DESCRI PTI ON EXPOSURE APPARATUS, EXPOSURE METHOD, AND METHOD FOR PRODUCI NG
DEVI CE TECHNI CAL FI ELD The present invention relates to an exposure
apparatus and an exposure nethod for perform ng the exposure with an
imge of a pattern projected by a projection optical system in a state in
which at |east a part of a space between the projection optical system and
a substrate is filled wiwth a liquid. The present invention also relates to
a method for producing a device. BACKERQINDDWRT Sem conductor devices and
liquid crystal display devices are produced by the so-called
phot ol i t hography technique in which a pattern fornmed on a nmask is
transferred onto a photosensitive substrate. The exposure apparatus, which
is used in the phot oEKPABYREPAYPARAPYS, | AREPOGEREaMEESK DSt 2@ f or supporting
the mask and a substrate stage for supporting the substrate. The pattern
on the mask is transferred MITtHOI HORS HISIFE BNV @I CPr oj ecti on optica
system whi |l e successively noving the 1 mask stage and the substrate stage.
In recent years, it is denanded to realize the higher resolution of the
projection optical systemin order to respond to the further advance of
the higher integration of the devimBiNIatdrersLEIAs the exposure wavel ength
to be used is shorter, the resolution
The present invention relates to an exposure apparatus

and an exposure method for performing the exposure with an

image of a pattern projected by a projection optical system

in a state in which at least a part of a space between the

projection optical system and a substrate is filled with a

liquid. The present invention also relates to a method for

producing a device.

BACKGROUND ART

Semiconductor devices and liquid crystal display
devices are produced by the so-called photolithography
technique in which a pattern formed on a mask is
transferred onto a photosensitive substrate. The exposure
apparatus, which is used in the photolithography step,
includes a mask stage for supporting the mask and a
substrate stage for supporting the substrate. The pattern
on the mask is transferred onto the substrate via a

projection optical system while successively moving the



of the projection optical system becones higher. As the nunerical aperture
of the projection optical systemis |arger, the resolution of the

proj ection optical system becones higher. Therefore, the exposure

wavel ength, which 1is used for the exposure apparatus, is shortened year by
year, and the nunerical aperture of the projection optical systemis
increased as well. The exposure wavel ength, which is domnantly used at
present, isn248 ahege aneé KRE seketnetel asepge. Hoheveepcentieyerpesuie is
wavel ength of 193 nm of the ArF excinmer |aser, which is shorter than the
above, is AeBANPRACE? cathyineethenhsohersieaalitbnsn Wienhtherogepbsane is
perfornmed, the depth of focus (DOF) is also inportant in the same manner
as the reso@@tl@@f Thetemesol atden Roandspheddéept hhef fhotbsrSadvence

represented by the follow ng expressions respectively. R=k,?,/NA ... (1)
6 = k, X NA'of thg Xyigher t hetegpaessinons, tker dprésenpstthenexpdsutbe
wavel ength, NA represents the nunerical. aperture of the projection
opti cal systéamswrel kavahanthrepriesensetthes phocess, cobef resehtision
According to the expressions (1) and 2 (2), the following fact is
appreci at edef THat pryjadieron hept expbssy et @aveteogeh Xigbeshor asneteand t he
numerical aperture NA is increased in order to enhance the resolution R
t hen t he deptenicdbcyseBiise naf rowedprd fetheodepphioblf sgasefd is t oo
narrowed, it is

larger, the resolution of the projection optical system

becomes higher. Therefore, the exposure wavelength, which

is used for the exposure apparatus, is shortened year by

year, and the numerical aperture of the projection optical

system is increased as well. The exposure wavelength,

which is dominantly used at present, is 248 nm of the KrF

excimer laser. However, the exposure wavelength of 193 nm

of the ArF excimer laser, which is shorter than the above,

is also practically used in some situations. When the

exposure is performed, the depth of focus (DOF) is also

important in the same manner as the resolution. The
resolution R and the depth of focus & are represented by
the following expressions respectively.
R = k,*A/NA ca (1)
d = zk,*A/NA’ e {2)
In the expressions, A represents the exposure

wavelength, NA represents the numerical aperture of the
projection optical system, and k, and k, represent the

process coefficients. According to the expressions (1) and



difficult to match the substrate surface with respect to the inmage plane
of the projection optical system It is feared that the margin is
insufficient during the exposure operation. Accordingly, the liquid

i mrersi on nmet hod has been suggested, which is disclosed, for exanple, in
I nternational Publication No. 99/49504 as a nethod for substantially
shortening the exposure wavel ength and w dening the depth of focus. In
this |iquid(?meEBkoRclkerhod, fahe $pacepbetwesrdt he Thowerssuwhaoetak t he
projection optical systemand the substrate surface is filled with a

li qui d sucheasomaterwaveadygohganie sab¥eBhedt anMt thkzgukbeifact that the
wavel ength of the exposure light beamin the liquid is 1/n as conpared

with that igpetberaifia(Dsl eREESEELS &Heoksie;ag%i t&ﬁg%ﬂggét% Eaga'g.m!ﬂ!aﬂ’

which is about 1.2 to 1.6 in ordinary cases reso Fon’is

i nproved ang t e f cus Ls magnpified about n tinmes. Wen the
exposur e iggber %gng%g i é n%iit%c?ﬁegl%%u?%rr?%e t ow t hrough the space
between the projection optical systemand the substrate, or when the

exposure is perfbfngte dfpte abviogushd bubsto ater mvddy especs to the
projection 3 optical systemin a state in which the space between the
proj ection dpffcallsyst enaand the substrate ssrfabbedivht hespber! guid,
then there is such a possibility that the liquid may be exfoliated from
the proj ecttiton opideghl system tiandbosjédeisubspt sk gl ApstBRONVERi egce
ari ses such that
feared that the margin is insufficient during the exposure
operation. Accordingly, the liquid immersion method has
been suggested, which is disclosed, for example, in
International Publication No. 99/49504 as a method for
substantially shortening the exposure wavelength and
widening the depth of focus. In this liguid immersion
method, the space between the lower surface of the
projection optical system and the substrate surface is
filled with a liquid such as water or any organic solvent
to utilize the fact that the wavelength of the exposure
light beam in the liquid is 1/n as compared with that in
the air (n represents the refractive index of the liquid,
which is about 1.2 to 1.6 in ordinary cases) so that the
resolution is improved and the depth of focus is magnified
about n times.
When the exposure is performed while making the liguid
to flow through the space between the projection optical

system and the substrate, or when the exposure is performed

while moving the substrate with respect to the projection



the pattern image, which is to be transferred to the substrate, is
deteriorated. In other cases, the pattern imge is deteriorated as well
when any turbul ence appears in the liquid fl ow when the exposure is
performed while nmaking the liquid to flow through the space between the
projection optical systemand the substrate. DI SCLOSURE OF THE | NVENTI ON

The present _invention has heen nmade taking the foregoing circunstances
into consi d8PALTER, S¥fi 6B é& 2of talki éR MEICH Bhevis#ecan bekpesar éhe
apparatus, an exggsure nethgd, and a method for producing a device, in
which a pabt8Pfi-CaR"bEPLAGAST EVPEETad r &D6I §uby taritandisng 1d ledquildh in a
desired sta%g m@en a exBosure process is performed while filling a space
between a profettRBACoptPERl tE§Eteds gHANaasEBSEiREA 1ht Khekethequid. It is

not ed t hat arent hesi zed nunmeral s or synbols affixed to respective

el ement s ne}EHVlgx@ﬁﬁlPFyeFﬁ@léﬁéﬁén?§08ythﬁypépJéﬁéﬁﬁhepptﬁﬁﬁh whisthmi t s
not intended %2 IinLt the respective elenments. 4 In order to achieve the
obj ect as d@'¢fPhebapdvRStEAEe- préBenbCPAVERLEDACadEpESSt hachokheni ng

constructions corresponding to Figsz 1to9 as illustrated in
enbodi nent stPARDr BFRY $B24°1 i YBicAspectoobet heapsésenedi hoehbeon, there

is provided an exposure apparatus (EX) which exposes a substrate (P) by
transferring? t?%%%e &F @cparierated. In other cases, the pattern

image is deteriorated as well when any turbulence appears
in the liquid flow when the exposure is performed while
making the liquid to flow through the space between the

projection optical system and the substrate.
DISCLOSURE OF THE INVENTION

The present invention has been made taking the
foregoing circumstances into consideration, an object of
which is to provide an exposure apparatus, an exposure
method, and a method for producing a device, in which a
pattern can be transferred accurately by arranging a ligquid
in a desired state when an exposure process is performed
while filling a space between a projection optical system
and a substrate with the liquid. It is noted that
parenthesized numerals or symbols affixed to respective
elements merely exemplify the elements by way of example,
with which it is not intended to limit the respective

elements.



through a liquid (50) onto the substrate, the exposure apparatus
conprising: a projection optical system (PL) which projects the image of
the pattern onto the substrate, wherein: a portion (60, PK) of the
projection optical system (PL), which nmakes contact with the liquid (50),
is surface- treated to adjust affinity for the liquid (50). In the exposure
apparatus of the present invention, the surface treatnent is applied to
the portion of tHé& G Gitedtd G idmic dihes ywdtimat( wer elasaftidrecappror,i atrel y
referred to _as "liquid contact portion”) which makes contact with the
liquid in ofd&FHG ddVEat10%e 4 thref ol ltoheinld queings.t rTieriefrar e, t he
liquid is mintained in a desired state between the projection optical
system and FRE*CERHSAIECe LOFER I6xarplte, 9% fst He lafsftinaitiey ofn t he | qui d

cont act portlgn for the liquid is too | ow, any phenonenon, in which any
harnful i nf PHEREE™FE Exerted on the liquid immersion exposure, arises, for
exanpl e, such that the 1liquid is exfoliated fromthe contact portion,

and/or any 5 bubBfE°FdigenéPatediren mRgesther hardprihenhe iatkinmiiby ,of
the liquid contact portion for the liquid is too high, any inconvenience
arises in Sgﬁgr@a§§spr@3@d@§aﬁﬁ|@gpggghethaparaheslkquhdwhicﬁpéﬁgdsﬁhi|e
causi ng excessive wetting wth respect to the contact portion and the
ausi ng N g pect L . .
liquid out ffoWsPFtoRtet hB) shrcerpeehiesningeapr dinegti ofi apphcakrsyst em and
t he substrﬁge. n the_contrarg, in the case of the exposure
through a ligquid (50} onto the substrate, the exposure
apparatus comprising:
a projection optical system (PL) which projects the
image of the pattern onto the substrate, wherein:
a portion (60, PK) of the projection optical system
(PL}, which makes contact with the liquid (50), is surface-
treated to adjust affinity for the liquid (50).
In the exposure apparatus of the present invention,
the surface treatment is applied to the portion of the
projection optical system (hereinafter appropriately
referred to as “"liquid contact portion") which makes
contact with the liquid in order to adjust the affinity for
the liquid. Therefore, the liquid is maintained in a
desired state between the projection optical system and the
substrate. For example, if the affinity of the liquid
contact portion for the liquid is too low, any phenomenon,
in which any harmful influence is exerted on the liquid

lLMmerslon exposure, arises, for example, such that the

liquid is exfoliated from the contact portion, and/or any

¥



apparatus of the present invention, the affinity is adjusted wth respect
to the liquid disposed at the liquid contact portion of the projection
optical system Therefore, the liquid imersion state is reliably

mai nt ai ned between the substrate and the projection optical systemeven in
the case of the full field exposure in which the substrate stands stil

W th respech Eﬁ t he exposure |ight bean1during the exposure as well as in
the case of PUPRESseSnAPRGTEGEE -exPBstife apparahaadin idhitble efié isdbst odt e

is nmoved by E nﬁvabLe stage durin%Athe exposure. According to a second
aspect of thBSplédntl FRYEAELORCTTLRRY EOFstProvildeddansekpostiighappayat us
(EX) which exposes  a substrate (P) by transferring an inmage of a pattern

t hrough a IFHEPHV?BG?HGﬁt6rﬁﬁéssﬂﬁsﬁpaﬁe?aﬁﬁéfeﬁ@@saﬁémpéspasaﬁbsthat
conprising: a projection optical system (PL) which projects the inage of
the patterntBft bleRédsiipsepacad vhetei aaushegpesieesive wptidalh wyshem (PL)
has a first surface area (AR) which includes a surface of an opti cal

el enent 6 (69PEFspbReblat cantapt oborhéoprapdcthenlogtidabusydvem framd a
second surface area (AR2) which is disposed around the first surface area
(ARL); and Hi¢iFRR§e obettecn Fhe BupleckianecaptRa) fpsteheanti ghed (50) is
hi gher than affinity of the second surface area (AR2) for the liquid (50).
Accor di ng tPRHerpi@sentni bventoohrarne afifthétyaserof the exposure

apparatus of the present invention, the affinity is
adjusted with respect to the liquid disposed at the liguid
contact portion of the projection optical system.
Therefore, the liquid immersion state is reliably
maintained between the substrate and the projection optical
system even in the case of the full field exposure in which
the substrate stands still with respect to the exposure
light beam during the exposure as well as in the case of
the scanning type exposure apparatus in which the substrate
is moved by a movable stage during the exposure,

According to a second aspect of the present invention,
there is provided an exposure apparatus (EX) which exposes
a substrate (P) by transferring an image of a pattern
through a liquid (50) onto the substrate, the exposure
apparatus comprising:

a projection optical system (PL) which projects the
image of the pattern onto the substrate, wherein:

the projection optical system (PL) has a first surface

area (ARl) which includes a surface of an optical element



the liquid of the first surface area including the optical elenent
di sposed at the tip of the projection optical systemis made higher than
that of the second surface area disposed therearound. Accordingly, the
liquid is stably arranged on the optical path for the exposure |ight beam
owng to the first surface area. Further, the liquid is not spread with
the wetting to the surroundings owing to the second surface area, and thus
does not outfPowdispvhed eutsi tep Tlietbkopepjthe ibinquipd ican besstahl y
arranged on the optical path for the exposure |ight beameven in the case
of the full ahflehdsexposurerifacahiachat haRgybshiahe isstiaB@g®seld lalrownintih
respect to the exposure |ight beamduring the exposure as well as in the
case of thetBeahhrny sypéacexposar ¢ARh)whanll the substrate is noved with
respect to the exposure |ight beam during the exposure. According to a
third aspect of ahéipiegenf theefiiisn, surhece hgepr ourded ram exposure
apparatus (EX) which exposes a substrate (P) by illumnating a pattern
with an expbsgwid begam {(ELhigherttansferringtanormege ebcbha pattrare
through 7 a liquid (50) onto the substrate (P), the exposure apparatus
conpri si ng; azedpr OhRZ] | Do ophe chlqsyst epv { PL) which projects the inmage of
the pattern onto the substrate; and a liquid imersion unit (1, 2) which
fills, with the Addouitng50)  tid peasént pavénofion, SpReeabetveen Fhe
projection optical system (PL) and the substrate (P)

the liquid of the first surface area including the optical

element disposed at the tip of the projection optical
system is made higher than that of the second surface area
disposed therearound. Accordingly, the ligquid is stably
arranged on the optical path for the exposure light beam
owing to the first surface area. Further, the liquid is
not spread with the wetting to the surroundings owing to
the second surface area, and thus does not outflow to the
outside. Therefore, the liquid can be stably arranged on
the optical path for the exposure light beam even in the
case of the full field exposure in which the substrate
stands still with respect to the exposure light beam during
the exposure as well as in the case of the scanning type
exposure in which the substrate is moved with respect to
the exposure light beam during the exposure.

According to a third aspect of the present invention,
there is provided an exposure apparatus (EX) which exposes
a substrate (P) by illuminating a pattern with an exposure

beam (EL) and transferring an image of the pattern through



wherein: a conditional expression (vdp)/R < 2,000 is satisfied provided
that d represents a thickness of the Iliquid (50), v represents a velocity
of a flow of the Iliquid (50) between the projection optical system (PL)
and the substrate (P), p represents a density of the liquid (50), and p
represents a coefficient of viscosity of the Iliquid (50). According to the
present invention, the condition, under which the liquid is maintained in
at | east the paguidof SPheospacthbetubshrbhe girgjethicorxppkivcal system (PL)
and the substrate (P), is set so that the conditional expression
descri bed adpperpsusacpspredindccordi ngly, no turbulence arises in the
liquid. Therefore, it is possible to suppress any inconveni ence which
woul d be ot herwi 8epreaastedonfopteéxabpbestemchrihatvhtiba pabtjectsi rpge to be
projected onto the substrate is deteriorated due to the turbulence of the
liquid. Accorgliagefothefpattbraspett ohet babpreaenat kmadention, 8 there is
provi ded an exposure apparatus (EX) which exposes a substrate (P) by
illumnating a pattegqnidf lanemskofMiniwi (h,an)expestr eibeam (Ekh ane
transferring an inage of the pattern through a liquid (50) onto the
substrate, lhpui@xpdeur eaappadist us soNpProsi Agspachr ppewbeantapti cal system
(PL) which projects the imge of the pattern onto the substrate; and
projection optical system (PL) and the substrate (P),

wherein:

a conditional expression (vedep)/u = 2,000 is
satisfied provided that d represents a thickness of the
liquid (50), v represents a velocity of a flow of the
liguid (50) between the projection optical system (PL)} and

the substrate (P}, p represents a density of the liquid

{50), and u represents a coefficient of viscosity of the
liguid (50).

According to the present invention, the condition,
under which the liquid is maintained in at least the part
of the space between the projection optical system (PL) and
the substrate (P), is set so that the conditional
expression described above is satisfied. Accordingly, no
turbulence arises in the liquid. Therefore, it is possible
to suppress any inconvenience which would be otherwise
caused, for example, such that the pattern image to be
projected onto the substrate is deteriorated due to the
turbulence of the liquid.

According to a fourth aspect of the present invention,



aliquid imersion unit (1, 2) which fills, with the liquid, at |east a
part of a space between the projection optical system (PL) and the
substrate (P), wherein: the liquid (50) flows as a lamnar flow in parallel
to a scanning direction of the substrate (P). According to the present
invention, the liquid imersion state is controlled by various nethods,
and thus the liquid flows while formng the lamnar flowin parallel to
t he scanni nghdireedsi prnoufidiehe asuksppate edupipag athe E¥0s whe.chThenRfQre, it
is possible to avoid the deterioration of the pattern inmage to be

proj ected oft eubhérasebsPnabg. iFanmhest ing WNRSEESIAr Y £V iabmalskon M)S
generated, for exanple, in the projection optical system which nakes
contact wi tWitheahi qupdsasewekhmagkin the wehekrard inke ansubslfate shage
whi ch holds the wafer. The flow of the 1liquid can be made into the |am nar
flow, for exahpeen byrogghtaolligogdt heoamsunb ehesuppky rGiecovery) of the
liquid by the liquid imersion unit, adjusting the structure of the

li qui d suppéypowzze eappatheusi qungdrisiggsi on unit, 9 and/or adjusting the
vel ocity when the substrate is noved during the exposure. According to a
fifth aspect of &herpjesentdni oyenthdnsystbRr eprs thghdggoggc%gpQggre
apparatus (EX) which exposes a substrate (P) by illumnating a pattern
with an exposage obesdte (H)tand thessteersagsapatarggnaf the pattern

through a liquid (50) onto the substrate, the exposure apparatus

a liguid immersion unit (1, 2) which fills, with the
liguid, at least a part of a space between the projection
optical system (PL) and the substrate (P), wherein:

the liguid (50) flows as a laminar flow in parallel to
a scanning direction of the substrate (P).

According to the present invention, the liquid
immersion state is controlled by various methods, and thus
the liquid flows while forming the laminar flow in parallel
to the scanning direction of the substrate during the
exposure. Therefore, it is possible to aveid the
deterioration of the pattern image to be projected onto the
substrate. Further, no unnecessary vibration is generated,
for example, in the projection optical system which makes
contact with the liquid as well as in the wafer and the
Substrate stage which holds the wafer. The flow of the
liquid can be made into the laminar flow, for example, by
controlling the amount of supply (recovery) of the liguid

by the liquid immersion unit, adjusting the structure of

the liquid supply nozzle of the liguid immersion unit,



conprising: a projection optical system (PL) which projects the inmage of
the pattern onto the substrate; a liquid imrersion unit (1, 2) which
supplies the liquid (50) onto only the substrate (P); and a control unit
(CONT) which controls the liquid imersion unit (1, 2), wherein: the
control unit (CONT) controls the liquid imrersion wunit (1, 2) so that the
supply of the liquid (50) is stopped during the exposure of the substrate
(P). Accor diindy @0 adengpt esenthe nvehodony vhenl tgei substmetei on movedi s
controlled such that the liquid is not supplied during the exposure for

t he subst r atwr inAcdor dengbsyre he phot osensitive material, which has been
applied onto the substrate, is not danaged. It is possible to avoid the
deteriorati on ofAddverdguiatd eran 4 of betl onspeconof t tiee spbsseat eintanthen, the
positional relationship between the projection optical system and the
substrate dadrerehelsstratitwidemi Mmiegbsura desaredust ate) dPidscexgdbagsto a
si xth aspect of the present invention, there is provided an exposure

met hod for seexposimgatae (SUbsty atlel (iP)ndyipg oh g6t thgr@nw i tmgen oéxpopat&ern
onto the substrate by using a projection optical system (PL), the

exposure neterad (EOnprarsl ng:areppd iy gy aasuldage ¢f ediaepittora surdage of
the substrate (P) before the exposure in order to adjust
a liquid (50) onto the substrate, the exposure apparatus

comprising:

a projection optical system (PL) which projects the
image of the pattern onto the substrate;

a liquid immersion unit (1, 2) which supplies the
ligquid (50) onto only the substrate (P); and

a control unit (CONT) which controls the liquid
immersion unit (1, 2), wherein:

the control unit (CONT) controls the ligquid immersion
unit (1, 2) so that the supply of the ligquid (50) is
stopped during the exposure of the substrate (P).

According to the present invention, the liquid
immersion unit is controlled such that the liquid is not
supplied during the exposure for the substrate.
Accordingly, the photosensitive material, which has been
applied onto the substrate, is not damaged. It is possible
to avoid the deterioration of the pattern to be formed on
the substrate. Further, the positional relationship
between the projection optical system and the substrate can

be stably maintained in a desired state.
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affinity for the liquid (50); filling at | east a part of a space between
the projection optical system (PL) and the substrate (P) with the liquid
(50); and projecting the image of the pattern onto the substrate (P)
through the liquid (50). According to the present invention, the surface
treatnment is applied to the surface of the substrate depending on the
affinity for the liquid before performng the |Iiquid i mrersion exposure.
Accordi ngly, therddguithgarno desimihtaspedtonft heespbstenteihneatsbate
preferable for the liquid inrersion exposure. For exanple, if the
affinity forhehe 13 quiahided oanl| expoanyei neohveéntencexpasingsa for exanpl e,
such that the liquid is exfoliated fromthe surface of the substrate,

and/ or any shubblmties (Rerer ghedjednihfieant hesgband, ai patberaf bhobt yhéor the
liquid is too high, any inconvenience arises in sonme cases, for exanple,

such that theodtirplia by wpread excesscveby opbidgl capstag vwet b i nghen the
substrate. On the contrary, 11 when the appropriate surface treatnent is
appl i ed to daxdpeossubsiatdiel stodmces 1mg consi deration of the affinity for the
liquid as in the exposure nethod of the present invention, then the liquid

can be maintai nepply imgesisetf siaterencide: sobstsateaca@andrithés possible
to appropriately performthe recovery and the renoval of the liquid on the
substrate. sBiRisfEh dDESCRPHLN £F tTHE HRANINGS in order to adjust

affinity for the liguid (50);

filling at least a part of a space between the
projection optical system (PL) and the substrate (P) with
the liquid (50); and

projecting the image of the pattern onto the substrate
(P) through the liquid (50).

According to the present invention, the surface
treatment is applied to the surface of the substrate
depending on the affinity for the liquid before performing
the liquid immersion exposure. Accordingly, the liquid can
be maintained on the substrate in a state preferable for
the liquid immersion exposure. For example, if the
affinity for the liquid is too low, any inconvenience
arises, for example, such that the liquid is exfoliated
from the surface of the substrate, and/or any bubble is
generated. On the other hand, if the affinity for the
liquid is too high, any inconvenience arises in some cases,
for example, such that the liquid is spread excessively

while causing wetting on the substrate. On the contrary,

11



Fig. 1 shows a schematic arrangenent illustrating an enbodinment of the
exposure apparatus of the present invention. Fig. 2 shows an exenplary
arrangenent of supply nozzles and recovery nozzles. Fig. 3 shows an
exenpl ary arrangenent of supply nozzles and recovery nozzles. Fig. 4
schematically illustrates areas in which a projection optical systemand a
substrate are surface- treated. Figs. 5(a) to 5(c) schematically
i | lustrateswheitubaei apsroprwhtehsthéatéqurdathons het wpphiadsubsthate and
a projection optical systemwhich are not surface- treated. Figs. 6(a) to
6(c) schenetilkattytel fusfaatesn sohsadéoasion whi chet heéfhihquiydtblkowre
between a substrate and a projection optical systemwhich are
surface-trebi@did 12s Fig. tHei ékpstuat esetnot her enbodiaeahtofintbatpeasent
invention. Figs. 8(a) and 8(b) show other enbodi ments of supply nozzles.
Fig. 9 showshen coverl ghasd paovbdeda onvesiaegubst saiiesirEigstiBesbawsha fl ow
chart illustrating exenplary steps for producing a sem conductor device.
BEST MODE FOR:GARRY NGIQUTL THES | DVENTH ON &6 exprepat 4o81 bkrbermadaebel ow
about the exposure

recovery and the removal of the liquid on the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a schematic arrangement illustrating an
embodiment of the exposure apparatus of the present
invention.

Fig. 2 shows an exemplary arrangement of supply
nozzles and recovery nozzles. |

Fig. 3 shows an exemplary arrangement of supply
nozzles and recovery nozzles.

Fig. 4 schematically illustrates areas in which a
projection optical system and a substrate are surface-
treated.

Figs. 5(a) to 5(c¢) schematically illustrates
situations in which the liquid flows between a substrate
and a projection optical system which are not surface-
treated.

Figs. 6(a) to 6(c¢) schematically illustrates
situations in which the ligquid flows between a substrate

and a projection optical system which are surface-treated.

12



apparatus and the method for producing the device according to the present
invention with reference to the drawi ngs. However, the present invention
is not limted thereto. Fig. 1 shows a schematic arrangenent illustrating
an enbodi nent of the exposure apparatus of the present invention. Wth
reference to Fig. 1, an exposure apparatus EX includes a mask stage MST
whi ch supports a mask M a substrate stage PST which supports a substrate
P, an illum natFag.optitahssyatem bhowhieeh eibbuiineates,r WHd pas@xposure
| i ght beam EL, the mask M supported by the mask stage MST, a projection
optical systiermeRtiwhi.ch perforns projection exposure for the substrate P
supported by the substrate stage PST with an imge of a pattern of the
mask Ml lunm naredswi Bhayhenaxpesyr enbivgbtnbeasmbbadigeadta b3 @RI unit
CONT which collectively controls the overall operation of the exposure
appar atus EXozZhesenbodi nent of the present invention will now be
expl ai ned as exenplified by a case of the use of the scanning type

exposur e apparatE$g(SQ-Qﬁb%@daseaﬁ@kngla§beEE@ﬁldéa bherexpasyise rapRar at us
EX in which the substrate P is exposed with the pattern fornmed on the mask

M whil e synchronpugl yloovhagst hermgkeihandit hessubst hat exBmphR Ut ual ly
different directions (opposite directions) in the scanning girections. I n

the fol | ow sigepxpfenapieucihg aZsaxisodiit8ebi-0Aei;$cthe direction which is
coincident with

BEST MODE FOR CARRYING QUT THE INVENTION

An explanation will be made below about the exposure
apparatus and the method for producing the device according
to the present invention with reference to the drawings.
However, the present invention is not limited thereto.
Fig. 1 shows a schematic arrangement illustrating an
embodiment of the exposure apparatus of the present
invention.

With reference to Fig. 1, an exposure apparatus EX
includes a mask stage MST which supports a mask M, a
substrate stage PST which supports a substrate P, an
illumination optical system IL which illuminates, with an
exposure light beam EL, the mask M supported by the mask
stage MST, a projection optical system PL which performs
projection exposure for the substrate P supported by the
substrate stage PST with an image of a pattern of the mask

M illuminated with the exposure light beam EL, and a
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the optical axis AX of the projection optical systemPL, the X axis
direction is the synchronous novenent direction (scanning direction) for
the mask M and the substrate P in the plane perpendicular to the Z axis
direction, and the Y axis direction is the direction (non-scanning
direction) perpendicular to the Z axis direction and the Y axis
direction. The directions about the X axis, the Y axis, and the Z axis are
desi gnat ed e@nOX%1 Qv ian@OXE dhiekttohsect éspigt cvekyolFheheepnetslbstrate”
referred to herein includes those obtained by applying a resist on a

sem conductepenaf e, ahdthdecxposutenskparathades.a reticle fornmed with a
device pattern to be subjected to the reduction projection onto the
substrate. The iThanematdonenptefathsysteseht isvesedosowlihat nbliebenask M
which is supported on the mask stage MST, is 14 illum nated with the
exposure | igppldioard BEls Thempllfied nagy i @ancapei cal thystiem bE thel udes, for
exanpl e, an exposure |ight source, an optical integrator which

uni form zesddmnind ungpanepefutdeppghtit s uksovadaaled Ecamihhe exposure
| i ght source, a condenser |ens which collects the exposure |ight beam EL
suppl i ed fraomygger optd cdle extegrat cpparsehayekens systrnthand a variabl e
field diaphragmwhich sets the illumnation area on the mask M

i |1 um nat edsuligttir dthee Fexiposidedihtitbheamn&Elpsotbenskbtmedhapetdhe Thesk
predetermned illum nation area on the mask M is illumnated with the
exposur e | ighthideamyEchaticngslay moving the mask M and the substrate P

in mutually different directions (opposite directions) in
the scanning directions. In the following explanation, the
2 axis direction is the direction which is coincident with
the optical axis AX of the projection optical system PL,
the X axis direction is the synchronous movement direction
{scanning direction) for the maék M and the substrate P in
the plane perpendicular to the 7 axis direction, and the Y
axis direction 1is the direction (non-scanning direction)
perpendicular to the Z axis direction and the Y axis
direction. The directions about the X axis, the Y axis,
and the Z axis are designated as 06X, 0Y, and 02 directions
respectively. The term "substrate" referred to herein
includes those obtained by applying a resist on a
semiconductor wafer, and the term "mask” includes a reticle
formed with a device pattern to be subjected to the
reduction projection onto the substrate.

The illumination optical system IL is used so that the

mask M, which is supported on the mask stage MST, is

14



uniformillum nance distribution by the illum nation optical systemlIL.
Those usabl e as the exposure |ight beam EL radiated fromthe illum nation
optical systemlIL include, for exanple, enission |ines (g-ray, h-ray,
i-ray) in the ultraviolet region radiated, for exanple, froma nercury
lanp, far ultraviolet light beans (DU |ight beans) such as the KrF

exci mer | aser beam (wavel ength: 248 nn), and vacuumultraviolet |ight
beams ( VUV 1lilghirnsdzats v st H-heasetimes wrd lehatitreredmstl. beBim (wavel engt h:
193 nn) and the F, |aser beam (wavel ength: 157 nm). In this enbodinent,
the ArF excildgmingdeiorberrh i lusatht ahel lnaisic Sidere, MBI supparles, tae mask M
The mask stage MST is two-dinensionally novable in the plane

per pendi culexposa rchd: igtti calurnd s X aft idwel plrrd}@gcltaizmr wiptd¢ltal system PL,
i.e., inthe XY plane, and it is finely 15 rotatable in the OZ direction.

The mask stageowBLzies tdra vidnl umyi rea mees lo S ttage -Idirgivi Nl weni tadSTRG uttpras a
| inear notor. The mask stage-driving unit MSTD is controlled by the
control unitheCeNPosThie pdsiltti groumrd hex tosrddimensilonad widicleotd orecrsd t he
angle of rotation of the nmask Mon the mnask stage MST are neasured in
real -ti me Byecackpoeure dtignfrelomat &L shpe riesulfrod e omaswrenent is
outputted to the control unit CONT. The control unit CONT drives the nmask
st age- dri viingegmiatt oNBETB areltalye lwasi syoftaihe arebu tvafiatilhe fisslkir enent
obtained by the laser interferometer to thereby position the nmask M
support ed dnapheagmskhitageets the illumination area on the mask M

illuminated with the exposure light beam EL to be slit-

shaped. The predetermined illumination area on the mask M

is illuminated with the exposure light beam EL having a

uniform illuminance distribution by the illumination

optical system IL. Those usable as the exposure light beam

EL radiated from the illumination optical system IL

include, for example, emission lines (g-ray, h-ray, i-ray)

in the ultraviolet region radiated, for example, from a

mercury lamp, far ultraviolet light beams (DUV light beams)

such as the Krf excimer laser beam (wavelength: 248 nm),

and vacuum ultraviolet light beams (VUV light beams) such

as the ArrF excimer laser beam (wavelength: 193 nm) and the

F, laser beam (wavelength: 157 nm}. In this embodiment,

the ArF excimer laser beam is used.

The mask stage MST supports the mask M. The mask
stage MST is two-dimensionally movable in the plane

perpendicular to the optical axis AX of the projection

optical system PL, i.e., in the XY plane, and it is finely
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MST. The projection optical system PL projects the pattern on the mask M
onto the substrate P at a predetermned projection nagnification P to
performthe exposure. The projection optical system PL includes a
plurality of optical elenents (lenses). The optical elenents are

supported by a barrel PK fornmed of a netal nenber, for exanple, stainless
steel (SUS 403). In this enbodinent, the projection optical systemPL is a
reducti on systetnbhaviingthkeOpr diiectitannmagrhki matkostagewhisehiks, for
exanple, 1/4 or 1/5. The projection optical systemPL may be any one of

the | x magndticahi bp symtem andgkbarimaaa tiyiiRg vexst ed-nThe Bl ang.parall el
plate (optical elenent) 60, which is forned of a glass nenber such as

quartz and materum fhuomhge tthyeruteyinySubievided at therlBihieR gection 7
on the side of the substrate P of the projection optical systemPL of this

embodi ment . t Abecoaptbtahnetenent . 60Ths pravided det aghably._Gexehangsabl v)
wWth respect to the barrel PK The tip section 7 of the projection optical

system PL idttacesos hgn@ptheahngh ensit ro69:apd arPaht REskhH Bar Eﬁle
(hol di ng nmenber) PK for holding the sanme. The substrate stage PST supports

the substraigsiP.sThge BubsifatfestagedPBl LBghUEeR-a¢ St 29851 Wwhich hol ds
the substrate P by the aid of a substrate holder, an”XY stage 52 which
supports t hentZeStagindder ANdrge bASE: D8 ¥R e measurement is outputted

to the control unit CONT. The control unit CONT drives the

mask stage-driving unit MSTD on the basis of the result of

the measurement obtained by the laser interferometer to

thereby position the mask M supported on the mask stage

MST.

The projection optical system PL projects the pattern
on the mask M onto the substrate P at a predetermined
projection magnification B to perform the exposure. The
projection optical system PL includes a plurality of
optical elements (lenses). The optical elements are
supported by a barrel PK formed of a metal member, for
example, stainless steel (SUS 403). In this embodiment,
the projection optical system PL is a reduction system
having the projection magnification f which is, for
example, 1/4 or 1/5. The projection optical system PL may
be any one of the 1lx magnification system and the
magnifying system. The plane parallel plate (optical
element) 60, which is formed of a glass member such as

quartz and calcium fluoride (fluorite), is provided at the
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supports the XY stage 52. The substrate stage PST is driven by a substrate
stage-driving unit PSTD such as a linear notor. The substrate
stage-driving unit PSTD is controlled by the control unit CONT. Wen the Z
stage 51 is driven, the substrate P, which is held on the Z stage 51, is
subjected to the control of the position (focus position) in the Z axis
direction and the positions in the OX and BY directions. Wen the XY stage
52 is drivehipthectsabsiranetPei sidabpéctbd tabtheacenrr ol ofet he position
in the XY directions (position in the directions substantially parallel
to the i mgerpiereiof ohtipadj egsten BPt b€akhisysmboiPhentTharhes, the Z
stage 51 controls the focus position and the angle of inclination of the
substrate Pgbicahatlehensuffate pfovhéedubetrahebPyi seadhusyedblio)match
t he i mage plane of the projection optical systemPL in the 17 auto-focus
manner and wheh atgop¢eveto nghavabaerel The. XYThet agp 52cposht 7oas the
substrate P in the X axis direction and the Y axis direction. It goes
wi t hout saypiyjediaton hept Zosl agesaad PheixYlsfiagethayopeipadvilledeas an
integrated body. A novement mirror 54, which is novable together with the
substrate stgedPST patth ofspectbdoréhe(ips D eayi @Bnbeps i el FeySheMmiPhg is
provi ded on the substrate stage PST (Z stage 51). A laser interferoneter
55 is provitded stmea. position opposed to the novenent mrror 54. The angle
of rotation and the position in the two-di nensional direction

The substrate stage PST supports the substrate P. The

substrate stage PST includes a 2 stage 51 which holds the
substrate P by the aid of a substrate holder, an XY stage
52 which supports the Z stage 51, and a base 53 which
supports the XY stage 52. The substrate stage PST is
driven by a substrate stage-driving unit PSTD such as a
linear motor. The substrate stage-driving unit PSTD is
controlled by the control unit CONT. When the Z stage 51
is driven, the substrate P, which is held on the 2 stage
51, is subjected to the control of the position (focus
position) in the 2z axis direction and the positions in the
68X and 0Y directions. When the XY stage 52 is driven, the
substrate P is subjected to the control of the position in
the XY directions (position in the directions substantially
parallel to the image plane of the projection optical
system PL}. That is, the Z stage 51 controls the focus
position and the angle of inclination of the substrate P so
that the surface of the substrate P is adjusted to match

the image plane of the projection optical system PL in the
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of the substrate P on the substrate stage PST are neasured in real-tinme by
the laser interferometer 55. The result of the neasurenent is outputted to
the control unit CONT. The control unit CONT drives the substrate
stage-driving unit PSTD on the basis of the result of the neasurenent of
the laser interferonmeter 55 to thereby position the substrate P supported
on the substrate stage PST. In this enbodi nent, the |liquid i mrersion nethod
is appliedaithoerdetst hahntheanh@sohut habolseliapLiyedahrersubshankival |y
shorteni ng the exposure wavel ength and the depth of focus is substantially

wi dened. Thetafere? pbeitspacechet vwepstiheesuriacenef xt hgisuhsteatecR and
the tip section 7 of the projection optical systemPL is filled wth the

predet er m necd| tiqui d SRiatdieastiduti ngtt heepewi 0Hout NsWpiglh theci gnge of
the pattern on the mask Mis 18 transferred onto the substrate P. As

described aboyeagéhendophical et egenhapOpangdrbheapar hsoknt hgtbgraekbdPK are
arranged at the tip section 7 of the projection optical systemPL. The
liquid 50 nekep. contact with the optical element (glass menber) 60 and the
barrel (nmetal nenber) PK. In this enbodinent, pure water is used for the

liquid 50. The expossdient i @htrbeanm Flynwhhchsigongb1bi phhednte Qaty the
ArF excinmer |aser beam can be transmtted through pure water, even when

the exposurthd igitsbeae Brige POF weXANPLEpedher&M BEi PRoGEARIEE- T AY,

h-ray, i-ray) in the wultraviolet region radiated, for exanple, froma

mercury optical system PL, is provided on the substrate stage PST
(Z stage 51). A laser interferometer 55 is provided at a
position opposed to the movement mirror 54. The angle of
rotation and the position in the two-dimensional direction
of the substrate P on the substrate stage PST are measured
in real-time by the laser interferometer 55. The result of
the measurement is outputted to the controel unit CONT. The
control unit CONT drives the substrate stage-driving unit
PSTD on the basis of the result of the measurement of the
laser interferometer 55 to thereby position the substrate P
supported on the substrate stage PST.

In this embodiment, the liquid immersion method is
applied in order that the resolution is improved by
substantially shortening the exposure wavelength and the
depth of focus is substantially widened. Therefore, the
space between the surface of the substrate P and the tip
section 7 of the projection optical system PL is filled

with the predetermined liquid 50 at least during the period

in which the image of the pattern on the mask M is
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|l anp or the far ultraviolet Iight beam (DUV |ight bean) such as the KrF
exci mer | aser beam (wavel ength: 248 nn). The exposure apparatus EX incl udes
aliquid supply wunit (liquid imersion unit, supply unit) 1 which supplies
the predetermned liquid 50 to a space 56 between the substrate P and the
tip section 7 of the projection optical systemPL, and a liquid recovery
unit (liquid imrersion wunit, recovery unit) 2 which recovers the liquid 50

from the spagesbérrdleohtquille ssppsyrapbtpl | 8spreytdedetioanal/kowhhe
liquid 50 to flow in parallel to the scanning direction of the substrate P

to at |eastoptpasl eofehber spagedbetvegartherprpieshi-ea1opki gak system PL
and the substrate P. The liquid supply unit 1 includes, for exanple, a

tank for accoramgedi ag the tiguisedlonandof tREESSY,EEE NGnPYPRicPIE end of
a supply tube 3 is connected 19 to the liquid supply unit 1. Supply nozzles

4 are connegdeshtornt herigs hergend ©f hdgesUPPhYattb@idh The optguhd supply
unit 1 supplies the liquid 50 to the space 56 through the supply tube 3

and the suppleméwzzi §5ads ddiehdi AWE LLEOVBE YhalpkEl 2 h8eh VdgSnpERY pxanpl e,
a suction punp, and a tank for acconmodating the recovered |iquid 50. One

end of a remOvEiys teCodidsnconnecs agh i heydiguidy regOVEeLYuYai 502
Recovery nozzles 5 are connected to the other end of the recovery tube 6.

The | qui drieeCOMRIY tAI 13 ght acauerss  Rgnlduid 20: 1 omtbe +sPagey 56

t hrough the recovery nozzles 5 and the recovery
the ArF excimer laser beam, can be transmitted through pure
water, even when the exposure light beam EL is, for
example, the emission line (g-ray, h~ray, i-ray) in the
ultraviolet region radiated, for example, from a mercury
lamp or the far ultraviolet light beam (DUV light beam)
such as the KrF excimer laser beam (wavelength: 248 nm).

The exposure apparatus EX includes a liquid supply

unit (liquid immersion unit, supply unit) 1 which supplies
the predetermined liquid 50 to a space 56 between the
substrate P and the tip section 7 of the projection optical
system PL, and a ligquid recovery unit (liquid immersion
unit, recovery unit) 2 which recovers the liquid 50 from
the space 56. The liquid supply unit 1 is provided to
allow the liquid 50 to flow in parallel to the scanning
direction of the substrate P to at least a part of the
space between the projection optical system PL and the
substrate P. The liquid supply unit 1 includes, for

example, a tank for accommodating the liquid 50, and a

pressurizing pump. One end of a supply tube 3 is connected
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tube 6. Wen the space 56 is filled with the liquid 50, then the control
unit CONT drives the liquid supply unit 1 so that the liquid 50, which is
in a predeterm ned anount per unit tine, is supplied to the space 56
through the supply tube 3 and the supply nozzles 4, and the control unit
CONT drives the liquid recovery unit 2 so that the liquid 50, whichis in
a predeterm ned anount per unit tine, is recovered fromthe space 56

t hrough t hets eclovel ygu Dz 9s1 P @t the regeyey ynbubee8. 4Aggerdingly, the
liquid 50 is retained in the space 56 between the substrate P and the tip

section 7 dfodhe-psdjestinn opiecabnSyst emé’LsuI%tH} ngubaes scannéng
exposure, a pattern image of a part of the mas is projected onto the

rectangul arliqiioj eatpery aieee di spaseri ddisthaindequad s0desULhaceph9A. s6The
mask Mis noved at the velocity Vin the -X di%%ction 20 (or inpthe +X

direction) stdugrespectsdgphthecqsd 2CAdPhOPshsly systemPLy . i n
synchroni zation with which the substrate P is noved at the velocity (3V

((3 is the projmaiohuBItddGatiiPinit I hgndXdbs ectbpnetofipld, the -X
direction) by the aid of the XY stage 52. After the conpletion of the

exposur e f fucariérs i@l ethd tdqagdlﬁ%(tf&floécccﬁﬁjﬁ‘@déﬁiﬂ%%)ﬁet@eé&"@eﬁé@nni ng
start position in accordance wth the stepping of the substrate P. The

exposure procRss 9. suatessidely Perdvmd, theseadter £oRneachaofot he shot
areas in the step-and-scan nanner. This enbodinent is designed so that the
liquid 50 iseallioad teddwrwy Midite 2.  Recovery nozzles 5 are

connected to the other end of the recovery tube 6. The

liquid recovery unit 2 recovers the liquid 50 from the

space 56 through the recovery nozzles 5 and the recovery

tube 6. When the space 56 is filled with the liquid 50,

then the control unit CONT drives the ligquid supply unit 1

so that the liquid 50, which is in a predetermined amount

per unit time, is supplied to the space 56 through the

supply tube 3 and the supply nozzles 4, and the control

unit CONT drives the liquid recovery unit 2 so that the

liquid 50, which is in a predetermined amount per unit

time, is recovered from the space 56 through the recovery

nozzles 5 and the recovery tube 6. Accordingly, the liquid

50 is retained in the space 56 between the substrate P and

the tip section 7 of the projection optical system PL.

During the scanning exposure, a pattern image of a
part of the mask M is projected onto the rectangular
projection area disposed just under an end surface 60A.

The mask M is moved at the velocity V in the -X direction

20



sanme direction as the novenent direction of the substrate in parallel to

t he novenent direction of the substrate P. Fig. 2 shows the positional

rel ati onship anmong the tip section 7 of the projection optical systemPL,
the supply nozzles 4 (4A to 4C) for supplying the liquid 50 in the X axis
direction, and the recovery nozzles 5 (5(a), 5(b)) for recovering the
liquid 50. In Fig. 2, the tip section 7 (end surface 60A of the optical

el enent 60)(dmsim thectangltest shapewibh Chesgetongoi theéhprdjaxtsodi recti on.
The three supply nozzles 4A to 4C are arranged on the side in the +X

direction, andiddie 4w dmecRVEr yn NogEdietob{ At ioh(PItAr@hasnapged on the
side in the -X direction so that the tip section 7 of the projection

optical syshaiBilads pl M ShAASLLL NAENVe ] f10 JpXi i fgpdion. The
supply nozzles 4A to 4C are connected to the 1iquid supply unit 1 21

th h th . tube 3..and th | 5 ,, 5(b

coggggted %?ﬁﬁ%?%%%ﬁﬁg‘?Eéﬁkﬁ%%{%fffgvfﬁgoﬁgﬁ§l$%%t§§%oI%F§l%u§é34ix

Further, th I I 8 t 8Cand th 9A, 9B

rranged at B HIBHe bt drndtt hy f ot 1 P, 906 bat skl F Ty C 180, the
iti f o1 uppl I 4A to AC and t I :

B ore kP N Sl £ B LN Ve R B

and the recqvery. 9A,..9B are alternatelé%arran ed in the Y axis

i rect  on. HEE CSugEy hdTel el S b St (HR T eLThety Aos3TdanSta).

5(b) are alwti%rhn%th%l ystaerprpain Edof- rl:htehesu S Xrie'lstgilg.e(:t’}?r?g'e;crphgsure process
is successively performed thereafter for each of the shot
areas in the step-and-scan manner. This embodiment is
designed so that the liquid 50 is allowed to flow in the
same direction as the movement direction of the substrate
in parallel to the movement direction of the substrate P.

Fig. 2 shows the positional relationship among the tip

section 7 of the projection optical system PL, the supply
nozzles 4 (4A to 4C) for supplying the liquid 50 in the X
axis direction, and the recovery nozzles 5 (5(a), 5(b)) for
recovering the liquid 50. 1In Fig. 2, the tip section 7
(end surface 60A of the optical element 60) has a
rectangular shape which is long in the Y axis direction.
The three supply nozzles 4A to 4C are arranged on the side
in the +X direction, and the two recovery nozzles 5(a),
5(b) are arranged on the side in the -X direction so that
the tip section 7 of the projection optical system PL is
interposed thereby in the X axis direction. The supply

nozzles 4A to 4C are connected to the liquid supply unit 1
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supply nozzles 8(a) to 8C are connected to the liquid supply unit 1

t hrough the supply tube 10. The recovery nozzles 9A, 9B are connected to
the liquid recovery unit 2 through the recovery tube 11. The liquid is
supplied from the nozzles so that no gas portion is forned between the
projection optical systemPL and the substrate P. As shown in Fig. 3, the
supply nozzles 31, 32 and the recovery nozzles 33, 34 may be al so provided
on the bothchsb@gls tietheppidi teséi on whhchberbibpveegt heBzTeknbesyeni ng

t her ebet ween. The supply nozzles and the recovery nozzles can be used to

stably suppdab§ herd i aungledOed ord henspacguibet vestetheuniej ecthenugnt i cal
system PL and the substrate P even during the novenent of the substrate P

in the non-tissanditdge g reehd on, (YraxtBedi resti stppMienckhecst gepRi Ndo
novenent is performed. 22 The shape of the nozzle is not specifically

limted. Far sxanphe, rdw Py rsopi1éhesnozaghes -avyrbenysqdato supply or
recover the liquid 50 for the long side of the tip section 7. In this

he. . d
i 0" et ndp G e PR P PRS0 Gl PED TR PRAGH BT AR, AT o

and recovered in an ne of the directjons of the +X direction and the -X
et on et R e i e bt #ReEP i f mantinbBe. Farepeedd i

the i ol it S DS HIP, 98] bl chD%eRECLoSH PReoRtLoBL BYSheM Pl AS
The supply nozzles 4A to 4C and the recovery nozzles 9A, 9B
are alternately arranged in the ¥ axis direction. The
supply nozzles 8(a) to 8C and the recovery nozzles 5(a),
5(b) are alternately arranged in the Y axis direction. The
supply nozzles 8(a) to 8C are connected to the liquid
supply unit 1 through the supply tube 10. The recovery
nozzles 9A, 9B are connected to the liquid recovery unit 2
through the recovery tube 11. The liquid is supplied from
the nozzles so that no gas portion is formed between the
projection optical system PL and the substrate P.

As shown in Fig. 3, the supply nozzles 31, 32 and the
recovery nozzles 33, 34 may be also provided on the both
sides in the Y direction with the tip section 7 intervening
therebetween. The supply nozzles and the recovery nozzles
can be used to stably supply the liquid 50 to the space
between the projection optical system PL and the substrate
P even during the movement of the substrate P in the non-

scanning direction (Y axis direction) when the stepping

movement is performed.
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surface treatnent, which depends on the affinity for the liquid 50, is
applied to the tip section 7 of the projection optical systemPL. The tip
section 7 is a portion to nake contact with the Iiquid 50 when the
substrate P is noved in the scanning direction (X axis direction) in order
to performthe scanning exposure. The tip section 7 includes a |ower
surface 7A of the projection optical system PL which includes the | ower
surface 60A of fhe eptpeabfelarentz6Qeand acpakpeofirtihalligwarnsukkace of
the barrel PK, and a side surface 7B of a part of the barrel PK which is
adj acent t oFvheckampiesutivacealAs bl thhki socerbedi MEHt bet hecl aui dupPiiys
wat er. Therefore, the surface treatnent, which is in conformty wth the
affinity for wmateveri shappliyeddt 60t fert ikheseehigoBide Thethur age
treatment, which is applied to the tip 23 section 7 of the projection

optical syssemtbPhn Vs penfoenmedarranguheaklycdief Eapent wBRRees ey ankirst
surface area ARl which includes the surface (|l ower surface) 60A of the

optical el erembvéDyandzihespasy B hbheahgwar waytbageigl thegnkarrel PK, and
for a second surface area AR2 which is disposed around the first surface

area ARl andammi@@llynghudeaethEhaenahaimgqa&@a5@fcbhebbogﬁp syehaggaqof the
barrel PK and the side surface of the barrel PK  Specifica Fy, the surface

treatnent iscappiied 1o ihe dheséts and seeendisHif agecareag ARLcARZn
respectively so that the affinity of the first surface area ARl for the
liquid and the -X direction.

Fig. 4 shows a magnified view illustrating those
disposed in the vicinity of the tip section 7 of the
projection optical system PL. As shown in Fig. 4, the
surface treatment, which depends on the affinity for the
liquid 50, is applied to the tip section 7 of the
projection optical system PL. The tip section 7 is a
portion to make contact with the liquid 50 when the
substrate P is moved in the scanning direction (X axis
direction) in order to perform the scanning exposure. The
tip section 7 includes a lower surface 7A of the projection
optical system PL which includes the lower surface 60A of
the optical element 60 and a part of the lower surface of
the barrel PX, and a side surface 7B of a part of the
barrel PK which is adjacent to the lower surface 7A. 1In
this embodiment, the liquid 50 is water. Therefore, the
surface treatment, which is in conformity with the affinity

for water, is applied to the tip section 7.

The surface treatment, which is applied to the tip
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(water) 50 is higher than the affinity of the second surface area AR2 for
the liquid (water) 50. In this enbodinent, a lyophilic or
liquid-attracting treatnment (hydrophilic or water-attracting treatnment) to
give the |lyophilicity or liquid-attracting property is applied to the
first surface area ARL including the optical elenent 60, and a | yophobic
or liquid-repelling treatnent (hydrophobic or water-repelling treatnent)
to give thesetyapholii oift yher pirbdeicd-ibepelpliing 1psgRekhy pLS dRphieddradihe
second surface area AR2. The lyophilic or liquid- attracting treatnent
refers to ainreatnebiyt differeasembh@ecraf ffori ty ffiektt Bariiagw dreEhar]

| yophobic or liquid-repelling treatnent refers to a treatnent to decrease
the affinityhifbr ibbeulibguitle Fhefauef acewkreatmEateis spar bar mpd dependi ng
on the 24 polarity of the liquid 50. In this enbodinent, the liquid 50 is
wat er havi ngptacge pokmentyecoThaaetaeepatrieorhydeophivkirc shirgabeenty, twai ch
is to be applied to the first surface area AR including the optical

el ement 60,basreperkprard byrfarseagna bhir@abkl Arwht Ara subshange such as
al cohol having a nol ecul ar structure of large polarity. Accordingly, the

hydrophi | i ciiyposeqi ¥epuhe the first ssurhaceaaegapARlandl (areatively, for
exanple, an 02 plasma treatnent, in which the plasma treatnent is

performed binclsideagy oxygesms 0dingSapehr 68t PRBt 1888+ k&raABki 8¢ k@t he

barrel PK and the | ower surface 60A of the optical elenent
barrel PK and the side surface of the barrel PK.
Specifically, the surface treatment is applied to the first
and second surface areas ARl, AR2 respectively so that the
affinity of the first surface area ARl for the liquid
(water) 50 is higher than the affinity of the second
surface area AR2 for the liquid (water) 50. 1In this
embodiment, a lyophilic or liquid-attracting treatment
(hydrophilic or water-attracting treatment) to give the
lyophilicity or liquid-attracting property is applied to
the first surface area ARl including the optical element
60, and a lyophobic or liquid-repelling treatment
(hydrophobic or water-repelling treatment) to give the
lyophobicity or liquid-repelling property is applied to the
second surface area AR2. The lyophilic or liquid-
attracting treatment refers to a treatment to increase the
affinity for the liquid. The lyophobic or liquid-repelling
treatment refers to a treatment to decrease the affinity
for the liquid.

The surface treatment is performed depending on the
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60 in the first surface area AR . Accordingly, oxygen nolecules (or oxygen
atons), which have strong polarity, are gathered on the surface, and thus
it is possible to give the hydrophilicity. As described above, when water
is wused as the liquid 50, it is desirable to performthe treatnent for
arranging, on the surface, those having the nolecular structure with the

| arge polarity such as the OH group in the first surface area ARI. The
first surfaedamdnea AR cHdCludes t9e optd cal il S ih@as gl asgy fenber
and the barrel PK as a netal nenber. Therefore, when the hydrophilic

treatment is9 pey hertmd hddids 10ess Y 450 tper fardpdidfer emfte sur face
treatnents, for exanple, such that thin filns are formed wth different

subst ances Hyelrogtia i¢) ased@Ebar, and dihe Satal,deher despectiyef yrs

course, the sane surface treatnent may be applied to the 25 gl ass nenber

and the nmetalr fREDedan drhe fd1sia i fake Aol 2 1ARL dnespecdd vely. when the
thin filmis fornmed, it is possiblée to use techniques including, for
t he

exanpl e, therrapildCati G raNGdt Be tYARO!s idPQsidH N« @k R Othety hand,
water-repelling treatiment is "applied to the second surface area AR2

i ncluding theonsur hacanef af he1kaunel: Rty e Matar -Iranpl gt feat nment,

which is to be applied to the second surface area ARZ2,” is performed by
formng a hbb@rﬁ'ﬂn@l}%t hhe wta%%ﬁagqﬂa%ynqsa g iRLeaY afn St ycture of small
or

pol arity including, exanpl e, fluorine. Accordingly, the

vat er-repekhir#dce area ARl. Alternatively, for example, an 0, plasma
treatment, in which the plasma treatment is performed by
using oxygen (0,) as a treatment gas, is applied to the
barrel PK and the lower surface 60A of the optical element
60 in the first surface area ARIl. Accordingly, oxygen
molecules (or oxygen atoms), which have strong polarity,
are gathered on the surface, and thus it is possiblé to
give the hydrophilicity. As described above, when water is
used as the liquid 50, it is desirable to perform the
treatment for arranging, on the surface, those having the
molecular structure with the large polarity such as the OH
group in the first surface area ARl. The first surface
area ARl includes the optical element 60 as a glass member
and the barrel PK as a metal member. Therefore, when the
hydrophilic treatment is performed, it is possible to
perform different surface treatments, for example, such
that thin films are formed with different substances for

the glass member and the metal member respectively. Of

course, the same surface treatment may be applied to the



property is given to the second surface area AR2. Alternatively, the

wat er-repelling property can be given by applying a CF4 plasma treatnent
in which the plasma treatnment is perforned by using carbon tetrafl uoride
(CF4) as a treatnment gas. It is also possible to use techniques

i ncluding, for exanple, the application and the vapor deposition when the
thin filmis formed in the second surface area AR2. In this enbodi nent,

t he surfaceglaeatm@niber Samd Sohe apptsednéabéheigsurhaceipbtt Bersubstkatg P in
conformty wth the affinity for the liquid 50. In this case, the

hydrophi | i cARI wedescoltsBEL | Nghdk eahaenh ih St apRl iedrépméhe isugkace of the
substrate P. As for the hydrophilic treatnent for the substrate P, the

| yophi l'i ci tyyod silgloeto tse thecisu dace Ohclh@isybstsat exbupier exanpl e, by
formng a 26 thin filmw th a substance such as al cohol having a nolecular

structure dippBige: pod adnd Ye1as Baser | hegoabeven, Wen the surface of the
substrate P is surface-treated by applying alcohol or the like, it is

desirable to pro dehéd otashi ih$) ephOf wABSHL AGHE NET APPE LG hbhd i@ the
step after the exposure and before the subsequent application of the

phot osensi tdpiel @t efd alhe f¥caxaml L adef OF &1 LARNSPRF L h@Ongt BEeSUbStrate to
a devel oper/coater. \WWen the affinity of the first surface area ARl for

the |'iquidrisdighaihd haride @ fi mly @fcdherSeeoN0hgstEiaeReftea AR2
for the liquid 50, the liquid 50 is stably

which is to be applied to the second surface area AR2, is
performed by forming a thin film with a substance having a
molecular structure of small polarity including, for
example, fluorine. Accordingly, the water-repelling
property is given to the second surface area AR2.
Alternatively, the water-repelling property can be given by
applying a CF, plasma treatment in which the plasma
treatment is performed by using carbon tetrafluoride (CF,)
as a treatment gas. It is also possible to use techniques
including, for example, the application and the vapor
deposition when the thin film is formed in the second
surface area AR2.

In this embodiment, the surface treatment is also
applied to the surface of the substrate P in conformity
with the affinity for the liquid 50. 1In this case, the
hydrophilic or water~attracting treatment is applied to the
surface of the substrate P. As for the hydrophilic
treatment for the substrate P, the lyophilicity is given to

the surface of the substrate P, for example, by forming a
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retained in the first surface area ARL. In this enmbodinent, the thin film
which is to be used for the surface treatnent, is formed of a materi al
which is insoluble in the liquid 50. The thin film which is formed on
the optical elenent 60, is to be arranged on the optical path for the
exposure |light beam EL. Therefore, the thin filmis forned of a materi al
t hrough which the exposure light beamEL is transm ssive. The film

thickness igns€tsifi FHED AN @Xd €M cd Nabchihgs exposhe e haghhgbgam EL is
transm ssive therethrough as well. Next, an explanation mnl? be made about

the operat i 0o XPOSiAG: tdie; BUPstEat g Payith fheqdatt ep8q0hnbhe. msk M
by using the exposure apparatus EX deScribed above. When the nask Mis

| oaded on tihg-maske stageMhr ande 408 SHPELT AL s PodSrhoaded-90:4Ngy
substrate stage PST, then 27 the control unit CONT drives the liquid

supply uni ty 140 n Staardofdie 44 quld sUpp! yi OPEE akd N 41914 heo SPREEi1 8- 4 The
liquid supply unit” 1 supplies the liquid 50 to the space 56 "along with the

di rect i on QfaJIPUEIEINa0To NEa RS rake Bop1 FO LXARPLE: cibeBeLpe, peanni ng

exposure is p ormed by noving the s rate P 1n the scannihg direction

(-X dir eCtﬂ}féq)eﬂgf\}gaj\ﬁaé ed, )béﬂ}?ﬁ@rﬁ’}?élv &%é%@@eﬂ; _gap%i icdbgon! j:)ﬁui:fﬂ%5o I's

supplied and rec red wth the Tiquid supp uni t and the liqu

EEover R MR SURLY Lt e DE UROLY, PERGLES AN, 0
the the substrate to a developer/coater.

When the affinity of the first surface area AR1l for
the ligquid 50 is higher than the affinity of the second
surface area ARZ2 for the liquid 50, the liguid 50 is stably
retained in the first surface area AR1.

In this embodiment, the thin film, which is to be used
for the surface treatment, is formed of a material which 1is
insoluble in the liquid 50. The thin film, which is formed
on the optical element 60, is to be arranged on the optical
path for the exposure light beam EL. Therefore, the thin
film is formed of a material through which the exposure
light beam EL is transmissive. The film thickness is set
to such an extent that the exposure light beam EL 1is
transmissive therethrough as well.

Next, an explanation will be made about the operation
for exposing the substrate P with the pattern of the mask M
by using the exposure apparatus EX described above.

When the mask M is loaded on the mask stage MST, and

the substrate P is loaded on the substrate stage PST, then

27



substrate P is noved in the -X direction, then the liquid 50 is supplied
to the space between the projection optical systemPL and the substrate P
fromthe liquid supply unit 1 through the supply tube 3 and the supply
nozzles 4 (4Ato 4C), and the liquid 50 is recovered to the liquid
recovery unit 2 through the recovery nozzles 5 (5(a), 5(b)) and the
recovery tube 6. The liquid 50 flows in the -X direction so that the space

bet ween t hedensBGAndidtie cupstdat gy tis fidd 2d dhgsppi ihic O tdhe ot her

hand, when the scanning exposure is performed by noving the substrate P in

the scannigig di nefd ionitX Aigec) iGrdidicalehhy apads rog, Xorhet hen the
liquid 50 is supplied and recovered with the 1liquid supply unit 1 and the

li quid recqwqmwmg oA YYan USI NG d el SUPR! e t1RG: 189, 56 heo SURR! yp L0z zd @S
8(a) to 8C he recovery tube 11," ‘and the recovery nozzles 9A, 9B. 28 That

I's, when tha 3PSt %hpe 51 et b Moviehdit &6 1 00e sdbeprdde piquid 50

is supplied fromthe liquid supply unit 1 to the space between the

proj ecti on opt iGalnF¥%sSt e @ séeh{?n Sdéfsgg@éseufetm oughed AgegUpP! y tube

10 and the supply nozzl es 8 (8(a) t and the liquid 50 is recovered
to the ligdy gect(?l\éers)ﬁﬂé@rtat?e chrlq{'lglh‘lé "sf‘carrﬁpﬂ&/&rd/lf@&@i&é f-x (9A, 9B) and

the recovery tube 11. The liquid 50 flows in he +X direction so that the

space bet wegh JN§ Jr§ns il ANdkq e é&@%ﬂﬁﬁvﬁ)&'&éé'ﬁf@ thereywdh. As

descri bed above, the control uni't CONT nmakes the liquid 50 to flowrn

accordance 1wyt 4t RQ TRvengy idd egld Afvdgs s¥Pst réale Piquid supply
unit 1 and the liquid recovery unit 2 by using the supply
tube 3, the supply nozzles 4A to 4C, the recovery tube 4,
and the recovery nozzles 5(a), 5(bh). That is, when the
substrate P is moved in the ~X direction, then the liquid
50 is supplied to the space between the projection optical
system PL and the substrate P from the liguid supply unit 1
through the supply tube 3 and the supply nozzles 4 (4A to
4C), and the liquid 50 is recovered to the liquid recovery
unit 2 through the recovery nozzles 5 (5(a), 5(b)) and the
recovery tube 6. The liquid 50 flows in the -X direction
so that the space bhetween the lens 60 and the substrate P
is filled therewith. ©On the other hand, when the scanning
exposure is performed by moving the substrate P in the
scanning direction (+X direction) indicated by an arrow Xb,
then the liquid 50 is supplied and recovered with the
liquid supply unit 1 and the liquid recovery unit 2 by
using the supply tube 10, the supply nozzles 8(a) to 8C,

the recovery tube 11, and the reccovery nozzles 9A, 9B.
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by using the liquid supply unit 1 and the liquid recovery wunit 2. In this
arrangenent, for exanple, the liquid 50, which is supplied fromthe liquid
supply unit 1 through the supply nozzles 4, flows so that the liquid 50 is
attracted and introduced into the space 56 in accordance with the

novenent of the substrate P in the -X direction. Therefore, even when the
supply energy of the liquid supply wunit 1 is small, the liquid 50 can be

suppl i ed topghe @ﬁ%emm@t&@@é@atmméhﬁo%aegﬁieﬁ% bR abpehe1he,

liquid 50 is made to flow, is swtched depending on t scanni ng

fquid 50 s mde to flow is swtche o
and Che Ui p oo ate 7 AT he | Ene 80 b R TRE Trau Aog0! G Ty e ©

possi bl e to abf ai: the i ghergesol utd g@%ﬂ%%ﬁ&ﬂﬁ&@&?t %%Q{erﬁoi%'sa%gvteﬂe

when the substrate P is scanned in any direction and
ot e SNl 00 AR AL LB SRR L ke, ace
subsrate Roddie S SUEIRUELY, stend e dlon 9 1he g gnan 2
sosured LR SR Rl 16 00 sl ol siol e Bhpnds e
gg ai) 55282’2 (@2t gﬁgrga&%@;@%p}{{&&éﬂﬁ&%@ 5t a%ep, £ST |51 $1 PP, dNE, 1 quid
the +X direction so that the space between the lens 60 and
the substrate P is filled therewith. As described above,
the control unit CONT makes the liquid 50 to flow in
accordance with the movement direction of the substrate P
by using the liguid supply unit 1 and the liguid recovery
unit 2. In this arrangement, for example, the ligquid 50,
which is supplied from the liguid supply unit 1 through the
supply nozzles 4, flows so that the liquid 50 is attracted
and introduced into the space 56 in accordance with the
movement of the substrate P in the -X direction.
Therefore, even when the supply energy of the liquid supply
unit 1 is small, the liquid 50 can be supplied to the space
56 with ease. When the direction, in which the liquid 50
is made to flow, is switched depending on the scanning
direction, then it is possible to fill the space between
the substrate P and the tip surface 7 of the lens 60 with
the ligquid 50, and it is possible to obtain the high

resolution and the wide depth of focus, even when the

substrate P is scanned in any one of the +X direction and

29



nozzles 4, and the liquid 50 is recovered by the recovery nozzles 5. In
this situation, the affinity is | ow between the liquid 50 and the
substrate P, and hence the contact angle O is large. Fig. 5(b) shows a
state in which the substrate P starts the novenent in the X axis direction
by the aid of the substrate stage PST. The liquid 50 is deforned as if
the liquid 50 is pulled by the noving substrate P. The |liquid 50 tends to

be separ at athd r-omdihecsiyf.ace of the substrate P, because the affinity is
| ow between the liquid 50 and the substrate P. Fig. 5(c) shows a state in

which the movenent welwaf i dhsrsubst riaf endd Lisdel subst naie stage PST
is further increased. An exfoliation area (bubble) Hl is forned between

the subst rafre 2cand ddtenditquigl R e e diatd e e Hbpd scal so
formed between the optical elenment 60 and the 30 liquid 50. V%en t he

exfoliati ogyafeas il and e Sdmehian p t hajopt ixalcatdt faf1 thesxposure
| i ght beam EL, the pattern of the mask Mis nhot transferred correctly to

the subst ratee RowFiod thesahe®td of) |in shawstde f lawaf dihe duai: 50 in
a state in which the tip section 7 of the projection optical systemPL and

the surfaC%r%fat&n%%tsq%stﬂ&t eap%lal@d sunf age-d realed s explAided Wiktd:
reference to Fig. 4. Fig. 6(a) shows a situation in which the substrate

stage PST ipcShopRade ert@@lt@&&nﬁ&l i smmldystHeaavsad hmaf finity
i s enhanced between the |iqui and
surface of the substrate P have low affinities for the
liquid 50.
Fig. 5(a) shows a state in which the substrate stage
PST is stopped. The liquid 50 is supplied from the supply
nozzles 4, and the liguid 50 is recovered by the recovery

nozzles 5. In this situation, the affinity is low between
the ligquid 50 and the substrate P, and hence the contact
angle 8§ is large. Fig. 5(b) shows a state in which the
substrate P starts the movement in the X axis direction by
the aid of the substrate stage PST. The ligquid 50 is
deformed as if the liquid 50 is pulled by the moving
substrate P. The liquid 50 tends to be separated from the
surface of the substrate P, because the affinity is low
between the liquid 50 and the substrate P. Fig. 5(c) shows
a state in which the movement velocity of the substrate P
on the substrate stage PST is further increased. An
exfoliation area (bubble) H1l is formed between the
substrate P and the liquid 50, and an exfoliation area H2

is also formed between the optical element 60 and the
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the substrate P by applying the surface treatnment. Fig. 6(b) shows a state
in which the substrate P starts the novenent in the X axis direction by
the aid of the substrate stage PST. Even when the substrate P is noved,
the liquid 50 is not pulled excessively by the substrate P, because the
affinity is high between the liquid 50 and the substrate P. Further, the
liquid 50 is not exfoliated from the first surface area ARL, because the

affinity of1iheiqgfsast Suehacke 36280 AR Din tHLRE O ECL PN PPL ESALeYSHEM PL
is also high vvlth respect to the liquid 50. In this situation, the

ci rcunf er engge of E{@ai'%éﬁhsﬁ'éfa@l@eaéﬁ?oﬁﬁge 1 Sgeurpomnded, bynthe second
surface area A whi ch has the |ow inity for t he |IC|UId 50. Therefore,

the liquidShcdimthe SPACRaS6 HOES MOt @Héﬁé@é!‘kf@dﬁ@@r?é@@lﬂ%o apgethe
liquid 50 i's stably arranged in the space 56. Fig. 6(c ows a state in

whi ch the muenmeniryvyepocity of the substrate P on the substrate stage PST
is further 1increased. Even when the novenent velocity of the substrate P

I s increased, no-£xfo} i@éﬂ&ﬁh@f&ﬂ]ﬁ%@%%%ﬂ@eﬁiéﬁ%ﬁ @t@eaﬂﬁ%ﬁbﬁ 50

projection optical” system PL and t substrate P, because t surface

treatment iss, appldadsto, ‘;}pfclprgigcgilg)rb@(pgi&gl %t@gé:a‘!ﬁ @.Egc{pgnsubstrate

P. As expl ai ned above, the surface treatnent, V\/mc onformty with

the affinity,dQr,the diguig 50,4 15,2004 4 tot = sunface, 0f pheg.substrate
P and the tcl}bp lseactlr% 7 of the proj ectl on %pﬁc system?:’L as ]ﬁ
portions t%d@%ﬁ%emtreated as explained with reference to Fig. 4.

Fig. 6(a) shows a situation in which the substrate
stage PST is stopped. The contact angle 8 is small,
because the affinity is enhanced between the liguid 50 and
the substrate P by applying the surface treatment. Fig.
6(b) shows a state in which the substrate P starts the
movement in the X axis direction by the aid of the
substrate stage PST. Even when the substrate P is moved,
the liquid 50 is not pulled excessively by the substrate P,
because the affinity is high between the liquid 50 and the
substrate P. Further, the liquid 50 is not exfoliated from
the first surface area AR1l, because the affinity of the
first surface area ARl of the projection optical system PL
is also high with respect to the liquid 50. In this
gsituation, the circumference of the first surface area ARI
is surrounded by the second surface area AR2 which has the
low affinity for the liguid 50. Therefore, the liquid 50
in the space 56 does not outflow to the outside, and the

ligquid 50 is stably arranged in the space 56. Fig. 6{c)
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contact with the liquid 50 during the exposure process based on the |iquid
i mrer si on nethod. Accordingly, it is possible to suppress the occurrence
of inconveni ences including, for exanple, the exfoliation of the liquid 50
and the generation of the bubble, and it is possible to stably arrange the
liquid 50 between the projection optical system PL and the substrate P.
Therefore, it is possible to maintain a satisfactory pattern transfer

accuracy. ThRogdr hageatkeahneitlcnwihehndopgpds 081608 +3f bienickye  for the
liquid 50, may be applied to only any one of the tip Section 7 of the

proj ection @ngeagt§y§tsﬂ1EheaQQbEB@atéugEagé okt he subshpate P. The
foregoi ng enbodi nent has been expl ai ned such that the surface 60A of the

optical el empateffeand thenPAhEnOthet REVERAVRE SUIBRGR 0L £t hgbarr el
(hol di ng nenber) PK are 32 designated as the first Sufface area AR1, and

the surfacegubseaLPENE §§ ﬁﬂ@kéggeﬁo Bgee§55§%a%HBEaggcﬁEgabé%%eéﬂ Eﬂ@t

the affinity for the liquid i s enhanced expl anati on has

been nmade a§§?ﬁ1@95@h@ﬁdtbﬁebBHB?ééﬂéQEt&E@EcBEOEPXQBR' kCaQ

liquid-attracting treatnent area” and the c or |qU|g-repeIIing

treat ment ag@gsexhst Sp, Ot HBs L OVRE §H£E§88 9£eBEﬁe @rﬁgla5§6iéﬁn§¥er’ the

boundary may be set on’ the surface of e optical enent is, it

s 2l al | onebleodhal ool auhsl caLtEAChT gnargﬁgnsﬂgsk§a@§pkted to a

part of the area o the optica 'east an are hr ough whi ch
t he As explained above, the surface treatment, which is in

conformity with the affinity for the liquid 50, is applied
to the surface of the substrate P and the tip section 7 of
the projection optical system PL as the portions to make
contact with the liquid 50 during the exposure process
based on the liquid immersion method. Accordingly, it is
possible to suppress the occurrence of inconveniences
including, for example, the exfoliation of the ligquid 50
and the generation of the bubble, and it is possible to
stably arrange the liquid 50 between the projection optical
system PL and the substrate P. Therefore, it is possible
to maintain a satisfactory pattern transfer accuracy.

The surface treatment, which depends on the affinity
for the liquid 50, may be applied to only any one of the
tip section 7 of the projection optical system PL and the
surface of the substrate P.

The foregoing embodiment has been explained such that
the surface 60A of the optical element 60 and the part of

the lower surface of the barrel (holding member) PK are
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exposure |ight beam passes), and the liquid-repelling treatnent is applied
to the remaining area. of course, it is also allowable that the boundary
between the liquid- attracting treatnent area and the |iquid-repelling
treatment area may be coincident with the boundary between the optical

el ement 60 and the barrel PK That is, it is also allowable that the
quuid-attracting treatnent is applied to only the optical elenent 60.

h ] h h
Further, there i %to téh “Et‘ié’?‘tf 2 SELLL00 Pkt §n£|°’f'ﬁ'9a£%{ﬁ9£'c ©

| ower surface e prolec |on o {Cal systen1PL ower

surface 7A Ofctig. pr Oise%éﬁﬁj&_f) ‘%cﬁatl,hév\i é%Pi'uPFX é'bA ? £Ra£he

liquid-attracting treat he sufface rea

per f or med, sm@fuitarllgﬁ, Ppssble £ oupld oy the Lypppilici wha(pf@hophg' ty)

to have a he sur ace 3 treatnent can be

perf or med lér{‘%af&%e%c& gl € &sum gtﬁ%'&é‘aéoxﬁ%éﬂf' |y different

values for a™p ura Ity o areas on the Surfdce Subjected t he surface
ppr opr | ai 9 Bl el AR b AR A AP P R BT AT 600 be
usea Tor U sulacsodeatonl ) i be s e Laver iinet o Ln

film it i$,pesslble Lo se acrb'éﬁacd]}’ gbﬁatr%{é &pwégg%%{algﬁ the material

exhibits desire erfornance exa net a
Conpounds’b%%%d%&%a%éﬁrggtseﬁ;on the surface of the optical element

60. That is, it 1s also allowable that the ligquid-
attracting treatment is.applied to a part of the area of
the optical element 60 (at least an area through which the
exposure light beam passes), and the liguid-repelling
treatment is applied to the remaining area. Of course, it
is also allowable that the boundary between the ligquid-
attracting treatment area and the liguid-~repelling
treatment area may be coincident with the boundary between
the optical element 60 and the barrel PK. That is, it is
also allowable that the ligquid-attracting treatment is
applied to only the optical element 60. Further, there is
no limitation to the setting of the boundary on the lower
surface 7A of the projection optical system PL. All of the
lower surface 7A of the projection optical system PL may be
subjected to the liquid-attracting treatment.

Further, when the surface treatment is performed, it
is also possible to allow the lyophilicity (lyophobicity)

to have a distribution. In other words, the surface
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For exanple, the thin filmformation and the plasma treatnent are
effective for the surface treatnent for the optical elenent 60 and the
substrate P. However, in relation to the surface treatnent for the barre
PK as the netal nmenber, it is possible to adjust the affinity for the

|l iquid by any physical technique including, for exanple, the rough surface
treatnment for the surface of the barrel PK 1In the enbodi nent descri bed

above, the ST QRS.Olcdie,c SUBSLOA®: Pl oMl | YoM L eadtbiggtedto the

liquid- attracting treatnent I'Te giving nu wei ght to the “stable
retention he dJ qui ,mggﬂ t.hes praol i [ Y. ndet he
substrate g{hél—b\;e\l/e dejfr%’,(l rgansgﬁﬁ nmuc . qﬂllgéﬁéﬁeés:ﬁ%%aeln@%% 1? e %e@%@%%& dgjtfhe

emoval of s ldAull Iamdde Syrface. of . hesubshfLe Frolbifestl ! ace of

34 the substrate P ma IC (Subjected t
| 61 ePoLlia e SAENLL o b L1E STl Rt e Bed abox epaf e sur  ace
cppl1ed L0 dy sey) sl Uy PILPEILOSRLEal eystem PL and tne
iquid, which i syfn SO0 LY itk Lhe @l il faed o At L egst cope of the
tip section 7 oftv%e prOjeg%fon opt|c21 sy§$en1?{ and %%e surgace of the
substrate %Téé%m%%&Q”ﬁ%? ﬂg“%“éﬂ%%fé‘%gﬁ%f“¥§ﬂﬁ'ég"é Eilm composed of

a plurality of layers. As for the material for forming the

film, it is possible to use arbitrary materials provided

that the material exhibits desired performance, including,

for example, metals, metal compounds, and organic matters.

For example, the thin film formation and the plasma
treatment are effective for the surface treatment for the
optical element 60 and the substrate P. However, in
relation to the surface treatment for the barrel PK as the
metal member, it is possible to adjust the affinity for the
liguid by any physical technique including, for example,
the rough surface treatment for the surface of the barrel
PK.

In the embodiment described above, the surface of the
substrate P is made lyophilic (subjected to the liquid-
attracting treatment) while giving much weight to the
stable retention of the liguid between the projection
optical system PL and the substrate P. However, when much
weight is given to the recovery and the removal of the

liquid from the surface of the substrate P, the surface of
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As descri bed above, pure water is used as the liquid 50 in this

enbodi nent. Pure water is advantageous in that pure water is available in
a large amount with ease, for exanple, in the sem conductor production
factory, and pure water exerts no harnful influence, for exanple, on the
optical elenment (lens) and the photoresist on the substrate P. Further,
pure water exerts no harnful influence on the environnent, and the content

£ . ; T S bt ai h
Functon t & Mot RISt Sy TR Bk b Lol THECE P8y The |
opti cal e'gﬁﬁgﬁiéuf%§é¥¥iﬁ§ & ga%ﬁ&hsurface of the ©projection optica

system PL. I'S” approve ha e f%}Tactive index n of pure water

Sbout 103 nm 1 s Ao SHG TR At B Ao, W LB T a7 When The ArF
excirer | eSS AGA. CIRNELedl vy 198,00k o, Moo A% Lhech G0, seppcpyof (e
220 el B AT N8 (08 B U B o 5 o0t e
when it i 5 EEGUAT T8 BEarE art HppTb e y S BT CHAPEh of T acus. s

ot once ¢ REPRITE T dSeRrie off (o Bro] i e St TO T <5&Y em PL. Al s0

in this liquid, which is in conformity with the affinity for at

least one of the tip section 7 of the projection optical
system PL and the surface of the substrate P, is supplied
from the liquid supply unit 1.

As described above, pure water is used as the liquid
50 in this embodiment. Pure water is advantageous in that
pure water is available in a large amount with ease, for
example, in the semiconductor production factory, and pure
water exerts no harmful influence, for example, on the
optical element (lens) and the photoresist on the substrate
P. Further, pure water exerts no harmful influence on the
environment, and the content of impurity is extremely low.
Therefore, it is also expected to obtain the function to
wash the surface of the substrate P and the surface of the
optical element provided at the tip surface of the
projection optical system PL.

It is approved that the refractive index n of pure
water (water) with respect to the exposure light beam EL

having a wavelength of about 193 nm is approximately in an



viewpoi nt, the resolution is inproved. In this enbodi nent, the plane
parallel plate is attached as the optical elenent 60 to the tip of the
proj ection optical system PL. However, the optical elenment, which is
attached to the tip of the projection optical systemPL, nay be an optical
plate which is usable to adjust the optical characteristics of the
projection optical systemPL, for exanple, the aberration (for exanple,

spherical ahardgtion and coatic; abeffal i O noF etbBnoOPti £2dr ehesmnt may
be a lens. On the other hand, when the optical elenent, which nmakes

contact Wi thydheddftid 150 a5 16 fbanss paral | ehnpl aserobi 6h +se cheaper
than the Ilens, it 1s enough that the plane parallel plate is nerely

exchanged i L ALl Rf Welard URAP) Vi Hh thee |44 Lo pP8VED s NEReREY on
substance (for exanpl e, any silicon-based organic 36 matter), which

deter i or at ag,d Neaanani i anee of the. . proj etdon opticaly sysiem fha & he

illum nance of the exposu | 1ght beam EL on the substrate P, and the

uni f or mi ty yQqfg %gdﬂmd}@%ﬂ é:ﬁﬂéméw.t | Oyt Se RANGEEdd Och thE phane

paral | el plate, for exanp ring the transport, the assenbling, and/or

the adj ust menty.of, {#1e.q QHRARLIE ARRAL AT YIS, X o\, advan] ags | s pbi ghaed such

that the éxXchamge cost owered as’ conpared with the case in which the

CBL)cot o SRR R SR M LS U S5 e e foed I,
dirtied, fQhen it is enough to secure an approximately equivalent
depth of focus as compared with the case of the use in the
air, it is possible to further increase the numerical
aperture of the projection optical system PL. Also in this
viewpoint, the resolution is improved.

In this embodiment, the plane parallel plate 1is
attached as the optical element 60 to the tip of the
projection optical system PL. However, the optical
element, which is attached to the tip of the projection
optical system PL, may be an optical plate which 1s usable
to adjust the optical characteristics of the projection
optical system PL, for example, the aberration (for
example, spherical aberration and comatic aberration), or
the optical element may be a lens. On the other hand, when
the optical element, which makes contact with the liquid
50, is the plane parallel plate which is cheaper than the
lens, it is enough that the plane parallel plate is merely

exchanged immediately before supplying the liquid 50 even

when any substance (for example, any silicon-based organic
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exanpl e, due to the adhesion of scattered particles generated fromthe
resist by being irradiated with the exposure |light beam EL or any inpurity
contained in the Iliquid 50. Therefore, it is necessary to periodically
exchange the optical elenent. However, when the optical elenment is the
cheap plane parallel plate, then the cost of the exchange part is |ow as
conpared with the lens, and it 1is possible to shorten the tinme required
for the exchanger), Thuschideisrposstblethe suppsessthheei acérepse in the

mai nt enance cost (running cost) and the decrease in the throughput. Wen

t he pressurgrowkdthonsogenes ht egsbymt bp, f tow of lubhbgahtgqubd BRe is |arge
bet ween the substrate P and the optical elenent disposed at the tip of the
proj ecti on exyptscad bByshemdsdm It os whsosabsovabkept hatdt breoptical 37
element is tightly fixed so that the optical elenent is not noved by the

pressure, ratilerribban af |owe ngl Thei ophéeadiiser epebiohp be ganbasgeabl e. The
liquid 50 is water in the enbodi nent descri bed above. However, the liquid

50 may be arhe |pruhe o herldhas a vt e:forﬁ@iax@@iﬁ@pl@ur%?nth@e | i ght source
of the exposure |light beamEL is the F2 |aser, the F2 [aser beamis not

transmitt ecttdrsqught wattes .asHenel Dig, amdld StEasgdjtbosent psef enably
usable as the liquid 50 may i nclude, for exanple, fluorine-based oi

(fl uori ne- kagedsddeuipghamndis per f | unk cp@byethes (PRAE) athe@ughcwhighet he F2

| aser beam
the exchange cost is lowered as compared with the case in
which the optical element to make contact with the liquid
50 is the lens. That is, the surface of the optical
element to make contact with the liguid 50 is dirtied, for
example, due to the adhesion of scattered particles
generated from the resist by being irradiated with the
exposure light beam EL or any impurity contained in the
ligquid 50. Therefore, it is necessary to periodically
exchange the optical element. However, when the optical
element is the cheap plane parallel plate, then the cost of
the exchange part is low as compared with the lens, and it
is possible to shorten the time required for the exchange.
Thus, it is possible to suppress the increase in the
maintenance cost (running cost) and the decrease in the
throughput.

When the pressure, which is generated by the flow of

the liquid 50, is large between the substrate P and the

optical element disposed at the tip of the projection

optical system PL, it is also allowable that the optical
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is transmssive. In this case, the surface of the substrate P and the
portion of the projection optical systemPL to nmake contact with the
liquid 50 are subjected to the liquid-attracting treatnent by form ng the
thin film for exanple, with a substance having a nol ecul ar structure of
smal | polarity including fluorine. Alternatively, other than the above, it
is also possible to wuse, as the liquid 50, those (for exanple, cedar oil)
whi ch haveeldeent absnti¢lnte ftddrespenbtt ohéhepexpasuegehieght isbeam EL,
whi ch have the refractive index as high as possible, and which are stable
agai nst t henghod drestiisé poppdued, t pathersunfincel obwihg shbstpatieaP and the
projection optical systemPL. Also in this case, the surface treatnent is

perfornmed depamehingtonbe¢ hexpodagedlylef the liquid 50 to be used. 38 Next,
an explanation will be made with reference to Fig. 7 about a second
enbodi ment of theheriespnidihvend i wateAniexXpRsusebappaeat udeEXrebethi s
enbodi nent is designed such that the follow ng conditional expression is
satisfied prlowraled Hhadvek f epiesenysia shiakpess ohyt hequhiqutHeb0trhehween
the |l ower surface 7A of the projection optical system PL and the surface

of the substatate. P Hdm estdnsl€aseheh hehSpeLyitg shstancerbehveenpbbgre
projection optical system PL and the substrate P), v represents a

vel ocity ofliagtt oweef Hiheid iwus o 50 abetrveamnd e prokechiam igphbeal system

PL and the substrate P, p represents a
transmitted through water. Therefore, in this case, those
preferably usable as the liquid 50 may include, for
example, fluorine-based oil (fluorine-based liquid) and
perfluoropolyether (PFPE) through which the F, laser bean
is transmissive. In this case, the surface of the
substrate P and the portion of the projection optical
system PL to make contact with the ligquid 50 are subjected
to the liquid-attracting treatment by forming the thin
film, for example, with a substance having a molecular
structure of small polarity including fluorine.
Alternatively, other than the above, it is also possible to
use, as the liquid 50, those (for example, cedar oil) which
have the transmittance with respect to the exposure light
beam EL, which have the refractive index as high as
possible, and which are stable against the photoresist
applied to the surface of the substrate P and the
projection optical system PL. Also in this case, the

surface treatment is performed depending on the polarity of

the liquid 50 to be used.
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density of the liquid 50, and represents a coefficient of viscosity of
the liquid 50: (vdp)/p s 2,000 ...(3) Accordingly, the liquid 50 flows as
a lamnar flowin the space 56. As for the liquid 50, it is also assuned
that a plurality of different flow velocities v exist depending on the
position in the liquid. However, it is enough that the maxi numvelocity
Vm x thereof satisfies the expression (3). The control unit CONT adjusts at
| east one of the amount of supply of the liquid per unit tine to the space
56 by the aid of the liquid supply unit 1 and the anmount of recovery of
the liquid per uxtiiame ¢xphanhbicpagelbbbbymatibewatd oéfehentequod
recovery unit 2 so that the conditional expression (3) is satisfied.
Accor di ngl Y19 he/ 3oael oti sgcondf erhedingot dob0the prewenhr dnghnt benspace
56 is determned, and it is possible to satisfy the conditional
expressi on (3). Atherxpndmioonappd onals eRpressilons (Spbodimsati §§i ed, the
liquid 50 fl ows through the space 56 while formng the |am nar flow
Al t er nati velasigrvsl contlr dlhami th€ONTL tanind soosat t s6yal t bepcondith opal
expression (3) by adjusting the novenent velocity in the scanning
di rection cfattind isubgincatield? byhat he sebhsésates s4 agei PSlesdhat tse t he
velocity v of the liquid 50 flow ng through the space 56 is al so
det er m ned 1ilgy itché Omivedverein vdiocl dweofsdheaseibst rat ec ik i PrSpa®: Cases.
That is, there is such a possibility that the liquid 50 on

optical system PL and the surface of the substrate P (in

this case, the spacing distance between the projection
optical system PL and the substrate P), v represents a

velocity of a flow of the liguid 50 between the projection

optical system PL and the substrate P, p represents a

density of the liquid 50, and p represents a coefficient of
viscosity of the ligquid 50:

(vedep)/n <= 2,000 el (3)
Accordingly, the liquid 50 flows as a laminar flow in the
space 56. As for the liquid 50, it is also assumed that a
plurality of different flow velocities v exist depending on
the position in the liquid. However, it is enough that the
maximum velocity V,,, thereof satisfies the expression (3).

The control unit CONT adjusts at least one of the
amount of supply of the liquid per unit time to the space
56 by the aid of the liguid supply unit 1 and the amount of
recovery of the liquid per unit time from the space 56 by
the aid of the liguid recovery unit 2 so that the

conditional expression (3) is satisfied. Accordingly, the
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the substrate P may flow such that the liquid 50 is pulled by the
substrate P in accordance with the novenent of the substrate P. in this
case, the conditional expression (3) can be satisfied by adjusting the
novenment velocity of the substrate P. For exanple, when the substrate P
and the liquid 50 flow or nove at approximately identical velocities with
respect to the projection optical system PL, it is appropriate that the
nmovenent velooiditofvidie tisebbidqai® F0 may beow egarsiesh ashd hepaed oxf tys v of
the liquid 50 to satisfy the conditional expression (3). Also in this
case, the |depumnited] owsd thr olghpddei Ispactes Saws i€ tHorqadmgit iend mm nar
flow Further, in this case, it is not necessarily indispensable to
operate thedpmpdadicaup@ y. unilien ltigndcdieidiondd £:600ve8 yoini 1) 2iguring the
exposure for 40 the substrate P. The flow of the liquid 50 can be nmade to

be the | amszarisiow byt tad]Lisging Nl yldde tromammnts vel geddy 5 Ofuwl e
substrate P. In order to satisfy the conditional expression (3), the

t hi ckness dcafnitrie dHequiah 5o i£18ow. the spacing distance between the
projection optical systemPL and the substrate P) nay be previously set as

a desi gned val uefteirnadthier EXPOSIHE ARRafAt Ushi@nthihe:ael pedd s ak By be
determ ned on the basis of this value. Alternatively, the velocity v may

be previoushy sehdds idrdasignatasldie, 3W“Lytduad56£%@3§&a@wéﬁﬁﬂm@) d may

be determ ned on the basis of this va ue.
velocity in the scanning direction of the substrate P by
the substrate stage PST. That is, the velocity v of the
ligquid 50 flowing through the space 56 is also determined
by the movement velocity of the substrate P in some cases.
That is, there is such a possibility that the liquid 50 on
the substrate P may flow such that the liquid 30 is pulled
by the substrate P in accordance with the movement of the
substrate P. In this case, the conditional expression (3)
can be satisfied by adjusting the movement velocity of the
substrate P. For example, when the substrate P and the
ligquid 50 flow or move at approximately identical
velocities with respect to the projection optical system
PL, it is appropriate that the movement velocity of the
substrate P may be regarded as the velocity v of the liquid
50 to satisfy the conditional expression (3). Also in this
case, the liquid 50 flows through the space 56 while
forming the laminar flow. Further, in this case, it is not
necessarily indispensable to operate the liquid supply unit

I and the liquid recovery unit 2 during the exposure for
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In order that the liquid 50 flows while formng the lamnar flowin the
space 56, for exanple, slits may be provided at openi ngs of the supply
nozzl es 4 connected to the liquid supply unit 1 as shown in Fig. 8(a), or
porous nenbers are provided at openings of the supply nozzles 4 as shown
in Fig. 8(b). Accordingly, the liquid 50 can be rectified to flowin the
| am nar flow state. When the liquid 50 flows as the lamnar flow, it is

possi bl e t ot B&IpPEESSrAHEOPYENTBACESoSUSH B5etNEqYifrabi 08 B8R Lhe ehange
in the refractive index which would be otherw Se caused by the fluctuation

of the pressarene ThainaltriswPOSSidl@st ondebnifi Mhe RabisiACt PLYoPRELErN
transfer accuracy. Further, when the surface treatnent is applied t0 the

surface of dhepabsipat £af=amd the portion of the 41 projection optica
system PL to nmake contact with the liquid 50, and the exposure apparatus

EX is set so thain tdiee£ORdli $4 0Nty e 68U P {Ral Sesptésiisd o) perform

the exposure process, then the li'quid 50 in the space 56 Is established

to be in a M asalialastorys sifd eLidiish no ol niyenggadsngxerted on the
pattern transfer accuracy. In the enbodi nent descri bed above, "t he exposure

appar at us i@im@%eﬂ%m%tg%%rp%mit sﬂt?%xgh]?ﬁtén?@ @ng%i cal

system PL and the substrate Pis locally filled w i qui d. wever,

the presentsgaM&tOmn § SnadlHo @F&Uﬂ&%bﬂf d& & d 1 Qui Ll | JIBY S§ oM, EXposur e
apparatus in which a stage holding a substrate as an exposure objective
the exposure apparatus, and the velocity v may be
determined on the basis of this value. Alternatively, the
velocity v may be previously set as a designed value, and
the thickness (distance) d may be determined on the basis
of this value.

In order that the liquid 50 flows while forming the
laminar flow in the space 56, for example, slits may be
provided at openings of the supply nozzles 4 connected to
the liquid supply unit 1 as shown in Fig. 8(a), or porous
members are provided at openings of the supply nozzles 4 as
shown in Fig. 8(b). Accordingly, the liquid 50 can be
rectified to flow in the laminar flow state.

When the liquid 50 flows as the laminar flow, it is
possible to suppress inconveniences such as the vibration
and the change in the refractive index which would be
otherwise caused by the fluctuation of the pressure. Thus,
it is possible to maintain a satisfactory pattern transfer

accuracy. Further, when the surface treatment is applied

to the surface of the substrate P and the portion of the
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is noved in a liquid bath, and a liquid imersion exposure apparatus in
which a liquid pool having a predeterm ned depth is formed on a stage and
a substrate is held therein. The structure and the exposure operation of
the liquid imrersion exposure apparatus in which the stage hol ding the
substrate as the exposure objective is noved in the liquid bath are

di scl osed, for exanple, in Japanese Patent Application Laid-open No.

6- 124873, cpnbgattobnWhpehchs sy Bcenpor.atednhreetAnbictel,etanegeWi thin a
range of perm ssion of the donestic | aws and ordi nances of the state

desi gnat ed bigseliestpdahl thesekpbenpat hppalaeppl kgajkofet JherghtUehure
and the exposure operation of the liquid inmersion exposure apparatus in

whi ch the |domdth poehl 4@xpawsagoh hes pr edet gt ik pedqadept et 8ofar srd on the
stage and the substrate is held therein are disclosed, for exanmple, in

Japanese Patembtshppl peatéon, Lahsh oped Nogui1Q- 3631d4rpadsp Rt ¢ Shates
Patent No. 5,825,043, contents of which are incorporated herein by

reference wdtdinl Bsfi@ideo Obe PEX N SRb O 94t L e d0fBpt & €at 8Wen add; ORdfpances
of the state designated or selected in this international application. In

the enbodi mant1 weses | bedeaboves dhechd quh B SHRPEYaMbELr 1220d 506 1T quid

recovery unit 2 are used to continue the supply and the recovery of the
liquid 50 during the exposure for the substrate P as well. However, it is
also allowable to stop the supply and the recovery of the liquid 50 by

the liquid supplph Whd dmandiddia: |dut & & 0NeEYe UNile exposure
apparatus is adopted, in which the space between the
projection optical system PL and the substrate P is locally
filled with the liquid. However, the present invention is
also applicable to a liquid immersion exposure apparatus in
which a stage holding a substrate as an exposure objective
is moved in a ligquid bath, and a liquid immersion exposure
apparatus 1n which a ligquid pool having a predetermined
depth is formed on a stage and a substrate is held therein.
The structure and the exposure operation of the liguid
immersion exposure apparatus in which the stage holding the
substrate as the exposure objective is moved in the liquid
bath are disclosed, for example, in Japanese Patent
Application Laid-open No. 6-124873, content of which is
incorporated herein by reference within a range of
permission of the domestic laws and ordinances of the state
designated or selected in this international application.
The structure and the exposure operation of the liquid

immersion exposure apparatus in which the liquid pool
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2 during the exposure for the substrate P. That is, a small anount of the
liquid 50 is supplied by the liquid supply unit 1 onto the substrate P to
such an extent that the liquid imersion portion, which has a thickness of
not nore than the working distance of the projection optical system PL
(about 0.5to 1.0 nm, is forned between the substrate P and the tip
section 7 of the projection optical systemPL, or to such an extent that a

thin Iiqui dhbivlimgi shef preedtennthededeipte Sur fragaeel ohhehsubstypt @R before
the start of the exposure for the substrate P. The tip section 7 of the

proj ection bpei eabssyatemiBLhatd thersubstial @iBc1akedTade t @ lnghtd )y
contact with each other by the aid of the liquid 50. The spacing di'st ance

bet ween theiti pap@neeet PaneRtohpbhecprapacaan-epkhCab .systamskl ang 4 he
substrate P is not nore than several mm Therefore, even when the

substrate PUnstedvedaweshpateguppbyi Bggandosnecevatichdst be %%q@hdaQ£ usi ng
the liquid supply unit 1 and the liquid recovery unit 2 during the

exposure fointbeposabstirBéeePn by terpesabbl @itAiR0At LAHGUSLY retain the
liquid 50 between the projection optical systemPL and the substrate P

oW ng to theesmiéatentenstpe @bmébeiti guisd 5R4 o?ﬁgnéﬁébéto%pﬁﬂb0§%%%'t'Ve
film, which is disposed on the substrate P, is not damaged by the supply

of the |iquiesignamedher|squeesapphyrhibt idrasn¥elbnalna Ptﬁc%i%n when  a

coating for repelling the liquid 50 (water-repelling coatlng when

liquid is water)in stipphiesd héft 8described above, the liquid supply
unit 1 and the liquid recovery unit 2 are used to continue
the supply and the recovery of the liquid 50 during the
exposure for the substrate P as well. However, it is also
allowable to stop the supply and the recovery of the liquid
50 by the liquid supply unit 1 and the liquid recovery unit
2 during the exposure for the substrate P. That is, a
small amount of the liquid 50 is supplied by the liguid
supply unit 1 onto the substrate P to such an extent that
the liquid immersion portion, which has a thickness of not
more than the working distance of the projection optical
system PL (about 0.5 to 1.0 mm), is formed between the
substrate P and the tip section 7 of the projection optical
system PL, or to such an extent that a thin ligquid film is
formed on the entire surface of the substrate P before the
start of the exposure for the substrate P. The tip section
7 of the projection optical system PL and the substrate P

are made to tightly contact with each other by the aid of

the liquid 50. The spacing distance between the tip
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predetermned width to the circunferential edge of the substrate P, it is
possible to avoid the outflow of the 1liquid 50 fromthe substrate P. It
goes wi thout saying that the conditional expression (3) is satisfied to
generate no turbulence in the liquid 50 when the substrate P is noved. In
t he enbodi nent descri bed above, the liquid (50) is supplied on the
substrate stage PST. However, the liquid may be supplied onto the

substrate Rbefose 1 her stihstgad fedtids opPOriedspatont be sHlstrate stage
PST. In this case, when the liquid, which is supplied to a part or all of

the surfaceuitidte: subsd nade dbrdashan tHeeknessmRf abRétePobel Ocvdn0 MM
then the substrate P can be inported to the 44 substrate stage PST and the

substrate Rygan e expydete fy ofe the,y sabst £ 8dec S§@%€1§’§ngmbe pl acing the
liquid on the substrate P by the surface tension. so in this case, when

a |iquid-repaddidibiGPaiidg NaVidh @ P edletenan Negh i giPpi § appti edahg the
circunferential edge of the substrate P, it is possible to enhance the

retaining fineer idora thedva) dipi thegsapsy refe Expdbepet hersuhstrate P is
inported to the substrate stage PST and the substra?e Pis exported from

the substrahgstage BST while Jfaimidoed Neond 1 Ak s 0p tBeasHbsheate P as
descri bed above, it is possible to omt the nmechanismfor supplying and

recovering 1 idigid ispligbQpdhea mubstd ale: 84208 PRIa1 THes eshodt. "gAL dgscri bed

above is constructed such
substrate P owing to the surface tension of the liguid 50.

The resist (photosensitive film), which is disposed on the
substrate P, is not damaged by the supply of the liqguid
from the liquid supply unit 1 as well. 1In this case, when
a coating for repelling the liguid 50 (water-repelling
coating when the ligquid is water) is applied with a
predetermined width to the circumferential edge of the
substrate P, it is possible to avoid the outflow of the
liguid 50 from the substrate P. It goes without saying
that the conditional expression (3) is satisfied to
generate no turbulence in the liquid 50 when the substrate
P 1s moved.

In the embodiment described above, the liquid (50) is
supplied on the substrate stage PST. However, the liquid
may be supplied onto the substrate P before the substrate P
is imported onto the substrate stage PST. In this case,
when the liquid, which is supplied te a part or all of the
surface of the substrate P, has a thickness of about 0.5 to

1.0 mm, then the substrate P can be imported to the
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that the space between the projection optical systemPL and the surface of
the substrate Pis filled with the liquid 50. However, for exanple, as
shown in Fig. 9, the space my be filled with the liquid 50 in a state in
which a cover glass 65, which is conposed of a plane parallel plate, is
attached to the surface of the substrate P. In this arrangenent, the cover
glass 65 is supported over the Z stage 51 by the aid of a support nenber

66. The spasebsbratwhiehgkspboraed Eﬁet9§b§Q¥§%egbaé§n6§e %QFO%%@Bort
menber 66, and the Z stage 51, is a substantially tightly osed or seal ed

space. The rigui €h&0sapdeihecsybayeabgrPynaie aihanggdihe fhgugpaeq 57. The
cover glass 65 is conposed of a material through which the exposure |ight

45 beam EL tBels@pst$6kVe. bfhenki gui-d280 kensyppli eﬂlEB andenheceugked
froma space 56' between the surface of the cover glass 65 and the

proj ection @p&mc@lﬁq@i@m@@epylﬂglegawﬁg hhgyhd éu PLYe¥Bihileand the
liquid recovery unit 2. The setting is made such that the conditional

expr essi on Rth dﬁ§¢ég}§>ﬁﬂe@b9c\!ethé sakbahkedchliheeqgRCErOEhePr OV ded that
d represents the spacing distance between the surface of the cover gl ass

65 and the dimssestd on, 7l@fl§ fﬁ‘oé’é?bf@ttQ”enHQB!:Eakhéy%%tg%ﬁkpgwggé%rface

treatnent, which is in confornity wth the affinity for can

be al S0 apptd.edfo 1he i $uss a@ﬁe(mgﬁrgyéfﬁce)wﬂéntEﬁeceﬁség%@ésp% It
is desirable that the liquid-attracting treatnent is appli
imported to the substrate stage PST and the substrate P is
exported from the substrate stage PST while retaining the
liquid on the substrate P as described above, it is
possible to omit the mechanism for supplying and recovering
the liquid on the substrate stage PST.

The embodiment described above is constructed such
that the space between the projection optical system PL and
the surface of the substrate P is filled with the ligquid
50. However, for example, as shown in Fig. 9, the space
may be filled with the liguid 50 in a state in which a
cover glass 65, which is composed of a plane parallel
plate, is attached to the surface of the substrate P. In
this arrangement, the cover glass 65 is supported over the
4 stage 51 by the aid of a support member 66. The space
57, which is formed by the cover glass 65, the support
member 66, and the 2 stage 51, is a substantially tightly
closed or sealed space. The liquid 50 and the substrate P

are arranged in the space 57. The cover glass 65 is

composed of a material through which the exposure light
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to the surface of the cover glass 65. Therefore, when the liquid 50 is
water, a thin filmis formed with a substance having a nolecular structure
of large polarity on the surface of the cover glass 65. The substrate P,
which is usable in the respective enbodi nents described above, is not
limted to the sem conductor wafer for producing the sem conductor device.
Those applicable include, for exanple, the glass substrate for the display

devi ce, thepeafam ciyef LandPist et hi fpkil My, 1BO9EL IS nggu@adt&hsnaﬁlster
plate (synthetic quartz, silicon wafer) for the mask or the reticle to be

used for the-@XPEsUrerGRPAr dpiSe 96 AScf et NEnEXPOSHLLaPPAERLUSFXy the
present invention is also applicable to the scanning type exposure

appar at us (Staidy SiEPRes ) pPasede 08n t Bse $L8P- 8ge sk apr, ﬁgsagﬂh%%he
perform ng the scanning exposure for the pattern of the sk M by

synchronousi pyidigpRe wesk M angd the 15 g%rﬁé@oé’e@? yeht as thge

proj ection exposure apparatus (stepper) bas on the step-and-repeat

system f or sdq.ecrjfﬁ]wgnatcr@ dukh €18t dgxPOs &I@ﬁaihéx@@égg-anfga he mask

M in a state in ich the mask M apd the substrate P are nmde t and
still, whilfRYcerssiMRlve lsjtseps:g@yéf%& he, sybsipate £ T, f"opi&é&n%kéat

invention is also applicable to the exposure apparatus based on t

st ep-and- std 4G SEAB di WL A & 8asind a0, DAkl ek nenar supaRLLabEY
overlaid and transferred on the substrate P.
the cover glass 65 and the tip section 7 of the projection
optical system PL.

The surface treatment, which is in conformity with the
affinity for the liquid 50, can be also applied to the
surface (upper surface) of the cover glass 65. It is
desirable that the liquid-attracting treatment is applied
to the surface of the cover glass 65. Therefore, when the
liquid 50 is water, a thin film is formed with a substance

having a molecular structure of large polarity on the

surface of the cover glass 65.

The substrate P, which is usable in the respective
embodiments described above, is not limited to the
semiconductor wafer for producing the semiconductor device.
Those applicable include, for example, the glass substrate
for the display device, the ceramic wafer for the thin film
magnetic head, and the master plate (synthetic quartz,
silicon wafer) for the mask or the reticle to be used for

the exposure apparatus.
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The present invention is also applicable to a twin- stage type exposure
apparatus. The structure and the exposure operation of the tw n-stage type
exposure apparatus are disclosed, for exanple, in Japanese Patent
Application Laid-open Nos. 10-163099 and 10-214783 (corresponding to
United States Patent Nos. 6,341,007, 6,400,441, 6,549, 269, and 6, 590, 634),
Publ i shed Japanese Translation of PCT International Publication for Patent

Application No. RO0Q>505258 e uesponch ngrt® o) tegke SbabesntPatent No.
5,969, 441), and United States Patent No. 6,208,407, contents of which are

i ncor por at echw@iteich bys dRfEraNEEiMl e Nc@ 1209 Hin PG Mt sk 0BxPbs b he _
donestic laws 47 and ordi nances of the state designated or selected in this

i nternati onglpappld<atd@hn Asy faregiher | Vipes &l dherexpossis eag@pasahus EX
the present invention is not limted to the exposure apparatus for the

sen conducteBs O dugt immﬁﬂ%@é Ofc £XPOSd NS deur SURSE T 8h€ Fatbéinthe
e

sem conduct or devi ce pattern. present invention is also wdely

appl i cabl eoff afheeXRIMN @1 byt & i@ @XRASITE RPPREAtUSe fRdsPredygi ngnd he
liquid crystal display device or for producing the display as well as the

exposure appd=atiitd @ 4 aduci NG iy @Rt €iof hecddidre Fab pAPRENSEI C
head, the image pickup device (CCD), the "reticle, or the mask. Wen the

l'i near not qlsteppésad dadfed ey sUksty@le. Slagep 23T AN/ ar the mask stage

MST, it is allowable to use any

performing the full field exposure for the pattern of the
mask M in a state in which the mask M and the substrate P
are made to stand still, while successively step-moving the
substrate P. The present invention is also applicable to
the exposure apparatus based on the step-and-stitch system
in which at least two patterns are partially overlaid and
transferred on the substrate P.

The present invention is also applicable to a twin-
stage type exposure apparatus. The structure and the
exposure operation of the twin-stage type exposure
apparatus are disclosed, for example, in Japanese Patent
Application Laid-open Nos. 10-163099 and 10-214783
(corresponding to United States Patent Nos. 6,341,007,
6,400,441, 6,549,269, and 6,590,634), Published Japanese
Translation of PCT International Publication for Patent
Application No. 2000-505958 (corresponding to United States
Patent No. 5,969,441), and United States Patent No.
6,208,407, contents of which are incorporated herein by

reference within a range of permission of the domestic laws
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one of those of the air floating type based on the use of
and those of the magnetic floating type

the air bearing
based on the use of the Lorentz's

force or the reactance force. Each of the stages PST, MST nmay be either of
the type in which the novenent is effected along the guide or of the

gui del ess type in which no guide is provided. An

| inear notor for the stage is disclosed in United States Patent Nos.
5,623, 853 amil &;bi2Barldds €ontient st of e Wk €hyi@d €ed NEOT HOT &t €6 her et i by

reference respectively within a range of perm ssion of the

and or di nanoes=mafattiwnst adp desdgieied or  selected in this internatio
application. 48 As for the driving nechanismfor each of the stages PST,
MST, it is al somlmwablie toypise @ Hanspodore | pp it €l aETRODIRE Ui t
provided with two-di nensionally arranged nagnets and an armature unit

and each of the stages PST, MST is driven by the electromagnetic forc
this arrangerente aunhigtdictde prmonetidhidppchdde A8 B HEEs Lid tehs

connected to the stage

arnmat ure

il tirs tRy ovivded amd hassidmaicddie qmyvahl e surdace ofnd he

PST, MST. The reaction force, which is generated in accordance wth t

novenment ofprichensulisticaita ot age AL MRk IRE agEchaita) | orF eleagstef 0 the
fl oor (ground) by using a

to the exposure apparatus for producing the liquid crystal
display device or for producing the display as well as the
exposure apparatus for producing, for example, the thin
film magnetic head, the image pickup device (CCD), the
reticle, or the mask.

When the linear motor is used for the substrate stage
PST and/or the mask stage MST, it is allowable to use any
one of those of the air floating type based on the use of
the air bearing and those of the magnetic floating type
based on the use of the Lorentz's force or the reactance
force. Each of the stages PST, MST may be either of the
type in which the movement is effected along the guide or
of the guideless type in which no guide is provided. An
example of the use of the linear motor for the stage is
disclosed in United States Patent Nos. 5,623,853 and
5,528,118, contents of which are incorporated herein by
reference respectively within a range of permission of the
domestic laws and ordinances of the state designated or

selected in this international application.
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donestic | aws
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provi ded wigdedesr idivensicnald ywa rangeck£oid Scipe e apposesd i9ponecaaot her,
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PST, MST, and the other of the nmagnet unit and the
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frame menber so that the reaction force is not transmtted to the
projection optical systemPL. The nethod for handling the reaction force
is disclosed in detail, for exanple, in United States Patent No. 5,528,118
(Japanese Patent Application Laid-open No. 8-166475), contents of which
are incorporated herein by reference within a range of perm ssion of the
donestic |laws and ordi nances of the state designated or selected in this
international applicatilon.ddThein@acéd i iafctor Wheh b8 grRPEE8LEEIsi N
accordance wth the novenent of the mask stage MST, may be nmechanically

rel eased t edhe MdDori grounNTlo byl Lsiagla 49 dsane peabermsoothat the
reaction force is not transmtted to the projection optical systemPL. The

met hod for whiardld ngadriet react i prot pi&e W seili sedosedehoidesaiy, for
exanple, in United States Patent No. 5,874,820 (Japanese Patent

Appl i cat i om e yeap et J¥oat 8- B30 2284 arkont @nten Of p MK Chedr @1t RCOKHOr at ed
herein by reference wwthin a range of perm ssion of the donestic | aws and

or di nances difmdrhigi orstiatye LHesd Gnal ash Of's L sbd &4 th Sohdt grpakkenal
application. As described above, the exposure apparatus EX according to

the enbodi nenrt fci ke mesﬁaiéwefmipmé@ idProdueed by assenbling the
various subsystens including the respective constitutive elenents as

glefe :: ?rGidci N eQleditons@nddial tdeor edat e Ned-machani £8) AFUSREYor t HBe
magnet unit and the armature unit is connected to the stage
PST, MST, and the other of the magnet unit and the armature
unit is provided on the side of the movable surface of the
stage PST, MST.

The reaction force, which is generated in accordance
with the movement of the substrate staqge PST, may be
mechanically released to the floor (ground)‘by using a
frame member so that the reaction force is not transmitted
to the projection optical system PL. The method for
handling the reaction force is disclosed in detall, for
example, in United States Patent No. 5,528,118 (Japanese
Patent Application Laid-open No. 8-166475), contents of
which are incorporated herein by reference within a range
of permission of the domestic laws and ordinances of the
state designated or selected in this international
application.

The reaction force, which is generated in accordance

with the movement of the mask stage MST, may be

mechanically released to the floor (ground) by using a
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accuracy, and the optical accuracy are maintained. In order to secure the
various accuracies, those perforned before and after the assenbling

i nclude the adjustnent for achieving the optical accuracy for the various
optical systens, the adjustnent for achieving the nechanical accuracy for
t he vari ous nmechani cal systens, and the adjustnment for achieving the

el ectric accuracy for the various electric systens. The steps of

assenbl i ng fiheme iRdniosss SaIbsyst efffe | NEQ € 16 eXPOSHT £ apparat dssinietade, for
exanpl e, the nechani cal connection, the wiring connection of the electric

circuits, ang dhe 'cpjétg;mﬂrt%eﬁim afydden @[ Pressteensdreaits in
correlation with the various 50 subsystens. It goes w thout saying that the

steps of asseMIANEHdersaspaat imedddiyiduad] ssbsyst easrare, performed
before performng the steps of assenbling the various subsystens into the

exposure appaimiius, Mhem il stanss ddaassend i ng, the, ya6 i pyspenbsyst ens
into the exposure apparatus are conpleted, the over af | adj ustnent is

perforned tQuSQQUNSHBING: MAId P U RECUPACIES. ap- 3 N2 8NY | r€onXPOSULE
apparatus. It is desirable that the exposure apparatus is produced in a

clean roomyy Miohy frRior R@HE L hdhei d GPerF &t &F En@ddyifiei €| £apagss are

managed. As shown in Fig. 10, the mcrodevice such as the sem conductor
device is mpq;&%&moqﬁréprﬂﬂ@fgjoﬂéyti@xm Cand @ﬁ@pngﬁéegfogeﬁhgm ng the

function and the performance of the m crodevice, a step 202 o
manuf act urigfiGite designated or selected in this international
application.

As described above, the exposure apparatus EX
according to the embodiment of the present invention is
produced by assembling the various subsystems including the
respective constitutive elements as defined in claims so
that the predetermined mechanical accuracy, the electric
accuracy, and the optical accuracy are maintained. 1In
order to secure the various accuracies, those performed
before and after the assembling include the adjustment for
achieving the optical accuracy for the various optical
systems, the adjustment for achieving the mechanical
accuracy for the various mechanical systems, and the
adjustment for achieving the electric accuracy for the
various electric systems. The steps of assembling the
various subsystems into the exposure apparatus include, for
example, the mechanical connection, the wiring connection
of the electric circuits, and the piping connection of the

alr pressure circuits in correlation with the various
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a mask (reticle) based on the designing step, a step 203 of producing a
substrate as a base material for the device, an exposure process step 204
of exposing the substrate with a pattern of the nask by using the exposure
apparatus EX of the enbodi nent descri bed above, a step 205 of assenbling

t he device (including a dicing step, a bonding step, and a packagi ng
step), and an inspection step 206. The exposure process step 204 incl udes

a step of peufoystiangst heIsugbacerithieat neayihgrehhe substtape bn order to
adjust the hydrophilicity for the substrate and the liquid before the

exposure. SisdMMISTR} AlhAPRE KABL LYd Yidecoidhay tebshetphesent invention,
it is possible to suppress the exfoliation of the Iiquid, the generation

of the bubidwefonied he: feargenterving hend usbabenee, agpdnblihg tpossible to
maintain the liquid in a desired state between the projection optical

system and theiaipsuiaiystidnd hentd | ik ded pOIBE 86 0RpLXPOSHES. WEERT €hagl y,
the pattern can be transferred correctly with a wide depth of focus.

Theref ore, dit@presentsdmetd othé Svxiseied Yhssef thsf Ohitot hBeEXpOSure
based on the use of the short wavel ength |ight source such as ArF. It is

possi bl e t @xpoduce pgighlys 4 gl p@t@@wﬂeeh@\vwmﬂ%a?@gt@@ﬁ{owance
52 CLAIMS 1. An exposure apparatus i ch exposes a substra

performed to secure the various accuracies as the entire
exposure apparatus. It is desirable that the exposure
apparatus is produced in a c¢lean room in which, for
example, the temperature and the cleanness are managed.

As shown in Fig. 10, the microdevice such as the
semiconductor device is produced by performing, for
example, a step 201 of designing the function and the
performance of the micfodevice, a step 202 of manufacturing
a mask (reticle) based on the designing step, a step 203 of
producing a substrate as a base material for the device, an
exposure process step 204 of exposing the substrate with a
pattern of the mask by using the exposure apparatus EX of
the embodiment described above, a step 205 of assembling
the device (including a dicing step, a bonding step, and a
packaging step), and an inspection step 206. The exposure
process step 204 includes a step of performing the surface
treatment for the substrate in order to adjust the

hydrophilicity for the substrate and the liquid before the

exposure.
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transferring an inmage of a pattern through a liquid onto the substrate,
t he exposure apparatus conprising: a projection optical system which
projects the image of the pattern onto the substrate, wherein: a portion
of the projection optical system which nakes contact with the liquid, is
surface-treated to adjust affinity for the liquid; wherein the portion of
the projection optical system which makes contact with the liquid includes
a surface of an optical el erm@RUSHRPdseFEUITGRRIIPTf the projection
optical systemand at |east a part of a surface of a hol ding nenber which
hol ds the optical elenent, and the surface of the optical elenent and at
| east the part of the surface of the holding nmenber are surface-treated so
that affinity fokcededihgquodths pneseasednventTbe, exposar poapphiat tis
according to claim1, wherein the substrate is exposed whil e being noved
in a scanniswppisecthieonexBol Theiexpofutkeappanatiusthecgedengtfioncbdi m 1
wherein the surface treatnent is perfornmed depending on polarity of the
liquid 4. Uhe xposer eoappae abasuacencdi of tbectarbuBenwher end ithésliqui d
is water, and the surface treatnent is applied to the portion to nake
contact w tgesshible que dndinfaim nige al tdund inl m des bhradssbstanpethagnng a
nol ecul ar structure of large polarity. 53

the projection optical system and the substrate in the

liquid immersion exposure. Accordingly, the pattern can be
transferred correctly with a wide depth of focus.
Therefore, the present invention is extremely useful for
the exposure based on the use of the short wavelength light
source such as ArF. It 1is possible to produce a highly

integrated device having desired performance.
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5. The exposure apparatus according to claim3, wherein the liquid is
fluorine-based liquid, and the surface treatnent is applied to the portion
to make contact with the liquid by forming a thin filmwth a substance
having a nol ecul ar structure of small polarity. 6. The exposure apparatus
according to claiml1l, wherein at |least a part of the portion of the
projection optical systemto make contact with the |liquid, through which
an exposure |ight beam passes, is sunfmagestreated so that affinity for
the liquid is increased. 7. An exposure apparatus which exposes a substrate
by transferring an imge of a pattern through a quuid onto the

substrate, the. exnasuse,B0paL 3Ly, ONMCI AbNg 2.PLecti an aptical gyt em

whi ch projects the im attern onto t strate, erein: the
prolect|twamwﬁ$caingysmenma@s affarp&tSarhaterauga awhiighikdnehtide ¢ ha
surface of an _optic el enent disposed_at a tip of the projection optical
system %ﬂ%gg %g%bngh%u?¥%%%ur3r PAhFEHST SCBPEPEBE around the first

surface area;aapgoadéiMbh Yoot ithe éyéﬁémsuﬁiaﬁep%%cégrth@%hla%l dfi s
hi gher than affinity of the second surface area fof the [liquid. The

exposur et esn aee? dihgy tePetarhe7, viheeenn the liquid is retained in
(e {1rst Sud 5 BL57, SR, L0 L8 REA! BLEYcgl e bt Shsutf pegearea for
for the cdnttpatd.with the liquid, 1s surface-treated to adjust affinity

for the liquid;

wherein the portion of the projection optical system

which makes contact with the liquid includes a surface of an

optical element disposed at a tip of the projection optical

system and at least a part of & surface of a holding member

which holds the optical element, and the surface of the

optical element and at least the part of the surface of the

holding member are surface-treated so that affinity for the

liquid 1is increased.

2. The exposure apparatus according to claim 1, wherein
the substrate is exposed while being moved in a scanning

direction.

3. The exposure apparatus according to claim 1, wherein
the surface treatment is performed depending on polarity of

the liguid.

4. The exposure apparatus according to claim 3, wherein
the liguid is water, and the surface treatment is applied to
the portion to make contact with the liguid by forming a thin
film with a substance having a molecular structure of large

polarity.
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9. The exposure apparatus according to claiml or 7, wherein a conditional
expression (vdp)/p _< 2,000 is satisfied 54 provided that d represents a
t hi ckness of the liquid between the projection optical systemand the
substrate, v represents a velocity of a flow of the Iiquid between the
projection optical systemand the substrate, p represents a density of

the liquid, and p represents a coefficient of viscosity of the |Iliquid. 10.
The exposure apparameseaposndéngpperetaEWE&cotdan tur theimcanpwheiragna
l'i quid inersion i ch, makes the quid to flow through at |east a

part of &' piJc%%@t tn%eﬁlt%ln%r%?eeti. éhqeber candsy8eefi'and ctnhé *eabierat e,

wherein thespbi gubded | oms ?ér@l&ﬁntBaﬁaﬂeoﬁbn%ACtAwggthgefQ&qﬁﬁ@dﬁﬁ'ng a
devi ce, conprising using the exposure apparatus as defined in clami or

7. 12. AreExposur et et hf)dlrﬁow1e&p@ssngsaasgbshaategby mpiejfedeirng an i mage
of a pat§§g£%@%Eg 5@ ﬁgfftrgﬁe u5|ng a projection optical system the

exposur e et r|S|ng app g a coating, which repels the liquid, to
a circunferential edge of the substrate before the exposure; filling at

| east a part of a space between the projection optical systemand the
substrate with t hel}§ qRifRP SR 2P df dBEF ngCEREdi REgECoFLERB pat FEEKSHAL 0

the subsiy atss st i qugh: the ﬂ}t&%&t}t@n Petgépﬁﬂ:}ﬁ cE’?E 09 agegrding to
claim12, wherein the exposure Is perforne e ate whi | e novi ng
t he system to make contact with the liquid, through whlch an

exposure light beam passes, 1is surface-treated so that

affinity for the liguid is increased.

7. An exposure apparatus which exposes a substrate by
transferring an image of a pattern through a liquid onto the
substrate, the exposure apparatus comprising:

a projection optical system which projects the image of
the pattern onto the substrate, wherein:

the projection optical system has a first surface area
which includes a surface of an optical element disposed at a
tip of the projection optical system, and a second surface
area which is disposed around the first surface area; and

affinity of the first surface area for the liquid is
higher than affinity of the second surface area for the

liquid.

8. The exposure apparatus according to claim 7, wherein
the liquid is retained in the first surface area owing to the
affinity of the first surface area for the ligquid which is
higher than the affinity of the second surface area for the

liquid.

9. The exposure apparatus according to claim 1 or 7,

wherein a conditional expression (vedep)/u £ 2,000 is satisfied
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substrate in a scanning direction. 14. The exposure nethod according to
claim12, wherein the surface treatnent is perforned depending on polarity
of the liquid. 55 15. A nethod for producing a device, conprising using

t he exposure nethod as defined in claim212 to produce the device. 16. The
exposure apparatus according to claim7, wherein the first surface area

i ncl udes an area through which the exposure |ight beam passes. 17. The

exposur epappaniad ushaccer depgetonekabmibcxnwher eicnthhe 1seeand psukkage area
includes a part of an area of_ the optical elenment. 18. The exposure
appar at Ut ackbP Ut Rl 0o ePhifRiesySihABranA the sebshdaserf dcserregennel udes

a part of amakeayobs 2 holding prODEr WALCRPOLAS the gRbieal ;agmber. 56

optical system and the substrate, p represents a density of
the liquid, and p represents a coefficient of viscosity of the

liquid.

10. The exposure apparatus according to claim 1 or 7,
further comprising a liquid immersion unit which makes the
liquid to flow through at least a part of a space between the
projection optical system and the substrate, wherein the

liquid flows as a laminar flow.

11. A method for producing a device, comprising using

the exposure apparatus as defined in claim 1 or 7.

12. An exposure method for exposing a substrate by
projecting an image of a pattern onto the substrate by using a
projectiocn optical system, the exposure method comprising:

applying a coating, which repels the liquid, to a
circumferential edge of the substrate before the exposure;

filling at least a part of a space between the projection
optical system and the substrate with the liquid; and

projecting the image of the pattern onto the substrate

through the liquid.

13. The exposure method according to claim 12, wherein
the exposure is performed for the substrate while moving the

substrate in a scanning direction.

14. The exposure method according to claim 12, wherein
the surface treatment is performed depending on polarity of

the liquid.
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15. A method for producing a device, comprising using
the exposure method as defined in claim 12 to produce the

device.

16. The exposure apparatus according to claim 7,
wherein the first surface area includes an area through which

the exposure light beam passes.

17. The exposure apparatus according to claim 16,
wherein the second surface area includes a part of an area of

the optical element.

18. The exposure apparatus according to claim 16,
wherein the second surface area includes a part of an area of

a holding member which holds the optical member.
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