DESCRI PTI ON EXPOSURE APPARATUS AND METHOD FOR PRODUCI NG DEVI CE TECHNI CAL
FI ELD The present invention relates to an exposure apparatus for exposing
a substrate with a pattern imge projected by a projection optical system
in a state in which at least a part of a space between the projection
optical systemand the substrate is filled with a liquid. The present
invention also relates to a nethod fgrspregyeHRg a device based on the use
of the exposure apparatus. BACKGROUND ART Sem conductor 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

phot osensitive s §@%Rﬁ§ g (ARRa Rt i ] qﬁﬁg[' t he
phot ol ithographyumg?e({)s?}ﬁi r{i(ﬁlﬁg es a lrirkal\g% stageﬁf%@s%%%%il% t'he dn%sk and a
substrate stage for supporting the substrate. The pattern on the mask is

transferred onto the substrate via a projection optical systemwhile

successively noving the mask stag rate stage. In recent
years, it is 1 denanded to realize§§§@gﬁ§§ﬁefgggéolution of the projection

optical systemin order to respond to the further advance of the higher
integration of the device pattern. As the exposure wavelength to be used

|5 shorter, the rsgl yiLot: ofnbbfe PRI FE1LPROPL! 67! cRYBLENLPEERIR s

for exposing a substrate with a pattern image projected by

a projection optical system in a state in which at least a

R

part of a space between the projection optical system and
the substrate is filled with a liquid. The present
invention also relates to a method for producing a device

based on the use of the exposure apparatus.
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

mask stage and the substrate stage. In recent years, it is



nunerical aperture of the projection optical systemis larger, the
resolution of the projection optical system becones higher. Therefore, the

exposure wavel ength, which is used for the exposure apparatus, is
shortened year by vyear, and the nunerical aperture of the projection
optical systemis increased as well. The exposure wavel ength, which is

dom nantly ugeflaatiepr €seRballise248eNighetheckbiut XAl BRI thasglkojEHRWewar
t he exposure wavel ength of 193 nm of the ArF exciner |aser, which is

shorter thanopBecaboxestehsial 80qaBraghi ¢akb¥ndsed LReseNechkbtuatiyaRse Wien
the exposure is perforned, the depth of focus (DOF) is also inportant in

the same manpertfe hhgntesehtheRcidheorr e8@l HEL9RR a0dethe dgpt hnaf focus
6 are represented by "the foll ow ng expressions respectively. R = kI X/ NA

.. (1) 6 = k2ZobNPe waveﬁg%gthntBhBeeﬁQEQS§Eogﬁor§e£ep£ﬁ§egé§oﬁﬂ%i@ﬁposure

wavel ength, NA' represents thé nunerical aperture of the projection optical

system ~and kf gpd 5Eo;§eﬁgﬁgn§8fpealpé9g%@ﬁ BOELRLE! RRLRerACCRERAG tO L he

expressions (1) and™ ( ow ng-fact 1s appreciated. That 1s, when

the 2 exposuignuByelengbbrXoks SEOLRENEHo3a0. A gggﬁ&%ﬁgéggggﬁfggfe NA I's

increased in order to enhance the resofu focus S

o e AAIRIE 08Bl GRS BelBiboROTLERIER oblibiy bLUIC T
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 1s 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 Ar¥ excimer laser, which is shorter than the above,

is also practically used in some situations. When the

exposure 1is performed, the depth of focus (DOF) is also

important in the same manner as the resolution. The
) resolution R and the depth of focus 0§ are represented by
the following expressions respectively.
R = kl*i/NA e (1)
& = xk2*A/NA’ e {2)
In the expressions, A represents the exposure

wavelength, NA represents the numerical aperture of the
projection optical system, and kl and k2 represent the
process coefficients. According to the expressions (1) and

(2), the following fact is appreciated. That 1is, when the



t he i mage pl ane of the projection optical system It is feared that the
margin is insufficient during the exposure operation. Accordingly, the

| iquid i mersion nmethod has been suggested, which is disclosed, for
exanple, in International Publication No. 99/49504 as a nethod for
substantially shortening the exposure wavel ength and w dening the depth of

focus. In th%gpbégybdthHEéﬁ%QH k”?éhgﬁorEQSgépﬁﬁﬁ Pﬁé“ﬁ&ﬂe£5@a¥°mﬁr.

surface of t proj ection optical system an e substrate surface |s
filled with a Ilg ch_as_wat er gr any 8 aglc s | vent , , to Utl% z¢e

fact that  NEPREGEFETnLS! LRheeeRpOstReo TP anEebBANFIAE: Bt FhPhIF S0l s
as conpared with that in the air (n represents the refractive |ndex of the
liquid, whiBh FBembble depthool. BoFnsop dinargreesed) so that the
resolution is inproved and the depth of focus is nmagnified about n tines.

Any bubbl e someti gestREhgegent 81t hEchHVET i SUESACRaPFowddle PFOjECtiON
optical system and/or the substrate surface in the state in which the

space bet neeg fﬁfcufwe; SHLEa6on 8l be. PLoLechl on,opkLen! csystem and the

substrate sur ace 1s ed mn exa i f

3 the b”bb'e%ﬁé' ”?igﬁe'69“&9%gb§82889i88t ﬁﬂc%TfF%Q£8hECtk9”18pt'Ca'

system and t e duri osure W ng phenoireénon
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operation. Accordingly, the liquid immersion method has
;w) 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 ligquid immersion
method, the space between the lower surface of the
projection optical system and the substrate surface is
filled with a liguid such as water or any organic solvent
to utilize the fact that the wavelength of the exposure

light beam in the liquid 1is 1/n as compared with that in

oy

L the alr (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.

Any bubble sometimes adheres to the lower surface of
the projection optical system and/or the substrate surface
in the state in which the space between the lower surface
of the projection optical system and the substrate surface

is filled with the liguid. In this way, for example, if



surface, and/or the |light beam which is radiated to form the inmage on the
substrate, does not arrive at a desired position on the substrate. As a
result, the pattern image, which is to be fornmed on the substrate, is
deteriorated. DI SCLOSURE OF THE | NVENTI ON The present invention has been
made taking the foregoing circunstances into consideration, an object of

which is to phevbdebae expesdr @nappar atiks 1WhiggR poRkES bk weR@SShRl € to
suppress the deterioration of a pattern’imge which would be otherw se

caused by anprbg@bt@ohnogt&bamigysw@ﬁnahhet%épgﬁgg%re%gca%§ih§ Rekf or med
while filling a space between a projection optical systemand a substrate

with the |iqukgosard,acAet Bed1506nBr BHRGLRGNBnIGYi CRsDasSef 410 st heyse of
t he exposure apparatus. In order to achieve the object as descrlbeg above,

the presentckaygnti ophadepLatt BeahO! LAWM-RO ;60RSHE 130 r onding to
Figs. 1to Yeas ?Ilustratedgin eﬁbodinen?s}gAgég%gﬁﬁg ?% gggﬁrgﬁgaspect of

the present iﬁ&?@tbﬁnthe4sﬁﬂ§£§a£é,p?B%EdﬁgaaQr§§98sg%ggggpéhﬁggﬁgWﬁiCh

exposes a subsirate with an | mage of a predeterm ne tern,

eXpOSUTe apPadAEiSe CORA)SENGhe A1 RERECELLAN ARYERAL,SYShIULERL LIRS

projects the image of the predeterm ne pét_ern on € substrate; a
lauid SupplmNihagd) oBNLGD SUPPLESED bbEY! flotCaPri5R2GE BCHURTRNC
projection optical 3ystemand the

position on the substrate. As a result, the pattern image,

-') which 1is to be formed on the substrate, is deteriorated.
DISCLOSURE OF THE INVENTICON

The present invention has been made taking the
foregoing circumstances into consideration, an object of
which is to provide an exposure apparatus which makes it
possible to suppress the deterioration of a pattern image
which would be otherwise caused by any bubble in a liquid

y when the exposure process is performed while filling a
space between a projection optical system and a substrate
with the liquid, and a method for producing a device based
on the use of the exposure apparatus.

In order to achieve the object as described above, the
present invention adopts the following constructions
corresponding to Figs. 1 to 7 as illustrated in
embodiments.

According to a first aspect of the present invention,



substrate; and a gas-renoving unit (21) which renoves a gas conponent
contained in the liquid which is to be supplied to the space between the
projection optical systemand the substrate. In the exposure apparatus of
the present invention, the liquid, fromwhich the gas conponent has been
sufficiently renoved, can be supplied to the space between the projection

optical systeleaedishgrsubgictabe, chpeause adpe reXReswhd chppXidises of the
present invention is provided wth the gas-renoving unit which renpves the

gas conponensubbteateh@ikhquindimbdet ber a Phedeererdhiean pak tkhe bulpkl e is
suppressed not only in the liquid existing between the projection optical

system and t bgpsplastr abgathRukheoppliigahg:path for the exposure |ight beam
but also in the liquid existing in the I'iquid flow passage running from

the gas- renvvingaugkbjb@tibﬁ ép@gea@egpﬁ%@mtQ@Ler%h%%hig%ogﬁﬁt%akhesysten1
and the substrate. The gas-renoving unit renoves the gaS conponent from

the l'iquid semkBatoantBEr ppcARRERRL hak A tkBrhNEbaWhE kpdesisrahl y not
nore than 0.016 cm/cm . Those usable as the gas-renoving unit i nclude a

heating unit, a pgess ﬁ@ar§Q5§&99uHEEt<12iwﬂﬁgﬁsgggglqégbaaﬂﬁﬁu?@dt% a

conbi nation thereof. The gas- rénoving unit may rranged | e liquid

supply unit opaceubstlechnenti gibgoatpBhY oiliba1 LUEEAA! kKAl ¥ndt Ne gas:
g unit nmay be arranged outsSide a ch er of “the
substrate; and

a gas-removing unit (21) which removes a gas component
contained in the liquid which is to be supplied to the
space between the projection optical system and the
substrate.

In the exposure apparatus of the present invention,
the liquid, from which the gas component has been
sufficiently removed, can be supplied to the space between
the projection optical system and the substrate, because
the exposure apparatus of the present invention is provided
with the gas-removing unit which removes the gas component
from the liquid. Further, the generation of the bubble is
suppressed not only in the liquid existing between the
projection optical system and the substrate (in the optical
path for the exposure light beam) but also in the liguid
existing in the liquid flow passage running from the gas-
removing unit to the space between the projection optical

system and the substrate. The gas-removing unit removes

the gas component from the liguid so that an air



exposure apparatus. The liquid supply unit may include a plurality of
supply nozzl es which supply the liquid to the space between the projection
optical systemand the substrate, and a plurality of recovery nozzl es

whi ch recover the liquid supplied to the space between the projection
optical system and the substrate. When the plurality of nozzles are used,
it is possibktentenuphteonl ynsuppl yighedl iguidstieabh¢ npeomneeki @padrea. The
exposure apparatus may further conprise a stage which is novable while

pl aci ng the osabst eat&i*her @aBseTheaBXpOSKHN @ heRY ke reRbhehEEdnd%r i ng a
period in which the stage noves the substrate with respect  to the inage

projected fronriheephohesting QRitcak pyshtelrel$eanping 8xpReSURE). In this
procedure, it is preferable that the supply nozzles jét the liquid in a

direction of JegBYENBHt mOhbiABe SURBHT At BombMn¥t e¥WLOEnERBoFACt ThRat khe
inflow resistance of the supply liquid is lowered to exert no influence on

the novement rgfiol hegStAGE. mdPeHEXRPEAH§APPAT 8EUS1 9 uEB?szgifnhnE@V%Qtion
may 6 further conprise a tenperature-adjusting unit which™adjusts a

tenperature &fitdheel LAy 0 SYPR! edpt Oﬁhi@?_lhﬂﬂ&?n§ﬂ@9é%g,“@h&-?EE-iS

desirable that the tenperature-adjusting unit adjusts t t enperature of

the liquid Sﬁbﬁ@@inéh§n£€mﬁ§§aﬁér§r95n%8§ 5hggkgei§ BnbLRPREr kUkRel N the

exposure apparatus, for exanple, an atnospheric tenperature in a chanber

for acconnndgié@gufgeaﬁﬁgpégﬁg_apparatus.

'”) The ligquid supply unit may include a plurality of
supply nozzles which supply the liquid to the space between
the projection optical system and the substrate, and a
plurality of recovery nozzles which recover the liquid
supplied to the space between the projection optical system
and the substrate. When the plurality of nozzles are used,
it is possible to uniformly supply the liquid to the
projection area. The exposure apparatus may further
comprise a stage which is movable while placing the

) substrate thereon. The exposure may be performed during a

period in which the stage moves the substrate with respect
to the image projected from the projection optical system
(scanning exposure). In this procedure, it is preferable
that the supply nozzles jet the liquid in a direction of
movement of the substrate, in view of the fact that the
inflow resistance of the supply liquid is lowered to exert

no influence on the movement of the stage.

The exposure apparatus of the present invention may



Accordingly, a tenperature of the substrate may be } controlled by
supplying the tenperature-adjusted liquid to the space between the
projection optical systemand the substrate. According to a second aspect
of the present invention, there is provided an exposure apparatus (EX)

whi ch exposes a substrate (P) by projecting an i mage of a pattern onto

the substrat €uwithieracpmpiréeti an tepipetakt us¥steucklihg A8t GXRERULEjusts
apparatus (EX) conprising: a liquid supply uniit (1) which fills, with a
liquid (50)a akmpeaatuzepart tak aigpace shppwaen trhenPtakedtiiy@id %9%;9%'
system (PL) and the substrate (P); and a bubbl e-suppressing unit (2 Wwhi ch
suppresses ganerat renief qapy rhubbl enkh the hlagedatAceohditgttifqt RRit
present invention, the bubble- suppressing unit |s_prQV|de3, whi ¢h

suppr esses taajugeaetﬁble@mgérbhﬁreuakl%ﬁe'mi$H§d'bGUkﬁaQeEH%e” the
projection optical systemand the substrate. Therefore, the exposure
process can bemperheneRdointfesSt akfiliniwhich b, LSESpl e
liquid on the ogtical path for thg lexéosureepﬁsggtgggnﬁﬁAgégr%?ﬁg???git is
possible Lo ayphdachbe dekCelahglLonafl athesBALLSEN EABACaMIEN poul d be

ot herw se caused by t he bubble. "1t 'is possi bfe to pro vice having

a_high patteenaﬁs@ﬂrﬁgy-a595mﬁéag9pﬁ?h%ﬁggggpgsupgbggsﬁ§gea essing unit,

whi ch suppresses the generation o e Int i'qurd, is provided
for the Accordingly, a temperature of the substrate may be
‘~) controlled by supplying the temperature-adjusted liquid to

the space between the projection optical system and the
substrate.

According to a second aspect of the present invention,
there is provided an exposure apparatus (EX) which exposes
a substrate (P) by projecting an image of a pattern onto
the substrate with a projection optical systeﬁ (PL), the
exposure apparatus (EX) comprising:

a liquid supply unit (1) which fills, with a liquid

] (50), at least a part of a space between the projection
optical system (PL) and the substrate (P); and

a bubble~suppressing unit (21) which suppresses
generation of any bubble in the liquid.

According to the present invention, the bubble-
suppressing unit is provided, which suppresses the
generation of the bubbles in the liquid between the
projection optical system and the substrate. Therefore,

the exposure process can be performed in a state in which



liquid supply unit which supplies the liquid to the space between the
projection optical systemand the substrate, the liquid can be supplied to
t he space between the projection optical systemand the substrate after
sufficiently suppressing the generation of the bubble in the Iiquid.
Therefore, no bubble is generated fromthe liquid which fills the space
between the poopebbilencapkicealin syst emgand bhe thebspratal Buen iforarve
bubble is generated in the flow passage through which the liquid flows,

including, fekpexampl eighfepkamwer avebaeenefythetpre) pebsap1cORL @b isystem
and the surface of the substrate, then the FIQUId, in which the generation

of the bubbl enksdesutfibehenbhyosuppeesaederhl eWagbhi.a¥eh tBa1ll ew passage,
and thus the liquid can absorb and renove the bubble generated in the flow

passage. As geperi/Ded ahQued bhiecnhexpasuie.precess Eaesgﬁlee%Bob%%@uE% the
state in which no bubble exists in the liquid on the optical path for the

exposure |ightgbean: fhersgLosenihh b [ VOi t her ion
of the pattern inage mhich&moulébbeb8tg§%§ra%ggkgggsedgg§ E%g %&%blgﬁékt is

possi bl e 10 proUNGEp1a-JeubeEsbaNLNEnaLh gh; AL LepD-BceULaty, 1N the

exposure apparatus of the present invenfion, It prefera t hat the

o cha P SEAEGL U0k Lot b ucpn OSGRRLTLUTLL, NOLCD eI o0y e

heating unii;yhighsbsats Ghee AL sfPp1REat LA YLk i 0BYoSRheP space

;”) between the projection optical system and the substrate,
the liquid can be supplied to the space between the
projection optical system and the substrate after
sufficiently suppressing the generation of the bubble in
the liquid. Therefore, no bubble is generated from the
liquid which fills the space between the projection optical
system and the substrate. Even if any bubble is generated
in the flow passage through which the liguid flows,
including, for example, the lower surface of the projection

) optical system and the surface of the substrate, then the

liguid, in which the generation of the bubble is
sufficiently suppressed, flows through the flow passage,
and thus the liquid can absorb and remove the bubble
generated in the flow passage. As described above, the
exposure process can be performed in the state in which no
bubble exists in the liquid on the optical path for the

exposure light beam. Therefore, it is possible to avoid

the deterioration of the pattern image which would be



tenperature T of the liquid to be 30 C< T s 100 C. Further, the degassing
unit may include a pressure-reducing unit which reduces a pressure in a
unit in which the liquid is retained. The pressure-reducing unit nay set
the pressure depending on a tenperature of the liquid. Further, it is
preferable that the degassing unit determ nes a degassing |level so that

t he bubbl e i sthetrwigenenated by ahy change.i nrtefpepakuielef tat predasicea
part of the liquid disposed between the projection optical systemand the

substrate. |& devatsohpreherabheghhgtittteen degassichg unit determines a
degassing level so that the bubble is not generated by any change in

pressure exerted Iﬁnthheekpﬁﬂudeb@bb@QﬁthBeo@rQhécbk@@eﬁ@th%@bn%i%he”h%nd
the substrate. In the present invention, is preferable that the

degassi ng uniig pﬁeﬂeﬂ@ﬂbéaﬂﬁadeﬁﬁésbugbmeLbu Ekebgln@r%B%Eth%th@% the
menbr ane degassing unit includes a hol nber. The hol |l ow fi ber

nmenber nay bgegassipgragakl &nand kbﬂ@b@s'HH?rgﬁébk§omFQhEh§ﬁquhH I's19
preferable that the Iiquid supply unit conprisSes a heating unit which

heats the |igui grahighnis ﬁﬁa@etﬁgpabgggsaﬁ thﬁltﬂﬁﬁéﬁaa@sdggﬁggkaa unit to
decrease a concentration of dissolve gas in the rquid which is tg be

suppli ed 10 ahet WEIDE afea€0aRsi RGqUALL . bot HEaPXRGSHAS caRAgT akus of the

present invention, it is preferable t hat t e I qui h the
generation Oéemperature T of the liquid to be 30 °C < T < 100 °C.

’”j Further, the degassing unit may include a pressure-reducing
unit which reduces a pressure in a unit in which the liquid
is retained. The pressure-reducing unit may set the
pressure depending on a temperature of the liquid.

Further, it is preferable that the degassing unit
determines a degassing level so that the bubble is not
generated by any change in temperature of at least a part
of the liquid disposed between the projection optical
system and the substrate. It is also preferable that the

degassing unit determines a degassing level so that the

S

bubble is not generated by any change in pressure exerted
on the liquid between the projection optical system and the
substrate.

In the present invention, it is preferable that the
degassing unit is a membrane degassing unit. It is
preferable that the membrane degassing unit includes a
hollow fiber member. The hollow fiber member may be gas-

permeable and liquid-impermeable. Further, it is



t he bubbl e has been suppressed by the bubbl e-suppressing unit, is supplied
to the space between the projection optical systemand the substrate

wi t hout making a contact wth gas. In the exposure apparatus of the
present invention, it is preferable that the liquid supply unit includes a
filter wunit which filters the liquid which is to be supplied to the space
bet ween the prejffectbdr dpticahesystieidasdpbhg usubstbapeiskl ias herefiagabl e
that the liquid supply unit further includes a tenperature-adjusting unit
whi ch adj ustsnia whdpar atats ohet heqhiiquiviibavisgtbeee dagassed by the
degassing unit. In the exposure apparatus of the present i1nvention, it 1is

preferabl e thambrheel Hgyadssupphyiunict Beekbagel ACkUdESnt@ation of
tenperature-adjusting unit which adjusts a tenperature of the liquid

havi ng been degasseddbyashendepassiggibnivhicAcear dbnget auapatiber taspaet of
the present invention, there is provided a nethod for producing a device,

conpri sing ugenBrine €X§assiggappatatus as defined in the 10 first or
second aspect of the present invention. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 shows a schemehécCeppsanpenBppabhtlst bat LRE BPeseibOdhIRAL 16k, he
exposure apparatus of the present "iInvention. Fig. 2 shows a positional

gﬁLgf;onshipignpﬂ@f@raﬁpe e85t 1 OReO114uPAQ) 86L! QR1OR LAB! gBKeEMiod biraul d
the bubble has been suppressed by the bubble-suppressing
") unit, is supplied to the space between the projection
optical system and the substrate without making a contact
with gas.

In the exposure apparatus of the present invention, it
is preferable that the liquid supply unit includes a filter
unit which filters the ligquid which is to be supplied to
the space between the projection optical system and the
substrate. It is preferable that the liquid supply unit
further includes a temperature-adjusting unit which adjusts
a temperature of the liquid having been degassed by the
degassing unit.

In the exposure apparatus of the present invention, it
is preferable that the liquid supply unit further includes
a temperature-adjusting unit which adjusts a temperature of
the liguid having been degassed by the degassing unit.

According to another aspect of the present invention,

there is provided a method for producing a device,

comprising using the exposure apparatus as defined in the

10



unit, and a liquid recovery unit. Fig. 3 shows an exenplary arrangenent of
supply nozzles and recovery nozzles. Fig. 4 shows a schematic arrangenent
illustrating an enbodinent of the liquid supply unit. Fig. 5 shows a
schematic arrangenent illustrating another enbodinment of the liquid supply
unit. Fig. 6 shows a schematic arrangenent illustrating still another

enbodi nent ofitse biqsedosdppbyetti bf FhE. presbpvsiavsgeibgnal view
illustrating a schematic arrangenent of a nmenbrane degassing unit. Fig. 8
shows an exenplary arrangenent of the supply nozzles and the recovery

nozzles. Fig. 9 shows a flow chart illustrating exenplary steps for
produci ng a seniconductorB%%@FCBES%EE?TR@ﬁf@?Cﬁﬁ%ﬁ@££WKﬁgﬁlﬁ THE | NVENTI ON

11 An explanation will be nade bel ow about the exposure apparatus and the
met hod for producing the device according to the present invention with

reference to the gf QW NOShowd §- sdnSHOWSC 8x SEARTBEL £t 2L 1 2BAFEPEPIng an
illustrating an enbodi nent of the exposure apparatus of the preséent

i nventi on. Féiﬁ%dfﬂi@&@ié@nﬁhé/%%éﬁﬁﬁé NG + Or ?%fsiuﬁ/lé“%%gﬁﬁw e appar at us

EX conprises a mask stage MST which supports a strate stage
PST whi ch suppatis; s, substrate P, an

Fig. 2 shows a positional relationship among a tip
section of a projection optical system, a liquid supply
unit, and a liguid recovery unit.

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

Fig. 4 shows a schematic arrangement illustrating an
embodiment of the liquid supply unit.

Fig. 5 shows a schematic arrangement illustrating
another embodiment of the liquid supply unit.

Fig. 6 shows a schematic arrangement illustrating
still another embodiment of the liquid supply unit.

Fig. 7 shows a sectional view illustrating a schematic
arrangement of a membrane degassing unit.

Fig. 8 shows an exemplary arrangement of the supply
nozzles and the recovery nozzles.

Fig. 9 shows a flow chart illustrating exemplary steps

for producing a semiconductor device.

BEST MODE FOR CARRYING OUT THE INVENTION

11



illumnation optical systemIL which illumnates, with an exposure |ight
beam EL, the nmask M supported by the nask stage MST, a projection optica
system PL which perfornms projection exposure for the substrate P supported
by the substrate stage PST with an inmage of a pattern of the mask M
illumnated with the exposure |ight beam EL, and a control unit CONT which

col lectively contpal exphenaveeal lvilopgeahhar gbibheagxpesyhe appacatds EX
The enbodi nent of the present invention will now be explained as

exenplified byparaage ahdtbeUpet8bdt F8r pedANLAGq! ¥RE QXRQSUr §-ABPAKAKUS
(so-called scanning stepper) as the exposure apparatus EX in which the

substrate P i§ expopedsuhthihbenpabheynthoraed anckhesmask d%%%ﬁhgg.
synchronously noving the nask M and the substrate P in nutually different

directions (ppROSitenheitest 58ASHatN1 g i Lops. .l N the
foll ow ng explgnation, the Z a%?gmgi%g%gﬁg%ﬁggetgglg??gg%%g Which is

colneldent wibodlienePbf oehe ksl 8l abBE R RLCGE PRCOBELEEN:SY St em PL.
the X axis direction is the synchronous vement direction scanni ng
direction) forytheigmsk Mand the substrate P in the plane perpendicul ar
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 designated as OX, 6Y, and,;QZ.difect]. + respectively. The term

"substrate" referred to herein
,-} With reference to Fig. 1, an exposure apparatus EX

comprises a mask stage MST which supports a mask M, a
substrate stage PST which supports a substrate P, an
i1llumination 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

) control unit CONT which collectively controls the overall
operation of the exposure apparatus EX.

The embodiment of the present invention will now be
explained as exemplified by a case of the use of the
scanning type exposure apparatus (so-called scanning
stepper) as the exposure apparatus EX in which the
substrate P 1s exposed with the pattern formed on the mask
M while synchronously moving the mask M and the substrate P

in mutually different directions (opposite directions) in
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i ncl udes those obtained by applying a resist on a sem conductor wafer, and
the term"mask” includes a reticle formed wth a device pattern to be
subjected to the reduction projection onto the substrate. The illum nation
optical systemIL is used so that the mask M which is supported on the
mask stage MST, is illumnated wth the exposure Iight beam EL. The

i |lum nationthpt scahnsygt emrebtioakudesn tae examplengaBxpe¥pasioa,| cgbt
source, an optical integrator which wuniform zes the illum nance of the

light flux radasieddirestibheiexphsungrkt@hbnseuien, ia esndengent! KR&hWHI ch
collects the exposure |ight beam EL supplied fromthe optical integrator,

a relay | enstpystgicandariyaskabkethibepdos gbaﬂbﬁagﬁtmbb@hs§@témtbﬁ
illumnation area on the mask M illumnated with the exposure |ight beam

EL to be S|lthé3xS@ﬁPQddlﬂ@@tpbﬁdEEeEHbn§9nbhk5ﬁbﬂ§tm@ﬂeﬁéﬁ@ gRrtheipgask M
is illumnated with the exposure |ight beam EL having a wuniform

i 1'lum nance ﬂé@éﬁh?ﬂé'@ﬂr@&ti@ﬁ L EbYMpat 98k APhh§akh8YgheBtkhieTHOSE
usabl e as the exposure |ight bean1 EL radiated fromthe 1 llum nation

optical systeme! 1aﬁ@0¢@§§ené96u§§§”95ethé”kS§k9§ hk?@ét&gnfaXndhtﬁéyY
i-ray) inthe ultraviolet region radiated, for exanple, froma mercury

lanp, far U'éiﬁgw&ﬂﬁgcﬁi&@tl§eéﬂ§ &PHy'kiSHt 8&”§%anﬁ?ﬁ§ 3§r%@€1ﬁhgh

exci mer | aser beam (wavel ength: 248 n vacuum u avi ol et

bears %Vgxd%%emiaéuﬁ@ tRE & hex % Fdff&éf@énlgﬁﬁrtf?@a?" Gyayel engt h:

4') direction. The directions about the X axis, the Y axis,
and the 7 axis are designated as 68X, 0Y, and 0z 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

‘ ) illuminated with the exposure light beam EL. The
illumination optical system IL includes, for example, an
exposure light source, an optical integrator which
uniformizes the illuminance of the light flux radiated from
the exposure light source, a condenser lens which collects
the exposure light beam EL supplied from the optical
integrator, a relay lens system, and a variable field
diaphragm which sets the illumination area on the mask M

illuminated with the exposure light beam EL to be slit-

13



F2 | aser beam (wavel ength: 157 nm. In this enbodi ment, the ArF exciner

| aser beamis used. The nask stage MST supports the mask M The mask stage
MST is two-dinensionally novable in the plane perpendicular to the optical
axis AX of the projection optical systemPL, i.e., in the XY plane, and it
is finely rotatable in the OZ direction. The mask stage MST is driven by

a mask stagesHepwing pRet pMBAPtsuminag a1luneahtiBRt QkealB® WASKmask M
stage-driving unit MSTD is controlled by the control unit CONT. The

position in tikeitwamdhAenai gaah tder eghbenrand;yhe %@gheE@fh%Qﬁﬁb'Qn of the
mask M on the nmask stage MST are neasured in reéal-tinme by a | aser

interferonetghifdbg E@iﬁh&n@ﬁcbh§1§€§§Hﬁ%EBHtbystﬁgtREEE%QnaEQohhe contr ol
unit CONT. The control unit CONT drives the mask stage-driving unit NBTD

on the basisoptithe estbh of lirhbgeBaaHiengi! «aB! akpeduby hhgnkanel

interferoneter to thereby position the mask M supporiéed on the nas stage

VBT, The propRCEADA P! £abnSYALEM Plmphat#6hSo FﬁﬁcBQtEEEEICOQLthe mask M

onto the substrate P at a predeterm ne proj ection nmag ation (3 to

per form the exposyce. rdp exg&gngctéﬁﬂs§95q6§knéxsggnk§pé'ﬂcga ¢S 18ray)

plurality of  optical enment [ enses he opti

suppor t ed bylﬁ‘@ﬁ%rﬁitfg§§§ étnFééio@EP?Siatéa thLg ﬁg'ne?Eomt ge
proj ection optica systen1P re fon system aVI g the projection
magni ficati offe £3, M £ S: 4P w1t raviolet 1ight beams (DUV 1light beams)
~'} such as the KrFf excimer laser beam (wavelength: 248 nm),

and vacuum ultraviolet light beams (VUV light beams) such

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

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

the Ar¥ 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
} rotatable in the 0Z direction. The mask stage MST is
driven by a mask stage-driving unit MSTD such as a linear
motor. The mask stage-driving unit MSTD is controlled by
the control unit CONT. The position in the two-dimensional
direction and the angle of rotation of the mask M on the
mask stage MST are measured in real-time by a laser
interferometer. The result of the 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

14



exanple, 1/4 or 1/5. The projection optical systemPL may be any one of
the I x magnification systemand the nmagnifying system The optical el enent
(lens) 60 is exposed fromthe barrel PK on the side of the tip (on the
side of the substrate P) of the projection optical system PL of this
enbodi nent. The optical elenent 60 is provided detachably (exchangeably)

wi th respect the mkashaementPkbthiieesiubst rake 13kage iRSErFerpacisrt ke
substrate P. The substrate stage PST includes a Z stage 51 which holds the

substrate P bytetrbbyapdsotianstihst make nobdgﬁor@@dxkénsm@ema%& whiagl
supports the Z stage 51, and a base 53 whic supports the XY stage 52. The
substrate stmge.PST is driven by a substrate stage-driving unit PSTD such
as a linear notor. The substrate stage-driving unit PSTDis controlled by

the control unit @eNTpr¥henttibe Zpstade 5¢siénl §‘Ld§>ﬂ$%@ct%h%h%u slciate P
which is held on the Z stage 51, is subjected to the "control of the

position (foeusthROmbbkOM) ohBot BReZsaKkErdtECEt LONapd HRe PRI HEWONS 1N the
6X and OY directions. Wien the XY stage 52 is driven, the substrate Pis

bjected to o} e ithop in _the XY, direction ition in
fﬁejdirectioﬁ%gzﬁﬁg?%%t#3§F§%9§3?§§be F%IPﬁE%?ﬁﬂgEhS:SHBO%Prghgpgﬁ%jLctign
optical systemPL)., That is, the Z stage 51 controls_the_focus position

and the anglBE 3T hiPPn@PFonadf SYRESRBEt L1BFeuResoa PRATALAEYSAEf ace of the

substrate P is adéfst d to match the inage pl ane of the projection optical
systeanLirPPﬂkp elements (lenses). The optical elements are
N} supported by a barrel PK as a metal member. In this

embodiment, the projection optical system PL is a reduction
system having the projection magnification B which is, for
example, 1/4 or 1/5. The projection optical system PL may
be any one of the 1x magnification system and the
magnifying system. The optical element (lens) 60 is
exposed from the barrel PK on the side of the tip (on the
side of the substrate P) of the projection optical system
PL of this embodiment. The optical element 60 is provided
detachably (exchangeably) with respect to the barrel PK.
The substrate stage PST supports the substrate P. The
substrate stage PST includes a Z 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

contrelled by the control unit CONT. When the Z stage 51
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aut o-focus manner and the auto-leveling manner. The XY stage 52 positions
the substrate Pin the X axis direction and the Y axis direction. It goes
wi t hout saying that the Z stage and the XY stage nmay be provi ded as an
integrated body. A novement mirror 54, which is novable together with the
substrate stage PST with respect to the projection optical systemPL, is
provi ded on flRedsabeny atbessayetPS8Te PZ shagh 3%) heAd asmerthientestegenet er
55 is provided at a position opposed to the novenent mrror 54. The angle
of rotation>andisheupdsictiedntionthkecowbrdilmedsithealpodiitéoni gfocak t he
substrate P on the substrate stage PST are neasured in real-tinme by the

| aser interfpeombtien)55n The gesulit dfiretheomeasdr emenposstavhputihedhieo t he
control unit CONT. The control unit CONT drives the substrate

stage-drivingg ughd 46 FSIReohHe bRsis Ofiethe £€§J%'Jet59f 14 g, reagurggent of

the laser interferoneter 55 to thereby position the substrate P  supported

e R

is applied rn order esolatron

o {ehing o cxposptscupypleTaL by e e SR

DT AR E e bR AT, o

the predeterg@g%ghlﬁﬂy[d %Qa@tis, the Z stage 51 controls the focus

f“) 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
auto-focus manner and the auto-leveling manner. The XY
stage 52 positions the substrate P in the X axis direction
and the Y axis direction. It goes without saying that the
z stage and the XY stage may be provided.as an integrated
body.

A movement mirror 54, which is movable together with
) the substrate stage PST with respect to the projection

optical system PL, is provided on the substrate stage PST
(2 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 control unit CONT. The

control unit CONT drives the substrate stage-driving unit
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| east during the period in which the imge of the pattern on the mask Mis
transferred onto the substrate P. As described above, the lens 60 is
exposed on the tip side of the projection optical systemPL, and the
liquid 50 is supplied to nmake contact only with the | ens 60 by supply
nozzl es as described later on. Accordingly, the barrel PK conposed of the
metal is prePéfDednf tom day isorrfogiben resultthe fl ithe measdiicseartadi nenat |
pure water is used for the liquid 50. The exposure |ight beam EL, which is
not |imtedleskey tiotehdefoheteai mEr tasterkedmposdn ke tHhanrstdtrede p

t hrough pure water, even when the exposure |ight beamEL is, for exanple,
the em ssi onshppertegdr ay, the sapstirataykstiaget pgTyl travi ol et regi on

radi ated, for exanple, froma nercury lanp or the far ultraviolet |ight
beam (DUV |ight bgankhisckmasdtibenkr, Ftaxcingnibasemekeamnl hcktwveligngt h:
248 nnm). The exposure apparatus EX includes a liquid supply wunit 1 which

suppl i es theappedetieini oedeki guad $8et @cdol8Race 56 hepweerd Bg substrate P
and the tip surface (end surface of the lens 60) 7 of 'the projection

optical systgabsPhntandig bhq@t@n&ﬁgo%ﬁéye%?b%u%ewﬂb%@l%%gQ%e%%dtQ%e'iqUid
50 fromthe space 56. The liquid supply unit 1 is provide to fill at

least a partdepthhefspacesbesweepsthgtRRON9CHiABneARt | GRlere¥st@N Reand the
substrate P with the liquid 50. The liquid supply unit 1 i ncl udes, for

(e_;grrpl e, a t@pkcéopetacenmundatiingathecki gHbdsiBst2Aded PPLASS YheZiNG PUND.
w) surface (lower surface) 7 of the optical element (lens) 60
of the projection optical system PL on the side of the
substrate P is filled with the predetermined liquid 50 at
least during the period in which the image of the pattern
on the mask M is transferred onto the substrate P. As
described above, the lens 60 is exposed on the tip side of
the projection optical system PL, and the liquid 50 is
supplied to make contact only with the lens 60 by supply
nozzles as described later on. Accordingly, the barrel PK
composed of the metal is prevented from any corrosion or
the like. 1In this embodiment, pure water is used for the
liquid 50. The exposure light beam EL, which is not
limited only to 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
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end of a supply tube 3 is connected to the liquid supply wunit 1. Supply
nozzles 4 are connected to the other end of the supply tube 3. The liquid
supply unit 1 supplies the liquid 50 to the space 56 through the supply
tube 3 and the supply nozzles 4. The liquid recovery unit 2 includes, for
exanple, a suction punp, and a tank for acconmodating the recovered
|'iquid 50. Ogeaeadlenfith:reedvamy.tube 6 is connected to the liquid
recovery unit 2. Recovery nozzles 5 are connected to the other end of the

recovery tube 6. The ckpauider appuetyudniek Incecaver s thgulideugpa§ from
the space 56 through the recovery nozzles 5 and the recovery tube 6. Wen

the space 56unstfilwRdci sippheeki gHedppBdetbhannkhe 166RLHOK URKL sCONT
drives the liquid supply unit 1 so that the liquid 50,7 which is in a

predet er m nespas®unt BErpeenUBht EiuBBrrheesuPRhiednktottiBesspaae o6 ehar ough
the supply tube 3 and the supply nozzles 4, and the control unit CONT

drives the |$gufscsespveny vahk §o§O7FB@tth@eprbggek@oﬁoo whi-gh ggskama
predet erm ned anmount per unit tine, is recovere fron1thg space 56 through

the recoveryprnozzd es bighdat hecbeepyenyitubeyficACcRRALRELY kN 1L, qui d
50 is retained in the s%gge 56 %etmegn tﬁe sugs%gate P g%gg FR% ?ﬁ hggrface

St o P3SN SR PG P SRRy SRRt ks e
projection opficall systemEL Qfpihe SXPPRET EpaPRARBLYS R the projection
- ) optical system PL and the substrate P with the liquid 50.
The liquid supply unit 1 includes, for example, a tank for
accommodating the liguid 50, and a pressurizing pump. One
end of a supply tube 3 is connected to the ligquid supply
unit 1. Supply nozzles 4 are connected to the other end of
the supply tube 3. The liquid supply unit 1 supplies the
liquid 50 to the space 56 through the supply tube 3 and the
supply nozzles 4.
The liquid recovery unit 2 includes, for example, a
8 suction pump, and a tank for accommodating the recovered
liquid 50. One end of a recovery tube 6 is connected to
the liquid recovery unit 2. Recovery nozzles 5 are
connected to the other end of the recovery tube 6. The
liguid 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 liquid supply unit 1

so that the liquid 50, which is in a predetermined amount
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the liquid supply unit 1, and the liquid recovery unit 2. 1In Fig. 2, the

| ens 60, which is disposed at the |owest end of the projection optical
system PL has an end portion 60A which is fornmed so that the end portion
60A has a rectangular shape which is long in the Y axis direction
(non-scanning direction) and which has necessary portion in the scanning
direction. Dpeirngntihetssanniisgsepptdete toathpakpack ismRGHreugh Rakt of the
mask Mis projected onto the rectangular projection area disposed just
under the enduppayt tabe66AandiheheaskpMiiysnbByedsats ,t hadvehecicbyitYoiln t he
-X direction (or in the +X direction) wth respect to the projection
optical systamiPLcoiim dyhncbgsonhzatigaivi kBcwhieeh ubhe SURst kake Rhes moved
at the velocity (3V ((3 is the projection nmagnification) in the +X
direction (oRLikni&ihgo; Xwhdtheeki @A) abyrehetaifligbat RdoKYtshage dds After
the 19 conpletion of the exposure for one shot area, the néxt shot area is
moved to thetsgannisgretavbrp@sktbAnthe 8pgeEdaBcen Wil the skepRikhy of
the substrate P. The exposure process is successively perforned thefeafter

for each of hbgzsbets @ﬁ@aﬁhénréééeégfnﬁebéﬁkb t RecBLaRngnY, Sear §¥§h§@
This enbodinment is designed so that the liquid 50 is allFowed to I"ow I n

the same direotion-&ealhed ™yeRBt sghEECEEOPePhicbhetnEURRLERLELE bNan
parallel to the novenent direction of the substrate P. Fig. 3 shows the

B?i}ét??gk gﬁ%ﬁiﬁfﬁiﬁifgﬁf@”g bherRBdprP9LLE PO 68hL b heykens 69 .of the

‘“) Fig. 2 shows a partial magnified view of Fig. 1
illustrating, for example, the lower portion of the
projection optical system PL of the exposure apparatus EX,
the liquid supply unit 1, and the liquid recovery unit 2.
In Fig. 2, the lens 60, which is disposed at the lowest end
of the projection optical system PL has an end portion 60A
which is formed so that the end portion 60A has a
rectangular shape which is long in the Y axis direction

(non-scanning direction) and which has necessary portion in

the scanning direction. During the scanning exposure, a

R

pattern image of a part of the mask M is projected onto the
rectangular projection area disposed just under the end
portion 60A. The mask M is moved at the velocity V in the
-X direction (or in the +X direction) with respect to the

projection optical system PL, in synchronization with which
the substrate P is moved at the velocity f*V (f is the

projection magnification) in the +X direction (or in the -X

direction) by the aid of the XY stage 52. After the
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PL, the supply nozzles 4 (4A to 4C) for supplying the liquid 50 in the X
axis direction, and the recovery nozzles 5 (5A 5B) for recovering the
liquid 50. In Fig. 3, the end portion 60A of the I ens 60 has a rectangul ar
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
nozzl es 5A, §Bmaletdomardged heor e usiecd e dm difke shétdiareet,i amhes addtatsHdre
end portion 60A of the lens 60 of the projection optical systemPL is

i nterposed t herabdbwaeweadn toheh¥ @xiasindinieettiaght. pbad t isHPARY areealEsndA to
4C are connected to the liquid supply wunit 1 through the supply tube 3,

and the recowdry nbzzlsesppifg 2B ahe comrested tQ t AR iddod ur@C PRI dHNi t
2 through the recovery tube 4. Further, the supply nozzles 8Ato 8C and

the recoveryipozabeesfAvedB akeraiheadedcdlaBesit iFORS AR nobtrained shyt
rotating, by substantially 1800, the positions of the supply nozzles 4A to

4C and the ragedsr ¥nnazzbesable w3BHARAU! stRS GRALSLARS siaesnd Rl on
60A. The supply nozzles 4A to 4C and the recovery nozzlées 9A, 9B are

alternately ambaagﬁdnhnibhaegigﬁba dor eahitORheThe (SURPkY iR0Z3hes<8A {0 8C
and the recovery nozzles 5A, 5B are alternately grranged inthe Y axis

di rection. TheogURR! ¥heN9ahkediBAct9oRCadr neORBeehetitt Aithe thibaubd swRply
unit 1 through the supply tube 10. The recovery nozzles 9A, 9B are

connected tostberkhaui f LECENBEY1UNI Lo2thBr AHOBNLRR 4feeRY¥eLY LbenLl. The
liquid is supplied fromthe nozzles

'} substrate P.
Fig. 3 shows the positional relationship among the end

portion 60A of the lens 60 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&, 5B) for recovering the liguid 50. In Fig. 3, the
end portion 60A of the lens 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 5A, 5B are arranged
on the side in the -X direction so that the end portion 60A
of the lens 60 of the projection optical system PL is
interposed therebetween in the X axis direction. The
supply nozzles 4A to 4C are connected to the liquid supply
unit 1 through the supply tube 3, and the recovery nozzles
5A, 5B are connected to the liquid recovery unit 2 through
the recovery tube 4. Further, the supply nozzles 8A to 8C

and the recovery nozzles 9A, 9B are arranged at positions
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so that no gas portion is generated between the projection optical system
PL and the substrate P. Fig. 4 shows an arrangenent of the liquid supply
unit 1. As shown in Fig. 4, the liquid supply unit 1 includes a degassing
unit 21 as a bubbl e-suppressing unit which suppresses the generation of

t he bubble in the Iiquid 50. The degassing unit 21 shown in Fig. 4
includes a heatamgedupit rebaehnfeaby EaBskhauigd129. 180°f hise di ieRs, the
liquid 50 is circul ated between the liquid supply unit 1 and the liquid

recovery unige2endNgubb oyl o501 BRRNCLS cSURA! LR LEABLDS higuhder ssovery

unit 2, is returned to Iquid supply unit throu circulating 'tube

12, A Dressysighoge Ui donculi 6B LRET8nLNEoLLaMd hRYer fubhey upstr eam

side, is provided for Iqui d supp u e I'i'qui d supp nit 1

| nol udes a f44} £1c20s highyc2dngepRLeS BNV, LOr 6LOD MBI bSr g5 Lhe |ike from
q ry-unit 2,

the liquid 50 recovered by the |iquid recover f or exanpl e, by
o avol d any bl Tt Bn cf 1 RLTEUbbET 508 b “Aha PRESRLSPReti BRCopEPRAF
system P andion Yok evac ISk LACaLLon, ol e, RaCiecg, | Baog rol sot o
ha o0 PeSSed el { NECLUES 2R 1Re PLECE! B ILAE ! eTRELSLLS, L
{ enperature 2418 4 A o0, PAVLAG, Deen; hegt el by Lgahegting ynit 1 to
f ) through the supply tube 10. The recovery nozzles 93, 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 generated between the projection
optical system PL and the substrate P.
Fig. 4 shows an arrangement of the liquid supply unit
1. As shown in Fig. 4, the liquid supply unit 1 includes a
degassing unit 21 as a bubble-suppressing unit which
suppresses the generation of the bubble in the liguid 50.
3 The degassing unit 21 shown in Fig. 4 includes a heating
unit which heats the liquid 50. In this embodiment, the
liquid 50 is circulated between the liquid supply unit 1
and the liguid recovery unit 2. The 1iquid.50, which is
supplied from the ligquid recovery unit 2, is returned to
the liquid supply unit 1 through a circulating tube 12. A
pressurizing pump 15, which feeds the liquid toward the
upstream side, is provided for the liguid supply unit 1.

The liquid supply unit 1 includes a filter 20 which
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desired tenperature. Al though not shown in Fig. 4, the liquid supply unit
1 includes a reservoir such as a tank capable of retaining a predeterm ned
anount of the liquid 50. In this enbodi ment, the tenperature-adjusting
unit 22, which is provided for the liquid supply unit 1, sets the
tenperature of the liquid 50 to be supplied to the space 56 to be

appr oxi mat el yeaquegakhant fofrergexanplter bo the ltidepdratmurtde flakguexamsl e, 23
C in the chanber in which the exposure apparatus EX i s accomopdat ed.
Suppl y tubesr8covéledr bycthredtigd itloreheveeypandture- ddjrustkiangleni by22. The
liquid 50, which has been tenperature-adjusted by the

t enper at ur e- &djltstriing thet 12g8uids58uppbbedred blethpadeqnbd terowgltyt he
supply tube 3 (10). As for the heating unit 21, for exanple, the liquid 50
i s accormpdatedti B an acdemmbdativogdunany puthudsoa bankhe22upsdriahe Ipi quid
50 is heated by heating the accomodating wunit. A discharge tube 13, which
constitutes anpatheoprajedischasgeivait syksemorneahadotoai/beqagegmuodat i ng
unit. The operation of the heating unit 21 is controlled by the control
unit CONT. Thetdeabvragioni bf2thbephstéhs hLngybdppBjet@eca Bhedetden ned
tenperature, and thus the gas, which is dissolved in the liquid 50, is
renoved (degasketifateom tbee heguifdgS@nidhglewhhast adagas taemMmaeneil 59

di scharged } through the discharge tube 13 to the outside of the

appar at us. Thevingupals S8di shdegansee byilberheat tBgauBirbdeRtrmdnddt hus the
generation of the bubble is suppressed.

) temperature (for example, 90 °C), and a temperature-~
adjusting unit 22 which adjusts the temperature of the
liquid 50 having been heated by the heating unit 21 to a
desired temperature. Although not shown in Fig. 4, the
liguid supply unit 1 includes a reservoir such as a tank
capable of retaining a predetermined amount of the liquid
50. In this embodiment, the temperature-adjusting unit 22,
which is provided for the liquid supply unit 1, sets the
temperature of the liquid 50 to be supplied to the space 56
to be approximately equivalent, for example, to the
temperature (for example, 23 °C) in the chamber in which
the exposure apparatus EX is accommodated. Supply tubes 3,
10 are connected to the temperature-adjusting unit 22. The
liquid 50, which has been temperature-adjusted by the
temperature-adjusting unit 22, is supplied to the space 56
through the supply tube 3 (10).

As for the heating unit 21, for example, the liquid 50

is accommodated in an accommodating unit such as a tank,

22



For exanple, the follow ng technique may be adopted for the heating unit
21. That is, an electric heater is wound around the outer circunference of
a stainless steel reservoir capable of retaining the liquid 50, and the
tenperature of the electric heater is controlled. Alternatively, a helica
tube made of stainless steel is immersed in a tenperature-controlled high
t enper at ure ahidqthe, lagdithé 0l iguihdal@d syahlawadqgt ahld awcthmodgh ithkae
helical tube. In this enbodinment, the heating unit 21 sets the tenperature
of the liquidn38.toAbdisohalrges tubani13Q Ghdnd coeolkti@ueeshanpi@® Gf Fhat
is, the liquid 50 is heated at a tenperature higher than the tenperature
(for exanpl edig8haCgasunhe,t egpebahereedn tbhe hehagbemnogat ipy thet.
tenperature-adjusting unit 22, and within a tenperature 23 range of not
nmore than thehbobpengtponnbrothkhaehitgdiydunithe1heat ceatwbilt edlpgegasses
the liquid 50 by heating the liquid 50 within the tenperature range as

described aboyetrb® sHppressTthergenaeatiias ahitheibubbke ikRet heghiiquisd 50
to be supplied to the space 56. In particular, the heating unit 21 can

suf ficientlytdegagrebetbi@iuhda50chyechgatirBy hRE thhdUicde58at0 t/hechokki ng
point thereof. it is preferable that the liquid 50 is set "by the heating

unit 21 to havesalveapenratheelvgueh 58, higheenbban (LRgaLERRST #tHRkethe the

chanber (space 56) and which is not nore than the boiling point.

Therefore, whequidesbl qurBeSOxtracted gas component is discharged

“) through the discharge tube 13 to the outside of the

. apparatus. The liquid 50 is degassed by the heating unit

21, and thus the generation of the bubble is suppressed.

For example, the following technigque may be adopted for the

heating unit 21. That is, an electric heater is wound

around the outer circumference of a stainless steel

reservoir capable of retaining the liquid 50, and the

temperature of the electric heater is controlled.

Alternatively, a helical tube made of stainless steel is

) immersed in a temperature-controlled high temperature
liguid, and the liquid 50 is allowed to flow through the
helical tube.

In this embodiment, the heating unit 21 sets the
temperature of the liquid 50 to be not less than 30 °C and
not more than 100 °C. That is, the liquid 50 is heated at
a temperature higher than the temperature (for example, 23
°C as the temperature in the chamber) set by the

temperature-adjusting unit 22, and within a temperature
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is aliquid other than water, the heating unit 21 heats the liquid
depending on the boiling point of the liquid. Next, an explanation wll be
made about a procedure for exposing the substrate P with the pattern of
the mask M by using the exposure apparatus EX descri bed above. Wen the
mask Mis | oaded on the nmask stage MST, and the substrate P is | oaded on

t he substr at easgage PIDt tver thae ot kelilinid fGAME drf wese tihepdidqui d
supply unit 1 to start the operation for supplying the liquid to the space
56. The |i quitde5hepasses unfirtough diehe sfsidst @he2Q iign ildhe 0 IhygWHeth tSiuRpldheaini t
1, and thus the liquid 50 is supplied to the heating unit 21 in a state in
which any fofleqgidnsit erithdn the ltick®edrs tiervethddereidcmr ithel ldgaied 50,
which is supplied to the heating unit 21, is heated to a predeterm ned

tenperat ure. tdheuppgeisd Qe Fetlegassed bY 2hebeiurdiReatred Heo LkRIid 50
predeterm ned tenperature by the heating unit 21. The renoved gas

conponent i stdi pehanged ieliotbheneukphde 6k .t he nappatalus aif)r eugh g ing
di scharge tube 13 which constitutes a part of the discharge unit. The

degassed |iquhdt501i sasuppkicedikatljeqbgrperalung@diauslol By HWditi ndl c1ff ter
the tenperature is adjusted, for exanplé, to a tenperaturé approximately

equal to thelfigaparabuce tRe bBe1¢RgMBEhintt Recegyi,d 50 is supplied to the
space 56 through the supply tube 3 and the supply nozzles 4. It is noted

that the flow passagesf prekBeabigUtHaB0tnWNhGRyikNGlUGES shohexampl e, the
tube 14 for connecting the

?'} heating unit 21 to have a temperature which is higher than

‘ the temperature in the chamber (space 56) and which is not
more than the boiling point. Therefore, when the liguid 50
is a liquid other than water, the heating unit 21 heats the
liquid depending on the boiling point of the liguid.

Next, an explanation will be made about a procedure
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
the control unit CONT drives the liquid supply unit 1 to
start the operation for supplying the liquid to the space
56. The liquid 50 passes through the filter 20 in the
liguid supply unit 1, and thus the liquid 50 is supplied to
the heating unit 21 in a state in which any foreign matter
or the like is removed therefrom. The liguid 50, which is

supplied to the heating unit 21, is heated to a

predetermined temperature. The liquid 50 is degassed by

24



heating unit 21 and the tenperature-adjusting unit 22, the
tenperature-adjusting unit 22, and the supply tube 3, is tightly closed
and sealed. The liquid 50 flows through the flow passage in a state in
which the flow passage is sufficiently filled with the liquid 50. That is,
the liquid 50, which flows through the fl ow passage, is supplied to the
space 56 withedngmhkiangdaty tbet peedeitirninkel gampeFaeuinendy wald surface
(contact surface with the [liquid), which includes those of the supply tube
3 and the |[|heetfiop fioiti A¢ .t hehktl cempaesagesr dompogehromst kid sheatdgeg  uni t
21 to achieve the supply to the space 56, is hydrophilic. The generation
of the bubbl goi hhtheukkddedoifs theupppessedsi mhrbaghl awepddsage rigenmiurg from
the heating unit 21 to the space 56. In this case, for exanple, a
stai nl ess st &l whipk suhpettadetoat barel egt rokytiiccharpel ushitng maye be used
as the supply tube 3. It is also preferable that the liquid 50 in the
degassed st aflegassedt digdiinsa $5068@@1HeHEEVOIheOk epRiIrA€ uMelRAYL sHFEKIGNY
contact with the gas, and the liquid 50 is supplied to the space 56 at a

desired timuwagit| n2thi afpepcerdsr eempbeathow i@aég?ggteﬁbeféko%ﬁgﬁple,
reservoir, and the pipe also function as parts of the bubble-suppressing

unit, in addiéi@ntémpéheruheabppgosiinbtély pgWhentbhenscarpbRGa@Xp@sUme 1S
performed by noving the substrate P in tﬁe scanning direction (-X
direction) theliclaipieby eeal igwiXas(ses Euppl3td tBethkduipdc20 siss

--) through the supply tube 3 and the supply nozzles 4. It is
noted that the flow passage for the liquid 50, which
includes, for example, the tube 14 for connecting the
heating unit 21 and the temperature-adjusting unit 22, the
temperature-adjusting unit 22, and the supply tube 3, is
tightly closed and sealed. The liquid 50 flows through the
flow passage in a state in which the flow passage is
sufficiently filled with the liquid 50. That is, the
liquid 50, which flows through the flow passage, is
supplied to the space 56 without making any contact with
the gas. The inner wall surface (contact surface with the
liquid), which includes those of the supply tube 3 and the
like for forming the flow passage running from the heating
unit 21 to achieve the supply to the space 56, is
hydrophilic. The generation of the bubble in the liquid is
suppressed in the flow passage running from the heating
unit 21 to the space 56. 1In this case, for example, a

stainless steel pipe subjected to the electrolytic
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supplied and recovered with the liquid 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 5A, 5B. That is, when the
substrate Pis noved in the -X direction, then the liquid 50, for which
t he generation _of the bubble is suppressed, is supplied to the space
bet ween t he pPdji&dtingnmeyt bealsseyfsaemtble sugptlye tudbebsSt.r atie R sf admct he
liquid supply unit 1 through the supply tube 3 and the supply nozzles 4
(4A to 4C), BR&femeble gbiad 50ei 3 igeddvélednt ahichedgiaguied seadeery unit 2
t hrough the recovery nozzles 5 (5A, 5B) and the recovery tube 6. The
liquid 50 fl&kered tihea- Xtdirrget remesvotitabr theippacd thetmeamaktiine | ens 60
and the substrate Pis filled therewith. On the other hand, when the
scanni ng expesotecti gipér tbemgdshyamdviche theguddbsir ake sRpipn ifelde tecama ng
26 direction (+X direction) indicated by an arrow Xb, then the |I|iquid 50
is supplied apdceetéveted deshredethingnipd suppkhisuprbcddame,t kel ifquid
recovery unit 2 by using the supply tube 10, the supply nozzles 8A to 8C,
the recoveryptabagé]l, thandtbhageecoveryonezzbas 9Ae 9BpeThakol Funwhawnt he
substrate P is noved in the +X direction, then the degassed liquid 50 is
suppl i ed froasthertsqufdtsapphyblsisuppteskhag spaee bat weanttibe ROOj@et i on
optical system PL and the substrate P through the supply tube 10 and the
supply nozzhest8ngB&nivo B8(), and the liquid 50 is recovered to the |liquid
recovery unit 2 through the recovery nozzles 9 (9A

fw) When the scanning exposure is performed by moving the

substrate P in the scanning direction (-X direction)
indicated by an arrow Xa (see Fig. 3), the liquid 50 is
supplied and recovered with the liquid 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 5A, 5B. That is, when the substrate P is
moved in the ~-X direction, then the liquid 50, for which
the generation of the bubble is suppressed, is supplied to
the space between the projection optical system PL and the
substrate P from the liquid supply unit 1 through the
supply tube 3 and the supply nozzles 4 (4A to 4C), and the
liguid 50 is recovered to the liquid recovery unit 2
through the recovery nozzles 5 (5A, 5B) and the recovery
tube 6. The liquid 50 flows in the -X direction so that
the space between 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
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9B) and the recovery tube 11. The liquid 50 flows in the +X direction so
that the space between the lens 60 and the substrate Pis filled
therewith. As described above, the control unit CONT allows the liquid 50
to flowin the novenent direction of the substrate P by using the liquid

supply unit 1 and the | %ﬁiq recovery unit 2. In this arrangenent, for
exanmpl e, t he dLr&§GiItd-250,( Whiddh eics 1emp plingd caftresimbyhenl jagquicdr Sdmpplbpamitthel
through the supply nozzles 4, flows so that the liquid 50 is attracted and
i ntroduced iLAHYiEhE0spaceubpliigdagndr desow emiech wiltd rebnee s iof stipely
substrate P in the -X direction. Therefore, even when the supply energy of
the 1iquid sUpptylugind thiesldgulid regeveliyquindt5Q banusdnguphlel etppd vt he
space 56 with ease. Wien the direction, in which the liquid 50 is all owed
to flow, istyhetdledttiependpny onzzhess8annibn§Cdi teet rexovielen tivbe 9127
possible to fill the space between the substrate P and the tip surface 7
of the | ens 80dwihk trheoviegui do30leandAit 9Bs phasi hke tdeabttéien t he high
resolution and the wi de depth of focus, even when the substrate P is
subj ect ed t osthetrsgtanhi hg innvadyionehef +KhditXcdivact tbenantet Bega¥sed
direction. As explained above, the heating unit 21, which heats the liquid
50, is provideguidr50hésespppliiedappamathe, 1igapacsabbyyf anithe kioquind
supply unit 1 for supplying the liquid 50 to the space between the
proj ecti on oppiacal besyserntPe pndjtheisnbsptatelPsyAcenr ginghy, thiee |iquid
50
.~) substrate P through the supply tube 10 and the supply
nozzles 8 (8A to 8C), and the liquid 50 is recovered to the
liguid recovery unit 2 through the recovery nozzles 9 (9A,
9B) and the recovery tube 11. The liquid 50 flows in 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 allows the liquid 50 to flow in the
movement direction of the substrate P by using the iiquid
supply unit 1 and the liquid recovery unit 2. In this
, arrangement, for example, the liquid 50, which is supplied
from the 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 movement of the
substrate P in the -X direction. Therefore, even when the
supply energy of the liquid supply unit 1 is small, the
liguid 50 can be supplied to the space 56 with ease. When

the direction, in which the liquid 50 is allowed to flow,

is switched depending on the scanning direction, then it is
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can be supplied to the space between the projection optical systemPL and
the substrate P, after the liquid 50 is sufficiently degassed. Therefore,
it is possible to suppress the generation of the bubble in the Iiquid 50
which fills the space between the projection optical system PL and the
substrate P durin% t he exposure process. Even if the bubble is generated
by any causePf&ri-Pdgaipl &1liln thehspricowhrisiasge thet \iedis trlad enatingg s t
(degassing unit) 21 and the space 56, on the tip surface 7 of the
projection &pPi EHELEFSt dnPBLther least 86 stitthaddeofl ihd ds §i¥st made iy, ist hen
the liquid 50, which is sufficiently degassed, flows through the flow
passage and PRESdpAeetseobiadnt ks éﬁéh Irieggila t3onc amdatder by ided degridve t he
bubbl e existing in the flow passage. The liquid 50, which is supplied to
the space 58fbéPRBER EHenpwbeacthensupsitealtespstiemshb jandedh&o2&hsubst rat e
P, makes contact with the gas (air) existing therearound. Therefore, it is
feared that #Rengasy(anr ynyesnst pligthker8addnedtiey bedditdsol-¥ed in the
liquid 50. However, it takes about several mnutes to dissolve the gas
(air) in thedirgotdose. Therefore, the liquid 50, which is supplied from

the liquid supply unit 1, is recovered by the Iliquid recovery unit 2,
before the |iqui dAS0ekpsasnetieabdegasshd prapéngyunTherpef, owdichoheakll e is
generated as well in the liquid 50 between the projection optical system

PL and the stbstlagei® HY,t he dissdiiati 6nroththexgasutai appatratiise | i quid
50 in the space 56. As described above, the

-~) especially for the liquid supply unit 1 for supplying the
liquid 50 to the space between the projection optical
system PL and the substrate P. Accordingly, the liquid 50
can be supplied to the space between the projection optical
system PL and the substrate P, after the liquid 50 is
sufficiently degassed. Therefore, it is possible to
suppress the generation of the bubble in the liquid 50
which fills the space between the projection optical system
PL and the substrate P during the exposure process. Even
if the bubble is generated by any cause, for example, in
the flow passage between the heating unit (degassing unit)
21 and the space 56, on the tip surface 7 of the projection
optical system PL, or on the surface of the substrate P,
then the liquid 50, which is sufficiently degassed, flows
through the flow passage and the space 56, and thus the
liguid 50 can absorb and remove the bubble existing in the

flow passage. The ligquid 50, which is supplied to the

space 56 between the projection optical system PL and the
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exposure process can be perfornmed in the state in which no bubble exists
inthe liquid 50 on the optical path for the exposure |ight beam EL.
Therefore, it is possible to avoid the deterioration of the pattern inmge
whi ch woul d be otherw se caused by the bubble, and it is possible to
produce a device having a high pattern accuracy. It is also allowable that
t he heating snbtst2hties PRomapesyicded aict wike MhQU@dssgaﬂkM wiilsthingThe
heating unit 21 may be provided at a place separated fromthe liquid
supply unit tkerearvhedheatrhegedbive,2itnay Feapeovirhed w&%l@%sogagQ{SIde

t he chanber of the exposure apparatus. The liquid 50 is supplied to the

space in theestaténygntheieafouie hafpPeeatiukeolyeadjinstad by quhe so0.
tenperature- adjusting unit 22. Therefore, the tenperature |s adjusted for

t he surface waéb@rsubﬁttak@spabbhtl%eﬂ@%&&bhﬁnth%9t%Vthsbh%e the gas
deterioration of, for exanple, the alignment accuracy, which woul d be

ot herwi se caysed )bXnt bBet hegoarl 5@Xpa@ﬁle%f8§:et he haubsthake s, dus il tihke
heat generated during the exposure. descri bed above, pure ‘water is used

as the |iquigupp0ika Fhbm enbodigeAL. sEBPQy“@hﬁE 15 2gvaaLagesus iy Wi

pure water is available in a | arge anoun easé, for exanple, “in the

seni conduct ot j gh pdugbbhe FRACHALY . 2an9e@HE% kh@ﬁ&?auﬁéeﬁbs QeEaE%fU
i nfluence, for exanple, on the optical elenment (lI'ens) t he photore5|st

on the substdabfss&d FrsbbEty. PUbReYBEEESXEE! BuBB1Ras B Ybnbblugnge on the
ﬂ) well in the liquid 50 between the projection optical system
| PL and the substrate P by the dissoclution of the gas (air)
in the liquid 50 in the space 56. As described above, the
exposure process can be performed in the state in which no
bubble exists in the ligquid 50 on the optical path for the
exposure light beam EL. Therefore, it is possible to avoid
the deterioration of the pattern image which would be
otherwise caused by the bubble, and it is possible to
produce a device having a high pattern accuracy. It is
also allowable that the heating unit 21 is not provided in
the liquid supply unit 1. The heating unit 21 may be
provided at a place separated from the liquid supply unit
1, or the heating unit 21 may be provided inside or outside
the chamber of the exposure apparatus.

The liquid 50 is supplied to the space in the state in
which the temperature is adjusted by the temperature-

adjusting unit 22. Therefore, the temperature is adjusted

for the surface of the substrate P. It is possible to
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environment, and the content of inpurity is extrenely low. Therefore, it
is al so expected to obtain the function to wash the surface of the
substrate P and the surface of the optical elenent provided at the tip
surface of the projection optical systemPL. It is approved that the
refractive index n of pure water (water) with respect to the exposure

l'i ght beam Ekvohiavichg aetevebeadtiBnobrabgut EXAnpld,S tARPEAIGHRRY i n an
extent of 1.44 to 1.47. Wien the ArF exci ner | aser beam (wavel engt h: 193

nm is used aachhacylghhléﬁuw@alafbbh%th@&QQ%%r%ahb@Htb%e%méE%he&H%n the

wavel ength is shortened on the substrate by 1/n, i.e’, to about 131 to
134 nm and éxpﬁhgﬂohe§@|thoﬁub§t9QE€'@e@ueF¥BtQ%% nle depidhta@led Ocus is
magni fi ed about n tines, i.e., about 1.44 to 1.47 times as conpared with

the val ue obgaingg tﬁetgg 8klireTherefore, 30 when it is enough to secure an
approxi mat el y equival ent depth of focus as conpared with the case of the

use inthe air, h hssPospbhl gnbool UPLDE WLRELease,LAa QUMRECal;q aper ture

of the prolectlon optical system P 'so int VI ewpol nt,

resol ution igyi PRroNed. ohBokk én@nboghggn&atgge Eegﬁvggta e%h%aQE$Qh%Q.the

tip of the projection optical system PL. Fbmever enent

which is att P@dw Qe%h§stépa ia%ﬂ@ EﬁoheggkgﬁeaﬂthﬁakliﬁS%%@EPLf oy be

an optical Is usable fto adju optica aractéristics of

t he projeCtlé§bm§E@}Cfﬁ §M§t§Qﬁf@on&8£t8§a5955u0£ggnagg £BLLON (O ure

) 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
extent of 1.44 to 1.47. When the ArF excimer laser beam
(wavelength: 193 nm) is used as the light source of the
exposure light beam EL, then the wavelength is shortened on
the substrate P by 1/n, i.e., to about 131 to 134 nm, and a
high resolution is obtained. Further, the depth of focus
is magnified about n times, i.e., about 1.44 to 1.47 times

as compared with the value obtained in the air. Therefore,
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exanpl e, spherical aberration and comatic aberration). Alternatively, the
optical elenent nay be a parallel plane plate through which the exposure
light beamEL is transm ssive. Wen the optical elenment, which nakes
contact with the liquid 50, is the parallel plane plate which is cheaper
than the lens, it is enough that the parallel plane plate is nerely

exchanged l”Wﬁ@hahQ|isb%h@h%h gHPREYLRE Bhe abpddikdmal c8yeRqWRGR 18AY
substance (for exanple, any silicon-based organic matter),” which

deterlorateSdbbehtb@nggbhbaagecaﬁphB%dprk%C%h%nc@ebl%@'th%y%%%ﬁhﬁLthkhe
iIlum nance of the exposure |ight beamEL on the substrate P, and the

uni formty ofjthejil iy B%QQ%ledtétEh?%kb?nmnb§eﬁgﬁeEﬁg hngkggc@qra"e'

pl ane pl at e, for exanple, during the transport, the assenpling, and/or the

adj ust tent of, 59@u§épe§u&ﬁeaggag@&uioﬁx $2:4vantags b . 31agkbalined such

that the exchange cost is d as co h the case In

optical el enphbhoifekecpontach kbl e shpauldqs0 is the lens. That is,

t he surface of he opti cal enent contact with the liquid 50 is

dirtied for examphecnduechfoblifoadneshan: ghaseat ter edcaBREL heg gengtat ed

fron1the resi st by bei ng 1rradiat W th e exposure beam

mpur ity conbal pRg oiBabhesbhasbd: 80) Therefore 'ﬁo&EVg9C?§§%L%PE &

periodical ly exc e opti

element |5 10fefi0RAD AALAL| £ PLENENBLALS: £hOeip! BY AR ,06 jg@%lgﬁchange

part is |low as conp
--) optical system PL, may be an optical plate which is usable

to adjust the optical characteristics of the projection
optical system PL, for example, the aberration (for
example, spherical aberration and comatic aberration).
Alternatively, the optical element may be a parallel plane
plate through which the exposure light beam EL is
transmissive. When the optical element, which makes
contact with the liquid 50, is the parallel plane plate
which is cheaper than the lens, it is enough that the
parallel plane plate is merely exchanged immediately before
supplying the liquid 50 even when any substance (for
example, any silicon-based organic matter), which
deteriorates the transmittance of the projection optical
system PL, the illuminance of the exposure light beam EL on
the substrate P, and the uniformity of the illuminance
distribution, is adhered to the parallel plane plate, for
example, during the transport, the assembling, and/or the

adjustment of the exposure apparatus EX. An advantage is
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lens, and it is possible to shorten the tine required for the exchange.
Thus, it is possible to suppress the increase in the maintenance cost
(running cost) and the decrease in the throughput. Wen the pressure,
which is generated by the flowof the liquid 50, is |arge between the
substrate P and the optical elenent disposed at the tip of the projection

optical systemtBlinedd su®rahs el e art iICRlersdl @ Monhred
tightly fixed so that the optical elenent is not noved by the pressure,

rather than alikawicng theoRh ¢alicreh@erhiehe Qxrhangeabke ke Moditact
enbodi nent is constructed such that the Space between the projection

optical system:BLtaRditiReigushage @he tRGSULTHLAL 8P ig e il | L the
|l iquid 50. However, forQ%éXanple, thg spage ngya%éaﬁﬂlﬁg \%Wﬁ?%F%;E&iquid

50 1n a 32 StabeopRivhCBIanEAYCR OhARE ERMRARED Alra LA dlikelid gl 4 plate

is attached to the surface of the substrate The Tiquid S water in

this enbodinamktiEEwe¥s&,egﬁggﬁ%iquh@ 20 TRy Qaﬁ%%&ohi%%igcg&Q%fe han

wat er. For exanple, when ght Source of "the expostreé [igh eam EL

ooz, | EEFRLES Gt et g S
e Coropor PR RE BRI A CORVOREAR BRSEL QBB conriomtis ve
Alternatively, pfbef;Lhag 5he abpy@.ebliel S 8 §9 %%%%Egg%yt%o
“) periodically exchange the optical element. However, when
the optical element is the cheap parallel plane plate, then
the cost of the exchange part is low as compared with the
lens, and it is possible to shorten the time réquired for
the exchangef 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
element is tightly fixed so that the optical element is not
moved by the pressure, rather than allowing the optical
element to be exchangeable.
This embodiment is constructed such that the space
between the projection optical system PL and the surface of

the substrate P is filled with the liquid 50. However, for

example, the space may be filled with the liquid 50 in a
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use, as the liquid 50, those (for exanple, cedar oil) which have the
transmttance 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. Second Enbodi nent Next, an explanation will be nmade with

reference tosthitg. i ahduth a severd guizedicmitosefd WFe 2)ASUN 1aERAAt Us

EX of the present invention. In the foll ow ng description, the sane or
equi val ent cedstiet Usi we tpahksl a® theseueffade o rerpedistiiic rd@sci.bed above
are designated by the same reference nunerals, any explanation of which is
sinplified or onirheediqlhg chanactartiest iie kealsueapRld itdding .enpeigmit, 33 is
that a pressure-reducing unit 23 is provided in place of the heating unit
21. As shownthe Eiguid, soheaki g¢i dngupRlyidnicthbr Relawdested i lfegr 20

whi ch renoves any foreign matter fromthe |Iliquid 50, for exanple, by

filtering th@xhinFmied_ Rlenr egeveigatbyolieel bqUkdel RGPUELY UNIilgnd IWeaaf der
to avoid any pollution of the substrate P and the projection optical

system PL angf,oisayfedranyadiat eriis at i QR HRePald el RQect ed
onto the substrate P, the pressure-reducing unit 23 which degasses the

liquid 50 byrnedughngatBe, PraSsuES el thethiiguidsa0 ff'bgme%%imgﬂet,h%tf qrei gn
matter has been renoved by the filter 20, a tenperature-adjusting unit
also allowable to use, as the liquid 50, fluorine-based oil
(fluorine-based liquid) and perfluoropolyether (PFPE)

through which the F, laser beam is transmissive.

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.

RS

eco odiment
Next, an explanation will be made with reference to
Fig. 5 about a second embodiment of the exposure apparatus
EX of the present invention. In the following description,
the same or equivalent constitutive parts as those of the
embodiment described above are designated by the same
reference numerals, any explanation of which is simplified

or omitted. The characteristic feature of this embodiment
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22 which adjusts the tenperature of the liquid 50 having been subjected to
the degassing treatnent by the pressure- reducing unit 23 to a tenperature
approximately identical to the tenperature in the chanber, and a
pressurizing punp 15. The pressure-reducing unit 23 includes a reservoir
which retains the liquid 50. The liquid 50 is degassed by reducing the

pressure in tiketheserypires stite-Iriegticd n90 uedr 23e i@ 99 Hagassad B acedusi ng
the pressure rather than by heating the liquid 50 as descri bed above. The

pressure- reduei hgatding @ irayli.ncl ude, for exanple, a reservoir which is
capabl e of retaining a predeterm ned anount of the [liquid 50, and a vacuum

punp which is conneckadwhoihheigreser vaier 1206k i\Whisep p19due8s tthe nenesgly e of
the gas that nmkes contact mnth the liquid 50 in the reservoir. 34 The

heating treahnenttapd2thenptassemnevetdyaingorklieat Atk FRY rBa RS or ned
sinmul taneously for the liquid.50 in order to dégas the liquid 50. That is,

the pressureiigedacsng ﬂakteﬁampm@lCByhéilE@%lh%S%h%Ou& g3paklye of ,
retaining the liquid 50, may be prOV|ded with aheating ™ unit for heating

the reservoi fecdherpiepgUtBel €446 AIriRberd3utdn 9egas ligui by
accommodating the I|qU|§ 50 |nche Eesersggrug%d %egﬁlﬁgegﬁ ltglc?uf)g'q%o by

using the heayipgluatiowhbkerhedughBgrbhe QfEEaUEﬁe rEg%cEﬁéﬁr%g%Eca

this procedure, the pressure-reducing unit 23 sets ressure depen

ngLES fgngg%gfﬁ%ﬁ of, aﬂé/bknggléoanyTHQEekiorétiBBfb%‘%HE gegagshng
w) image pr03ected onto the substrate P, the pressure-reducing
unit 23 which degasses the liquid 50 by reducing the
pressure of the liquid 50 from which the foreign matter has
been removed by the filter 20, a temperature-adjusting unit
22 which adjusts the temperature of the liquid 50 having
been subjected to the degassing treatment by the pressure-
reducing unit 23 to a temperature approximately identical
to the temperature in the chamber, and a pressurizing pump
15. The pressure-reducing unit 23 includes a reservoir
which retains the liquid 50. The liquid 50 is degassed by
reducing the pressure in the reservoir. The liquid 50 can
be also degassed by reducing the pressure rather than by
heating the liquid 50 as described above. The pressure-
reducing unit 50 may include, for example, a reservoir
which is capable of retaining a predetermined amount of the
liquid 50, and a vacuum pump which is connected to the

reservoir and which reduces the pressure of the gas that

makes contact with the liquid 50 in the reservoir.
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heating the liquid 50 to the boiling point. However, the boiling point of
the liquid 50 depends on the pressure. Therefore, the liquid 50 can be

degassed efficiently and satisfactorily by setting the pressure depending
on the tenperature of the liquid 50. For exanple, the pressure } (boiling
pressure), at which the boiling point of water as the liquid 50 is 100 C,

i's the atnospheri ghpr @satieg ¢1@ita2ntPahd The Reidsishigenrassidifg at which
the boiling point is 90 C, is 70,121 Pa. Simlarly, the b0|I|ng pressure

is 47,377 Patakaambakl nAg pei BerebrBBdCs ilhg taheblisng &6%5%%%elh%u%% 345 Pa
at a b0|I|ng point of 50 C, the boiling pressure is 4,244.9 Pa at a

boi | i ng poi ninobrdlr €o é@@akh@hBOEHQHdeB@SSUT%a%S1% 3%%e1 Pacali @ bOl'lng
35 point of 20 C. Therefore, for exanple, when the tenpera?hre of the

liquid 50 isrsgticifgl@Ai€ by tQﬁlcﬂeﬁﬁbngh@nkEseEQ%lQr%%?Q%ger%%uc'ng uni t
23 can degas the |I|iquid 50 by boiling the liquid 5 he at nospheric

pressure wﬂtBeﬂalﬁgﬁ&Ofﬁbnglaﬁﬁdpg@SSMégdbédgnggg grﬁakﬂeatneg%lh ot her

hand, when the tenpefrature of the [iqu he pressure-reducing

unit 23 can @ggasrolhgeht 4H! dtéQ P¥sﬁ9bbi99 thgel Eggbgu§g Q%d%%&hﬁ goﬁllng

pressure to be within a range tfromthe atnospheri pressure tOt

when t he 522%%5%%5?%6?3‘%*5%?@6‘ Frocia ey aptdntpadringl bk, BB R N

23 can degaslnt@ﬁel£Q§é9v59rb¥n@0ﬁé£99n&h@hgiﬂﬂ&giEOSByb§ethﬂ% the

"} heating unit while reducing the pressure in the reservoir.

In this procedure, the pressure-reducing unit 23 sets

the pressure depending on the temperature of the liquid 50.
That is, a sufficient degassing effect is obtained by
heating the liquid 50 to the boiling point. However, the
boiling point of the liquid 50 depends on the pressure.
Therefore, the liquid 50 can be degassed efficiently and
satisfactorily by setting the pressure depending on the

temperature of the liquid 50. For example, the pressure

) (boiling pressure), at which the boiling point of water as
the liquid 50 is 100 °C, is the atmospheric pressure
(101,325 Pa). The boiling pressure, at which the boiling
point is 90 °C, is 70,121 Pa. Similarly, the boiling
pressure is 47,377 Pa at a boiling point of 80 °C, the
boiling pressure is 12,345 Pa at a boiling point of 50 °C,
the boiling pressure is 4,244.9 Pa at a boiling point of 30

°C, and the boiling pressure is 2,338.1 Pa at a boiling
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pressure to be within a range fromthe atnospheric pressure to the boiling
pressure (4,244.9 Pa). As described above, the boiling point of the liquid
50 varies depending on the pressure. Therefore, the pressure-reduci ng unit
23 can degas the liquid 50 satisfactorily by setting the pressure
depending on the tenperature of the liquid 50. The degassing | evel of the

liquid 50 to uppl headot o b n projectj optica
system PL angggﬁg Bguggtr%ie i£&$$§3?§th€§%ﬁ§%%ﬁ f%ii@%g%f£@€ssolved gas of
the liquid 50 may be determ ned_depending on the condition of use of the
liquid 50 (f&FMERAARPIES PRetBRpddared E8ndFt B6H) tol A0PhEC dasetld the |iquid
i mrer si on exposure, the tenperature of the liquid 50 di sposed between the
36 projectioheaptingahnsyst ehePhrandutrheredbstingt anPti 83 eahi debysothe
partially raised during the exposure due to the radiation of the exposure
| i ght beam ELiguitihBOhkatbofiitihe thebitgatie Poheat edebytimbephadiiati on of
the exposure light beamEL. The increase in the tenperature of the liquid
50 differs, pfessexanpiehodeppadiognongt bRei pressuky-ekdtibéngexposure |ight
beam EL, which is about several degrees (1 to 3 C). However, if the
degassi ng | evetathenrbe | 0QUtHe50thes homd, tHiReR tBeSUeRparpeaskbbli thet hat
the gas, which has been dissolved in the liquid 50, nay be converted into

the generated,bubble guegpoed hajjn 1L A de, d & "£3 0lay tdiggdd qui d
50. Therefore?qit i's necessary to 53{ t he degasg%ng ﬁ%@% d? t%%‘??%u%d 50
so that the'PMQbiEQﬁfdngé by boiling the liquid 50 by setting the

?ﬁ) pressure to be within a range from the atmospheric pressure

to the boiling pressure (70,121 Pa) at the temperature of

90 °Cc. Similarly, for example, when the temperature of the

liquid 50 is 30 °C, the pressure-reducing unit 23 can degas
the ligquid 50 by boiling the liquid 50 by setting the
pressure to be within a range from the atmospheric pressure
to the boiling pressure (4,244.9 Pa). As described above,
the boiling point of the liquid 50 varies depending on the
pressure. Therefore, the pressure-reducing unit 23 can
degas the liquid 50 satisfactorily by setting the pressure
depending on the temperature of the liquid 50.

The degassing level of the liquid 50 to be supplied to
the space between the projection optical system PL and the
substrate P, i.e., the concentration of dissolved gas of
the liquid 50 may be determined depending on the condition
of use of the liquid 50 (for example, the exposure
condition). 1In the case of the liquid immersion exposure,

the temperature of the liquid 50 disposed between the
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generated even when the increase in the tenperature arises in the liquid
50 between the projection optical systemPL and the substrate P. For
exanpl e, as descri bed above, when the liquid, which is
tenperature-controlled to about 23 C, is supplied to the space between the
projection optical systemPL and the substrate P, the degassing |evel may
be set so t pab jeles lbubblpé iics Inaty sgenerat add ftore exdanplreteewerns when the
tenperature of the liquid is raised to 30 C, in view of the safety.

Speci fi cal | yentheedggassipagtliendly efistklde duirduigd 3@ dxposuref duat eo e be
set to be not nore than the saturation anount of air dissolved in water at

30 C, i.e.,r@d@i6ioni bEmchenekpoeueet haght3bppm oy X2 tard HR@k oFor@d han
7.8 ppmfor 02 as expressed by the mass ratio). 37 The expression "cm/cm"

i ndi cates theubekuaeeck hebtadr bydicasohvadaiioh e tok WapRsurkn ltibdtcase
of the liquid imrersion exposure, when the flow appears in the liquid 50

between the peajneeLionTheptiheakbasystiamBe aBApkhatswRsbratecP] ifhepressure
change arises in the liquid 50. The pressure change differs déepending on,

for exanpl e, dih€esyppkyragnunpief tbpehigHpdon the raeRWRNYyaBeURLOf the
l'iquid, and the novenent speed of the substrate P, which iS about several

hundreds Pa é1f8sute 809nPabealioneyetnibh theadedassin@rhevakq@kekheliquid
50 is low, there is such a possibility that the bubble may beé generated in

e et ol PPodied 0t M PLESSHT £ AANUFeddbs {04 2L 00 ' 8¢ P 1 840 a0

 } is low, there is such a possibility that the gas, which has
been dissolved in the liquid 50, may be converted into the
generated bubble due to the increase in the temperature of
the liquid 50. Therefore, it is necessary to set the
degassing level of the liquid 50 so that the bubble is not
generated even when the increase in the temperature arises
in the liquid 50 between the projection optical system PL
and the substrate P. For example, as described above, when
the liquid, which is temperature-controlled to about 23 °C,

; is supplied to the space between the projection optical

system PL and the substrate P, the degassing level may be

set so that the bubble is not generated, for example, even
when the temperature of the liquid is raised to 30 °C, in

view of the safety. Specifically, the degassing level of
the ligquid 50, i.e., of water may be set to be not more

than the saturation amount of air dissoclved in water at 30
°C, i.e., 0.016 cm’/cm’ (not more than 13 ppm for N, and not

more than 7.8 ppm for 0, as expressed by the mass ratio).
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of the liquid 50 may be set so that the bubble is not generated by the
pressure change of several hundreds Pa of the liquid 50. When it is
difficult to raise the degassing level, it 1is also allowable that the
exposure condition is determned so that the tenperature change and the
pressure change, which nmay generate the bubble, do not occur in the liquid

bet ween t he phej egpireBsaphi cak’ syptemnnli et d e s ulshindt @n’*Pof TAgrexposure
condition includes at |east one of the supply anmount of the liquid, the

recovery anogngsefivkheinl ngewé, o hest@yvenent speed of the substrate P, the
exposure |ight beamintensity, the em ssion cycle of the exposure pulse

l'ight beam (pul serhntgevakke afdihbBe1pdhse Whdkhsabn38 xheueostee Ryese
| ight beam It goes without saying that it is necessary to determne the

exposure CO”@@LB@VOQpF@aYEeY‘L’n ehel DegRRBVERAL LaRREN! REOPTUHERAGR O the
bubble as well as the prevention of the deterioration of 'the inmage

formation Ofo%ﬁﬁcﬁﬁtEﬁéeehnﬁﬂeaﬁﬁsﬁhéingEEQHEEh§,PQ%%9 re sulrde chghiactive
i ndex of the Tiquid, when the exposure <condition'is determned in

consi derat i ogr9f oL hent @H@emgu&s sﬁhan%eapgeggﬁrgr SroMe rafi Qe c0f the

l'iquid. Third Enbodi nent An éxpl anation w made w eference to

e e L

provided witfha peobrape 470a581 89 YAL!124uid, and the movement speed

f~} of the substrate P, which is about several hundreds Pa (100
to 300 Pa). However, if the degassing level of the liqguid
50 is low, there is such a possibility that the bubble may
be generated in the liquid 50 due to the pressure change in
relation to the liguid 50. Therefore, the degassing level
of the liquid 50 may be set so that the bubble is not
generated by the pressure change of several hundreds Pa of
the liquid 50.

When it is difficult to raise the degassing level, it

is also allowable that the exposure condition is determined

—r

80 that the temperature change and the pressure change,
which may generate the bubble, do not occur in the liquid
between the projection optical system PL and the substrate
P. The exposure condition includes at least one of the
supply amount of the liquid, the recovery amount of the
liquid, the movement speed of the substrate P, the exposure
light beam intensity, the emission cycle of the exposure

pulse light beam (pulse interval), and the pulse width of
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and a heating unit 25 as shown in Fig. 6 in place of the heating unit of
the liquid supply unit in the first enbodinent. In the foll ow ng
description, the same or equivalent constitutive parts as those of the
enbodi ment descri bed above are designated by the sane reference nunerals,
any explanation of which is sinplified or omtted. Fig. 6 shows an

arrangenent @het ke pois@wed paiRR! W iWhitt behm AS ZhQWRd RyiRiHbuth s dyhed it
supply unit 1 includes a filter 20 which renoves any foreign matter or the

like from the |l'SQ!ﬂ'e@e§Qar?CQ\SeH%‘1eQ)hltn@e thied Wxd JREQY RIh MRl slor? i f Fiew
exanple, by filtering the Iiquid 50 recovered by the liquid 39 recovery

unit 2 in order the %‘f@'v@n%%np@fl ttltll'eo'gc%ﬁlgtr@?)ces%tﬁtl:r}"@ &b Ah§e11

projection optical systemPL and/or avoid any eterloratlon of the pattern

| ge proj echgd ARt grebBarIUBSLIALACPaCkRE {AFANIAG W S ilifeh heats the

liquid 50 having passed through the filter to a prede ternlned

t enper at ur e, rare u 4 e t he
| Cautd 50 hesreno by e naEo PAELRn ik og® T (o YRR, 0 g d AR )

whi ch _adj ust epENecteaRes ghut faeql okNenk! ﬂgggaéo RAENGrReen Bl ect ed Lo

t he degassing treatnent by e nmenbrane sSing unit o°be a desired

tenperature,cgﬂg ngﬁe Eé?ﬁ Hggp1ﬁ5coﬁgﬁdbkg%ag %g ﬁé%hﬁ%%ﬁ%%%ﬁ%i?

concentration o I SSO gas as been

supplied to &ﬂsnasﬁgﬁan@hedsgaggwg YRLhgB* o %ugﬁltq%%dtube 12. The I quid
:_)

An explanation will be made with reference to Figs. 6
and 7 about a third embodiment of the exéosure apparatus EX
of the present invention. The exposure apparatus of this
embodiment is provided with a membrane degassing unit 24
and a heating unit 25 as shown in Fig. 6 in place of the
heating unit of the liguid supply unit in the first
embodiment. 1In the following description, the same or

\ equivalent constitutive parts as those of the embodiment
described above are designated by the same reference
numerals, any explanation of which is simplified or
omitted.

Fig. 6 shows an arrangement of the liquid supply unit
1. As shown in Fig. 6, the liquid supply unit 1 includes a
filter 20 which removes any foreign matter or the like from
the liquid 50 recovered by the liquid recovery unit 2, for

example, by filtering the liquid 50 recovered by the liquid
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whi ch has been degassed by the nenbrane degassing unit 24, is supplied to
the tenperature-adjusting unit 22 through the tube 14. The nenbrane
degassing unit 24 is connected to the discharge tube 13 to discharge the
gas renmoved (degassed) fromthe liquid 50. The tenperature-adjusting unit
22 sets the tenperature of the liquid 50 to be supplied to the space 56 to

be approxi mtekpveqy wient2, inf ofrdexane evdit bLhe pRmerdloy & ftdle exanpl e,
23 C) in the chanber in which the exposure apparatus EX i s accommopdat ed.

Suppl y tubes s3hst@atle rCoRAIEEHRd phe te%%lb%m%rtafcla&esy%%ﬂﬁtpmngmlamotr 22. The
i quid 50, which has been tenperature adj usted by t

t enper at ur e- agpust iah 'd’é'tter%%ra@go'ns oFURR %@ttt‘értnh%né@‘%c%r%% QUG e
supply tube 3 (10) y the pressurizing punp 15. The operation of the

menbrane degasskngsiRake24, '%h@l $2a¢qRlyr Ahlied z%ywm%hcwaﬁ;%' 9 1t 5 QT

Fig. 7 shows a sectional view il | ustrating a schematic arrangenent of the

menbr ane deg@ﬁshﬁglﬂﬁ'gagéedAtwg$hgﬂdEh%aklﬁ@%kow fiher, %%% e%éyﬁlﬁ%d_Th

accomobdated in a housing | eaving a pre eternl space

hOIIOMIfIbertQHEghgtz%eln% ud mgrgkgraggkgsgégzhﬁg shaps qIPh%% QW fd ber

menbr anes 74 whi ch are bun I'n parall the ow T1 ber

e e Saomichine g%gm. SR bEB BT S Al o -
Vacuum cap ”PEHﬁé?a%éﬁe-ZéﬁuQEEnB'6ﬁﬁta52tQﬁlch adjusts the temperature
'~} of the liquid 50 having been subjected to the degassing
treatment by the membrane degassing unit 24 to be a desired
temperature, and a pressurizing pump 15. The liquid 50,
for which the concentration of dissolved gas has been
lowered by the heating unit 25, is supplied to the membrane
degassing unit 24 through the tube 12. The liquid 50,
which has been degassed by the membrane degassing unit 24,
is supplied to the temperature-adjusting unit 22 through
the tube 14. The membrane degassing unit 24 is connected
to the discharge tube 13 to discharge the gas removed
(degassed) from the liquid 50. The temperature-adijusting

unit 22 sets the temperature of the liquid 50 to be

supplied to the space 56 to be approximately equivalent,
for example, to the temperature (for example, 23 °C) in the

chamber in which the exposure apparatus EX is accommodated.
Supply tubes 3, 10 are connected to the temperature-
adjusting unit 22. The liquid 50, which has been

temperature-adjusted by the temperature-adjusting unit 22,

40



both ends of the housing 71. Tightly seal ed spaces 76a, 76b are formed at
the outside of the housing 71 at the both ends. Degassing ports 77a, 77b,
whi ch are connected to an wunillustrated vacuum punp, are provided for the
vacuum cap nenbers 75a, 75b. Sealing sections 78a, 78b are fornmed at the
both ends of the housing 71 so that only the both ends of the hollow fiber

bundl e 72 aréscenpedted te the bipaltl ¥6 %@@b@@hsmage%uﬁgay tebe 3 (10)
respectively. The vacuum punp, which is connected to the degassing ports

77a, 77b, cabybeheUpeedskarfizavigdguipe 1pr. essueeohesddeednsbat @hkomehbeanrsi de
of each of the hollow fiber menbranes 74. A tube 79, which 1is connected to

the tube 12, degaasﬁﬁ@gadlmn2uhgshahb@WbéﬁtEbhﬁbdb%gdE%e7%onIB81tUE§t79 i's
provi ded with a plurality of liquid supply holes 80. The liquid 50 is

supplied froapntthe liquid supply holes 80 to a space 81 which is surrounded
by the sealing sections 78a, 78b and the hollow fiber bundle 72. Wen the

liquid 50 is continyousl ¥nogdpPR! kedehibagyt t}gew q'lqs%ge@hx hgl §§h§91att(ict he
space 81, then the liquid 50 flows toward the outside so ? hat the |iquid

50 traversesathgnhayens 8k the Heh59§hé'9§5asgﬁﬁpraﬂ§% 44 .bupdl ed in

parallel, and the liquid 50 nmakes contact he outer surfaces of the

hol | ow f i berc, TeRlEapgs fB116% 9§§e£'p§gﬁ§eovg Bcekmhagtea" wf i ber

menbranes 74 |s formed of the materia ichis |gth ropho |c and

which is eXCﬁ&ﬁ@ﬂﬁ?'ﬁlg@ﬁlﬂgrﬂggpihth'prghgﬁggﬁ ﬁedtgﬁabbq9§q 5Qpdoes not
enter the inside of the

j~) hollow fiber bundle 72 includes a plurality of straw-shaped
a hollow fiber membranes 74 which are bundled in parallel.
Each of the hollow fiber membranes 74 is formed of a
material (for example, poly-4-methylpentene-1) which is
highly hydrophobic and which is excellent in gas
permeability. Vacuum cap members 75a, 75b are fixed at the
both ends of the housing 71. Tightly sealed spaces 76a,
76b are formed at the outside of the housing 71 at the both
ends. Degassing ports 77a, 77b, which are connected to an
unillustrated vacuum pump, are provided for the vacuum cap
members 75a, 75b. Sealing sections 78a, 78b are formed at
the both ends of the housing 71 so that only the both ends
of the hollow fiber bundle 72 are connected to the tightly
sealed spaces 76a, 76b, respectively. The vacuum pump,
which is connected to the degassing ports 77a, 77b, can be
used to provide the pressure-reduced state for the inside

of each of the hollow fiber membranes 74. A tube 79, which

ig connected to the tube 12, is arranged in the hollow
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hol | ow fi ber menbrane 74, and the liquid 50 passes through interstices of
the respective hollow fiber nenbranes 74 to nove to the space 73 disposed
outside the hollow fiber bundle 72. On the other hand, the gas (nolecule)
dissolved in the liquid 50 is noved (absorbed) to the inside of each of
the holl ow fi ber nenbranes 74, because the inside of each of the holl ow

fi ber menbraféde?d ivgdle & 2pr eSdur eubrredicad gtratvel deabatitt & TArimal {fhe gas
conponent, which is renoved (degassed) fromthe liquid 50 during the
traverse acredsdigmed apepdyohotike Bol. owHd hemuirnisoanes sid s eddesen bed
above, passes through the both ends of the hollow fiber bundle 72, and the
gas conponenthies ldigsddasgesd kT omi42 Bhe tdegaspane B thitfa,is/7b via the
tightly seal ed spaces 76a, 76b as shown by arrows 83. The liquid 50, which

has been subjetbedded bletdegasailigqgt ceatThl, 7is%,SUBR 86 e HA low
tenperature-adjusting unit 22 through the tube 14 from a liquid outlet 82

provi ded forftbherhbusting 52. Ashexpkaienedqaheves tikecbin@Uindiosarl y unit 1,
which supplies the liquid 50 to the space between the projection optical

system PL anguppeisubsi-bat €hl, 1hi§uRHO%LEed yWnbhebhe o] tBEAARS deOI3SSI NY
unit 24 which renoves (degasses) the gas ¥r0n1the I'i qui d 50. Accordi'ngly,

the liquid 50neanthe 1syppki 8d koolBerspaca kakwegrstihe %bok%%%'%%eODtlca'
system PL and the substrate P after the liquid 50 is sufficiently

degassed. Th£i$ﬁ9ﬁ650ltr5$e9§§§'@h@ iayéEBDBQS%h&h%olggae&awé%” of the
bubble in the liquid 50 which fills th

.~) membranes 74 bundled in parallel, and the liquid 50 makes
contact with the outer surfaces of the hollow fiber
membranes 74. As described above, each of the hollow fiber
membranes 74 is formed of the material which is highly
hydrophobic and which is excellent in gas permeability.
Therefore, the liquid 50 does not enter the inside of the
hollow fiber membrane 74, and the liquid 50 passes through
interstices of the respective hollow fiber membranes 74 to
move to the space 73 disposed outside the hollow fiber
bundle 72. On the other hand, the gas (molecule) dissolved
in the liquid 50 is moved (absorbed) to the inside of each
of the hollow fiber membranes 74, because the inside of
each of the hollow fiber membranes 74 is in a pressure-
reduced state (about 20 Torr). The gas component, which is
removed (degassed) from the liquid 50 during the traverse
across the layers of the hollow fiber membranes 74 as

described above, passes through the both ends of the hollow

fiber bundle 72, and the gas component is discharged from
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space between the projection optical systemPL and the substrate P during
t he exposure process. Even if the bubble is generated by any cause, for
exanple, in the flow passage between the nenbrane degassing unit 24 and
the space 56, on the tip surface 7 of the projection optical system PL,
or on the surface of the substrate P, then the sufficiently degassed
liquid 50 fl e tiepesghnpheofitew?’ 7passape vard thiee tiphed yS6ecadrd tshusdshe
liquid 50 can absorb and renove the bubble existing in the fl ow passage.
As describedbéaboVéb theshrposbyeaproeess3canThe penlaumed,i whidhe hsisate in
whi ch no bubble is present in the liquid 50 on the optical path for the
exposure | i gheeheanbEect4d Therntodegakking Ressithlkatt 0igveugplied to
deterioration of the pattern inmage which woul d be otherw se caused by the

bubbl e, and thei seppssabliectadpuodiieg andevicoe thavugd &hehic@Bepalt iy
accuracy. In this enbodinent, the liquid is heated by the heating unit 25

to lower theacopgendrautdetobodpssolived reasthanéiolBengthe.liquid is
supplied to the nenbrane degassing unit 24. Thus, the degassing |evel is

i nproved for theAéigmpﬂaiﬁebeaﬁapeLi@HetQi&h@dsB@ﬁﬁl?Gpn&@MQVE%mr%h
pressure-reducing unit may be used in place of the heating wunit 25 to

| ower the CO@@@pli@éiQMe0ii@h§§05ae€ogﬁﬁe2%§§cetB@@w&@g khaUb¢omRY:then

supplied to the nenbrane degassing unit When the degassing ability of

the menbr aneop€lRgas s gt si br, 24nd St 84T Eisbephty bi ghg bhevhhaui ¢ thhicel
;-) membrane degassing unit 24 which removes (degasses) the gas
h from the liquid 50. Accordingly, the liquid 50 can be
supplied to the space between the projection optical system
PL and the substrate P after the liquid 50 is sufficiently
degassed. Therefore, it is possible to suppress the
generation of the bubble in the liguid 50 which fills the
space between the projection optical system PL and the
substrate P during the exposure process. Even if the
bubble is generated by any cause, for example, in the flow
passage between the membrane degassing unit 24 and the
space 56, on the tip surface 7 of the projection optical
system PL, or on the surface of the substrate P, then the
sufficiently degassed liquid 50 flows through the flow
passage and the space 56, and thus the liquid 50 can absorb
and remove the bubble existing in the flow passage. As
described above, the exposure process can be performed in

the state in which no bubble is present in the liquid 50 on

the optical path for the exposure light beam EL.
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has passed through the filter 20, may be introduced into the nenbrane
degassing unit 24 w thout passing along the heating unit and the
pressure-reducing unit. In the respective enbodi nents descri bed above, the
shape of the nozzle is not specifically limted. For exanple, two pairs of
the nozzles may be used to supply or recover the liquid 50 for the |ong
side of the 8h@rgdotriconit6dA. pbhastibile &or angdadenthe dletestijpplart inez oifeshand
the recovery nozzles may be arranged while being aligned vertically in
order that tpetktiegqoi dmsgecwhibé soppbi ée anteriwdcevenededn bgnyhene of the
directions of the +X direction 44 and the -X direction. As shown in Fig. 8,
t he supply nbzkbés,3and32tand phesibdeover produzkea 33vidéd mayibeg provi ded
on the both sides in the Y axis direction respectively with the end
porti on 60Ahighepueneng btbeuebeyween. The supply nozzles and the recovery
nozzl es can be used to stably supply the liquid 50 to the space between
the projection opthcahisysmboubheand thbeisyhstr akenBaasawell t@eri ng the
novenent of the substrate P in the non-scanning direction (Y axis
direction) wheatlihe shepphhgtooyvewent ths pehbenfedribf bheesbediamnt s
descri bed above, the liquid, from which the gas has been renpved by the
gas-renovi nggas) tand heRéhnghenliqdid REEsSaPpeieadEs REcURhhZ3neMeENDr ane
degassing unit 24), is supplied to the space 56 between the projection
optical systesy&bsang thetspbstrahesP wheh@dbassing level is improved

«) for the liquid to be supplied to the space 56. However, a
pressure-reducing unit may be used in place of the heating
unit 25 to lower the concentration of dissolved gas, and
then the liquid may be supplied to the membrane degassing
unit 24. When the degassing ability of the membrane
degassing unit 24 is sufficiently high, the liquid, which
has passed through the filter 20, may be introduced into
the membrane degassing unit 24 without passing along the

heating unit and the pressure-reducing unit.

p—

In the respective embodiments described above, the
shape of the nozzle is not specifically limited. For
example, two pairs of the nozzles may be used to supply or
recover the ligquid 50 for the long side of the end portion
60A. 1In this arrangement, the supply nozzles and the
recovery nozzles may be arranged while being aligned
vertica}ly in order that the liquid 50 can be supplied and

recovered in any one of the directions of the +X direction
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maki ng any contact with the gas. However, if it is confirnmed that the gas
is sufficiently renoved, and the anount of the gas dissolved in the liquid
is small, then the liquid nay nake contact with the gas in a part of or
all of the flow passage. That is, the arrangenent, in which the liquid is
intended to make no contact with the gas between the gas-renoving unit and
t he space 562ndsthét ~Xedd&reitabnto suppress the gas. In the enbodi ments
descri bed above, the mechanismis constructed such that the liquid, which
is recovered by tRA& shpyoi dnr EdégveBy Ghet sRppily netuired3flo BReahidquhe
supply 45 unit 1. However, such a nechanismis not necessarily
i ndi spensabl gecpveky abgelakl 6vabBé mhzt ber pshvadedewnptihe bwahesidesfed to
the liquid supply unit 1, and the liquid, which is recovered by the liquid
recovery uni &tn2thesY dkssaddedctinnt hesprbodivetpt idaschiebeddapove iohhe
expl anation has been made about the case in which the liquid imersion
area i s fornetroinnthevsndegothehebetagenpl ataeobuppey poepéesi andophiecal
system PL when the substrate P is subjected to the exposure. However, the
present invenétcoverysnoptlésntbhrdbenhyetiotbheteBse bupphichhtheigubsat sate P
is subjected to the exposure. In sone cases, the liquid is arranged on
the side of thetheagpapéanetwéehhehpr pregetononopptiahisygteamPert angerform
vari ous neasurenents through the liquid as well when various measuring
menbers and the substrate P as well during the movement of the

,} substrate P in the non-scanning direction (Y axis

direction) when the stepping movement is performed.

In the embodiments described above, the liquid, from
which the gas has been removed by the gas-removing unit
(heating unit 21, pressure~reducing unit 23, membrane
degassing unit 24), is supplied to the space 56 between the
projection optical system PL and the substrate P without
making any contact with the gas. However, if it is
confirmed that the gas is sufficiently removed, and the
amount of the gas dissolved in the liquid is small, then
the liquid may make contact with the gas in a part of or
all of the flow passage. That is, the arrangement, in
which the liquid is intended to make no contact with the
gas between the gas-removing unit and the space 56, is not
essential to suppress the gas.

In the embodiments described above, the mechanism is

constructed such that the liquid, which is recovered by the

liquid recovery unit 2, is returned to the liquid supply
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measuring sensors provided on the substrate stage PST (Z stage 51) are
used. Even when the neasurenent as described above is perforned, it is
possi ble to avoid, for exanple, any nmeasurenent error caused by the
bubbl e, by suppressing the generation of the bubble in the liquid in the
same nmanner _as d?scr'bed above. hn t he gnbodinents descri bed ahove, the
liquid suppl V' ini't aRG"FKELri GUCE PeBSTEAPLEM 5arR8tcBRSESSeTédYsuch t hat
t he supply nOZéLeS and Ehe rggovery nozzl es are provided on the both sides
of the proj ecPPIRPEPEEPHE 1 hdtprsj 8dfPoRllopaPal togdt dFeEBR, OFhEel BUKE i s
supplied fron1ﬁne sidg gf 46 Ehe projection area and the liquid.is.
recovered on"BhEY &FhéFdstbet8Epénding SHPPAE 88afnilng28Pr £86 dAUE Y he
substrate P. wever, the arrangenent of the liquid supply unit and the
liquid recovErylinitf F@CHB?rPﬁngUeBh?héﬁgﬂéd rpEOVErgndidh #hatiSthe 1iquid
can be Iocall¥ retai ned between the projection optical system PL and the
substrate Pl1§Rard@fstrate P, which is usable in the respective
enbodi nents descri bed above, is not limted to the sem conductor wafer for
produci ng the senfRohlEceBPodéneaEs dehesébagphbedbl ethrckapeéanpsioaxanyl e,
the glass substrate for the display device, the ceramc wafer for the thin
film rmagnet 1S Heaen Badet akowhstbe phaceilsyhifbt theqdaarid immerséan
wafer) for the mask or the reticle to be used for the exposure apparatus.
area 1s formed on the side of the image plane of the

-projection optical system PL when the substrate P is
subjected to the exposure. However, the present invention
is not limited only to the case in which the substrate P is
subjected to the exposure. In some cases, the liquid is
arranged on the side of the image plane of the projection
optical system PL to perform various measurements through
the liquid as well when various measuring members and
measuring sensors provided on the substrate stage PST (Z
stage 51) are used. Even when the meésurement as described

above is performed, it is possible to avoid, for example,

RS

any measurement error caused by the bubble, by suppressing
the generation of the bubble in the liquid in the same
manner as described above.

In the embodiments described above, the ligquid supply
unit and the liquid recovery unit are constructed such that
the supply nozzles and the recovery nozzles are provided on
the both sides of the projection area of the projection

optical system PL, the liquid is supplied from one side of
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In the enbodi nents descri bed above, the exposure apparatus is adopted, in
whi ch the space between the projection optical system PL and the substrate
Pis locally filled with the |liquid. However, the present invention is

al so applicable to a liquid inmrersion exposure apparatus in which a stage
hol di ng a substr .as,an_exposure objective. is noved in | i quid bath,
and a IiquidQﬁﬁnéggﬂgﬁté?Bogﬁﬁg a&ﬁpE#%& %“ﬁdwﬂﬁcﬁe§OWF&ﬁgHCﬁbaﬂmhaving a
predeterninegt %epth i S forngd on a %%%%e and .a suhstrate is held therein.
The structur 8°8R4 tRECeLEBENAE g aten SERIPHAY Fdded t iomnetsitd® exposur e
apparatus in ﬁgigh %he st age holdingpﬁhe 47 substrate as the exposure

obj ective i s°HBYEHRR Fhe PPYGVEL biPR Ar&2898BErbedti fhGeddiduid supply
exanpl e, in Japanes at ent Application Laid-open No. 6-124873, content of
which is inEBE%o?ﬁgeB et éAH 1By FREPEFENC 8Ditt BEnNRLr 2AFEt6E thersitesi on of
t he donmestic_laws and ordi nances of the state designated or selected in
this internatfohdl 4ppePcafrbntheThdasiducrr BeargcehédYexpéadnedoper ati on
of the liquid _inmersjon exposure apparatus in which the |Iiquid pool

havi ng the pPBHEEERnthedIPHRPERtISN! BPfEdadnSYRESEt Bjeaadd thehsubshdetsat e i s
hel d therein_are described in detail, for exanple, in Japanese Patent

Appl i cation Eaid-open No. 10- 303114 and United States Patent No.
5,825,043, contents of which are incorporated herein by reference
respectively w thrd SupahgetefPpevhiishi 6A vfabhe donbbei cebarstineg

ordi nances of the state designated or selected in this

_ ) 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.

In the embodiments described above, the exposure

apparatus is adopted, in which the space between the

projection optical system PL and the substrate P is locally

L—

filled with the liquid. However, the present invention is
also applicable to a liguid immersion exposure apparatus in
which a stage holding a substrate as an exposure objective
is moved in a liquid bath, and a liquid immersion exposure
apparatus in which a liquid pool having a predetermined
depth is formed on a stage and a substrate is held therein.
The structure and the exposure operation of the liquid

immersion exposure apparatus in which the stage holding the
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international application. As for the exposure apparatus EX, the present
invention is also applicable to the scanning type exposure apparatus

(scanni ng stepper) based on the step-and-scan systemfor perform ng the
scanni ng exposure for the pattern of the mask M by synchronously noving

t he mask M an tr, te P as mell as the pr.o ectl .ex sure .

appar at us (sgegggf %bgge F/ ) {RE SR 52 é qﬁ%ﬂﬂé?ﬁ?%g
the full fie X ur a rn of M |n a state in which
Lhe sk M ongtingeRy stSrC%tlgeE 5& S et B o 1 T
successi vel .the_substrate_ P. The present invention is also
appl i cabl e ypék? gngfgggﬁPglng&P&Bugpﬁﬁg@& 0 Qﬁ§8§§epQQﬂf%ﬂqf%% whiieht em
in which at l.east two agtﬁr S ar.e gartl overlaid and transferred on
the substraté®p ln?ﬁgpﬁgg &ttt MPRTERt e5ﬁ§8eaﬁﬁﬁpé§b@erﬁ§§§19ﬁ n- stage

type exposure aggarat us. structure and the = exposure operation of the
tw n-stage tyEeN&RpoShr 81 EESaQSPﬁ§téFel&W?cP&@e&fiﬁ&aﬁggﬁnﬂﬁathﬂ1Siéﬁéhese
Patent Appli,cation ﬁld ogeT 10- 163099 and 10-214783 correspondi ng
to United st3F&8L9PAFEH: ORos® 6‘3*32?3 8p7thig ApGexnstignsdg appd icatdon.

6, 590, 634), Published Japanese . Transl ation of PCT International
Publ i cation fof ﬁﬁfgﬁFurgpﬁP chPPoRXRBSUPB00P5H50581( O thspIAdivig t o
United States Patent No. 969, 441), and United States Patent No.

6, 208, 407, cOMteht$°Bf em?%ﬁr‘ér 8PPALBERST AleWhREheithepyiquid pool

 ¢) having the predetermined depth is formed on the stage and
- the substrate is held therein are described in detail, for
example, in Japanese Patent Application Laid-open No. 10-
303114 and United States Patent No. 5,825,043, 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.

As for the exposure apparatus EX, the present
invention is also applicable to the scanning type exposure
apparatus (scanning stepper) based on the step-and-scan
system for performing the scanning exposure for the pattern
of the mask M by synchronously moving the mask M and the
substrate P as well as the projection exposure apparatus
(stepper) based on the step-and-repeat system for
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 allowed to stand still, while successively step-moving
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reference respectively within a range of perm ssion of the donestic |aws
and ordi nances of the state designated or selected in this international
application. As for the type of the exposure apparatus EX, the present

invention is not limted to the exposure apparatus for the sem conductor
production apparatus for exposing the substrate P with the sem conductor

devi ce patteriie FRestydsedt- | Fentiesans dingentiidel yisapglsicc aipd, idadrle
exanple, to the exposure apparatus for producing the liquid crystal

di spl ay devi &€ &hef GXpPSYdGe ARt ud Spisad an wild sdep-Hiad-etidsur e
apparatus for producing, for exanple, the thin 49 filmmagnetic head, the

i mage pi ckup Syé¥icde 1pcabycht ke Legsitcltaro pratiteensasice Wagrt itald yl i near not or
is used for the substrate stage PST and/or the mask stage MST, it is

al | owabl e tooys&lany avdetohnsiHeseed onhehai isublscatkiteg P.ype based on the
use of the air bearing and those of the magnetic floating type based on
the use of the LoFfért preskotcenventhernr eacthdsoe appdicableatl of thiis-st ages
PST, MST nmay be either of the type in which the novenent is effected al ong
t he gui de or stefiet hgpguedpbesset ppeairatuki.chThe giirdetuseprod ded An
exanpl e of the use of the linear notor for the stage is disclosed in
United StatesxpPatent bdpsrabi6B83p858hantdwih-528g2l18ypeorikpaisuirel which are

i ncorporated herein by reference respectively within a range of perm ssion
of the donespperkbws and didchaneds dbrt beaspake dasigpanhedeomratent
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 respectively within a range of permission of the
domestic laws and ordinances of the state designated or
selected in this international application.

As for the type of the exposure apparatus EX, the
present invention is not limited to the exposure apparatus
for the semiconductor production apparatus for exposing the
substrate P with the semiconductor device pattern. The
present invention is also widely applicable, for example,
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
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selected in this international application. As for the driving nechanism
for each of the stages PST, MST, it is also allowable to use a plane notor
in which a magnet unit provided with two-dinensionally arranged nagnets
and an armature unit provided with two- dinmensionally arranged coils are
opposed to one_another, and each of the stages PST, MST is driven by the
el ect r omagnetild™f BRgBELLR trRg althendamest piskyrodevdficet HECDHagvéte unit and
the armature unit is connected to the stage PST, MST, and the other of the
magnet unit ARYCRE aPFatlfemaghi-t is provided on the side of the novable
surface of the 50 stage PST, MST. The reaction force, which is generated in
accordance wth PVRenndhemgianest mhéosubst naed foagehPSEubsayate stage
mechanically released to the floor (ground) by using a frane nenber so
that the reaBfloAnfldpteths meckt s&nagri MSEJ ito ishelprejpede do apk aaly
system PL. The nethod for handling the reaction force is disclosed in
detail, for oagafpl ehopa 9fphheseiPafénbtApgl itgaki baskd dnopte Nee &€
166475 (corresponding to United States Patent No. 5,528,118), contents of
whi ch are intbepaiatedahéngi anlythpekepénthewinhnatdcr dngetahgpesmiessi on of
the donestic laws and ordi nances of the state designated or selected in
this internbasetabnapbéicati ofi. thikeLoeantizon foree, owhichle irsageasarated in

accordance wth the novenent of the mask stage MST, may be
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.

As for the driving mechanism for each of the stages
PST, MST, it is also allowable to use a plane motor in
which a magnet unit provided with two-dimensionally
arranged magnets and an armature unit provided with two-
dimensionally arranged coils are opposed to one another,
and each of the stages PST, MST is driven by the
electromagnetic force. 1In this arrangement, any one of the
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
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mechanically released to the floor (ground) by using a franme nenber so
that the reaction force is not transmtted to the projection optical
system PL. The nmethod for handling the reaction force is disclosed in
detail, for exanple, in Japanese Patent Application Laid-open No. 8-
330224 (corresponding to United States Patent No. 5,874,820), contents of
whi ch are i netrpger &86®d MefTein by reference within a range of perm ssion of
the donestic laws and ordi nances of the state designated or selected in
this internati on@heapphttabnofiorAse,deddrhbed abaweatkbleiexpesut-aaappar at us
EX 51 according to the enbodi ment of the present invention is produced by
assenbl i ng twethatheusosehsyst efsthackubdkngathestagepesti vaagonstitutive

el enents as defined in clains so that the predeterm ned nmechani ca
accuracy, theeehenicatlyaceleasyd apdthberopbi-cahragaylapy asan?abntained-
In order to secure the various accuracies, those perforned before and
after the asseabtimgnboc! sidethhe agbustaBBichOForachigvihng thangptteal
accuracy for the various optical systens, the adjustnment for achieving the
nechani cal esctiacyrdPscthenvapt 0us1 Neghaakcat,, syshenketARd ERe

adj ustment for achieving the electric accuracy for the various electric
systenms. Thenst&DEn@ft1eeSesddt 0@nt PSrc¥alsodssSYos¥qt eABabRR91 heoexposure
apparatus include, for exanple, the nmechanical connection, the wiring

connection @fahpiee £l BEtFdFakéssUbd SenNtph NEc L PLAILE PADEEELORLOS gl.he

,~) 166475 (corresponding to United States Patent No.
5,528,118), 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
frame member so that the reaction force is not transmitted

to the projection optical system PL. The method for

pT—

handling the reaction force is disclosed in detail, for
example, in Japanese Patent Application Laid-open No. 8-
330224 (corresponding to United States Patent No.
5,874,820), 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.

As described above, the exposure apparatus EX
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air pressure circuits in correlation with the various subsystens. It goes
W t hout saying that the steps of assenbling the respective individual
subsystens are performed before perform ng the steps of assenbling the
vari ous subsystens into the exposure apparatus. Wen the steps of
assenbling the various subsystens into the exposure apparatus are

conpl eted, theceyaiahl tadiHst BRAbaksenkeblorRRALRs8REUR BvERE 1 %Al QUS
accuracies as the entire exposure apparatus. P is desirable that the

exposure appapahusdi byPredessdihp ahelea@laeeﬁbuﬂs Lehs &aelueﬁagpkﬁe he
tenperature and the cl eanness are managed wn in Fig. 9,

m crodevi ce §é§§e@§l§89coﬁ§ﬂl€98§9@tQieﬂéﬁtgeabsdQEQHgﬁeﬁ b¥l@§ Eogglng
for exanple, a step 201 of designing the function an per ornance of

the mcrodevigge @hét59e393e9ﬁlﬂgauﬁéﬁﬁgﬁheglaaggﬁkaégettﬁEeEIQQ%QQCon the

designing step, a step 2 of ~producing a substrate a§ a base material for

the device, 2dcufXPPSUiRAPLRCESSrILal 208.00-6XDRSI RO HRG RUASIM ke W Lh a

pattern of the mask’ by using t exposure app odi nent

descri bed ahouger 3:5150c208 Gho 355LTBLLNG 999 gl CenbL0chudicng, adi ¢ing

step, a bonding step, a pac agi ng s 2 an-i'nspettion s ep

| NDUSTRI AL ABEBLY CABLIL T Ace of 1 gL nk 60 BT £5ET 1L YRR LGBl };xgnweg' e-

suppr essi ng uni t i ch”'suppr ésses gen ion- of

l'iquid betWE55h$£$i£50&ﬁ@t6§%&éﬁﬁ'£@%u§¥§§eﬁ%r the various optical

Yy 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
air pressure circuits in correlation with the various

subsystems. It goes without saying that the steps of

assembling the respective individual subsystems are

—

performed before performing the steps of assembling the
various subsystems into the exposure apparatus. When the
steps of assembling the various subsystems into the
exposure apparatus are completed, the overall adjustment is
performed to secure the various accuracies as the entire
exposure apparatus. It is desirable that the exposure
apparatus is produced in a clean room in which, for

example, the temperature and the cleanness are managed.
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and the substrate, is provided. Accordingly, the exposure process can be
performed in the state in which no bubble is present in the liquid on the
optical path for the exposure |ight beam Therefore, it is possible to
avoid the deterioration of the pattern i mage which woul d be ot herw se
caused by the bubble. Further, it is possible to produce a device having a
hi gh pattern accufacyhosd8 ChAFNB. 2., Ahgas-irendeivigeappahatss theed for a

| i quid i mersion exposure apparatus which exposes a substrate through a
liquid in ansepticcatiupavh dbvérposer erbidghtd bgopptifsirmdng,d€gassi ng devi ce
for renoving a gas dissolved in aliquid whichis to be supplied to the
opti cal pat hex2mpThe appaept B§lacc€otdsngntiagckaemtincwieneandt k@e degassi ng
devi ce includes a heating device. 3. The apparatus according to claim1,
wher ei n the pdefassangedefi thei nétydasvacpr easytepr educobigmdavireeturdngine
apparatus according to claim1l, wherein the degassing device includes a
nenbrane degassasy (evttele)Sbadbe appanat ussagaohdi BEcp) &l siBL4povherei n
the nmenbrane degassi ng device includes a nmenbrane nenber which is

gas- per neabl grofucihe appabetuscacsesrdi pgstomgtaiint, rvbeegingbhecenerhr ane

nmenber is liquid repellent. 7. The apparatus according to claim1, wherein
the degassiagpoevieepifictsdlestap 0as4 permeapbei ABNMBRE WAbSPrate 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.
INDUSTRIAL APPLICABILITY

According to the present invention, the bubble-
suppressing unit, which suppresses the generation of the
bubble in the liquid between the projection optical system
and the substrate, is provided. Accordingly, the exposure
process can be performed .in the state in which no bubble is
present in the liquid on the optical path for the exposure
light beam. Therefore, it is possible to avoid the
deterioration of the pattern image which would be otherwise
caused by the bubble. Further, it is possible to produce a

device having a high pattern accuracy.
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passes a gas but does not pass a liquid. B. The apparatus according to
claim?7, wherein the gas-perneable nenber includes a gas-perneable
menbrane. 54 9. The apparatus according to claim7, wherein the nenbrane
is liquid repellent. 10. The apparatus according to any one of clainms 1 to
9, wherein the gas renoved by the degassing system includes nitrogen. 11.
The apparatus according to any one of clains 1 to 9, wherein the gas
renoved by the degassing system includes oxygen. 12. An exposure nethod
conpri sing: producing a degassed liquid by using the gas-renoving

appar at us defi nddAMany of clainms 1 to 9; supplying the degassed liquid to
a space between a projection optical systemand a substrate; and exposing
the substrate to ekposufe deisgienciowy s Hirer airw ectddnf @ptd chlgeyst em and

t he degassed liquid.. 13. A device manufactur]j met hod conprisjin

produci ng a dé’éﬂgl;ééces&oﬁ GAFT BY 5 &HRA g H d&%l‘?qﬂ HRTH o E?Bﬁﬁﬁgﬁe

gas- per meabl e tmewhen whilgh passes & gas: i dut é&iﬂfw Pt PSS Ae | iﬂgﬁgi
providing a substrate; supplying the degassed liquid to a space between a
proj ecti on opCiPd&K 1§y80etnd@id Stche Sapsi Fatfer aptoverposions dhessibedrate to

exposure |ight ,via {heiq which is to be supplied to the optical path.

2. The apparatus according to claim 1, wherein the

degassing device includes a heating device.

3. The apparatus according to claim 1, wherein the

degassing device includes a pressure-reducing device.

4. The apparatus according to claim 1, wherein the

degassing device includes a membrane degassing device.

3. The apparatus according to ¢laim 4, wherein the
membrane degassing device includes a membrane member which

18 gas-permeable.

6. The apparatus according to claim 4, wherein the

membrane member is liguid repellent.
7. The apparatus according to claim 1, wherein the
degassing device includes a gas-permeable member which

passes a gas but does not pass a liguid.

8. The apparatus according to claim 7, wherein the

gas-permeable member includes a gas-permeable membrane,
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projection optical systemand the degassed liquid. 55 14. The net hod
according to claim 13, wherein the gas-perneable nenber includes a

gas- pernmeabl e nenbrane. 15. The net hod according to claim 14, wherein the
menbrane is liquid repellent. 16. The method according to any one of clains
13 to 15, wherein the gas renoved by the degassing system i ncl udes
nitrogen. 17. The nethod according to any one of clains 13 to 15, wherein
t he gas renoved by the degassi ng systemincludes oxygen. 56

9. The apparatus according to claim 7, wherein the

membrane is liquid repellent.

10, The apparatus according to any one of claims 1
to 9, wherein the gas removed by the degassing system

includes nitrogen.

11, The apparatus according to any one of claims 1
to 9, wherein the gas removed by the degassing system

includes oxygen.

12. An exposure method comprising:

producingeadggassedliquidknrusingtﬂmagas~rem0ving
apparatus defined in any of claims 1 to 9;

supplying the degassed ligquid to a space between a
projection optical system and a substrate; and

exposing the substrate to exposure light through the

projection optical system and the degassed liguid.

13. A device manufacturing method comprising:

producing & degassed liquid by removing a gas in a
liquid through a gas-permeable member which passes a gas
but does not pass a liguid:

providing a substrate:;

supplying the degassed liquid to a space between a
projection optical system and the substrate; and

e¥posing the substrate to exposure light via the

projection optical system and the degassed liguid.
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14. The method according to claim 13, wherein the

gas-permeable member includes 2 gas-permeable membrane.

15, The method according to c¢laim 14, wherein the

membrane is liguid repellent.

i6. The method according to any one of claims 13 to

15, wherein the gas removed by the degassing systemincludes

nitrogen.

17. The method according to any one of claims 13 to
15, wherein the gas removed by the degassing system includes

oxygen.
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