ek tdieleapdapecoyecedoni tiit vl ewith respect
(WIR) spreads along with the novenent of wafer stage
SWETE o whktenoWnasdiseatiown (stafing.ngl dBreThéost at elsh@may area
in Fig. 11Bis the state immediately before shot area
SA Jedtn tfFg-9.13 1éx sdouse the alxeat oo the exgdssg. of wafer W
Then,, when shot area SA reaches the exposure area,
expBs e BCOIREE It Beh BALPE - pet? SPASF T e heashy@lve of valve

manner as _ i s previously described. During exposure,,

hs GOWhIRP Of 1 VPLET SRt TR % HUB T oS0 TACON eSS 1 g Set at
ass t-hr ough oj.ection area |A.i S i.n a Stat.

Covhrdt W (i GRser B A® (et € e Bh eSS SSown

in Fig. o] r [ , i : -
1OcontrgII§%%£g g&%%ggégghg @%E?@QV%$:ggéﬂ%%ﬁcg§¥ﬂé§kﬁlreCtlon

val g id ¥l V8 t@r0uRpB2h ebnthguuat efndraidage SRR red with
25 to collect the ma?er covering the part where

eXpRMHE AR )begit e LRIRIRI wilth ttHeS ntA%entth® fVala¥es stage
in valve group 62b, which are provided at a position
submnvhd@kkyWw swanes rdheadin i Fie. 11B. The state shown in Fig.

11B is the state immediately before shot area SA subject to
15 exposure is about to be exposed.

Then, when shot area SA reaches the exposure area,
exposure of shot area SA is performed in the same manner as
is previously described.

During exposure, as is shown in Fig. 11C, part of shot
20 area SP that passes through projection area IA is in a state
covered with water at all times.

From the point shown in Fig. 11C (or from before such
a point), main controller 20 adjusts the degree of opening
of each valve in valve group 62b of the water drainage so as
25 to collect the water covering the part where exposure has been
completed. 1In this case, the valves in valve group 62b, which

are provided at a position substantially symmetrical to the

valves in valve group 62a that are opened for water supply



val ves in val ve group 62a that are opened for water
supply 106 with respect to projection unit PU, are
opened. And, as is shown in Fig. 11D, stage contro
unit 19 drives wafer stage WST whil e exposure of shot
area SA that passes through projection area A is
bei ng perforned and the water 0% hat covers the part
wher e exposure has been conpleted is collected. Then,

as n%%ge whd it H L1 DROSIG Yy Shate SR .é\ s

. "As’ soon “as "exposure I's coffplete

manner abewe, ;s ak 4k, S aRE -tgjf.ﬂﬁlﬂgi&afg@&esf?{JCSE wdt 19 drives
conpl etely closes each 10 of the valves 1 n valve

Or QrIY &2as tisRd Waar WRLRS SyRRlbe BIehAl e $hag®at passes
where water on wafer Wis conpletely drained as is

shamy duyHipgo jEbti ofafe@ODAr 0kl 18617 SO ©tdd Yand the water
cl oses each of the valves of valve group 62b. In the

Smantrert descridethealpave, whaues Wxpapareatiasn deer coldpleted is
shot area SA, and the water supply/recovery operation,

or dallestttest. WBhes, theinaskeowsuppl Figr ai Iagexposure of shot
operation performed synchronously with the exposure

opead o i aﬂﬁﬂlﬁt@d}/ Then, according to

instructions given frommain, controller 20, stage

control &% £°P9 BEr PEPREVERel St ePPP FRLCD0i D fdratieger above,

o he S v e e e e e g SR o Loses each
h : [ | i f W Th f
107 ake WS pEhve Tl R E2Boutfe Yor bangr iy Then,
the s eticle patLeLPY @%@e{% yater %5i§u<9&4@qed{eaig%&eained as
operation synchronous to the exposSure operation are

perfordma,d N he pane Frannen agdes A9 IRed A1y closes
In this case, mai'n controller 20 controls each section
each of the wvalves of wvalve group 62b.
In the manner described above, exposure operation to a
15 shot area SA, and the water supply/recovery operation, or in
other words, the water supply/drainage operation performed
synchronously with the exposure operation is completed.
Then, according to instructions given from main
controller 20, stage control unit 19 performs the stepping
20 operation between shots in the same manner as in the first
embodiment. However, during the stepping operation, none of
the water is supplied on wafer W.
Then, for the next shot area, scanning exposure
(transfer of the reticle pattern) and the water
25 supply/drainage operation synchronous to the exposure
operation are performed in the same manner as is described

above. In this case, main controller 20 controls each section

so that the moving direction of wafer W and the flow direction



so that the noving direction of wafer Wand the fl ow
direction 107 of the water supplied on wafer Ware in
the opposite of the case described in Figs. 11A to
11E. And, in the manner descri bed above, the scanni ng
exposure of the shot area on éir W and t he stepping
operation 5 between shots are peat edl y perforned,
and the circuit pattern of reticle Ris sequentially
rr t t;.ar is
s o vi e reag BR aaP et P e Y Fdaca i By BBt of the

ac%rs@ Qﬂest&ltdé%i DPISYe anparat ygg.n the second
enbodi ment, the water supply by the 10 supply

mechani smngr, evnoslky mdegeri Bedctobkle abayedetdk scanning
peri pheral wall 32f, which includes the space between
pr @jxecisure ofithePkhét enseaAdnofa fywjientid eheopiémadng operation
system PL) and wafer Won wafer stage WST) and the
5 wa thert weego \adro sha reh e e preat@didryy peerdioanmesin amel the circuit
performed in sync with the exposure 15 operation to
eadintsteom @rfeaedn adef & W SHemregftgred, 1 ywhenans fisatrtesk onto the
is transferred onto the shot area on wafer W subject
t 0 RFESirtey Paselobra ¥ oS staapliditt asc A VideHodreapi e wafer W.
the shot _ area passes through irradi ation area | A of
|Ilun1naﬁﬁ S| dgReTL EvaQOEFOJéEFP&HlBEtF@th§y§¥89§ure

be a&?@ﬁraaﬁ%%é?étm E?f’s??"ﬁﬁ@) BaR0tR T | H Tt G by the

42 d,
10 tﬁ?ﬂﬂjl h res\o%l Slv%%e g%lk%%%&of écéll?s casfLléire of
AT W .E“la."?w A PR A e Mtpeen

i r rﬁ%ﬁdﬂrbr?@nﬁ%r pod( Mé et hbe ?Bgﬁe@{’:@@ns | 8641 tso_ystem PL)
exposur e passes through irradiationh area | A or the

perdraf wiaffelrudi 619 Wt i stadealison aeiiredwandrarstd@dty by the
l ength of tinme after the irradiation period,
recovery mechanism are performed in sync with the exposure
15 operation to each shot area on wafer W. Therefore, when a
pattern is transferred onto the shot area on wafer W subject
to exposure based on the step-and-scan method, while the shot
area passes through irradiation area IA of illumination light
IL via projection optical system PL, a predetermined amount
20 of water (the water can be exchanged at all times) canbe filled
between lens 42 and wafer W, and by the immersion method,
exposure with high resolution and a wider depth of focus can
be performed when compared with the case when exposure is
processed in air. On the other hand, besides the irradiation
25 period while the shot area subject to exposure passes through
irradiation area IA or the period including the irradiation

period and a slight length of time after the irradiation period,

wafer W can be in a state free of any water on its surface.



wafer Wcan be in a state free of any water on its
surface. 108 That is, when the plurality of shot areas

on wafer Wis sequentially exposed, because the

supply and the full recovery of the water between

| ens 42 of projection optical fa temPL and wafer W

are repeatedly perfornmed each exposure of 5 the

shot area is perforned, decrease in transmttance of
'llTﬁythEHO%Hé g@%ﬁ!%&u M&h3e oF etk %Qe%%eo'”%%%er W is
formng, 'and the like due to0 substances o he

ph%fe%@%rﬂﬁi-taim & q i ) i 550 MDD
into the dhte?lcgﬁaiz éﬁ%%???fg@@b%?%%ﬁgwggﬁﬁﬁﬁdﬁ% iﬁecovery

t he fexpesus e APRAAEas lidhd e 8ECHNEH e €FDOSl dBcal RS stem PL
supply mechanismhas a plurality of supply nozzles 36

I N alnfte waetarp e iy eofr eipeladidaty @r rdoemecdAsaand t3mepkykposure of
nozzle 36 used for water supply switches in accordance

Swi tthhe tshhetseama ng gerdotnmea, ( teviregsél riecttiramsmifttance of
wafer W Mre 15 specifically, each tine a shot area
i s idposedt idre lighér ILs aduppsé eelf HyCt hen duppliynage forming,
mechanismfromthe rear side in the scanning o
di rPe¢t ithye dfikRafdele P SN@stencespoidithg Pdoftkisensitive agent
operation, the water is fully recaovered by the
r ecRFSH B meh 85 56h dh e VR dinde ithe e tsdamiirnge
direction. 20 Therefore, the inmersion nethod is
appliFed $°5€ach exposure of the shot area, regardl ess

10g‘;pltolhfezci?&g%id@%t&"ﬂoﬁm‘?”iinofrt‘he' %xg‘é%iu‘rieoﬁa‘%}a'ﬁ%g‘ﬁf%t ih_ the second

thée Tinsi'dé o pef eral F'om

th e i d | irection of wafer Wy
e RS i Cohrau suery S8° Gescr bod gty 6% supply

reGRVANIRL BY {11@ heESOV BE e FREFANL B AU 8L 8 0on IR QUS| Ihd supply
described on the front side of projection unit PU in

theucfz_flﬂ(rjﬁ]iii%gu@ieﬂeﬁbkoﬁatéﬁ & bS] ¢asel t dhes Wal @lccordance with
Suagm:icanning direction (moving direction) of wafer W. More
15 specifically, each time a shot area is exposed, the water is
supplied by the supply mechanism from the rear side in the
scanning direction of wafer W, and corresponding to this
operation, the water is fully recovered by the recovery
mechanism on the front side in the scanning direction.
20 Therefore, the immersion method is applied to each exposure
of the shot area, regardless of the scanning direction.

In addition, the water supplied to the inside of
peripheral wall 32f from the rear side in the scanning
direction of wafer W by the supply mechanism previously

25 described, 1s recovered by the recovery mechanism also
previously described on the front side of projection unit PU

in the scanning direction. 1In this case, the water supplied

flows along in the scanning direction of wafer W in between



flows along in the scanning direction of wafer Win

between 109 lens 42 and wafer W Therefore, in the

case foreign matters are found on wafer W the water

fl ow renoves such substances. In addition, also in the
second enbodi nent, bubbles found in the water are

coll ected by the bubble recove 9 5 nmechani sm

previously described as in the first enbodi nent, at

t hQ_ern%arlQSbH? @%fé’fq«#.ecﬁ‘h%'}e%!rte,layn' E‘hé h@aé&m&%n matters
direction of the water. In this case, when the

scayyd rYudHr 8t O, VREGIA W) $19W LeR8FestdI&h substances.
corresponding to such an operation, the bubble

recovery mreehidnits®nysed sfor ncehleegleicbadt Ravbelkleds, Edbbles
is also swtched. In addition, in the exposure

apanaidisin ntidhevsenonte eylddoty bywhere HidHiad tredddvery

is transferred, the water supply by the supply
Smeateniicsans steoppets lat ddse idient asheme tihiee frieart eembddiment,
of the shot area subject to exposure noves off

i rreddtheireariside o4 pyo ket ton thétrill éndiite sfanhéng direction
wafer stage in the scanning direction. Therefore, .

t hiaf dfreecifeal.y S0pphéesseasyi brhken ohe anmed gy diection of
drive of the valves and the water hapmer acconppanying .

t he'adS Vvl $5 iRAERd i RESPCRF BF TRIMSHP Ak SPEh ah@peration,

d di he i f ' . it f | I,

opti B P IB Sy Rt BN LY Mot 6ot (i BROBAE CaRdvdiePubbles
1osungA iaedﬁjoca%bibcecheroeduced as nmuch as possible, so as to

re uce]t e time required for recovery. In addition,

inth i ,
uhen Che BarLErh Tad. DEby Tt AROTS ea oh G et T

n
h d
erred a shot 2% © secon

ar eansdinRGlt ! QneXPOSIRt 18 Y8 ad S d B eLRd Wter supply
the recovery nmechani smbefore the stepping operation

of yatae sspEOE ndhhatsneed stvdSedart ORERG I Qhet® the rear
the pattern transfer
end of the shot area subject to exposure moves off irradiation
15 area IA due to the movement of the wafer stage in the scanning
direction. Therefore, this effectively suppresses vibration
caused by the drive of the valves and the water hammer
accompanying the drive from traveling to projection unit PU
and degrading the image forming quality of projection optical
20 system PL. Furthermore, the amount of water supplied can be
reduced as much as possible, so as to reduce the time required
for recovery.
In addition, in the exposure apparatus in the second
embodiment, when the pattern has been transferred on a shot
25 area subject to exposure, the water is recovered by the
recovery mechanism before the stepping operation of wafer

stage WST between shots performed prior to the pattern transfer

of the next shot area begins. Therefore, this frees the



of the next shot area begins. Therefore, this frees
the 110 exposure of the next shot area from adverse
effects due to substances of the photosensitive agent
(resist) of wafer W dissolving into the water.
Furthernore, the water supply ggg recovery nechani sm
in the stepping direction can omtted. 5 In the
second enbodi nent descri bed above, the case has been

desid et e & HN @ SUPRING tMRGRANI S GRS skthe AR due to
suppl'y when the front end of the shot area subject to

expapFtandds (dTe tHeaRphote sdinsaativen aRaehaselshe tSURR Yafer W
position (or imediately before) as is shown in Fig.
1141 sBwE wares ént o lth¢ ek kli. onFuhbMevedre ] THwakem d18sbly and
to this, and the supply nechanism may begin the water
supploovatr eimekbeanpemnin Efd¢ erteppimgstiépphdgonpermtbeopmitted.
of wafer stage WST between transferring the pattern
Sont o t he Ishbheaseeord snuradinsrex gesgré bgddabove, the case has
transferrlng the pattern onto the preceding shot area
@q?éb@esgl&ﬁép@eé& tdfe SupRdfve Mesthagd spshegdes the water
begun its nnvene exposure of the succeeding
sho?tupé%léfaw ﬁﬁd“b%ff6r°é‘tt RRAITORNS AR G SPhEUBREET drag¥pOSure

rg&:ﬂﬂt% ex Ojfr}ug(r)regllrlnqgtthlreargCannl n% H:SII recti %3, rpeoe}scll?ﬁson (or

nechanl M. S e wat.er to the | i de

peripiset %flfgf A PR d&b%%ﬁ%ejﬂ'aceThe present

bet: QﬁierJ |t ( f. RrQjec
1Oopfica}t§bsten1 E%ﬂdlﬁb gF’%?H&téﬁggg}gggéﬁe%@%Tthe supply

f I ol FRmay @%gll& the navéggs@%ﬁfw@rblt(ﬁec@wﬂ&, after
direction) of wafer W and fills the Space between

| ensheA2tapdingfiie WMot he feat §fa%@mﬂb@tﬁ@&ﬁm%sferring
of wafer 25 W I n this case, when shot area SA on

waftare Westitly |mctoritn thepasivte ampe suko) ddie taosiddadure and
under lens 42, the water is supplied on shot area SA
w tthouts feaidirspfbreoathtdrrape&aoShke preceding shot area has been
15 completed, after wafer stage WST has begun its movement for
exposure of the succeeding shot area, and before the front
end of the shot area subject to exposure in the scanning
direction reaches the supply position. In this case, the
supply mechanism supplies the water to the inside of peripheral
20 wall 32f, which includes the space between projection unit
PU (lens 42 of projection optical system PL) and wafer W on
wafer stage WST, from the rear side in the moving direction
(scanning direction) of wafer W, and fills the space between
lens 42 and wafer W with the water upon the movement of wafer
25 W. 1In this case, when shot area SA on wafer W subject to
exposure moves to the position under lens 42, the water is

supplied on shot area SA without fail before shot area SA

reaches the position under lens 42. That is, when wafer W is



reaches the position under |lens 42. That is, when

wafer Wis 111 noved in the scanning direction, water

is supplied to the space between lens 42 and the

surface of wafer W Accordingly, by perform ng

exposure (transfer of the pattﬁig reticle Ronto

wafer W of shot area SA, whic erves as the area

subject 5 to exposure, the imrersion nethod previously
desgdidednithe 38RhheHg AN AXRASURELES lﬁ,egugﬁtrﬁédw Phe space
hi gh resolution and a w der depth of focus conpared

Wi the et asesMignagd pasdIrir igcPlogec@aged wh aldcoddingly, by
t he second enbodi nent descri bed above, as is shown 10

i n géxfork?ing ekpexampl g ras fde olfoves patides@cdf aetdfcle R onto
liquid supply/drainage unit 32, a plurality of

partdfieoriy) 8 st B S&,endiing igenves sEmhiengrea subject
direction may be provided, at positions on both sides

5i n theedarswesan iy dieattdion nftheod magwlqusd widescribed is
supply nozzles 36 (supply nozzles that are within 15 a

r arftRP g3 e 36 E¥RG StU8 epr-6j Bet formad et ¢h rivkah atgssriution and
ar ea) A of the pattern i n the non-scanni ng

di rectis) d&.ﬂ%@éd OSHaceamBpare VhACR hteh%oqqa%ecérmﬁm@xposure
di rection,. his case, wthin each area partitioned

by kﬁu&ﬁ?qcﬁﬁf 74 &f 87b where supply nozzles 36 are

each d|899§%% s%%% grgm oB?ﬁeﬁg aégﬁggbg85$8 ed MAtQS shown

each pi pé correspon e 20ppl V' Mozl ed

1036. g'gﬁ% r@' nf%‘}n%&gtn#ﬁtﬁ Zgnn@MeS%&QPue;rchpéé/c Ioef liquid

36 us or Water suppfy by thée water s ani sm

I N s 3GC0)F dancen Md hudhe Posid ipn,ef e ﬁ‘(ﬁaﬁﬁqﬁcﬁﬁ 87a and

waf er W'subj ect to exposure, and accordingly,

I eCOMEIek tiESh P2 nusee Eeannahgr d2beEeLoOMEhYy MBY M SOided, at
be switched. In this case, supply nozzles 36 an

r eqovet tyi qri pesn Sdbttays ke svirt diited don tdwarsdglrectdivection of a
open/ cl ose operation of each valve in valve groups 62a

andlurality of supply nozzles 36 (supply nozzles that are within

15 a range corresponding to projection area (irradiation area)

IA of the pattern in the non-scanning direction) arranged

spaced apart in the non-scanning direction. In this case,

within each area partitioned by partitions 87a and 87b where

supply nozzles 36 are each disposed, recovery pipes 52 are

20 disposed with each pipe corresponding to each of the supply

nozzles 36. Then, main controller 20 may switch supply nozzle

36 used for water supply by the water supply mechanism in

accordance with the position of the shot area onwafer W subject

to exposure, and accordingly, recovery pipes 52 used for water

25 recovery may also be switched. In this case, supply nozzles

36 and recovery pipes 52 may be switched by the selective

open/close operation of each valve in valve groups 62a and

62b.



62b. 112 Normally, a plurality of so-called chipped
shots that are partly chipped is located in the

peri phery on wafer W and in such chi pped shots,
there are sone shots like shot area SA,, in Fig. 12
whose size in the non-scanning g%rection is 5 smaller
than that of other shot areas % ot areas located in
the inner section on wafer W . The position of

chi pped {42194, ani\ﬁf:giiwa@f’ﬁ%f%e?i‘?&? %‘ﬁ*@d s that

(including the size)  1s known. ore,

exRes A rRA Yy cHgR LA NQld828n ¢3R F@)%rrfigih@ﬂyh%n wafer W,
open/ cl ose control of each valve in valve 10 groups

62amndn6Alcis ehtibale d S8o 18} &thd1Se sStBPsbRE SHoW 18 RE shot area

exanpl e, supply nozzle 36Q indicated by a in Fig. 12,

andA,r eaovegedlBywhesavedyepipeth@nhahsecandiagt adrbytion is

a . And, when such a control is performed, water
Ssupplal/idrmaithagethst obtotgerdf ehwedaireashésbbt poezk pdrdcated in

in shot area SA, . 15 Accordingly, by conpletely

dr d&ihsi Agneeseatépnfeomafrr dHlea Tha masetiavn thathipped shot

than the shot area subject to exposure before the .

exposup®, V3 kex dhapretbptshare it éhef ebat| b hHegdbrg the size)

much as possiple when ex osing t he chi pped area, even

i n e BFETPRE’ sV28"of laamga$§nrp|m£ﬂés opp4riogler 20

22d. of wafer haql.der 20, 70 cannot_ be increased. .In

i T RRE TG T RSV O GO 1ot S TG e valve
102%%@@35 C%SrZIa tn%{ @oy t%%%rt{%%om%rt)érp!i%e Sg’%lpgrl%d from, for

n accordance wt e scanni ng ction

of e rﬁ{lew sjd?)pg.gﬂi&t?iz%ri’ d@?gpl\%ggggglehegyigbw%?%gtCHZ, and

suppl'y ‘noZzle 6 use er “supp :
wat el SHW Y IR GRAYVR @iggcs@bdamgg %amcgﬁgd%g:%ot And,

the shot area’in the non-scanning direction inst
of wHh pAsIH i@t ddie ishQle rA@Meslbjwedler supply/drainage is
not performed in the chipped part in shot area SA,.

15 Accordingly, by completely draining the water from the area
on wafer W other than the shot area subject to exposure before
the exposure, it can prevent the water from leaking as much
as possible when exposing the chipped area, even in the case
where the size of auxiliary plates 22a to 22d of wafer holder

20 70 cannot be increased.

In this case, it is amatter of course that supply nozzle
36 used for water supply and recovery pipe 52 are switched,
in accordance with the scanning direction of wafer W.

In addition, main controller 20 may switch supply nozzle

25 36 used for water supply by the water supply mechanism in
accordance with the size of the shot area in the non-scanning

direction instead of the position of the shot area subject

to exposure on the wafer, as well as accordingly switch



to exposure on the wafer, as well as accordingly
swtch 113 recovery pipe 52 used for collecting the
water. In such a case, even when transferring a
pattern of a different size onto the sane or a
different wafer, exposure can ge performed snoot hly.
In addition, in the second enb H? ment descri bed above,
5 t he case has been descri bed where the water supply

t n
S rRIORRAG o n%\?@@z%%&?ﬁ be 11t 3 %ﬂ;o{hé"w%%e‘} veh W a case,

et ed er to Fig The present

| nefald QRenhOVEYEFert Snd A paki Bl-hesls taOdtllaE@rearadsuelo%to the
possi bl e to enpl oy an exposure sequence such as th

ongaskOYA d 8i FEgsent It 18kpodQrkntdhbs W&rﬁé@ smoothly.
processing in Figs. 13Ato 13Cis the sane as in

Fi gs. 11Ant addifipnevimusleysdesati dasod Hwey elescriitbed above,

the point just before the rear end of shot area SA
5sulijhectastoh&x pesur despriihedselaane nhadivaeeti suppby eiss stopped

off irradiation area |IA or to be nore specific, at

t he/hsoi epalsere phethearhds agred oh whberadl dmSheen completed

reaches the suppl osition (water supplg position

(t h&SF6s okl et ﬁuﬁbi y Hicpersgpny SABAACIANFikpwewny, is not

mai_n conE{oIIer 20 conpl etel clos valve roup 62a,

and ‘@€ 315' rhﬂy et e r @n exposure

SRR L G & red_ %%ef%gﬁ e nge o™
10\ll:\llhlggh t12 n\l\@h$i3%5é\7\;gﬁl% ﬁﬁlg;%g%r{%blt ﬁrrl Flj]l( rssfag.giAt o 13¢C is the

dess%ereb%‘é Hef n E’I SN9168 FL981c t]&%%fn’o&élf% LEEAADD! Y gowever,

case vibration generate

SUpR! yher gbnage; 8l v dlvre %hénPéﬁr'éHd'&%ngﬁognarea SA subject
exposure accuracy, the throughput can 25 be

ef firctdxypRlsyiriehOYRE. stanhihg EBSS:t BgRinbvdN@ Aatieradiation
is collected by the recovery nmechanism after the

patdreran IAgs orbeerod maoss expreed fdnrt, 0 aghoheapetn SAvtestk the rear
before the stepping
15 end of shot area SA reaches the supply position (water supply
position (the position of supply pipe 58)) shown in Fig. 13D,
main controller 20 completely closes valve group 62a, and cuts
off all water supply until the exposure operation is over.
This reduces the time required to drain the water completely,
20 because the range to which the water is supplied is smaller
(refer to Figs. 13E and 13F) when compared with the case
described referring to Figs. 11A to 11F. Accordingly, in the
case vibration generated on water supply/drainage only has
a small influence on exposure accuracy, the throughput can
25 be effectively improved. In this case, again, the water is
collected by the recovery mechanism, after the pattern has

been transferred onto shot area SA and before the stepping

operation of wafer stage WST between shots prior to the pattern



operation of wafer stage WST between shots prior to
the pattern 114 transfer onto the next shot area
begins (refer to Fig. 13F) . As the liquid
suppl y/ drai nage unit, its arrangenent is not limted
only to the ones described in er enbodi nents above,
and various types of arrangene can be enployed. 5
For exanple, as in a liquid supply/drainage unit 32

showy id¥ %nt%élféhemsxergﬁo@%e%eb% L ygt l@&ﬁ@'eyww . 13F).

having the bubble recovery nechanismand 't
recoveryA@ozﬁéell@ﬁpaléiﬁ:qalmacl%é %?11@”' Yt 8 M 98Rhent is
nozzl e section, supply nozzles 36, supply pi pes
58 rtd“tallﬁ@ﬂétildriltyetb%ébﬂ@bﬂe&ﬂ%&ﬁﬂh&@é &fbodiments above,
supplying the water, a tapered nozzle section and
r ecovervaqiques t5ddhatf cansirigamentt e écowgiployed.
mechani sm for collecting the water, and slits 32h3
Sand 32h4 Roratexaggrist,i tast ént ke lduxiild auwppleg@oireriypage unit 327
mechanism and the Iike. 1In this case, with |l ens 42
as Sfmvrcdm ELg .t héAt dpes amifomelvebgssseectoredniithout having
recovery pipes 52 are provided in the periphery of
| erfd'&y ?u% HREH Beh e el st itdie, fuddpinpcovery nozzle

nozzl es, , and su es 58 . are di sposed on the
outRHO %, roﬁntdhsomggbé? %%lewé%?é‘@fji Z2h% FloWty SUPPLy

ﬁhﬁ?"s Zessh%wfq aﬁs%p 4/?3'1 ?ﬁ&&@@%p%dra %ge?g.he supply

1OeX%c}}%r}ie§&p%l{r ulpilﬁ/qg OE%dwgganl C?efré/@ nozz]1e section

from tori Wat er sub Fom s
' t | |
and Tha WOS’%r%é’”ﬁl%%%z *2‘”’@%&?.‘2%%5‘51@ §p€§¥ f@%&‘f%/ Hhcnanion

wat @iy Sappld@didg ainad r,anthdubblies 3on,t Baqgsappli edat
wat er are exhausted by the tapered 25 nozzl e section

anccdrecomarye pipesbd Ok thaed®ftersi G dfardiens 48 the like.
whi ch suppresses the bubbles from passing under |ens

42.In Mkamnkilse, wheht bees el rezzhe senteop @ne tapered nozzle
recovery pipes 52

15 section and recovery pipes 52 are provided in the periphery

of lens 42, and the widened nozzle section, supply nozzles

36, and supply pipes 58 are disposed on the outer side of the

tapered nozzle section and recovery pipes 52. In the case when

liquid supply/drainage unit 32’ shown in Fig. 14A is employed,

20 when, for example, exposure is performed scanning the wafer

from left to right, the water is supplied from supply pipes

58 on the left hand side via supply nozzles 36 and the widened

nozzle section, and a part of the water supplied is drained

and bubbles in the supplied water are exhausted by the tapered

25 nozzle section and recovery pipes 52 on the left side of lens

42, which suppresses the bubbles from passing under lens 42,

Meanwhile, the tapered nozzle section and recovery pipes 52

on the right side of lens 42 recover the water flowing below



on the right side of Iens 42 recover the water flow ng
bel ow 115 lens 42. In this case, the tapered nozzle

section, recovery pipes, w dened nozzle section,

supply nozzles 36, supply pipes 58, and the |ike

descri bed above do not necessa i%y have to be 5

provi ded covering the entire pertphery of |ens 42, and

for exanple, each one of them may be provi ded

respegtigeely on both ends in the scanning direction.
Regarding this point, the sane can be said for liquid

suppl y/ dhat RAYR aldRi, T £ B2 tRRWHQUSH ¥z 1 deeehiiked. rd@od&ry pipes,
addition, in each of the enbodi ments descri bed above,

t hey wRdreyd sieRRllye aedtdobai,nagpphy hoezléguds, supply pipes 58,
supply/drainage wunit is performed using different
nozzldehel g Kar elastir i Henv edtidven ddhemey elecdssaitdlly have to be
limted to this, and for exanple, the water supply
Sancmraidey e vy ey pdvef emied evipe nigtherryl®f lens 42, and for
suppl y/ drai nage nozzles 52' as in a liquid

suppiapdreal Aage onmiof Bem gpohe iy Fiigled 4BspeRtikiedy on both
case, when wafer stage WST is scanned, the water may

be &\iBplited e srRa e Al gseI9y dr BRAageingzEhés polint, the
| ocated in _the rear side i,n the scannin direction ,

and® i F@Et%sﬁﬁga{%@éﬁ% p?ﬁ@ﬁﬁ%‘gﬁ“r%ﬂ'ga%ﬁllé 3ppreviously
| ocated .i.n the front side in the scanning direction.

And;® 1895 case, when bubbles are found in the

10“ater’ tqﬁyagglpfé?yL@1égghé%?%ﬁ%%%b%%fﬂy%ég%é%?%%?edabove,

i nside |iquid supp dr ai na n the

Si dg, of, s Sgii%Pielg’t Lhe §£aPRLEE Q%rter?é ilthheuioa% pﬁﬁg‘irggrainage

t he scanni ng lon I's reverse and t e nozz
usech i+0ri dvadear s SRR Y Aty A1 iad Mags, g Sidchednet Beesent

bubbl es are exhausted fromthe water supply/drai nage
nozizlweerili drhe hotliediagge sshéle. 1imited to this, and for example,
the water supply and drainage may be performed via water
15 supply/drainage nozzles 52’ as in a liquid supply/drainage
unit 32” shown in Fig. 14B. In this case, when wafer stage
WST is scanned, the water may be supplied from a water
supply/drainage nozzle located in the rear side in the scanning
direction and collected by a water supply/drainage nozzle
20 located in the front side in the scanning direction. And, in
this case, when bubbles are found in the water, they gather
in the vicinity of the ceiling inside liquid supply/drainage
unit 32” in the front side of lens 42 in the scanning direction,
and when the scanning direction i1s reversed and the nozzles
25 used for water supply and drainage are switched, the bubbles
are exhausted from the water supply/drainage nozzle on the

drainage side.

Furthermore, in the exposure apparatus described in each



Furthernore, in the exposure apparatus described in
each 116 of the enbodi nents above, in lens 42 | ocated
cl osest to wafer Wanong the | enses that constitutes
projection optical system PL, for exanple, as is
shown in Fig. 15, holes may be farned in the portion
that is not used for exposure, Lfd the liquid 5 supply
by the supply nmechanism or the liquid recovery or

bubﬁl %h%egﬂlggﬁ¥mglfltp%\%§, '1% %Qﬁsllj li'o%ak%% BEOFest to wafer

recovery mechanismmay be pertforned via SUC

I n i BRoEESENSNAMY e PnEE g:orllsQlﬂJEGeSQ b‘ﬂﬁ@c‘t%oﬁ%&’f&?ﬁ system
through the holes fornmed in lens 42 en such

ar rengemnbxampedp! gyeds dHewrspaceilQ ¢8n hRe18auREly be formed
conpared to the case when the supply mechani sm and

recoverhy peehabhsohateidoidt arskanged erppkete| yand the liquid
exterior to the projection optical system In each of

5t heswodibyertlse ahoprdy ttecheasisrhasobedre ldescird bedtovery or
where ultra pure water (water) is used as the |iquid.

15 bkl erete@vesfy coursdb lesneiverthe Hel prigbdént the recovery
invention is not limted to this, and as the liquid, a

| i qifharHam mavche el eyned i éUCde]rﬁf hi gm the case shown
transmttance to illumnpation lig L and safe to

uséJ1§H€h éé'at?Fu%%Q%%ddth&FﬁWﬁ&eanbFOPgau?%ﬁ hryes formed
be us squ as a H{uorlne contalnlng |ne{ 4, th
i gt d, REPET AR Bl AERERESPERadeS iRl Oved, the space

10”HQ£L?%§ %%e%yc%%%a%%% tgetHéegasg-ﬁhen the s ﬁp%% mechanism

fluorlne contal ni nert i§ als0 ‘exce

framd h}%c%%@g @é mﬁgﬁgg.ﬂ F\%fb%%th akpaf nggaté&gﬂ@éelm%erlor

liquid h transnrita

gl jééggoﬂloﬁyg%égr§ygggglve i ndex as high

as 25 p035|ble and furthernore, a liquid which is
stabl e agai Redch td¥e gHeOj@HIAMeRY GHovay, St aGd hes been

phot oresi st coated on the surface of the waf er (for
exatss e ilwetlehwwedildi da purtheater (water) is used as the liquid.
15 As a matter of course, however, the present invention is not
limited to this, and as the liquid, a liquid that is chemically
stable, having high transmittance to illumination light IL,
and safe to use, such as a fluorine containing inert liquid
may be used. As such as a fluorine-containing inert liquid,
20 for example, Florinert (trade name; manufactured by 3M) can
be used. The fluorine-containing inert liquid is also
excellent from the point of cooling effect. In addition, as
the liquid, a liquid which has high transmittance to
illumination light IL and a refractive index as high as
25 possible, and furthermore, a liquid which is stable against
the projection optical system and the photoresist coated on

the surface of the wafer (for example, cederwood oil or the

like) can also be used.



i ke) can also be used. 117 In addition, in the above
enbodi nent, the liquid recovered nay be reused, and
inthis case, a filter that renoves inpurities from
the collected water is desirably provided in the
liquid recovery unit, recovery g%pes, and the like. 5
In each of the enbodi ments aboV t he case has been
descri bed where the optical elenment closest to the

i mage pl gne 54 1tﬁrﬂleﬁh'QﬂeO@559%|eﬁ%%ﬁg%kﬁk I $pk eﬁiguid

42, however, the optical elenment is not

| eri‘%&ﬂ)%r'etd HRY Heer &is P! healin PhatedR ag%lg%reql 'k}%t removes
plate) for adjusting the optical 10 properties such

abemialdian dsSphem €Ak AEIdAtd Ohated s d@@iirmﬁylpmlded in
of projection optical systemPL, or it may sinply be

a adwerl ipludtce . rebwr ey fade ofrddigreapt ipdale gl eMRNtthe like.

closest to the imge plane of projection optica
Ssystem PIn( e 4Z the eabbdimenhliec ebbodi, mehes calsevéps been

may be contam nated by 15 scattered particles

gersesnrdd o sherachespsicaltlanant cipadsstionhefimage plane

|Ilun1nat|on light IL or by comng into contact wth

t héf |Rﬁ93@qﬁmfbroﬂt|1c@dci$yatqﬂhé°leﬁﬁod+%t4§,atﬁkW@)Ver, the

containing inpurities. Therefore, the optical elenent

i s CRYhGA %%gg%ﬂ’é&se”?%%ﬁ‘éﬁ&éia?ﬂ’ é)leirbs PH@ Jtofe¥e an optical

ot A o Tt R i oo

1OeI %@E terccc?i.@§1% cI nt & G trgr%ttlvc\an ! h(st %%gllc%lil % IeSJ’:ra%lon, coma,
F e g ¢ o

price o exchan e onent Igh a

P80 A g 1, SO 01 01y
( I BEhNgo 68811 A% Welrheasu destease e nkhspt § BE PUOME N closest

Therefore, the optical elenent comng into contact
Wi tdo tdhe limddiedpiayieber $067€580Ph Copl P RNy Padmldel (1ens 42
in each of the embodiments above) may be contaminated by
15 scattered particles generated from the resist with the
irradiation of illumination light IL or by coming into contact
with the liquid (water in each of the embodiments above)
containing impurities. Therefore, the optical element is
fixed detachable (exchangeable) to the lowest section of
20 barrel 40, and may be periodically exchanged.

In such a case, however, when the optical element coming
into contact with the liquid is lens 42, the price of the
exchanged component is high and the time required to complete
the exchange operation is long, which increases the

25 maintenance cost (running cost) as well as decreases the
throughput. Therefore, the optical element coming into

contact with the liquid may be, for example, a plane-parallel

plate since it has a more reasonable price than lens 42. 1In



plate since it has a nore reasonable price than | ens
42. In 118 this case, even in the case when matters
(such as organic matters containing silicon) that
reduce the transm ttance of projection optical system
PL, the illum nance of iIIuniEft'on [ight IL on wafer
W the uniformty of the illu Hance 5 di stribution,

or the Iike adhere to the plane-parallel plate at the

Ui 5 Qf dIaNSRAfL At noQhea%%%%bM%EQaQb%%%qgntBg%% LRe organic

i ke of the exposure apparatus, e pl ane-par

Pl #a@ teahly cbarexahagoed i &si) tt@faqr %eaheelméutdrarfsmlttance of
suppl i ed, and the cost ner|t al so increases due t

t h@ﬂoq%s:tqmeaptY@aEwbad&emsdhel@lmﬁmngﬁaeadﬁd1wuhfinatlon
the case when using a lens for the optical elenent.

| n ldadditt iTanon wagaeh Wof thiee vertifodimient ® fdeser iihedminance
above, the range where the liquid (water) flows can

5be ettt rdibuerdiong otrhehenlti ke aplhejrect borhanpdane-parallel plate
(irradiation area of illumnation 15 light IL) of the
patitteitheaténcopft hreansportat iamd 3o amgypseent, or the
optional, however, fromthe point such as flow speed,
fI d«ﬂfk@fr@én*fh%cﬁﬁ%ﬂurq REPe&AGe s sthe e kanmitga ehgplate can

033|ble g%asettln 1t oply slightly |arger

?ﬁ@ha BPAd 31+ OIF LAt olaz%%%el%%pl.lﬁdea%d&fhe cost

the endelnents descrlb bo ¥§ auxiliar Iatesh .
{0 SR T Pd Ry bUPHBESTR 11 b SR A e oo
10m%¢rh%nv\@ éa%dswml)mcth c%ge\’\@{'lgﬁ Lpg ?gnshﬁg\fvt g optical

&nt i hvention, exposur e ap
noty eﬁ@gﬁssarlly require an auxiliary plate or a flat
plate that 25 has a simlar function on the substrate

stage arepay@ii@bbe; inldadhics CAsempbeMBLets ddsdSibed above,

preferable to furt her provi de piping on the wafer

st age: frahgeeqsn¥eei fige tihieyd i JUwd t$@ )t Babws can be set covering
the entire projection area (irradiation area of illumination

15 1light IL) of the pattern area of the reticle, and its size
may be optional, however, from the point such as flow speed,
flow amount control, the range is preferably kept as small
as possible by setting it only slightly larger than the
irradiation area.

20 Furthermore, in each of the embodiments described above,
auxiliary plates 22a to 22d are provided in the periphery of
the area where wafer W is mounted on wafer holder 70, however,
in the present invention, exposure apparatus that do not
necessarily require an auxiliary plate or a flat plate that

25 has a similar function on the substrate stage are available.
In this case, however, it is preferable to further provide

piping on the wafer stage for recovering the liquid so that

the supplied liquid is not spilled from the substrate stage.



the supplied liquid is not spilled fromthe substrate

stage. 119 In addition, in each of the enbodi nents

above, the exposure apparatus is enployed whose space

bet ween projection optical systemPL and wafer Wis

locally filled with |iquid. Fbﬁf¥er, in the present

i nvention, there are sone part hat are 5 applicable

to an i mrersion exposure apparatus whose details are

di s¢f Is Japa t jcat.i | O

No R 1388s 3 R RerE ST R S afa aRER exposure
SURIRGIrtQs SXPORYT Syd§ WHDER sbBc8 bhé kb &h RtdYe Qi dPoptical
an i nmersion exposure apparatus whose details are

di sglsasedpi.mnd ap@eese iRal 684119 fAnpldLat t B ilqi it OPEBwever,
No. H10-303114, where a wafer is held in a liquid

podin afhea preadeiterimween idept h Heofamed OB omeStoage.s that are
each of the enbodi nents above, an ArF excimer |aser is
Suseghrds adid d itghenstumeesiFheexpesert dpperdtiwnwhose details
however, is not limted to this, and an ultraviol et

| i e sldgcdesedchn, 15apanasir koot rigpligzdrion Laid-open No.
(wavel ength 248nm) may al so be used. In addition, for

ex i€, 2488 ulwhesd & ettadegielidingor ISuRstedteomupiest to
the | aser beans enjtted_from each of the |ight sources

r ef KRS H G ARRNES ARFP d1AREAGIT I maT e ] PO ITEGINE ) exposure

havi I f, . 193 | 0 d th
200 AN SIS A9o0D Tl B VSR LRl acene
105eBBEN e 1HERE 0 B hesbR00E STRILEL M 1 nese

anpl & e qdoredovd tds igre%%@;nﬁne%r Bgy% £5Hed ¥n a stage.

both erbiumand ytteribium(Yb)), and by converting

the wavellgnghBni 8f ol tenddBhiintd aBbvdSi A8 BrF excimer laser
nonlinear 25 optical crystal. In addition, projection

optiLakeslyss @MPLigBtNOdutdd t @the pOeBeft O¥dttion, however,
system and a catadioptric systemnmay al so be
is not limited to this, and an ultraviolet light source such
15 as a KrF excimer laser (wavelength 248nm) may also be used.
In addition, for example, the ultraviolet light is not limited
only to the laser beams emitted from each of the light sources
referred to above, and a harmonic wave (for example, having
a wavelength of 193nm) may also be used that is obtained by
20 amplifying a single-wavelength laser beam in the infrared or
visible range emitted by a DFB semiconductor laser or fiber
laser, with a fiber amplifier doped with, for example, erbium
(Er) (or both erbium and ytteribium (Yb)), and by converting
the wavelength into ultraviolet light using a nonlinear
25 optical crystal.
Inaddition,projectionopticalsystemEﬂJisnotlimited
to a dioptric system, and a catadioptric system may also be

used. Furthermore, the projection magnification is not



used. Furthernore, the projection magnification is not
120 limted to nmagnification such as 1/4 or 1/5, and
the magnification nay also be 1/10 or the like. In
each of the enbodi nents descri bed above, the case has
been descri bed where the preseré invention is applied
to a 5 scanning exposure appa Pus based on the

st ep-and-scan nethod. It is a matter of course,
howaverbed MY wdif IRRSRMo MMRH 180 1448 d10t A mided R
this. More specitically, the present 1nvention can

al s de Ssid@y repldied e a redust igr 10nQl ection
exposure apparatus based on a step-and-repeat 10

met hod. Itk é8tB craske desddiesertdiedpetht bbAadb®&XPOSHEECase has
is performed when both the mask (reticle) and the
substaratde s (nidfeat wharre siHes trarddealt! M rsteatdiong ist ialdplied to a
t he exposure apparatus can basically enploy a

5st ramEnurimns eRPbanre@pgder anes bdesdrémétie stepreafid+stan method.
enbodi nrent and obtain the sane effect. 15 In addition,

t hel hAesematine il epucan, d1ae R applaitethe Prgsent invention
exposure apparatus that conprises two wafer stages

(t vish "tademitfask e gdsiie ¥ppsr aPeS)LIiThRe L¥xpb8ar eresent
apparatus, in each of the emboqgnents descri bed above

can B Had! 4T &1t R 1SV e SPOAT g 20 aHetion
| e et R R U iR Fhnith Tidesy e repeat
10, PR 30, SRR Buts, SBLBLLACHINBORE K Broosure 1o

a'qngrﬁgfﬂbd'W%éH“BdEﬂ Eﬁglﬁgéﬁﬂureﬂ¥3¥é¥iéHh ﬂﬁgtéﬁ strate

such as the reticle stage and the wafer 'stage 25 nade

up Qfafait idde dmedhai il BArd el th@lsa at,t aghed 4 sure

the nmain body of the exposure apparatus and the
W rdgigh Bl Picpinniga s COaNEEtedtb1ANd $hehcttipd @dimilar to the one

adj ust ment (such as el ectrical :
described in the first embodiment and obtain the same effect.
15 In addition, the present invention can also be applied to an
exposure apparatus that comprises two wafer stages (twin stage
type exposure apparatus).
The exposure apparatus in each of the embodiments
described above can be made, first of all, by incorporating
20 the illumination optical system made up of a plurality of
lenses and projectionunit PU into the main body of the exposure
apparatus, and attaching the liquid supply/drainage unit to
projection unit PU. Then, along with the optical adjustment
operation, parts such as the reticle stage and the wafer stage
25 made up of multiple mechanical parts are also attached to the
main body of the exposure apparatus and the wiring and piping

connected. And then, total adjustment (such as electrical

adjustment and operation check) is performed, which completes




adj ust nent and operation check) is perforned, which
conpl etes 121 the nmaki ng of the exposure apparatus.
The exposure apparatus is preferably built in a clean
room where conditions such as the tenperature and the
degree of cleanliness are controlled. In addition, in
each of the enbodi nents descri b&d above, 5 the case
has been descri bed where the present invention is

gppéHeeglakgngX@P%WeeeQﬁB%g&gaipé);é chsor gﬁgué%%éﬁéé]%pparatus

em conduct or devi ces: ent 1 nventon,” however,

IS § NQfrridPi8d HA1bRI $n ANd ddn ¢RRMPERVLHEL n@:PtP%éﬁQ such as

to an exposure” apparatus for manufacturing [iqu

cr ik efbsRPhavs W& R nt0qb 88T 818ahi QHEd sCAYSIRntrolled.
di spl ay deice pattern onto a square shaped gl ass

pl ate, amneh &4@dapiexpasusgciapiFat aé bhbolimemuiast Hib&g above,
thin-filmnmagnetic heads, imagi ng devices,
5m drlfemecadendsy s dreganide dedr i HaA witeres  they driesdntkenviemtion is
addition, the present invention can also be suitably
15 ppl it t® eHpEXpos W apparatused fatr tmreemsfaartsiming
circuit pattern onto a glass substrate or a silicon
wafsmimandmsyor ek qgrodudhrg preseddednvestdgen hswever, is
sem conductors, but also when producing a reticle or
a mklidedefit ekPosurdchpparadt Be Widdedly aBPahedHd @Rexposure
exposure apparatus, an EUV expasure 20 apparatus, an )
X- AP EEAIGLUr o SR ARE U a7 di8pIays which
exposur e apparat us. Normal ly,..in the exposure
1Oapparraar}su%e]{)¥3tfl%%%%C H%E&e%bsfz]f%% SO BT bi R prto @ square
li V ul vi ol et)_ J.i it
tr o At RS A s dndfift R for
SURSL {8 Lo v BLEY 18 $-Sthchn %?ag?{éﬂicé‘ HEAES, imdRying devices,
fluorine-doped silica glass, Tluorite, nagnesium
fl uptd Benacioindd Yy dardf € RiSebNxR<demi£e Mnufactiud ng

Met hod>>
In addition, the present invention can also be suitably
15 applied to an exposure apparatus that transfers a circuit
pattern onto a glass substrate or a silicon wafer not only
when producing microdevices such as semiconductors, but also
when producing a reticle or a mask used in exposure apparatus
such as an optical exposure apparatus, an EUV exposure
20 apparatus, an X-ray exposure apparatus, or an electron beam
exposure apparatus. Normally, in the exposure apparatus that
uses DUV (deep (far) ultraviolet) light or VUV (vacuum
ultraviolet) light, it uses a transmittance type reticle, and
as the reticle substrate, materials such as silica glass,

25 fluorine-doped silica glass, fluorite, magnesium fluoride,

or crystal are used.

<<Device Manufacturing Method>>

An embodiment i1s described below of a device



An enbodi nent is described bel ow of a device 122

manuf acturing nmethod in the case where the exposure
apparatus described above is used in a |ithographic
process. Fig. 16 shows a flow chart of an exanpl e when
manuf acturing a device (like aE éC or an LSI as in a5
sem conductor chip, aliquid c § tal panel, a CCD, a
thin nagnetic head, a mcronachine, or the like) . As

[ h in Fig. , 4 n step 201 (desi ste , the
U e 1 Hered TR arghcare i cbe(Feposure apparatus
eX%'gJA erigjeeg. '%]5\? 1a CﬁsreC I1tr% Iag;%iatd'éozqerrgnarp ojgcd uﬁr?toocress .

device) 1S perforned, and pa

i mpl enentFﬁ#gnllué ;Qg}%wsog 'fEJTonercfh%rrlEeq)fkg?le%m,:m%}f’et ﬁ@len

202 (mask uring ‘step), a nask on

HANEE S LU a RS RED e'lsiﬁné;r O S meppfact wed,, 4

de
whereas, 1n step 203 (wafer nutfacturing step), a

svafdmi SotBisd REte B, Usingyed edd @1 s @S a cep, a thin
silicon. 15 Next, in step 204 (waf'er processing step),

t henpiatal c Mbadiuiat moerbhechike, i 6r fratdrad ke .t heswas eshown in
by lithography or the like in a nmanner which will be

desktkg béd,| ahertem 200sidgsighestegsk ahd fadet i parebrmance

in steps 201 to 203. Then, in step 205 (device

asstemign s1ep dajeMic e tsarsinplies padigmed wsiqig@dt for a

t he mafer(frocessed in step 204. Steg 205 i ncl udes .

pr oTVBERANAEGeNr ade e di s e pi . ark gy design to

process, and the _packagi ng process éch%p
10encHpRIA™RT o A ) CRhE Hetds d8rRe T R regd y, Thengt &p sEee 202 (mask

(ins Q%Eion step), tests on operation, durability, , ,

and TR 35 RE HHE Pt lor fed B tHe WG &t Heited ipircuit

ste %?5. After these step the devices are,

cortl STeT A" SHIpbad BUET #7 5o 9 1O SProw kRGP 203 (vafer

shoy Ngr A8 Ald @4 85aMl €3y is manufactured using materials

such as silicon.

15 Next, in step 204 (wafer processing step), the actual
circuit or the like is formed on the wafer by lithography or
the like in a manner which will be described later on, using
the mask and wafer prepared in steps 201 to 203. Then, in step
205 (device assembly step), device assembly is performed using

20 the wafer processed in step 204. Step 205 includes processes
such as the dicing process, the bonding process, and the
packaging process (chip encapsulation) when necessary.

Finally, in step 206 (inspection step), tests on
operation, durability, and the like are performed on the

25 devices made in step 205. After these steps, the devices are
completed and shipped out.

Fig. 17 is a flow chart showing a detailed example of

step 204 described above when manufacturing a semiconductor
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step 204 descri bed above when manufacturing a

sem conduct or 123 device. Referring to Fig. 17, in
step 211 (oxidation step), the surface of the wafer
is oxidized. In step 212 (CVD step) , an insulating
filmis fornmed on the wafer surface. In step 213

(el ectrode formation step) , ahn‘él ectrode is formed on
the 5 wafer by vapor deposition. In step 214 (ion

i mpl antation step), ions are _inplanted into the
WafdV1o%ep&es e ri 59242 Fiescri-ndd abehe? hhkexislation step),

- i h stage of waf i
P 35S AR5, ST PSSR g oo,
h o th 0] - ' | et
cocl Sy 19 BRRUEER PRREERe o SOBLS: o e
e T L

st 3 i it ith.a t nsi: t.iv :
e 1, IR RO o8 R0l AL fgptancation

Ci rudid) paldry B r@N 1hpe MRk hsthbr anaf gared. oM dd®11 to 214
waf er by the exposure apparatus and the exposure

metdodt wiesat ibedecahake. up Mrd-prafiz21h édeNesOpHBHf wafer
step), the wafer that has been exposed is devel oped.
Therodassitrep 281 (tdtec Matge ssteap) praveexipasead mddsem and is
of an area other than the area where the resist 20

r ereiertien radnasth Btageching. Finally, in step 219

(resist renoving step), when etching is conpleted,

t he resi $themhihe pbofe PERAPEFOREEBsEAr§ONRleleemVidt eaRyh stage
repeatedly perform ng such pre-process and ,

pott YROEESRIORBFE+ ¥ e L PPEGTPTRAEEEr S SHeC UG hil e manner
the, 25 wafer. \Wen the device manufacturi met hod
oSS A o POt BLEUEBec 4088 rnan step 215

eXpPrseugiestapfoa n?attuisondes Cerpi)b,edche wafer is coated with a
photosensitive agent. Next, in step 216 (exposure step), the
circuit pattern on the mask is transferred onto the wafer by
the exposure apparatus and the exposure method described above.
And, in step 217 (development step), the wafer that has been
exposed is developed. Then, in step 218 (etching step), an
exposed member of an area other than the area where the resist
remains is removed by etching. Finally, in step 219 (resist
removing step), when etching is completed, the resist that
is no longer necessary is removed.

By repeatedly performing such pre-process and
post-process, multiple circuit patterns are formed on the
wafer.

When the device manufacturing method described in this
embodiment is used, because the exposure apparatus described

in the embodiments above is used in the exposure process (step
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5

10

in the enbodi nents above is used in the exposure
process (step 124 216), the pattern of the reticle can
be transferred on the wafer with good accuracy. As a
consequence, the productivity (including the yield)
of highly integrated nicrodevifgg can be inproved. 5

scri bed above, the
exposure apparatus in the present inventionis
suitable for transferring a pattern onto a plate. In
addit§)on, then@dAtde %ﬁ%’feacrtel}?rjicr’]r@ FRAhEE it aederged on the
present invention is suitable for producin ..
i PO 1B, 9998 ARIKT Y - CLAP NESPPESIRena i oeguct ivity
apparatus,that .illumnates a.pattern with an .ener .
boam et riharis v18300 55 Fuffl bl ek il e ipes can
a IE ' ptical system said exposure apparatus
coﬁ%ffgﬁﬁgsﬂgﬂsubstrate stage on which said substrate
is mounted that noves within a two-di nmensional plane
hol di ng said substrate; a supply nechani smt hat
SUpPNDFS TREALJ ARPHIGABELIT Yoet ween sai d projection
optical system and said substrate on said substrate
st age; aBsedéyéop aribesghiabavichatt hiee @apossi reaiagpiairgdiug;, in the
and an auxiliary recovery nechanismthat recovers

saiRF 3§ Hu B YRR RNcbRISH Lt e L PE d A i T ihpdPat tern onto
recovery nechanism,_A15 2. The exposure apparatus of ,
G 3 etk i G - Eppatarhes ALl hod in the

present invention is suitable for producing microdevices.



a plate provided in at |east a part of the periphery
of a mounted area of said substrate on said substrate
stage, said 20 plate having a surface arranged at
substantially the same height as a surface of said
substrate nounted on said subs%%gte stage. 3. The
exposure apparatus of Claiml rein 25 said
auxi liary recovery nmechani smrecovers renaining
| ggratrd herAeMES §8.0f said projection optical
systemin a noving direction of said substrate. 126
4. The exposure apparatus of Claim1l wherein said
auxi liary recovery nmechani smrecovers renaining
liquid atl.t henfegpbssideappasat@s PERAECLiDINORIEESl a pattern
system in a noving direction of said substrate. 5 5. .
Theviehpas wine rayplae &t b dot r £haf e d swherea it Sam dnto a substrate
auxi liary recovery nmechani smincludes a suction

5 mechanias pricjactdwek opftligad. s tem, Thsa iek poposeire apparatus
apparatus of Claimb5, said exposure apparatus further
coemipsilifgnad gas supply mechani smthat suppresses an
environnental change in the periphery of said Iiquid
caused by BRIt %A e 6pepatqonheFhaiig swestpate is mounted that
mechani sm, 15 7. The exposure apparatus of C aim

. nl
wh@CHST AF 81 Br o] T OO RAL B}snentphiing e g substrate;
pIuraIit% of g@ticaé eE%ne%bstin whi.ch an.ogthc%
el ement PofaPBaYclG§E8t 5o §idS§88§9F§télﬂ $% RoPeSPace
101c orb%et‘:»ive'e% @aéﬁ%f&’feg’éf&l{d&ﬂ]&cazlo s@s‘%%?nt L8 §J§fc§j sfu%rstrate on
exposure, an
said substrate stage;
a recovery mechanism that recovers said liquid; and
an auxiliary recovery mechanism that recovers said
ligquid which could not be recovered by said recovery mechanism.
15
2. The exposure apparatus of Claim 1, said exposure
apparatus further comprising:
a plate provided in at least a part of the periphery of
a mounted area of said substrate on said substrate stage, said
20 plate having a surface arranged at substantially the same

height as a surface of said substrate mounted on said substrate

stage.

3. The exposure apparatus of Claim 1 wherein
25 said auxiliary recovery mechanism recovers remaining
liquid at the rear side of said projection optical system in

a moving direction of said substrate.
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at | east one operation of supplying said |iquid,
recovering said liquid, and recovering bubbles is
performed via said hole. 25 8. The exposure apparat us
of Claim1l, said exposure apparatus further
conprising: a control unit thai gtops both Iiquid
supply operation by said supp % nmechani sm and |iquid
recovery operation by said 127 recovery nechani sm when

sai d Subgtra@geséggg?ﬁg§2%§§%§agggOgﬁrglggm Ihﬁhefiin

exposure apparatus o rern al d supp

nmechani s3¥PRIKES ilairuird cbQelrhe n2RAGE 1 sREWeeR 3@l Femaining
projection optical syStemand Said substrate on said

subsitdiate &t age faromd e do It ssiide drid j@ dMVWM@ptical system
direction of said substrate. 10 10. The exposure

appar at usovafngCldairack wrerod saSal dubgat arechani sm

supplies liquid to a space between said projection

optical systemand a substrate on said substrate

stage fromthe rear side in a noving direction of

sai d subst.rafbe ¢8pesurdheppapastusecfppheanus vhetkanm

1, said exposure _apparatus further conprisin%: a .
drive syS$Pdf el ldeinved es@VE ryupschand st 4geliudeg a suction
predet erm ned scanning direction with respect to said
endtSHPADETHeA% FUGEhSF i %ai d pattern onto said

substrate in a scanning exposure nethod. 12. The
exposure apparatus of Claim 11 wherein said supply

nEChaniS%.ha§hQ nggghkgya8£a§g98£yogo&igim 5, said exposure

apparatus further comprising:
a gas supply mechanism that suppresses an environmental
change in the periphery of said liquid caused by suction

operation of said suction mechanism.

7. The exposure apparatus of Claim 1 wherein

said projection optical system includes a plurality of
optical elements in which an optical element located closest
to said substrate has a hole formed in a section excluding
a portion used for exposure, and

at least one operation of supplying said liquid,
recovering said liquid, and recovering bubbles is performed

via said hole.

8. The exposure apparatus of Claim 1, said exposure
apparatus further comprising:
a control unit that stops both liquid supply operation

by said supply mechanism and liquid recovery operation by said



25 arranged spaced apart in a non-scanning direction

per pendi cul ar to said scanning direction, and said

supply nechani sm supplies said liquid fromat | east

one supply port selected fromsaid plurality of

supply ports in accordance 128 . ywth the size of a

di vi ded area subject to exposu} on said substrate.

13. The exposure apparatus of Claim1l, said exposure

5 aRRRARIMS r{dHHAMEIsnt QA SN Ripdteasle aneUbBRIR ins
recovery nechani smthat recovers bubbles in‘the

| i gad iddnadie rear side of said projection optical

systemin a noving direction of said substrate. 10 14.

The exposure apparatus of Claim1l, said exposure

apparatus further conprising: an adjustnent unit that

adj ust s éxpoSheecegpoduteoaspabased ofi @taieast woaeedh

actual neasurenent values and prediction val ues of
5t enper at wed d Bupprdyt nechenisai ¢uppddied 15 guétween thei gpace
projection optical systemand said substrate. 15. An
expEditeengparfaP el Akl on | IR ¢t Sy s epaendrealidisubpsirate on
energy beam and transfers said pattern onto a , ,
sulkgthpEPshrats phragedtrant ppihireat sydedm adypying direction

exposure apparatus 20 conprising: a substrate stage
on iscarf‘ci‘aﬁp%%ﬂ?stter‘ate is mounted that noves within
a two-di nensi onal plane holding said substrate; a
supply nechanismthat supplies liquid to locally fil

102 space Ref weep.sal oQﬁQEeﬁétham‘?BEi&@' cByshem é{?%zéein

said 25 substrate on sard strate stage with
liquid; aJieceys Yy RGN 1S §15‘1§‘151I§§q\i%§§id5@<5% space between

liquid; and a p e provided in at |east a part of
t hesguef ighefaetdfon optical system and a substrate on said
substrate stage from the rear side in a moving direction of
said substrate.
15
11. The exposure apparatus of Claim 1, said exposure
apparatus further comprising:
a drive system that drives said substrate stage in a
predetermined scanning direction with respect to said energy

20 beamto transfer said pattern onto said substrate in a scanning

exposure method.

12. The exposure apparatus of Claim 11 wherein
said supply mechanism has a plurality of supply ports
25 arranged spaced apart in a non-scanning direction
perpendicular to said scanning direction, and said supply
mechanism supplies said liquid from at least one supply port

selected from said plurality of supply ports in accordance



a nounted area of said substrate on said substrate

stage, said 129 plate having a surface arranged at
substantially the same height as a surface of said
substrate nounted on said substrate stage. 5 16. The
exposure apparatus of C aim 15 ggerein a gap forned

bet ween said plate and said su% rate is set to 3mm

and under. 17. The exposure apparatus of Caim 15,

sai,f GXRIRUILE 7216 rARPAE G US4 MELRELLGPIPL |8} ko Mhre on said
interferoneter that neasures a position of salé)
subsigateytst.age; and an air conditioni ng nmechani sm

that perforns air conditioning in the periphery of

said liquid between said 15 projection optical system

and said substrate. 18. The exposure apparatus of

Cl ai m 15 lwher 8ha éRposungdi gpsapptys byf s@iainsupplspid exposure
nmechani sm begi ns on said plate. 20 19. The exposure
Sapparstast uf Tihmrd Sonperisiimasai d proj ecti on opti cal
systemincludes a plurality of optical elenents in

whi ch an adptlicesit @nembrblec sesd velrys gchang sgaitpat recovers
substrate has a hole formed in a section excluding 25

a pURRIGHE dded horl pics ile thhdrenr 1sdglg dheaid projection

operatjon of supplying said liquid, , recovering said

| i iR, CENE ¥ EEV T iy BBl 2SI LE FehrFortfedaid subgtgate.
hol e. 130 20. The exposure apparatus of Claim 15, said
exposure

10 14. The exposure apparatus of Claim 1, said exposure
apparatus further comprising:

an adjustment unit that adjusts exposure conditions
based on at least one of actual measurement values and
prediction values of temperature information on said liquid

15 Dbetween said projection optical system and said substrate.

15. An exposure apparatus that illuminates a pattern
with an energy beam and transfers said pattern onto a substrate
via a projection optical system, said exposure apparatus
20 comprising:

a substrate stage on which said substrate is mounted that
moves within a two-dimensional plane holding said substrate;

a supply mechanism that supplies liquid to locally fill
a space between said projection optical system and said
25 substrate on said substrate stage with the liquid;

a recovery mechanism that recovers said liquid; and
a plate provided in at least a part of the periphery of

a mounted area of said substrate on said substrate stage, said



apparatus further conprising: a control unit that
stops both liquid supply operation 5 by said supply
mechani sm and |iquid recovery operation by said
recovery nechani sm when said substrate stage remains
stationary. 21. The exposure agzgratus of Claim 15
wherein 10 said supply nechani supplies liquid to
the space between said projection optical system and

SAMPYLLE 0 AU SSLIAS SO RN He sane

e In a noving

Th%&@p@gg% 39995%%% leéls%y &%tmﬁsﬁhaed%%bgald substrate
e space

suppl y mechani sm suppl i es |qU| to et ween
saigt ye0j ection optical systemand said substrate on
said substrate stage fromthe rear side in a noving
direction of said substrate. 20 23. The exposure
apparatus of O aim 15, said exposure apparatus
5further danpriTeengxpasdreveppyshenst batClaimesssahdrein
substrate stage in a predeterm ned scanning direction
with respegirt 6osaed batvgyn 25ideplate dmdnsfiet ssdistrate is
pattern onto said substrate in a scanning exposure
metddd. tefmmrndexppwiaite apparatus of O aim 23 wherein
131 said supply nechanismhas a plurality of supply
ports arranged spaced apart in a non-scanning
directio pe&gendlcular to said scannlngpdlrectlon

and sai d © SRRMANT S ARRAFA TS OfaPd3iPgt? o F ghnexposure
east one:§ port 5 selected fromsaid
pllﬁ'p Qﬁﬁh%%p6W}§ i$ ¥ cor dance
an interferometer that measures a position of said
substrate stage; and
an air conditioning mechanism that performs air
conditioning in the periphery of said liquid between said

15 projection optical system and said substrate.

18. The exposure apparatus of Claim 15 wherein

the liquid supply by said supply mechanismbegins on said
plate.
20

19. The exposure apparatus of Claim 15 wherein

saild projection optical system includes a plurality of
optical elements in which an optical element located closest
to said substrate has a hole formed in a section excluding
25 a portion used for exposure, and

at least one operation of supplying said liquid,
recovering said liquid, and recovering bubbles is performed

via said hole.



with the size of a divided area subject to exposure on
said substrate. 25. The exposure apparatus of C aim
15, said exposure 10 apparatus further conprising: at
| east one bubbl e recovery mechani smthat recovers
bubbles in the liquid at the rgg@nside of said
projection optical systemin ving direction of
said substrate. 15 26. The exposure apparatus of C aim
15, said exposure apparatus further conprising: an

adj ustnment unit that adjusts exposure conditions

based onoat, | eRste anes Ofe AP P a tiBASYT €IRDL Vi l!s%ﬁ._cg@g:posure

predi ction val ues of tenperature information on sa

| i qupicch r2@ e tiReiheaicdnprajsaeig:on optical system and

said substrate. 27. An exposure apparatus that

i I'lum natesoatpalt@iint tMath sappeneogy bieqm @rdipply operation
transfers said pattern onto a substrate via a
Sprdjyesaidrmwptlicakchysi emarshildgexpostrevappapatasiody said
conprising: a substrate stage on which said substrate

i s nemevesy megthanipres'haint [ad da suhstdiatensitegsl nemadias
hol di ng said substrate; an interferoneter that
meaiteP @ Positi on of said 132 substrate stage; a

supply nmechanismthat supplies liquid to a space

bet ween sai d projection optical system and said

b id sub -5 .
hechan: smithalRE cCBRaT S S At AP R FADRS: SAAGLa M apyvherein
d' 1 H . . . . d t . .
107" he oaris BEEBYY MECHARN A°WBET o8 i 3acl! 8" dpace

F”(ﬂé%wééﬁjsgﬁhiﬁ?&jé¥§£8H1§HEﬁé%ﬂ.%y%%Qﬁ@EﬁEesaid substrate on

sald substrate stage from the front side in a moving direction

of said substrate.

15 22. The exposure apparatus of Claim 15 wherein

said supply mechanism supplies liquid to the space
between said projection optical system and said substrate on
salid substrate stage from the rear side in a moving direction
of said substrate.
20

23. The exposure apparatus of Claim 15, said exposure
apparatus further comprising:

a drive system that drives said substrate stage in a
predetermined scanning direction with respect to said energy
25 beamto transfer said pattern onto said substrate in a scanning

exposure method.

24. The exposure apparatus of Claim 23 wherein



10 28. The exposure apparatus of C aim 27 wherein

said air conditioning nmechanismincludes a suction

mechani smthat sucks fluid. 29. The exposure apparatus

of Claim 28 wherein 15 said suction nmechani sm al so

perfornms the function of recoyering said |iquid which

coul d not be recovered by saj di }ecovery mechani sm

30. The exposure apparatus of Claim 27 wherein 20 said

ai r conditi:oni c L.sm Lac Y. alqf- [ i

periphgrf%& Sggﬁﬁﬁiggﬁﬁgﬁé%ﬁ ?%é ? p%%ﬁ$29& 6%?3%%%5% ports
of Llaligey IMRIK] tsid B A efdd - LPHIHR! 4 19%318n

includes a plurality of 25 optical elenents in ich

an gl @l erents |Roat ek H1msRpta i A S SURSIIALE supply
has a hole forned in a section excluding a portion

us ek dHain iep e i candadtl 1 L@eid oNeomORer akheR &he supply port
supplying said liquid, 133 recovering said |iquid, and

5r ecmilerdtregl il e iics glerdfadringd ofi aupaly helres 320 at@rdance
exposure apparatus of Claim 27, said exposure 5

appalirtat U ef witdeecfconpividad: anegomib pdclunia dxpasure on said
stops both liquid supply operation by said supply
mechditsiatend |i qui d recovery operation by said

recovery nechani sm when said substrate stage remains
stationary. 10 33. The exposure apparatus of C aim 27

wher ei n ai d_supply nmechani sm supplies_liqujd to the
Shace betsenTEh) S e ST EL ARRART S QT Cyet Bt Anda b cxposure
1 OS ubas’ptpraa}.laec

W further comprising:
at least one bubble recovery mechanism that recovers
bubbles in the liquid at the rear side of said projection

optical system in a moving direction of said substrate.

15 26. The exposure apparatus of Claim 15, said exposure
apparatus further comprising:

an adjustment unit that adjusts exposure conditions
based on at least one of actual measurement values and
prediction values of temperature information on said liquid

20 between said projection optical system and said substrate.

27. An exposure apparatus that illuminates a pattern
with an energy beam and transfers said pattern onto a substrate
via a projection optical system, said exposure apparatus
25 comprising:

a substrate stage on which said substrate is mounted that
moves within a two-dimensional plane holding said substrate;

an interferometer that measures a position of said



said substrate stage fromthe front side in a noving
direction 15 of said substrate. 34. The exposure

apparatus of Caim 27 wherein said supply nmechani sm
supplies liquid to the space between said projection

optical system and the substra on 20 said substrate
stage fromthe rear side in a ing direction of

said substrate. 35. The exposure apparatus of C aim
275&%@6%&%%9%%%?%; apparatus further conprising: 25 a

drive systemthat drives said substrate stage in a

predet er @%@g@aﬂ@cﬂgn@sﬁ@ ¢ha@n sk 168SReEL 1O t8akhd space
energy beamtotransfer said pattern onto said

subsitiales said seandtHgdon XPOSIH E sRRltRadand3da B8.subl rate on
exposure apparatus of Cl aim 35 wherein said supply

nmeclhEn sudw\rateplatagld;ty of supply ports arranged

spaced apart in a non-scanning direction 5
Sper pendi eulracotve ryaimg cheansmng hditr eecioorrsasdigaildquid; and
supply nechani smsupplies said liquid fromat | east

one supplay pért cosgligded nbr owchand spl ghatlti pgrébrms air
supply ports in accordance wth the size of a divided '
ar e2rslifjieating ek pdsume rephedivd o fs wissitd dilegluifh bgrween said
The exposure apparatus of Caim 27, said exposure

ap PR A (T EInYiShSHy angt S3d4s S VhRE sl e

recovery nechani smthat recovers bubbles in the

liquid at the rear side of said projection 15 optica

10Systeminga n@xéngx?5£8§%l%§%$%$§$%dofygf££%t§7 %gérein

The exposur'e apparatus o Sai d eéxposur e

said air conditioning mechanism includes a suction

mechanism that sucks fluid.

29. The exposure apparatus of Claim 28 wherein
15 said suction mechanism also performs the function of
recovering said liquid which could not be recovered by said

recovery mechanism.

30. The exposure apparatus of Claim 27 wherein
20 said air conditioning mechanism locally air-conditions

the periphery of said liquid.

31. The exposure apparatus of Claim 27 wherein
sald projection optical system includes a plurality of
25 optical elements in which an optical element located closest
to said substrate has a hole formed in a section excluding
a portion used for exposure, and

at least one operation of supplying said liquid,



apparatus further conprising: an adjustnent unit that

adj usts exposure conditions 20 based on at |east one

of actual neasurenent val ues and prediction val ues of
tenperature information on said liquid between said
projection optical system and ig'd substrate. 39. An
exposure apparatus that illum es a pattern 25 with

an energy beam and transfers said pattern onto a
SubsId Aty MR o3 iR 2ielHONaRAT HE8LvSYPEEBuSR & is performed
exposure apparatus conprising: a substrate stage oﬁ

whisghy s st rate is nounted that 135 nobves within

a two-di nensi onal plane holding said substrate; a

supply mechanismthat supplies liquid to a space

bet ween said projection optical systemand said

substrat 820n Thai expodste atppatagey odndlsim 2eLaeeld exposure
mechani smthat recovers said |iquid, wherein said

Spr gjrptiagmopptiddle syt iisigigrdes a plurality of

optical elenments_in which an optical elenent |ocated

cl osest & §°8&ir@lsuhst rzhat wieors hotk Fouwed suprly operation
section excluding a portion used for exposure, and 10 .
at %88t AoHPRIPEPEERER 16 APPLNAG ERFIVEFYGPgration by said

recovering said liquid, and recovering bubbles is |

perrreo?%%l%f ik T En 454 gt & T FFartanis ns

of CE i.m 39, said exposure 15 apparatus further
stationary

conprising: “a control unit that stops both |iquid
1oSuUpply operation by said supply nechanismand Iiquid
recovery operation by said recovery nechani sm when

sai d subsfyat engt 89BoLEPBI APpstatLONBEYelaim 27 wherein
said supply mechanism supplies liquid to the space
between said projection optical system and the substrate on
said substrate stage from the front side in a moving direction

15 of said substrate.

34. The exposure apparatus of Claim 27 wherein
said supply mechanism supplies liquid to the space
between said projection optical system and the substrate on
20 saild substrate stage from the rear side in a moving direction

of said substrate.

35. The exposure apparatus of Claim 27, said exposure

apparatus further comprising:
25 a drive system that drives said substrate stage in a
predetermined scanning direction with respect to said energy
beam to transfer said pattern onto said substrate in a scanning

exposure method.



20 41. The exposure apparatus of C aim 39 wherein

sai d supply nmechani smsupplies liquid to the space

bet ween sai d projection optical system and the
substrate on said substrate stage fromthe front side
in a nmoving direction 25 of s?gg substrate. 42. The
exposure apparatus of C aim 39 erein said supply
nmechani sm supplies liquid to the space 136 between
said projection optical systemand the substrate on
said substrate stage fromthe rear side in a noving

direCti0@6.0fT§é!Qx§55§ké§5§pa§aé§s dhecexpasybeyherein
apparatus of O aim 39, said exposure apparatus

further cemprissibbdy Acdhb¥eshyBhen thRir4TiMeoSalubply ports
substrate stage in a predeterm ned scanning direction

W tdr reespettsdareshiapaarerigy a beamsaa dmians fdresad idbn

pattern onto said substrate in a scanning 10 exposure
Snetgrathenti culllre: expasuire sappariatousliofe @liainm 43 duseriel msupply
sai d supply nmechanismhas a plurality of supply ports

ar meaed ispnceprapest sphadal howld oo ag derettoodm sipply port
per pendi cul ar to said scanning direction, and said

suptRAe ChRst Hai™s hasib i lives 1ddivd 9 Guind vy deras li@agiccordance

one sypply paort selected fromsaid plurality of ,
suﬂﬂﬂ?P SHE Qécﬁrééﬁ&@edm?¥ﬁat% 5% ' HRASHIFePn said

ar%ﬁls%§%ﬁ§ to exposure on said substrate. 20 45.
The é%% sure apparatus of C aim 39, said exposure
1p@pparatus further conprising:

37. The exposure apparatus of Claim 27, said exposure
apparatus further comprising:

at least one bubble recovery mechanism that recovers
bubbles in the liquid at the rear side of said projection

15 optical system in a moving direction of said substrate.

38. The exposure apparatus of Claim 27, said exposure
apparatus further comprising:
an adjustment unit that adjusts exposure conditions
20 based on at least one of actual measurement values and
prediction values of temperature information on said liquid

between said projection optical system and said substrate.

39. An exposure apparatus that illuminates a pattern
25 with an energy beam and transfers said pattern onto a substrate
via a projection optical system, said exposure apparatus
comprising:

a substrate stage on which said substrate is mounted that



at | east one bubbl e recovery nechani smthat recovers
bubbles in the liquid at the rear side of said
projection 25 optical systemin a noving direction of
said substrate. 46. The exposure apparatus of C aim
39, said exposure apparatus fuiéger conprising: 137 an
adj ustnent unit that adjusts e sure conditions

based on at |east one of actual neasurenent val ues and

pr %\%é QR +hahug s - 4 SIS By € 'lgfn%r §598 oe"aﬁf”sqlbstrate,

i qui bet ween sai d projection ptlca syst

sai d SUb%t@@ﬁ%lySmQEhaﬁﬁs%%Q%%%r%u%@HQ%%tngbﬂ@tto a space
illumnates a pattern with an energy beam and

tr ansfeieh salid pabyeeniontep i SAb Syttt a¥las@id substrate on
projection optical “system said exposure appar atus

comuidingistidhtae stsid;atandst age on whi ch said
substrate is nounted that noves within a
5t wo- di nersrenalepy arecHegl idimghsai b bt s abed 1aquid, wherein
supply nmechanismthat supplies liquid to a space
bet ween $ailg proejection eptical syyteamiandusigisda plurality of
substrate on said substrate stage; and 15 a recoveny
nme R Gk eRgmengSolereh ke @n pegrlealmb@eferart Jmeante closest
sai d subs rate stage remai ns stationary, both qui d

sugf! y© Gy 89 SAsy ﬁ%@}%ﬂmlémaaﬁ&qnm §xcluding
recover eratl by said recover mechani sm are
st ohped. %% #%% ﬁruwofdwm47

10 Mhereln %ab%a%%Pgﬁ% QE%H%RH%H?%&D%'b% y u%%lt Saﬁ&ld

space bet ween sal projection optl C m an

substd s 9y said 134RsH! agﬁdsresgvérrﬁnaétmér@g‘tlss'p%e formed

in'a noving direction of said strat
via said hole.

40. The exposure apparatus of Claim 39, said exposure
15 apparatus further comprising:

a control unit that stops both liquid supply operation
by said supply mechanism and liquid recovery operation by said
recovery mechanism when said substrate stage remains
stationary.

20

41. The exposure apparatus of Claim 39 wherein

said supply mechanism supplies liquid to the space
between said projection optical system and the substrate on
saild substrate stage from the front side in a moving direction

25 of said substrate.

42. The exposure apparatus of Claim 39 wherein

said supply mechanism supplies liquid to the space



25 49. The exposure apparatus of C aim47 wherein
sai d supply nmechani smsupplies liquid to the space
bet ween sai d projection optical systemand said
substrate on 138 said substrate stage fromthe rear
side in a noving direction of f?id substrate. 50. The
exposure apparatus of Caim47, Qaid exposure 5
apparatus further conprising: a drive systemthat

C”iﬁéﬁ%é%ﬂ %aﬁ@pﬁgﬁﬁggtEBQQSBETcgl Qig?%ﬁegﬁﬁr¥%% substrate on

scanning directionwth respect to energy beam

Lo ddianghigkteatd PAALETIL ANt ASAL S SURK R & dvithg direction
scanni ng exposure nethod. 10 51. The exposure

appae daus Fud@iandb0 wherein said supply nmechani sm

has a plurality of supply ports arranged spaced apart

in a non-scanning direction perpendicular to said

scanni ng direction, and said supply 15 nechani sm
Ssuppl i es 4sai dThe gexob $uomagipd eests ofeCsappl 39 pardid exposure
selected fromsaid plurality of supply ports in

ac anrdarrdals viiurhete osimper igfirg «di vi ded area subject to
exposure on said substrate. 20 52. The exposure _
appar at u$ 6Fi@eaismsaem $hied Expassr salgppabatyate stage in a
further conprising: at | east one bubbl e recover ,

me dHEE TSGR eG §EAVBLET BHHBFRLCT Vit TriSkECH ﬁ@ Yl energy

rear side of said projection_ optical, stemin a .
751 BP (I o S SUIEE it P e 544l 3305 ate n a scanning
loexpeq&)ugs%raeo%rt%ouds_ of Claim47, said exposure

44. The exposure apparatus of Claim 43 wherein
sald supply mechanism has a plurality of supply ports
arranged spaced apart in a non-scanning direction
15 perpendicular to said scanning direction, and said supply
mechanism supplies said liquid from at least one supply port
selected from said plurality of supply ports in accordance
with the size of a divided area subject to exposure on said
substrate.
20
45. The exposure apparatus of Claim 39, said exposure
apparatus further comprising:
at least one bubble recovery mechanism that recovers
bubbles in the liquid at the rear side of said projection

25 optical system in a moving direction of said substrate.

46. The exposure apparatus of Claim 39, said exposure

apparatus further comprising:



apparatus further conprising: an adjustnent unit that
adj usts exposure conditions 139 based on at | east one
of actual neasurenent val ues and prediction val ues of
tenperature infornmation on said liquid between said
projection optical system and i? d substrate. 5 54.
The exposure apparatus of C ai sai d exposure
apparatus further conprising: a perlpheral wal | t hat

surround%natadg%%%nem optiikCah ately g%%ttsde‘%?)%étur%oc ded tions

substrate constituting said projection optical

syyad af Al sedar ha %‘i&tﬁlmn%%u]&n@rﬁarv%ﬁ%s and
with respect to a surface of said substrate on said

sulstddtce idrage,] uskebei tempkdasupp! ¥n FBERANi SMon said liquid
supplies said liquid inside said peripheral wal

wWh éyee: vare re reth ik gidcojre cafi cgaiapb taraej leclyisarmopindc alaid substrate.
systemon the substrate side fronts. 15 55. An

Sexposure apparatus that illumnates a pattern wth an
energy beam and transfers said pattern onto a

pl uralityt7.of AQi 9kdeduhe eaRPdPABUS UIPBA Y dtleluminates a pattern

respectlvely, via a projection optical gstenl said
an et laga@msi F5pngiend saigipatFare ontage selpstrate
mhlch said substrate is nDunted that noves within a

wolift fe R G AP e iy S SAdst i@ sung apparatus

per h%ya“_majl that surrounds at |east an optica
el & 1'dEEst to said substrate constituting said

10Pf 0] ect i %nsgk%fg%k %%%t &My %Hﬁtcﬁ' ssaolcl gr %ate is rPounted that

predet erm ned clea ance W respec a sur

of watdh %Hb.?ltllhaéecv%]—c?ﬂﬁé%s i ! ?@Ja%esﬁég gn.%afcﬁ substrate;

| east one supply mechani smt upplles
a supply mechanism that supplies liquid to a space

between said projection optical system and said substrate on
said substrate stage; and
15 a recovery mechanism that recovers said liquid, wherein
when said substrate stage remains stationary, both
liquid supply operation by said supply mechanism and liguid

recovery operation by said recovery mechanism are stopped.

20 48. The exposure apparatus of Claim 47 wherein
said supply mechanism supplies liquid to the space
between said projection optical system and said substrate on
said substrate stage from the front side in a moving direction
of said substrate.
25
49, The exposure apparatus of Claim 47 wherein
said supply mechanism supplies liquid to the space

between said projection optical system and said substrate on



5

i nsi de said peripheral wall fromthe rear side in a

nmovi ng 140 direction of said substrate. 56. The

exposure apparatus of C aimb55, said exposure

apparatus further conprising: 5 a recovery nechani sm

that recovers said liquid at tyﬁ% front side of said
projection optical systemin a ving direction of

said substrate. 57. The exposure apparatus of C aim55

whey gi silzgs%@"ag esélﬁg’é_;é( %‘E'eSP% Qflss J?deplilﬂr erﬁc'i\)’ilp direction
supply ports in the periphery of an irradiation afrea

on saidh isubsigategwhere said energy beamis

irradiated via said pattern and said projection

optical system during exposure, and switches the

supply port used for supplying said liquid in

accor dand® .W The léxsesdr dppryrivseelfi Odadh 463) aid exposure
substrate. 58. The exposure apparatus of C aim55,
saiappsqEdsE ukpgpar atap fiwittyer conprising: a drive
systemthat drives said substrate stage in a 20

pr edet er @ 9&d vec svsitegq dihedctdrdiyes tsie ide spdstt rieg es aitdge in a
energy beamto transfer said pattern onto said _
subigte i ned SaRRPAGI @kﬁ@@gi@nm%@esw.ctm@ said energy

exposure apparatus of Cl aim 58 wherein 25 said supply ,
e HEAT Emﬁpl}s)arb? i B8B4G [ TsPAEC AT % ABPSbEFARE 1) yecanning
of said irradiatiopn area in said scanning direction,

r espatti Vel yi© 'sai d supply nechani smthat supplies

lOsaid liquid is 141 switched in accordance with said

15

20

scanni ng direction of said substrate.
51. The exposure apparatus of Claim 50 wherein

said supply mechanism has a plurality of supply ports
arranged spaced apart in a non-scanning direction
perpendicular to said scanning direction, and said supply
mechanism supplies said liquid from at least one supply port
selected from said plurality of supply ports in accordance
with the size of a divided area subject to exposure on said

substrate.

52. The exposure apparatus of Claim 47, said exposure
apparatus further comprising:

at least one bubble recovery mechanism that recovers
bubbles in the liquid at the rear side of said projection

optical system in a moving direction of said substrate.

25

53. The exposure apparatus of Claim 47, said exposure
apparatus further comprising:

an adjustment unit that adjusts exposure conditions



60. The exposure apparatus of Claim58 wherein 5 said
supply mechanismhas a plurality of supply ports
arranged spaced apart in a non-scanning direction

per pendi cul ar to said scanning direction, and said
supply nechani sm supplies sah? [iquid fromat | east
one supply port selected fro d3i d plurality of
supply ports in accordance 10 with the size of a

di ' 0 ' t.rat

o1 P A i e R R et A s, anc
apRfeatius: fdH t8N GO0RRr tehPEratard PhALEMPEOYA AR ddh g 1iquid
at |l east a part of the periphery of a nounted area of

sailsh St ratiel Prspidt g Ygate 1Stagtensaindl Plidf @ubstrate.
having a surface arranged at substantially the sane
hei ght as a surface of said substrate nounted on said
substrate stage. 20 62. The exposure apparatus of
5C ai m 55,54sai Thexpgisusere g uss fodr Cheimcdhprisidigxposure
at | east one bubble recovery mechani smthat recovers
buldpresrdttug Haittihps dcaprnimingsar si de of said
projection 25 optical systemin a noving direction of .
sai d subst PREPIETalTHE ldx Féadr & Uagparatsugtofle@sai mn optical
55, said exposure apparatus further conprising: 142 an
adj STHEHt %estﬁq&fo SRS HRSGFF EXbidittitony said
based on at |east, one of actual surenment val ues, gnd
pr G LT ErT Wh U G (ORPEPt P (1155t B orb el ermined
lOll. 'égiéﬁﬁémﬁi@h$§égpgéghﬁg%l8Qr99&%%%¥s%%%fggbgggate on said
sali d Substraté.” 5
substrate stage, wherein
said supply mechanism supplies said liquid inside said
peripheral wall where an end section of said projection optical
system on the substrate side fronts.
15
55. An exposure apparatus that illuminates a pattern
with an energy beam and transfers said pattern onto a plurality
of divided areas on a substrate respectively, via a projection
optical system, said exposure apparatus comprising:
20 a substrate stage on which said substrate is mounted that
moves within a two-dimensional plane holding said substrate;
a peripheral wall that surrounds at least an optical
element closest to said substrate constituting said
projection optical system, and also forms a predetermined
25 clearance with respect to a surface of said substrate on said
substrate stage; and

at least one supply mechanism that supplies liquid

inside said peripheral wall from the rear side in a moving



64. An exposure apparatus that illum nates a pattern
Wi th an energy beam nobves a substrate in a
predeterm ned scanning direction, and transfers said
pattern onto a plurality of divided areas on said
substrate via a projection 10 g tical systemin a
scanni ng exposure net hod, sai d* posure apparat us
conprising: a substrate stage on which said substrate
I's 8¢t Rat s TRV esput iR a two-di mensi onal pl ane
hol di ng said substrate; a supply nechani smt hat
supplies liquid to a space 15 between said projection
optical system and said substrate on said substrate
stage; and.a TREWEFYsWRS hpayadRab fr €TVRISs Saladd exposure
liquid, wherein liquid supply by said supply
e Gipgal rarauand urtdudird compadwsdinyg :by sai d recovery
mechani sm are perforned in sync with 20 exposure

Soper ati oasreopveaghmethsgai dmdiva etk @rearss crrishild quid at the
substrate. 65. The exposure apparatus of C aim64
wherreint sdgish afi e ik posues tgions @ind idiadi dodtaimeds iasmoving
performed, 25 said |iquid supply by said supply
mecH&fEmoan @ faid sededmpteof said 1iquid by said
recovery nechani smare perforned. 66. The exposure
apparatus of Cl aim 65 wherein 143 on transferring said
pattern, _due sai d substrate _stage ing Lp said ,
e anni ng Sdir ebbr oRePRRHES| PabF R Shaers Chy Rar LhpHEYD
mechani s ai Lnt for f.ront

10of a divgég Spégﬁguﬁggg?gggﬂe§%§§%ﬁghéﬁfg¥%?éﬁf§%%$ay ports

ir ri@ﬁ%ﬂ%g%%iﬂh%@:f&f Qf 9rfé‘<§’§££%§g%a% %lgi%laéltgosétlz%ate where

ener gy | Is irradiated via said pattern and s
Pr 8 iR RRL ikedim iSY SheRARRPSY &aid pattern and said
projection optical system during exposure, and switches the

supply port used for supplying said liquid in accordance with

15 said moving direction of said substrate.

58. The exposure apparatus of Claim 55, said exposure
apparatus further comprising:
a drive system that drives said substrate stage in a
20 predetermined scanning direction with respect to said energy
beam to transfer said pattern onto said substrate in a scanning

exposure method.

59. The exposure apparatus of Claim 58 wherein
25 said supply mechanism is provided on one side and the
other side of said irradiation area in said scanning direction,
respectively, and

said supply mechanism that supplies said liquid is



67. The exposure apparatus of Claim66 wherein 10 said
l'iquid supply by said supply mechani sm begins after

novi ng operation of said substrate stage between

di vi ded areas, which is performed between pattern

transfer on said di vi ded area prject to exposure and
pattern transfer on a precedin di vi ded area, has

been conpl eted. 15 68. The exposure apparatus of C aim

06 naaldy 94l dobbaubcsUppLy byi gl L il i TRENANUP s said
begi ns en sai ront edge of said area

subj gt A £Xposure reaches a supply p03|t|on. 20 69.

The exposure apparatus of C aim 65 wherein on

transferring said pattern, due to said substrate

stage noving in said scanning direction, said liquid

supply I8y.saTHesappbyunrechpphsatssops alabmpds nhahein

the rear edge 25 of a divided area subject to exposure
S5cones of sadn supadiyameohanadsrahes sagylisalbisty atfe saipply ports
whi ch said energy beamis irradiated via said pattern

and Ay g9t grectabrrpeptt dal asystreracemn iexp osures.t b4

70. The exposure apparatus of Claim69 wherein said

| | QAKPATEEGIERY P Fald seeaveng wdieatiiom emdsl safidersupply
said pattern is transferred onto said divided area 5
suﬁf}eéfaartlosnbﬁpaa}rlssaﬁalﬂelfJo%lqimﬁmarg aépéﬁaﬁmpsfsupply port

o G S St 17RO ohhoh S SR G MEF dé 2 ccordance
1oar%%¢9FQ 351§% o¥h$eﬁ§9988&ea§@£ @ngbgghS%%?osuﬁf on said

rein transterring Said Sal

Su%ﬁsfgreate.

61. The exposure apparatus of Claim 55, said exposure
apparatus further comprising:

15 a plate provided in at least a part of the periphery of
a mounted area of said substrate on said substrate stage, said
plate having a surface arranged at substantially the same
height as a surface of said substrate mounted on said substrate
stage.

20

62. The exposure apparatus of Claim 55, said exposure
apparatus further comprising:

at least one bubble recovery mechanism that recovers
bubbles in the liquid at the rear side of said projection

25 optical system in a moving direction of said substrate.

63. The exposure apparatus of Claim 55, said exposure

apparatus further comprising:



stage noving in said scanning direction, said liquid

supply by said supply nechani sm stops at a point

before the rear edge of a divided area subject to

exposure cones conpletely off an irradiation area on

sai d substrate on which said eﬂfégy 15 beamis

irradiated via said pattern an aid projection

optical system on exposure. 72. The exposure

appar at ug of, &l aim-41 where ai o -li.qui I L
said sypppyangghgﬁ%énj??bgst%ﬁznagﬂgsggi%Xiéggréd%éngftlons
saigh diyifded anea SURRCTL £ @ BXROASWR S BAHES A lues and

supply position. 73. The exposure apparatus of C alm

71 pherieit oveive 1hic@Ubd £eRENeEYuDY SRESrTSEONEIdh said liquid
mechani smends 25 after said pattern is transferred

ontke t3edeth davidl gt cdiferst i csujprditc 10 sSpesi e dard ieflsaketrate.
novi ng operation of said substrate stage between
5divided areas perforned prior to pattern transfer on

a succeedi ng divided area begins. 145 74. The exposure
appar at u$4ef Bhagxpeayreairpapossirehaapgpdrativsates a pattern
further conprising: a peripheral wall that surrounds

at wletégtararer@mqmgqeam& EBRENta @Wsdsatiep igniad predetermined
substrate constituting said projection optica

sy stERP R RIS F s aaldprté&éx%ﬂenﬁ%@@ldu%tr% QR @
respect to a surfac f said substrate on said, , ,
S UBBH IR ot BGe7 UFPiAT <o Bhstippt v RsHiahes -2 @ projection

suppli.es said. liquid_ inside.said 10 peripheral wal
10whe éﬂé%ﬂéﬁ Sggg}ﬁgnao é%%ﬁﬁngr%T tion 6 HV% I sald exposute

sy%ﬁggk&%eco%tfﬁgiq; . side fronts. 75. An exposure
apparatus that I'I'Tum mates a pattern with an energy
beam noves,Es SHPEL 2hEel dh AnRERAS &S B1BSHrate is mounted that
moves within a two-dimensional plane holding said substrate;
a supply mechanism that supplies liquid to a space
15 Dbetween said projection optical system and said substrate on
sald substrate stage; and
a recovery mechanism that recovers said liquid, wherein
liquid supply by said supply mechanism and liquid
recovery by said recovery mechanism are performed in sync with
20 exposure operations for each of said divided areas on said

substrate.

65. The exposure apparatus of Claim 64 wherein
each time exposure of said divided areas is performed,
25 said liquid supply by said supply mechanism and full recovery

of said liquid by said recovery mechanism are performed.

66. The exposure apparatus of Claim 65 wherein



15 scanning direction, and transfers said pattern onto
a plurality of divided areas on said substrate via a
projection optical systemin a scanni ng exposure

nmet hod, said exposure apparatus conprising: a
substrate stage on which said ﬁégstrate I S nmount ed
that 20 noves within a two-di si onal pl ane hol di ng
said substrate; a peripheral wall that surrounds at

| east an @pkirgals rer8MRNt 26110383k o 9 Sai@ %%b§% @t%ubstrate
constituting sai d projeéction optical 'system and also

fordagt RoRdelernl BeUd SRk aNGed e b 1&8Pesdid Aijuid supply
surface of said substrate on said 25 substrate stage;

a Wipphydreghsny sechbat ssuppdies dd gomé gdisitdBesard the front
peri pheral wall; and a recovery nmechani smthat

recalgy ofsa divigidd.aretb sifh]ebte tex Eoguse) ) partainss an

of Claim75 wherein the inside of said peripheral wall
S5i s linragimpdgain weeaprressat@ sttmteate on wihehexpbd larergy beam
apparatus of Claim75 wherein when said substrate

st digfe Hotadirmg eshivd as issitd @ ey mevichga ishipd djiegliign optical
supply by said supply nmechanismand said liquid

r eCOVE§ R SAIRPTE G very nmechani sm are perfornmed. 10

78. The exposure apparatus of Claim75 wherein when

sai d substrate stage holding said substrate is

mechant o -and P GHPHRES00BP9EBpar abLon By"shpavierein
107 €COVer Y JBENANL S A 2o11% 5 Usnendeds FAd A8i8hhegins after

wher e sai I qui
moving operation of said substrate stage between divided areas,

which is performed between pattern transfer on said divided
area subject to exposure and pattern transfer on a preceding

divided area, has been completed.

15
68. The exposure apparatus of Claim 66 wherein
said liquid supply by said supply mechanism begins when
said front edge of said divided area subject to exposure
reaches a supply position.
20

69. The exposure apparatus of Claim 65 wherein
on transferring said pattern, due to said substrate
stage moving in said scanning direction, said liquid supply
by said supply mechanism stops at a point when the rear edge
25 of adivided area subject to exposure comes off an irradiation
area on said substrate on which said energy beam is irradiated
via said pattern and said projection optical system on

exposure.



peri pheral wall is maintained. 79. The exposure

apparatus of Claim75 wherein said predeterm ned

clearance is set to 3mm and under. 20 80. An exposure
apparatus that illum nates a pattern wth an energy

beam noves a substrate in a p g?eternined scanni ng
direction, and transfers said L tern onto a plurality

of divided areas on said substrate via a projection

25 optical systemin a scanni ng exposure nethod, said
exposure apparatus conprising: a substrate stage on

whi ch saig subggr akgogﬁrgoaﬁbggawgtofﬂ@ys§m%§hme9eln

t wo- di nensi onal pl ane hol di ng said substrate; 147 and

sai d supplay dredhainids Peldadte rfia® ya splidr alelcoyreafy séRPlayiism ends
ports arranged spaced apart in a non-scanning

di resftitd orsa ipk ngeendi oulisry Hrarsdied rechnmitng sdirkctivdrled area
and said supply 5 nechani sm supplies said liquid al ong
Ssaishisicarnitry efipesticomnd reficte Imeasitnprgpengiplon por tsaid
selected fromsaid pluralit of supply ports in

ac COHFEE sn SR deh dPosian oh wided dinfdagederfraganed prior to
subject to exposure on said substrate to a

G AeRn SRR il aariEcsatlicw iHoiaess aged bpaing.

space bet ween said 10 substrate on said substrate

stage and said projection optical systen1 81. The

[ Ld ,
i ded dron L5 SePoplr ExBROaFATRE REc AdBaOD uhgFein

10In the p%{'FU§3 fg}f%%gd %HQ§ &&E%Fnsaﬁ% %%pg%ld Fubstrate

mechani sm supplies said Iqui y’fron1a part

sai g plinakiitnyg qf s%HBpE&faHH.FLB@ gPacedi apard i S q supply

non- scannl ng direction.
by said supply mechanism stops at a point before the rear edge

of a divided area subject to exposure comes completely off
an irradiation area on said substrate on which said energy
15 Dbeamis irradiatedvia said pattern and said projection optical

system on exposure.

12. The exposure apparatus of Claim 71 wherein
said liquid supply by said supply mechanism stops when
20 sald rear edge of said divided area subject to exposure reaches

a supply position.

73. The exposure apparatus of Claim 71 wherein
sald liquid recovery by said recovery mechanism ends
25 after said pattern is transferred onto said divided area
subject to exposure and before moving operation of said
substrate stage between divided areas performed prior to

pattern transfer on a succeeding divided area begins.



82. The exposure apparatus of C aim 80, said exposure
20 apparatus further conprising: at |east one bubble
recovery nechani smthat recovers bubbles in the
liquid in the upstreamside of said liquid flow ng
al ong said scanning direction with respect to said
projection optical system 25 83> The exposure
apparatus of C aim 80 wherein said supply nmechani sm
supplies liquid fromthe rear side in a noving
direction of said substrate. 148 84. The exposure

appar at ug 40f ghai & 80su 881 L RNASIY ©r BPRYHAEYS said exposure
further conprising: an adjustnment unit that adjusts

eXRpH e GNdiditans opased e at | east one of actual
measur enent val ues and prediction val ues of

t enper at W @ermfptreratli aaldn thaitd shirgivivthdsbetweerd staiath optical
projection optical systemand said substrate. 85. An
Sexposimen tapparsdats tidhataiid lswhistatege acqratttierut ink) swiitch

an energy beam noves a substrate in a predeterm ned

s c arni e tdi are et toirs 2 Jardy treans famyds aslaiad featntseran poredeteermined
plurality of divided areas on said substrate via a .
pr sj @Rt aire ypthcaesegst dif ensarseapnmhgadgpeshpbrate on said
nmet hod, said exposure apparatus conprising: 15 a :
subtshe & S Bir WHISHFdhi d substrate is nmount ed

that noves within a two-djinensional plane holding . ,
o ubeengl Bhipny i e TR e Pa0s, 1058 8% ns 1de said
lural.ity of, s I orts rranged spaced, apart jn_ a .
LOnorR SCHTR Y AR FoCHIC 25 Per Hent CuPar t6! Bhdeot-of optical

Scm% dd.r{ %é %bﬂadcébﬁmé/ fronts.

75. An exposure apparatus that illuminates a pattern
with an energy beam, moves a substrate in a predetermined
15 scanning direction, and transfers said pattern onto a
plurality of divided areas on said substrate via a projection
optical system in a scanning exposure method, said exposure
apparatus comprising:
a substrate stage on which said substrate is mounted that
20 moves within a two-dimensional plane holding said substrate;
a peripheral wall that surrounds at least an optical
element closest to said substrate constituting said
projection optical system, and also forms a predetermined
clearance with respect to a surface of said substrate on said
25 substrate stage;
a supply mechanism that supplies liquid inside said
peripheral wall; and

a recovery mechanism that recovers said liquid.



5

mechani sm suppl ying said liquid along said scanni ng

direction to a predeterm ned spatial area, which

includes at |least a space between said substrate on

said substrate stage and said projection optica

system from at |east one suppax port 25 selected from

said plurality of supply ports 'R accordance with the

size of a divided area subject to exposure on said

substrate in said non-scanning direction. 149 86. The

exposure apparatus of C aim 85, said exposure

appar at us ¢ ur @H@feﬁﬁﬂﬁﬁké' BPpadhtl8ask @mglﬁaul@bl fherein
recovery nechani smthat recovers bubbles in

l'iquid i RHehe niaster @amssiide pefr ipledalli guaild 1% f1|n0\&| hEgative

al ong said scanning direction with respect to said

pr @mcddure gitdteal system 87. The exposure apparatus

of Claim85 wherein said supply nechani sm supplies

liquid fromthe rear side 10 in a noving direction of

said substrate. 88. The exposure apparatus of C aim

85, sai d exposhrecxnppurat apphupther ofofpeini ng: wharein

adj ustment unit that adjusts exposure conditions 15

based on "&eN &adid Fve G ad@ $Ha9ee ddddments asl @@@Séﬁ@te is
redi ction va es of, te erature informati on on sai
F)cﬂﬂ%Pm%mﬁﬁﬁéh éapa p?g¥%£Y|Q%1%ﬁﬁﬂ éappéysm%ﬁ$%ﬁasm and said

said sub trate exposure a}paratus I hat

i1 Vpear[yi ebryn W T sl apg performed.

1ptransfers sald pattern onto a substrate via a

15

20

25

projection optical system said exposure apparatus

compri Si ng;. arAUbSLLBLE-S! A08a00 Wi R E3hdnSyYBSLEELE;n

is mounted that noves Wt I mensi onal plane

hol di ng saicth $4hSt It rate stage holding said substrate is
stationary, liquid supply operation by said supply mechanism
and liquid recovery operation by said recovery mechanism are

suspended, and a state where said liquid is held within said

peripheral wall is maintained.

79. The exposure apparatus of Claim 75 wherein

sald predetermined clearance is set to 3mm and under.

80. An exposure apparatus that illuminates a pattern
with an energy beam, moves a substrate in a predetermined
scanning direction, and transfers said pattern onto a
plurality of divided areas on said substrate via a projection
optical system in a scanning exposure method, said exposure
apparatus comprising:

a substrate stage on which said substrate is mounted that

moves within a two-dimensional plane holding said substrate;



25 a supply nechanismthat supplies liquid to a space
bet ween sai d projection optical system and said
substrate on said substrate stage; and at | east one
bubbl e recovery nechani smthat recovers 150 bubbles in
the liquid in the upstrean1sidﬁ gf said liquid flow
Wth respect to said projectio ptical system 90.
The exposure apparatus of Caim89 wherein 5 said

£ recovery nmechani sm exhausts bubbles with said
liquid. 91. The exposure apparatus of C aim 89 wherein

a plural iskby Ofsuppin g Q%QQE%l%%PQ%%Eyh@%cgaﬁﬁ%@§l§E% o%osupply
provi ded, and sai d bubbl e recovery nechani sm used™f

I el G- r g %?Jdc%cs\/é!pia@'teq.ri R AHOAANGE Ny tcﬁr@actlon
0]

novi ng direction said substrate. 15 92. The
ex pesiechpndraat U 6faid adandnsalidtegiesyr énd said supply
apparatus further conprising: an adjustnment unit that
Sadjmsstrareiguosupe léends s idnsi qibiabed coy atidemrstnroimey dfirection
actual neasurenent values and prediction val ues of
t enfp@matadr d gafftoromst isowrdly $aird Isiedgiad €20 fyorweseri ds pilirality
projection optical system and said substrate. 93. The
expUs GU@PAppaPEE Bs! Bfa U IABLE WHéfethesapalsippl9f a divided
nechan|3ﬂknakes a flow of said ll%&fd along a no

di A GHOGF CEat ol ST 6P 9519 beih Sredslermined

appar at of da sai d .sup nechan

SR Fnr A g PO ar 1de TP honenyeen said
10dl rs%cot tc?r.r}a e]c oﬁaéadlé%%% rt%a%e stage and said projection optical

system.

81l. The exposure apparatus of Claim 80 wherein
when said divided area subject to exposure is a divided
15 area in the periphery on said substrate, said supply mechanism
supplies said liquid only from a part of said plurality of

supply ports spaced apart in said non-scanning direction.

82. The exposure apparatus of Claim 80, said exposure
20 apparatus further comprising:
at least one bubble recovery mechanism that recovers
bubbles in the liquid in the upstream side of said liquid
flowing along said scanning direction with respect to said
projection optical system.
25
83. The exposure apparatus of Claim 80 wherein
said supply mechanism supplies liquid from the rear side

in a moving direction of said substrate.



151 95. An exposure apparatus that illum nates a
pattern wth an energy beam and transfers said
pattern onto a substrate via a projection optica
system said exposure apparatus 5 conprising: a
substrate stage on which said iggstrate i s nmounted
that noves within a two-dinen nal pl ane hol di ng
said substrate; a supply nmechanismthat supplies
liquid to a predeterm ned spatial area which includes
a space between said 10 projection optical system and

sai d subsiy at @nene 25 Sy SURII AL B uS1AIR128RIg AN said exposure
adj ustment unit that adjusts exposure conditions

basgsh O thedTpaiaiig e ddriatigon on said 1iquid

between said projection optical systemand said

substrat en Ealj¥GtmEne ex{das whe tappEnattss edfpoSudencdnditions
sai d exposure apparatus further conprising: a drive
Ssystamd hat alr i vessstsaine substatatal stegmuiriament values and
predeterm ned scanning direction with respect to said
enerrpdi Qo reamlivest panstepesatdrpatnéprmantonsean csaid liquid
substrate in a scanning exposure nethod; and at |east

t WP e ETRRSY atair® Betiksitsl on APt icest sesdiemnbfsaighistpstrate.
Is arranged on one side and the other side of said
projection optical systemin said scanning direction.

25 97. T " S armon sl g
cxposur @ EppRRat DGO PR EraPbSBRBIT st is ot BRGHIeq R pactern

10univ5iglba§n péneeq_l(ﬁ} Soéawq{oe\}eug % Cgﬁwsgceraq:fe 1i§'? a predetermined
scanning direction, and transfers said pattern onto a
plurality of divided areas on said substrate via a projection
optical system in a scanning exposure method, said exposure
apparatus comprising:

15 a substrate stage on which said substrate is mounted that
moves within a two-dimensional plane holding said substrate;
and

a supply mechanism that has a plurality of supply ports
arranged spaced apart in a non-scanning direction

20 perpendicular to said scanning direction, said supply
mechanism supplying said liquid along said scanning direction
to a predetermined spatial area, which includes at least a
space between said substrate on said substrate stage and said
projection optical system, from at least one supply port

25 selected from said plurality of supply ports in accordance
with the size of a divided area subject to exposure on said

substrate in said non-scanning direction.



said liquid occurring while said |liquid passes through

an area of said substrate where said energy beamis

irradiated via said pattern and said projection

optical system based on detection results of said at

| east two tenperature sensors f grranged on the one

side and the other side respec i ely. 98. The exposure

apparatus of C aim 95, said exposure apparatus

further GPrRENGkpds L UbUSIGm L1 dEhVES, Sk exposure

substrate stage ina 10 p eterm ned scanni ng

di rgedd it vy th fesRe ot 1SRy .energy  beamto

transfer said pattern onto said substrate in a

scanni ng ateXRASW SnREbheh) eMieiceivik rSain@d AdndsiimeRat recovers

unit adj usts exposure conditions taking into

corsikiterest iion trenperatid e rditdte idpgt remanofsishd b fl isguiid 1iquid

15 between said projection optical systemand said
S5subBtavaitrey ialorey seeivhiswgdiimer tdigrectd®n ThHehexpoggce to said

apparatus of Caim98 wherein said adjustnment unit

adjREtle susiqn ol reefsidmonship 20 bet ween an i nage

pl ane and a surface of said substrate taking into

consi deration of inmage plane inclination caused by

said te eratHre distribution in saig S annin%] ,

directioff.’ 106" TREPBRPEEUFBPAPRAIEL 85 bf2ElaPm gherein

wherei n 25 .sai d_adj ustpent. unit inclines saj :

Substrat 6 Ao FaRe® Y SHcTRest F apk et dr uiftf rrmgde rear side
1ol ane d neld nal ien caused by Al ddammarat ure

di stribution 1n said scanning direction and also

scans said substrate in a direction of said

inclination. 153 101. The exposure apparatus of C aim

95 whereigg, sehd sHPOLYr&Bghan siudwies1aihl 99 ofa Sickposure

liquid along a noving direction of said substrate.

apparatus further comprising:

an adjustment unit that adjusts exposure conditions
15 based on at least one of actual measurement values and
prediction values of temperature information on said liquid

between said projection optical system and said substrate.

89. An exposure apparatus that illuminates a pattern
20 with an energy beam and transfers said pattern onto a substrate
via a projection optical system, said exposure apparatus
comprising:
a substrate stage on which said substrate is mounted that
moves within a two-dimensional plane holding said substrate;
25 a supply mechanism that supplies liquid to a space
between said projection optical system and said substrate on
said substrate stage; and

at least one bubble recovery mechanism that recovers



5 102. The exposure apparatus of C aim 101 wherein
sai d supply nmechani sm supplies said liquid fromthe
rear side in a noving direction of said substrate. 10
103. The exposure apparatus of Claim95 wherein said
tenperature information includ g at | east one of
actual neasurenent val ues and i @

The exposure apparatus of C aim 95, said exposure 15

ap%kﬁh‘é% EH%}@@&&%’M&&'% u@s&?@@sré‘i&‘%%§§§§8r11quld flow

that can detect the tenperatur
betyvaen sajgh i QL Hd QN R L&A1 sy Y and ss_y@t%m.
substrate, wherein said exposure conditions are

adj ust ed based on detection 20 results of said
tenperature sensor. 105. The exposure apparatus of

Cl ai m 95 Mher eha axposusecappaohtius pertodanmdspowherein
adjust a positional relationship between an inage

diction val ues. 104.

aid

Spl ane fommed ynbddied rerojvectyl ovech2b icpt iechla usyst embdidés with

a surface of said substrate, based on said

t erggercatluratiichf or mati on. 106. An exposure apparat us
that transfers a 154 predeterm ned pattern on a
substrate via a projection optical systemin a state
where a %pace bet ween said projection _optical system
and sai d %3

ubs?PSt%XPQSFF?I@Hpﬁfﬁﬁuﬁlaﬁl la%ﬁegglﬂh?ﬁeln

th l.tipl r.f d, fi
pat E?ﬁe. L HbaRaRs B Srie 2 RReeh CaPe Yo eghe oms are

Osu?g&; and, then a second pattern is also
erred on

15

20

25

whi | e Sa@%ﬂd‘%ﬁﬂ%ﬂé593%d¥%97 M%J%% gﬂ
proj ection optical system and sai strate

said divided area on said substrate
us%@i' (%or recoverlng

bubbles is switched in accordance with a moving direction of

said substrate.

92. The exposure apparatus of Claim 89, said exposure
apparatus further comprising:

an adjustment unit that adjusts exposure conditions
based on at least one of actual measurement values and
prediction values of temperature information on said liquid

between said projection optical system and said substrate.

93. The exposure apparatus of Claim 89 wherein
sald supply mechanism makes a flow of said liquid along

a moving direction of said substrate.

94. The exposure apparatus of Claim 93 wherein
said supply mechanism supplies said liquid from the rear

side in a moving direction of said substrate.
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10 107. An exposure apparatus that exposes a substrate
by projecting an image of a pattern on said substrate
via a projection optical system said exposure
apparatus conprising: a substrate stage on which said
substrate is nounted that 15 ggres within a

t wo- di nensi onal pl ane hol di ng d substrate; a
supply nmechani smthat supplies liquid to a
predeterm ned spatial area which includes a space
between said projection optical systemand said

substrat g5on §§iQxﬁ&@éféfgﬁbaﬁé@@§?tﬁggjf%ldﬂlnates a pattern
adj ustment unit that adjusts exposure conditions

basgd H08n RIRSSH Be A2 BEL Q8 ORs $Alid ba Gitld £ BRLWELRubstrate
said projection optical systemand said substrate.

1087ialke pxpesiviomppariatals sofst@mgi MaliQl eMpeyseine apparatus
said substrate is exposed while being noved in a

pr egetperimmimed scanni ng direction, said liquid supplied

bet ween said projection optical systemand said

substr at @ $hlowkrd e sargkel @l whilth ssHidisskannang iEgBounted that
direction, and said adjustment unit adjusts said

ex RES RS Ve SRANt f dT1e ~ Harats Io P @dgncehdi dirgaidpubstrate;
said scanning direction. 5 109. The exposure appar atus

of O ai mMPLG¥RRHer Bierhagdisg $hedt saPelisserpasdd WRi Pe

bei n ved in the sa direction .as .a flow direction ,
of BRI HG TR T55E  Thé BRI AFHAIRA SBR o BF Hfeen satd
107 _wherei.n 1 i.d,adj ust nent. _unit_adjus said
xRt T S et BRC AL o RERE P B S pupstrate
on urg gonditions corresponding to a scanning

speeg %f the substrate.

an adjustment unit that adjusts exposure conditions
based on temperature information on said ligquid between said

projection optical system and said substrate.

96. The exposure apparatus of Claim 95, said exposure
apparatus further comprising:

a drive system that drives said substrate stage in a
predetermined scanning direction with respect to said energy
beam to transfer said pattern onto said substrate in a scanning
exposure method; and

at least two temperature sensors , at least each one of
which i1s arranged on one side and the other side of said

projection optical system in said scanning direction.

97. The exposure apparatus of Claim 96, said exposure
apparatus further comprising:

a prediction unit that predicts temperature change of



111. The exposure apparatus of C aim 107 wherein 15
said adjustnent unit adjusts said exposure conditions
based on adjustnent information on exposure conditions
corresponding to a supply anount of said liquid by
said supply nechanism 20 112, An exposure apparatus
that illumnates a pattern wi t h>an ener gy beam and
transfers said pattern onto a substrate via a

pr@é%&h? 998% r Mﬁf@ﬂhlé%é&&f ﬁﬁ'ﬁ 2APPAL KYS 1 gh an area
gu2d AR g

conprisin substrate stage on substrate

I's gountied dpal ra42 TReS Waliki R AMO AN QRadiated via
pl ane hol ding said substrate; a supply nechani smthat

suppiicepddtquird 4 &aSRAGE PRIe Mt JH0j8Ede) based on
optical system and said substrate on said substrate

st ae i delnOusy b fTeGHianiasamitdiat: reeoterpeiditthre sensors
liquid; and a liquid renoval mechani smthat renoves
S5saiakdargppead oshitdle cowd dsink el reeowverted Byl dairdspectively.
recovery nechanism 5 113. The exposure apparatus of

Claim 112 wherein said liquid renoval nechani sm

recovers liquid on said substrate. 114. The exposure

appar at u98%f Enai PKRASUKhERAGTaE o4 dlpiguPes ispid exposure
| ocally held between said projection optical system
anPRRA TP Wb SHHE T SAPREII ibstrate stage has a

flat section .which | bstantial Iy flush with .
surface 6f SH'E SUBSERat S EHYSSpeAiphaty or o gtage in 2

103U P PSR AR B oA LS Tt enoray

beam to transfer said pattern onto said substrate in a scanning
exposure method, wherein

said adjustment unit adjusts exposure conditions taking

into consideration temperature distribution of said liquid

15 between said projection optical system and said substrate in

a scanning direction.

99. The exposure apparatus of Claim 98 wherein
said adjustment unit adjusts a positional relationship
20 between an image plane and a surface of said substrate taking
into consideration of image plane inclination caused by said

temperature distribution in said scanning direction.

100. The exposure apparatus of Claim 99 wherein
25 sald adjustment unit inclines said substrate to make
said substrate match said image plane inclination caused by
said temperature distribution in said scanning direction and

also scans said substrate in a direction of said inclination.



apparatus further conprising: an exhaust nechani sm
t hat exhausts gas on an inmage plane side of said
projection optical system wherein 20 said supply
mechani sm begi ns supplying said liquid in parallel
wi t h exhausting operation of s?%? exhaust nechani sm
25 116. The exposure appar at us Claim1l2, said
exposure apparatus further conprising: a control unit
that controls novenent of said substrate stage based
on at |least one of tenperature information of said
l'iquid aﬂ@lpreﬁﬁéréx#@é@f@ﬁéﬁgﬂr@fu§abﬂ t18Uhdos Iperein
117. The exposure apparatus of Claim 116 wherein said
control uhiid sappl 9lnseatareinmninate ssai fll sulbst sai @ St@ged along
based on at |east one of tenperature information of
saiad mdvigu dliared tproes ST esainf erulsttirarteof said |iquid
to make an image 5 plane formed by said projection
Soptical systemand a surface of said substrate
substanti al Iy coincide with each other. 118. An .
exposur e 1&gpar Ah8sSXRAEUTre| apPABREYS aChafteth 104t Mharein
energy beam and transfers said patfern gnto, a
subst r at 8316 SFRP LY BEGERLISENS R+ £2F SSyt biflah@ from the rear
liquid while locally,, holding said . ljquid on an inmage
bl A b S VA SHIRRETIBh © ot KCh IS AREahE s d
exposure apparatus conprising: a substrate stage on
whi ch said substrate is nounted that noves wthin a
10t wo- di mengjxonakpl ap oQng'Qg saLd §U8§t&g£§m 939yRerein
supply mechani smthat suppli g salg [Tqurd to an 1 nmage
pl ane si deiof taabd rAkOrect heBrARti6al i 8¥5688% & fiddt one of
recovery nechanismthat recovers said liquid outside
a g ecl inds Altsndft Sad1thdy QJrer t rad it il cgalv Sl em

104. The exposure apparatus of Claim 95, said exposure
15 apparatus further comprising:

a temperature sensor that can detect the temperature of
said liquid between said projection optical system and said
substrate, wherein

said exposure conditions are adjusted based on detection

20 results of said temperature sensor.

105. The exposure apparatus of Claim 95 wherein
a focus control is performed to adjust a positional
relationship between an image plane formed by said projection
25 optical system and a surface of said substrate, based on said

temperature information.

106. An exposure apparatus that transfers a



and 20 a second recovery nmechanismthat recovers said
liquid outside said first recovery nmechanismwth
respect to said projection area. 119. The exposure
apparatus of Claim 118 wherein 25 said substrate
stage has a flat section which is substantially flush
with a surface of said substratefin the peri phery of
said substrate held on said substrate stage. 158 5

120, He SXPOT B-RPBBRANS Obo G ALILILG, MBI 8o opt ical

y position sai d supply nec ange

betmpensahd PEOLEGHNR 23R ANWe BwE 86 QLS PISLLL OB optical
of said second recovery nechanism 121. The exposure

appafatdas fd @aaidnskikdht Saied QX FOSUrR] WARRANAIHS d, wherein
further conprising: an exhaust nechani smthat exhausts

gas on ann wage dalsaneulsiige cofexpaisthrier ajseglirdd roRel, cal first
system wherein 10 said supply mechani sm begi ns
SsupEtdenn sai dransgfedred omrar al dietided rexhansda g substrate,
operation of said exhaust mechanism 15 122. The
exposutéeappareatars] gphtCeainni 4 k8l ss dirdnexpasedeon said divided
apparatus further conprising: a control unit that

cortied SN EfrERl séfrag & whsg%ﬁaﬂ@t ¢iqyidges based mldbetween
| east, one of tenperature information of said_ |[|iquid

and® Pre SR B RRG 6P oS YSHP 15 GLisR I Bybstate -
exposure apparatus of Caim 122 wherein 20 said

control unit controls novenment of said substrate

102¥ ag:i 3a%.%d7 .onA%teép?oasSlEreog%p%fratt%gpt%'rlg% l“lerx%c;snefsogrrsal_tlkljsotnrate by

projecting an image of a pattern on said substrate via a
projection optical system, said exposure apparatus
comprising:
a substrate stage on which said substrate is mounted that
15 moves within a two-dimensional plane holding said substrate;
a supply mechanism that supplies liquid to a
predetermined spatial area which includes a space between said
projection optical system and said substrate on said substrate
stage; and
20 an adjustment unit that adjusts exposure conditions
based on pressure information on said liquid between said

projection optical system and said substrate.

108. The exposure apparatus of Claim 107 wherein
25 said substrate is exposed while being moved in a
predetermined scanning direction,
said liquid supplied between said projection optical

system and said substrate flows in parallel with said scanning



liquid and pressure information of said liquid to nmake
an image plane forned by said projection optica
system and a surface of said substrate substantially
coincide with each other. 25 124. The exposure
apparatus of Claim 118 wherein ai d second recovery
mechani smis arranged around s%?g proj ection area.
159 125. An exposure apparatus that illum nates a
patfierdki glwéya'energy beam and transfers said
pattern ontd a substrate via a projection optica

SySte”‘a@@1B|gHUQS%ﬁbh% hﬁQ@lé&j§s{@”§Hfﬂié%ﬁd%dﬂéﬂ@d%dltlons
on an image plane side of said projection optical

SYHyad 7 sy @ iapPaAitusSrCcAMPidaSidGcadning direction.
substrate stage on which said substrate i s nounted

that noves within a two-di nensional plane hol ding

said substrate, wherein 10 said substrate stage has a

5fl at sectliddn wihehekpossubstppbrathy 6FuShawmt h0d wherein
surface of said substrate in the periphery of said

subst r at saiel dubatsatd Sulespostes shage. bde riblved in the same
exposure apparatus_ of Claim 125 wherein 15 said flat
sectimarhionemie af ot diglagtalan plfsaishberdiia27. The
exposure apparatus of Caim 125 wherein said

substrate stage has a reference nenber on which

Said 20 der SheeonrRBEre sBBanetan: Bﬁfﬁgygi‘%ﬁiﬁ‘?mﬁﬁﬁrem
108a|d f|2§a %F%%I%gtm%%g uIEg §§58§H£ gfngép %ure condltlons

erei on optical

Sa'kgalgéc?toﬁg’:f\c? | qUInﬁaﬁntf aﬁ?f?ﬂ’cﬂ;rh%n t&ﬂ%esqﬂfeorkondltlons

hol di ng sal on sail
corresponding to a scanning speed of the substrate.

111. The exposure apparatus of Claim 107 wherein
15 sald adjustment unit adjusts said exposure conditions
based on adjustment informatioﬁ on exposure conditions
corresponding to a supply amount of said liquid by said supply

mechanism.

20 112. An exposure apparatus that illuminates a pattern
with an energy beam and transfers said pattern onto a substrate
via a projection optical system, said exposure apparatus
comprising:

a substrate stage on which said substrate is mounted that

25 moves within a two-dimensional plane holding said substrate;

a supply mechanism that supplies liquid to a space
between said projection optical system and said substrate on

sald substrate stage;



pl ane side of said projection optical system when
exposure operation for said substrate is suspended.
160 129. The exposure apparatus of C aim 125, said
exposure apparatus further conprising: a recovery
mechani smthat recovers said liquid held on said

i mge plane side of said proje&ggon optical system 5
wherein said substrate stage is noved to a

predeter§:%§%odg¥y .éahéﬁfﬁﬂﬁﬁ%gpﬁ%k%d% 28'Y 1iquid; and

conpl ete r the- substrate e on sai d substrate

stage to a!‘f&.‘&‘%%mﬁ%i dre?JoQJa%CHe@%aQHténFaéhatSWe%”%a%@ q_iquid
flat section face each other, and then at said 10

POSHH i A, cdil i bt 68ORS Yo 1 SRI Y, TRLQY eF e JRENAMSIAani sm.
is performed and after said |liquid has been

recovered, said substrate for which exposure has been
conpleted is unloaded fromsaid substrate stage. 15

5130. The l&x3poslihe appasatasapbaChaum d25C1admd112 wherein
exposure apparatus further conprising: a supply

mechani sraaieatl isiwigl iresoiviaduindchenaami nragevetankiqeideon said
of said projection optical system and an exhaust
mechH#risfathat exhausts gas on an image plane 20 side

of said projection optical system wherein said supply
nmechani sm begi ns supplying said liquid in paralle

w t h exhausti ng. operati on of sai d. exhaust  nmechanis .

131, The IbirosaPé S3BAFAEGs “BPAERkRM P35 HReRoinZoBherein

said s | V. pqchani m beqi ns, -supplyina.said liaqujd.in .
104 Ist at gp\?ﬁwelr e sald drSJrlosj gl%cl%nlyop ?lzdm st)}qseteé}-nsaﬁ%i orojection

flalpe sect 1 Qs ale 4381 00 $aGL AN, 16y

sald substrate stage has a flat section which is
substantially flush with a surface of said substrate in the
periphery of said substrate held on said substrate stage.
15
115. The exposure apparatus of Claim 114, said exposure
apparatus further comprising:
an exhaust mechanism that exhausts gas on an image plane
side of said projection optical system, wherein
20 said supply mechanism begins supplying said ligquid in

parallel with exhausting operation of said exhaust mechanism.

116. The exposure apparatus of Claim 112, said exposure

apparatus further comprising:
25 a control unit that controls movement of said substrate
stage based on at least one of temperature information of said

liquid and pressure information of said liquid.



132. The exposure apparatus of C aim 125, said
exposure apparatus further conprising: a control unit
that controls novenent of said substrate stage based
on at |east one of tenperature information of said 5
liquid and pressure information_of said |iquid. 133.
The exposure apparatus of C alﬁ?iSZ wherein said
control unit controls novenment of said substrate stage

based on 13k | eagl gggogar&egpggggeag ber L uPh! 986 %nerein

said 101iquid ressure ornatiron o

l'iquid t%aEQK%o%Erbﬁagﬁltp&éﬂ€r59£W§9v$Méﬁ%“6k said substrate
projection optical systemand a surface of said

substdd Basubsd@ali aéh ¥t GRIN6F dendd ihacd iattBenat134.of said
An exposure apparatus that illum nates a pattern 15

W tihi i ceard @ dxsameandf brassien 58k tld patdiarant 6Makedan image
substrate via a projection optical systemand |iquid
Swhidleareodalringd hgl sk hd) o tedtigun dpanical sgagempimatiea surface
side of said projection optical system said exposure

appdr atalisl costi sty s shdrstiradt ley staiges iohe whitdh esaihd other.
substrate is mounted that 20 noves within a

t wo- di nensi onal plane hol di ng said substrate, wherein

said substrate stage has a flat section substantially

flush witiH8a sOPfERODIF S ARPH RIS 5@@%&8%%%%‘?8 & pattern
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betymensaid, draf ecdd o SdHfale apparatus comprising:

a substrate stage on which said substrate is mounted that
moves within a two-dimensional plane holding said substrate;

15 a supply mechanism that supplies said liquid to an image
plane side of said projection optical system;

a first recovery mechanism that recovers said liquid
outside a projection area of said projection optical system;
and

20 a second recovery mechanism that recovers said liquid
outside said first recovery mechanism with respect to said

projection area.

119. The exposure apparatus of Claim 118 wherein
25 said substrate stage has a flat section which is
substantially flush with a surface of said substrate in the

periphery of said substrate held on said substrate stage.



system and said flat section when a substrate is

| oaded onto 5 said substrate stage. 136. The exposure
apparatus of Caim 134 wherein said liquid is held
bet ween sai d projection optical systemand said flat
section when a substrate is unLg ded from 10 said
substrate stage. 137. An expos appar at us t hat
illumnates a pattern w th an energy beam and

f . d 1 «
transters gal TH@}Egégsﬁpéoagp?FQ§&§agﬁiF%b?g?%}?nggreln

projection optica stem an qui d

hol di ng gakdphbh GUbSs OP: &R dR38 PLaAPE1SI ACcRinS&hd s arranged
projection optical system said exposure apparat us

COY W diysad dSgbst Eat @oft 8862 AhaMal eBcsbdySpbSf BbR of said
I's mounted that noves within a two-di mensional plane

holst duh b alabsidst madehaniwrer ein 20 said substrate

stage has a flat section substantially flush with a
Ssurface of said substrate held on said substrate

stage, and after exposure of said substrate held on

sai d subdtzlat eThstexpo e bpparabupladt eldaindil®, said exposure
substrate stage is noved to 25 a predeterm ned

posiRRadR itferfdl diar 1I9¥RHY Bi%n i mage pl ane side of

said projection systemis recovered, and said

substratéﬂoﬁxQﬁPgﬁgéggggﬁﬁg‘ﬁgétﬁﬁgﬁnﬁﬁﬁ%9é§é61?§-imagel?la“e
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122. The exposure apparatus of Claim 118, said exposure

apparatus further comprising:

15 a control unit that controls movement of said substrate
stage based on at least one of temperature information of said

liquid and pressure information of said liquid.

123. The exposure apparatus of Claim 122 wherein
20 said control unit controls movement of said substrate
stage based on at least one of temperature information of said
liquid and pressure information of said liquid to make an image
plane formed by said projection optical system and a surface
of said substrate substantially coincide with each other.
25
124. The exposure apparatus of Claim 118 wherein
said second recovery mechanism is arranged around said

projection area.



with an energy beam and transfers said pattern onto a
substrate via a projection optical systemand |iquid
while locally 10 holding said |iquid on an i mage pl ane
side of said projection optical system said exposure
apparatus conprising: a supply mechani smthat supplies
said liquid to an i nage planelé?de of said projection
optical system and an exhaust mnmechani smthat exhausts
gas on an inmage plane 15 side of said projection
optical system wherein said supply nmechani sm begi ns

suppl yi ngosai da} i Gk ide RRREes PhED exXhasidfds a pattern
operation of said exhaust mechanism 140. The exposure

apRAarat &S e rgyabaa 3%d SPhlls EXPOSHME p2Ot SPPINRLUS substrate
further conprising: a control unit that controls

mowanenrt pafojsaitd csubgitiatag sSisage kased iefuiat whedst locally
one of tenperature information of said Iiquid and

5pr éxdurieng pbddnhidquid an sai dndgeuldine25idélof Heeld projection
exposure apparatus of Caim 140 wherein said contro
uniaptdentl alys trroversenitd efxpoaiud es pparattel ss tage iased :
on at |east one of tenperature information of said
liquid agdspressirestageramrhbahsaishpdest gat e itsonemkieed that
an i mage 164 plane formed by said_projection optica
sy S8R SNd TR18UR fats BMmeiiiPrib Bl pate QtBsRaritd il spbstrate,
coincide with each other. 142. An exposure apparatus
t hat"S55'abi ates an energy 5 beamon a substrate via a

10Pr 0l ection ;opti cal  system.and,Liqui ¢, .and expoges sapd; o
subst rat €2 'Sai"d exposyr € “apparatus cofprising” " &

ts\lljvo- éfsacta%tsitaaiq]%/ e Qls \Sﬂlqg\/%bgglé\f\%z:gluﬁf %aid sugsd:rlaote in the

I mensi onal” plane hol di ng Id substrate; an
periphery of said substrate held on said substrate stage.

126. The exposure apparatus of Claim 125 wherein

15 said flat section is made up of a plurality of members.

127. The exposure apparatus of Claim 125 wherein
said substrate stage has a reference member on which
reference marks are formed, and the upper surface of said
20 reference member is substantially flush with said flat

section.

128. The exposure apparatus of Claim 125 wherein
sald projection optical system and said flat section
25 face each other to keep on holding said liquid on said image
plane side of said projection optical system when exposure

operation for said substrate is suspended.
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15 20 a control unit that controls novenent of said
substrate stage based on at | east one of tenperature
information of said liquid and pressure infornmation
of said liquid. 143. The exposure apparatus of C aim
142 wherein said control unit_controls novenent of
sai d substrate stage based on 189 east one of
tenperature information of said liquid and pressure

| nformath9g, OfTﬁ@ieSigloisﬁlfied%;gpﬁ?fg%t}ﬂ?s 3 ¢ Rge id exposure

( 2B},
formed by said projection systen1ané a surface

of 3G 3URS LG SURSHRARIsAlgy coincide with each
other. 144. A device manufacturing method including a

l'i t hogr aphi&cHVOL9 T cVIET S R Hat $akdvkirbhegi@aphiguid held on
process, a device pattern is transferred onto a
substicatithad®l Y adre eXples wfe sappampatyecition2op@iyadneystem,
of Clainms 1 to 143.
wherein
said substrate stage is moved to a predetermined
position after exposure has been completed for the substrate
held on said substrate stage to make said projection optical
system and said flat section face each other, and then at said
position, liquid recovery by said recovery mechanism is
performed and after said liquid has been recovered, said

substrate for which exposure has been completed is unloaded

from said substrate stage.

130. The exposure apparatus of Claim 125, said exposure
apparatus further comprising:

a supply mechanism that supplies liquid to an image plane
side of said projection optical system; and

an exhaust mechanism that exhausts gas on an image plane
side of said projection optical system, wherein

said supply mechanism begins supplying said liquid in

parallel with exhausting operation of said exhaust mechanism.

131. The exposure apparatus of Claim 125 wherein
said supply mechanism begins supplying said liquid in
a state where said projection optical system and said flat

section are facing each other.
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132. The exposure apparatus of Claim 125, said exposure
apparatus further comprising:

a control unit that controls movement of said substrate
stage based on at least one of temperature information of said

liquid and pressure information of said liquid.

133. The exposure apparatus of Claim 132 wherein

sald control unit controls movement of said substrate
stage based on at least one of temperature information of said
liquid and pressure information of said liquid to make an image
plane formed by said projection optical system and a surface

of said substrate substantially coincide with each other.

134. An exposure apparatus that illuminates a pattern
with an energy beam and transfers said pattern onto a substrate
via a projection optical system and liquid while locally
holding said liquid on an image plane side of said projection
optical system, said exposure apparatus comprising:

a substrate stage on which said substrate is mounted that
moves within a two-dimensional plane holding said substrate,
wherein

said substrate stage has a flat section substantially
flush with a surface of said substrate held on said substrate
stage, and

when exposure operation on said substrate is suspended,
said projection optical system and said flat section face each
other to keep on holding said liquid on said image plane side

of said projection optical system.
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135. The exposure apparatus of Claim 134 wherein
said liquid is held between said projection optical
system and said flat section when a substrate is loaded onto

said substrate stage.

136. The exposure apparatus of Claim 134 wherein
salid liquid is held between said projection optical
system and said flat section when a substrate is unlocaded from

said substrate stage.

137. An exposure apparatus that illuminates a pattern
with an energy beam and transfers said pattern onto a substrate
via a projection optical system and liquid while locally
holding said liquid on an image plane side of said projection
optical system, sald exposure apparatus comprising:

a substrate stage on which said substrate is mounted that
moves within a two-dimensional plane holding said substrate,
wherein

said substrate stage has a flat section substantially
flush with a surface of said substrate held on said substrate
stage, and

after exposure of said substrate held on said substrate
stage has been completed, said substrate stage is moved to
a predetermined position where said liquid on an image plane
side of said projection optical system is recovered, and

said substrate on which exposure has been completed is

unloaded from said substrate stage, after recovery of said



10

15

20

25

163

liquid has been completed.

138. The exposure apparatus of Claim 137 wherein
salid projection optical system and said flat section

face each other at said predetermined position.

139. An exposure apparatus that illuminates a pattern
with an energy beam and transfers said pattern onto a substrate
via a projection optical system and liquid while locally
holding said liquid on an image plane side of said projection
optical system, said exposure apparatus comprising:

a supply mechanism that supplies said liquid to an image
plane side of said projection optical system; and

an exhaust mechanism that exhausts gas on an image plane
side of said projection optical system, wherein

said supply mechanism begins supplying said liquid in

parallel with exhausting operation of said exhaust mechanism.

140. The exposure apparatus of Claim 139, said exposure
apparatus further comprising:

a control unit that controls movement of said substrate
stage based on at least one of temperature information of said

liquid and pressure information of said liquid.

141. The exposure apparatus of Claim 140 wherein
said control unit controls movement of said substrate
stage based on at least one of temperature information of said

liquid and pressure information of said liquid to make an image
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plane formed by said projection optical system and a surface

of said substrate substantially coincide with each other.

142. An exposure apparatus that irradiates an energy
beam on a substrate via a projection optical system and liquid
and exposes said substrate, said exposure apparatus
comprising:

a substrate stage that is movable within a
two-dimensional plane holding said substrate; and

a control unit that controls movement of said substrate
stage based on at least one of temperature information of said

liquid and pressure information of said liquid.

143. The exposure apparatus of Claim 142 wherein

said control unit controls movement of said substrate
stage based on at least one of temperature information of said
liquid and pressure information of said liquid to make an image
plane formed by said projection optical system and a surface

of said substrate substantially coincide with each other.

144, A device manufacturing method including a
lithographic process, wherein

in said lithographic process, a device pattern is
transferred onto a substrate using an exposure apparatus in

any one of Claims 1 to 143.



