DESCRI PTI ON EXPOSURE APPARATUS, EXPOSURE METHOD, AND METHOD FOR PRODUCI NG
DEVI CE TECHNI CAL FI ELD The present invention relates to an exposure
apparatus, an exposure nethod, and a nmethod for producing a device in which
a substrate is exposed with a pattern in a state that a liquid inmersion
area is formed between a projection optical system and the substrate.

BACKGRCQUND APT

DESCRIPTION

EXPOSURE APPARATUS, EXPOSURE METHOD, AND

METHOD IFFOR PRODUCING DEVICE
TECHNICAL FIELD

The present invention relates Lo an exposure
apparatus, an exposure method, and a method for producing a
device in which a substrate is exposed with a pattern in a
state that a liquid immersion area iz formed between a

projection optical system and the substrate.
BACKGROUND ART

femiconductor devices and liguid crystal display
devices are produced by the so-called photelithography
technigue in which a pattern formed on a mask is
transferred onto a photosensitive substrate. The exposure
apparatus, which is used in the photolithography step,
ineludes 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

demanded to realize the higher resolution of the projection



Sem conductor devices and liquid crystal display devices are produced by
the so-call ed photolithography technique in which a pattern fornmed 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
proj ection optical systemwhile successively noving the mask stage and the
substrate stage. In recent years, it is demanded to realize the higher
resol uti on ofophiecgdr @jyeckinoan opPel ctad Ryegloewd kb ohdefut tharespondcto t he
further advance of the higher integration of the device pattern. As the
exposur e wavedEngteh htighbe usedgi st shwrdferthet Heviesopat tem of Ashéhgroj ection
optical system becones higher. As the nunerical aperture of the projection
optical systeswpasurgr yevelehathekollg iuaedofist hbopref ecthonrasstivdabnsyst em
beconmes hi gher., Therefore, the exposure wavel ength, which is used for the
exposure appathtil® PreIsRbieanert yerr B tp@abecanes t kI Miirer ifGaltMEpert ure
of the projection optical systemis increased as well. The expqgsure

wavel engt h, WHF%ﬂ”F§1d6ﬁ9ﬁ5%¥?y°®§@ﬁaéF”§P§§éHP,°PE*%E&Bﬁﬁﬁﬁﬁﬁ e KrF

exci mer | aser, However, the exposure vel ength of 193 nut of the ArF

exci mer | aserl,aW‘fr’irCh%Ff §ﬁ5?f‘é$l‘?'ha‘?1f }LQ%E 3588‘5?1’?%” aﬁ’%‘blcﬁpa(?tyistéélnl y used in

sone situatiqns, Wen.t exppsure. i.s performed, the depth of f ( DOF)
is also inpor‘éﬁ?mfnﬂﬁ gggénePﬁ%%ﬁ%?xﬁs%%ﬁee¥ g% % i o lthPés%ﬁggpon R
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year, and the numerical aperture of the projection optical
system is increased as well. The exposure wavelength,
which is dominantly used at present, is 248 nm of the KrF
excimer laser. However, the exposure wavelength of 193 nm
of the Arr excimer laser, which is shorter than the above,
is also practically used in some situations. When the
exposure is performed, the depth of focus (DOF) is also
important in the same manner as the resolution. The
resolution R and the depth of focus & are represented by
the following expressions respectively.

R o= k;*A/NA cea{1)

§ = xk,*A/NA% eeo{2)

In the expressions, M represents the exposure
wavelength, NA represents the numerical aperture of the
projection optical system, and k; and k, represent the
process coefficients. According to the expressions (1) and
{(2), the following fact is appreciated. That is, when the

exposure wavelength A is shortened and the numerical



In the expressions, X represents the exposure wavel ength, NA represents the
nuneri cal aperture of the projection optical system and ki and 1(2
represent the process coefficients. According to the expressions (1) and
(2), the following fact is appreciated. That is, when the exposure

wavel ength A, is shortened and the nunerical aperture NAis increased in
order to enhance the resolution R, then the depth of focus 6 is narrowed.
If the depth of focus 6 is too narrowed, it is difficult to match the
substrate surface with respect to the inmage plane of the projection optical
system |t i sagesanesd thatist hecneaged irs dmisuf fiocieehendarting tdve latposur e
operation. Accordingly, the liquid imrersion nethod has been suggested,

whi ch is disatosadn fhe axpopl ef focdusmtierisanhaonawed®ubl i cati on No. 99/ 49504
as a nethod for substantially shortening the exposure wavel ength and

wi deni ng the dept i f0f nLOGMSLR! Bt RbSud I0Usd L bBBESE SRR RO the space
between the | ower surface of the projection optical system and the

SUbSTrate SUfAG8 chS ! Lkl RAcuh @ L A CH 33c0oLEE, Ofe AcORGAN ©

solvent to forma liquid irmersion area so that the resolution is inproved

and the dept hf ihQeHSph &nEBEIRI {hehaPRI: ibnt bERSchY spétdwi natt he fact
that the wavel ength of the exposure li'ght beamin the liquid is I/n as

conpared wi t lpddiadlad khathehai hafdis e BSeAtrS itthent efitiathdg ehd nradexsafret he

liquid, which is about 1.2 to 1.6 in ordinary cases).
operation. Accordingly, the liguid immersion method has
heen 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 liquid immersion
method, the space between the lower surface of the
projection optical system and the substrate surface is
filled with a ligquid such as water or any organic solvent
to form a liguid immersion area so that the resolution is
improved and the depth of focus is magnified about n times
by utilizing the fact that the wavelength of the exposure
light beam in the liguid is 1/n as compared with that in
the air (n represents the refractive index of the liquid,
which is about 1.2 to 1.6 in ordinary cases).

The conventional technigue as described above involves
the following problems. “The conventional technique is
effective because the liquid immersion area can be formed
between the projection optical system and the substrate

when the scanning exposure is performed while moving the

substrate in a predetermined direction. However, the



The conventional technique as descri bed above involves the foll ow ng

probl enms. The conventional technique is effective because the liquid

i mrersi on area can be forned between the projection optical systemand the
substrate when the scanni ng exposure is perforned while noving the
substrate in a predeterm ned direction. However, the conventi onal
technique is constructed such that the liquid is supplied at a position in
front of the projection area onto which the inage of the pattern of the
mask is to be projected. The conventional technique is constructed such
that the |iquidnisnaidmeddeanfilion ia onesdhicacid encal enge Wiid tike idovenment
direction of the substrate fromthe position in front of the projection
area. Furt her istfepeomentti anabsietdmi Quef iesiic @isthuecped)sucion mateat he
position (nozzle), fromwhich the liquid is supplied, is also swi tched when
t he novenent dintecthiiom dghet haagabst riate palk towint elfietih&ripask hies preedet er m ned
direction to the opposite direction. However, when the switching operation
i s perforned, PY¥heeriae sﬂbﬁl906V9$¢k94ﬁanQFHDGQ@ﬁelal?@%ﬁ#?ﬂ?ﬁQ§ sbglenl y
stopped with respect to the projection area, and the supply of the liquid

i n anot her d|¥%%ﬁ|?ﬂ?|L§q§ﬂﬁr%%dﬂ]#W%ﬁQﬁQﬂwiloﬁhénf8PPO%&¥E?W%R& #&289peen
progreSS|ver gl.ucidated. That is, robl em arises in some cases such that
the vibration {ﬁhtqﬂ§lqoa398nfs6lfﬁﬁﬁ e W&t EFPRERAET Difhd¥énon) i s

i brati on s BORRCA™ ACORE T ol RSy LR EPE sel TOLHOR roliipl o, the
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vibration is Qeherated”

supply. L ube 406 i 139231 Elends Lﬁﬁ "5ty e gt ehipratlonaf the pattern

i mge i s cause ther "al'so arlses i n other tases such that

the |iquid i mgesssion qsleazné;nojtxénprm%ﬂa}@ BL4Y; DelygAn dahe ;Br of ecti on

optical systemand the subst ate becalse o construction in mhlch t he

liquidis allpwedshatkhew WRe® ngdinctein-am Wﬁ@ci’:%x@&% tHe h@spratection
ar ea. The conventional technique as descri bed above al so i nvol ves the

foll owi ng proid emitthat Esomttiee |jraded ceaninel bereecnvered tqef ficiently in
sonme cases because the recovery unit for recovering the liquid is
construct ed syglvstihat dithectigui d Hosvaveeovehed the onbitdihimgdopesttéam si de
of the liquid allowed to flowin the nmovement direction of the substrate.

I f the |iquidaasrdoryedys etloverde subbilyi efit Ehe 1iguid figaced t hat the
liquid may remain on the substrate, and any exposure unevenness may be
caused by thé”ﬁ@ﬁﬁ#ﬁPnQUI$QﬁﬁQP]ﬂ'ﬁtPﬁBeﬁlﬂaFH BafrRAt B td€over ed

sufficiently, an inconvenience also aris for .such that the
ol i ng || EIerE OB e oy Soer PUBRITnGF PRt ih Shotheh !

direction is started. Therefore, the following fact has
been progressively elucidated. That is, a problem arises
in some cases such that the vibration of the liquid (so-
called the water hammer phenomenon) is generated between
the projection optical system and the suhstrate, and the
vibration is generated in the liquid supply unit itself
(for example, the supply tube and the nozzle). AS a
result, the deterioration of the pattern image is caused.
Further, a problem also arises in other cases such that the
liguid immersion area is not formed sufficiently between

the projection optical system and the substrate because of



parts, and any rust appears. Further, if the liquid remains and/or the
liquid is scattered, then the environnment (for exanple, the humdity), in
whi ch the substrate is placed, is varied or fluctuated. It is also feared
that any desired pattern transfer accuracy cannot be obtained, for exanple,
due to the occurrence of the change of the refractive index on the optical
path for the detecting |light beam of the optical interferoneter to be used
to measure the stage position. When the liquid is recovered fromthe
substrate by using a liquid recovery nozzle, there is such a possibility
that the vibr ahieomonstgeneiat eich iwhikhe thieqUigui@chy ey owaiat tol ksekf 14 or
exanpl e, the recovery tube and the noxzle). If the vibration is
transnmtted, Poe didaptéon twithe gsperectoonheppicidctsiyst ampat.he substrate
stage, and/or the optical nmenber of the interferometer for neasuring the
position of the subleraerventigmali terhnfeae eas tdegcniredcizbouit apadt ern

cannot be forned accuratelg on the substrate. DI SCLOSURE OF THE | NVENTI ON
involves the following problem. That is, the ligquid cannot

be recovered sufficiently in some cases because the
recovery unit for recovering the liguid is constructed such
that the liguid is recovered on only the downstream side of
the liquid allowed to flow in the movement direction of the
substrate. If the liguid cannot he recovered sufficiently,
it is feared that the liquid may remain on the substrate,
and any exposure unevenness may be caused by the remaining
liguid. If the liguid cannot be recovered sufficiently, an
inconvenience also arises, for example, such that the
remaining ligquid is scattered to surrounding mechanical
parts, and any rust appears. Further, if the liquid
remaing and/or the liguid is scattered, then the
environment (for example, the humidity), in which the
substrate is placed, is varied or fluctuated. It is also
feared that any desired pattern transfer accuracy canpot he
obtained, for example, due to the occurrence of the change
of the refractive index on the optical path for the
detecting light beam of the optical jinterferometer to be
used 1o measure the stage position.

When the liquid is recovered from the substrate by
using a liguid recovery nozzle, there is such a possibility

that the vibration is generated in the liquid recovery unit

i



The present invention has been made taking the foregoing circunstances into
consi deration, an object of which is to provide an exposure apparatus, an
exposure method, and a nethod for producing a device, in which a liquid
i mrersion area can be stably fornmed, the liquid can be satisfactorily
recovered, and the exposure process can be perforned accurately while
avoi ding, for exanple, the outflow and the scattering of the liquid to the
surroundi ngs when the exposure process is performed in a state in which the
liquid imersion area is formed between a projection optical systemand a
substrate. Andtdedd difjpectxohpihe Presentoviemyehthbonmid the mogvilge .anlt
exposure apparatus and a nethod for producing a device, in which the
exposur e process vddrapacpei s ok ebmiddificht EPY QRMPBLR, 1 fd€af f ected by the
vari ation generated during the supply or the recovery of the |iquid when
the exposure RiIEESIONSOPpEFRbrichath &het £0BS i Whi TP 48 1 PRAY %I FiY®r si on
area is formed between a Ergkection optical systemand a subs% ate.
J

In order to #BHiEPd PREPER) REt P HEEITBBETERIY 1978 E8e i i nvent i on
adopts the follaw.ng cgonsiructions correspondjng to Figs. .l to 21 as

(T Dstrated HoSdmon: Fontac AT ;?éfra@%f heki Do SR SHES RbGeral s
ffixed t A , rel | b f
exampl e, vt et Be ELEPR eI, Bl fBEBER, bbduidlfedy SHEREE Y O ht s

Accordi ng tos%b%kEgkﬁaspect of the present invention, there is provided an

exposur e appar at us I ch exposes a substrate (P) by projecting an image of

a predetermned pattern through a liquid (1) onto the substrate, the
exposure apparatus (Ex) conpri sing:
DISCLOSURE OF THE INVENTION

The present invention has been made taking the
foregoing circumstances into consideration, an object of
which is to provide an exposure apparatus, an exposure
method, and a method for producing a device, in which a
liquid immersion area can be stably formed, the liguid can
be satisfactorily recovered, and the exposure process can
be performed accurately while avoiding, for example, the
outflow and the scattering of the liquid to the
surroundings when the exposure process is performed in a
state in which the ligquid immersion area is formed between
a projection optical system and a substrate. Another
object of the present invention is to provide an exposure
apparatus and a method for producing a device, in which the
exposure process can be performed accurately without being
affected by the variation generated during the supply or

the recovery of the liguid when the exposure process 1s



a projection optical system (PL) which projects the inmage of the pattern
onto the substrate; and a liquid supply nmechanism (10, 11, 12, 13,

13A, 14, 14A) which supplies the liquid (1) onto the substrate (P)
sinmultaneously froma plurality of positions which are apart, in a
plurality of different directions, froma projection area (AM of the
projection optical system (PL) to forma liquid inmersion area (AR2) on a
part of the substrate (P) including the projection area (ARl).

According to the present invention, the liquid supply mechanism which is
provi ded to fperidineed iiguiad sitamer Shomhadieaa Sigaild anteuskiynSappd iies the
liquid at the plurality of positions which are apart, in the plurality of
di fferent dir&ectnohdgietfvesm Rherpijegeitn orpaied. (Syseem fndna asybatraltiety of
different sides of the projection area, for exanple, fromat |east two
sides of the X sid& cMer- Xoshgbicvhethey g tsand thecroed dabdvet he case
of a rectangul ar projection area). Therefore, the desired liquid inmersion
area can be fHeETIFENkedRVERELPP of @Rl ort luptioddiowd gt emmakenathiensubst r at e.
Further, when the exposure process is perforned while noving the substrate,
the liquid i MEFSSERIEI8Y E9nT'B8s al hays Yorated 1486 EREeE 0t 1y even when the
novenent direc%j%p oftLhe substrate is cngggsd, because the liquidis
suppl i ed si mifFEEEEELY - f r BRYERES pl RASET HAF SIS0 L PEFBRLC GNP UIE apart in
the plurality, of. di.rectigns, Wien | liquid is sinultangously supplied on
the both si deasiq%fxgtdhggp?f%jc‘;@%%\/%ﬁc a‘%i;egl,mq&% i"’s?l'ﬁﬁrﬁe%ég@%ﬁ? ¥o§’s&\}//vi tch the
supply positi Lhe!l ,qyi 4 Jherefore,. it 0ssi bl e j he
occurrence ofélt%kl?%fn\tilt’sbrsgt{ldgg (g% %’Egﬁﬂ%u%dwelm&]g?ﬂhgﬁn% %(%len%\rl{%ﬁgln%, and it
i s possible tQ aggytatgbyrBEQ:ecivd Ne Hatgrn i mage onto the substrate.
According to a second aspect” of the present invention, there is provided an
exposur e appar at ugc%k@hnﬁX@@S@Sfﬁ:s&ub@Ue%&eo(fP):hBy pedbectif@&mnonyage of
a predeterm ned pattern through a liquid (1) onto tﬂe substrate, the
exposur e appamatesiéEyoecbid i & ngkposure apparatus which exposes a

substrate (F) by projecting an image of a predetermined
pattern through a liquid (1) onto the substrate, the
exposure apparatus (EX) comprising:

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

a liguid supply mechanism (10, 11, 12, 13, 137, 14,
14a) which supplies the liquid (1) onto the substrate (P)
simultaneously from a plurality of positions which are
apart, in a plurality of different directions, from a
projection area (ARl) of the projection optical system (PL)
te form a liguid immersion area (AR2) on a part of the
substrate (F) including the projection area (AR1).

according to the present invention, the ligquid supply
mechanism, which is provided to form the liguid immersion

area, simultaneously supplies the liguid at the plurality



a projection optical system (FL) which projects the inmage of the pattern
onto the substrate; a liquid supply nmechanism (10, 11, 12, 13, 13A
14, 141k) which supplies the liquid (1) onto the substrate (P) to forma
l'iquid inmrersion area (AR2) on a part of the substrate (P) including a
projection area (ARl) of the projection optical system (PL); and a
| iquid recovery nechani sm (20, 21, 22, 22A) which recovers the liquid (1)
fromthe substrate (P) sinmultaneously at a plurality of positions apart
fromthe projection area (ARl) in a plurality of different directions.
Accordi ng to dhepqpriesents whvent apa,apdre | iiguitter ptovel it yredhaddfserenni ch i s
provided to recover the liquid, sinultaneously recovers the liquid at the
plurality of gpogsidttiions,afarh fhonprtdimogrioneetrron{area, ifrarhé plurality of
different directions (i.e., froma plurality of different sides of the
proj ecti on arpirFidityeRinph&f efenim siddsesdt thaopse fedt it tHeax $PHe, the -x
side, the 4-Y side, and the -Y side in the case of a rectangul ar projection
area). Accor dPFgIRie t REOM ali detdh W Bde6serédthel ¥ ablde. refore o it is
possi ble to avoid the . _ .

side, the +Y¥ side, and the -Y side in the case ©f a

rectangular projection area). Therefore, the desired

liguid immersion area can be formed between the projection

optical system and the substrate. Further, when the

exposure process is performed while moving the substrate,

the liquid immersion area can he always formed

satisfactorily even when the movement direction of the

substrate is changed, because the liquid is supplied

simultaneously from the plurality of positions which are

apart in the plurality of directions. When the liquid is

simultaneously supplied on the both sides of the projection

area, it is unnecessary to switch the supply position of

the liguid. Therefore, it is possible to avoid the

ovceurrence of the vibration of the liguid (water hammer

phenomenon), and it is possible to accurately project the

pattern image onto the subsitrate.

According to a second aspect of the present invention,

there is provided an exposure apparatus which exposes a

substrate () by projecting an image of a predetermined

pattern through a liguid (1) onto the substrate, the

exposure apparatus (EX) comprisings:

a projection optical system (PL) which projects the



occurrence of a state in which the liquid remains on the substrate, it is
possible to avoid the occurrence of any uneven exposure and the variation
of the environnent in which the substrate is placed, and it is possible to
accurately project the pattern i mage onto the substrate. Accordi ng
to a third aspect of the present invention, there is provided an exposure
appar at us whi ch exposes a substrate (P) by projecting an i mage of a
predeterm ned pattern through a liquid (1) onto the substrate, the exposure
appar atus (EX) conpri sing: a projection optical system (PL) which
proj ects the ifage of e pediteannophirothheswhidistatatie; a liquid supply
mechani sm (10, 11, 12, 13, |13A_ 14, |4A) which supplies the liquid (1) onto
the substrate (P) #o!¥8tifl #UHPdYi BerhfbBien ohl @r &d ( AR2) 1én d3partiof the
substrate (P). includjng a projection_area (ARl) of the projection optical
system (PL); AfQ) WPICH SURRidied FBEoY &9y freCharfiidifl (26, sypstyate 20N 22D,
24) whi ch recggeés the]Li uid.&l%_fron1the substrate (P) sinPLtaneously at
a plurality of°p %{Wiqnniql fEPRrsion area (ARZ) on a' part o the

substrate (P) including a projection area (ARLl) of the
projection optical system (PL); and

a liquid recovery mechanism (20, 21, 22, 22A) which
recovers the liguid (1) from the substrate (P)
simultaneously at a plurality of positions apart from the
projection area (ARl) in a plurality of different
directions.

According to the present invention, the liguid
recovery mechanism, which is provided to recover the
ligquid, simultaneously recovers the liquid at the plurality
of positions apart from the projection area in the
plurality of different directions (i:e., from a plurality
of different sides of the projection area, for example,
from at least two sides of the X side, the -X #£ide, the +Y
side, and the -Y side in the case of a rectanqular
projection area). Accordingly, the liquid can be recovered
reliably. Therefore, it is possible to avoid the
occurrence of a state in which the liguid remains on the
substrate, it is possible to avoid the occurrence of any
uneven exposure and the variation of the environment in
which the substrate is placed, and it is possible to

accurately project the pattern image onto the substrate,



the liquid recovery nmechani sm (20, 21, 22, 22A, 22D, 24) recovers the
liquid with a recovery force which differs depending on the position for
recovering the |iquid. According to the present invention, the liquid
recovery nechani sm which recovers the liquid simultaneously at_the
plurality of positions on the substrate, recovers the liquid with the
recovery force that differs depending on the position for recovering the
liquid. Accordingly, it is possible to snoothly performthe operation for
recovering the liquid. Therefore, the space between the projection optical

systemand the  sybséF@idy aan sbenfivh! sep¥éd h@nmRPRLeREhat Sn@dtiindn ,of the
liquid, and it is possible to formthe liquid imersion area in the desired

area on the suhsieai®. pforidcxaap expovbere thg freaeeyibpr egpdars tshe i quid,
which is used on the front side (downstreamside) in relation to the
novenent (scaanbagyatde rgey iton pebjtheisybst riateye o seprédeberiiarger than
the recovery force on the back side (upstreamside), it is possible to
snoot hly per f pavtehe opanath enlfignidecbyerntng thee shbguiate Alther natively, it
is possible to snoothly performthe operation for recovering the liquid as
wel |, when thexpPgjiel sricandny fBEhaeempissisash is arranged at a position
di sposed in the novenent (scanning) direction of the substrate, has the
recovery force for? tﬂf@lqct(}dio& RRFEF] sSYehsger Plnailink PERIRATY Wik ce for
the liquid of ,the |iguid recovery mechani smarranged at a position di sposed
in a directiohm?%?é¥%é€Fiﬁ@t%ﬁénnﬁ@ﬁﬁéﬁF*d?@@%??&%? According to a

Lourth aspect of L0 ALASPTL YEIRAENs 0155, TaP! DY OB, Aueaeeyre
o et 1TSSk BEE NI MBHSGad LigU ) T Bl RS d g oo
projects the {megg0fy HAGuRAL LRRE- QML IN& SHRSLT8hCa part of the
substrate (P) including a projection area (AR1l) of the
projection optical system (PL); and
a liquid recovery mechanism (20, 21, 22, 22A, 22D, 24)
which recovers the liquid (1) from the substrate (P)
simultaneously at a plurality of positions, wherein:
the liquid recovery mechanism (20, 21, 22, 22A, 22D,
24) recovers the liguid with a recovery force which differs
depending on the position for recovering the liguid.
According to the present invention, the liguid
recovery mechanism, which recovers the liguid
simultaneously at the plurality of positions on the
substrate, recovers the liquid with the recovery force that
differs depending on the position for recovering the
liguid. Accordingly, it is possible to smoothly perform
the operation for recevering the liquid. Therefore, the

space hetween the projection optical system and the

10



a liquid supply nmechanism (10, 11, 12, 13, 132% 14, 142% which supplies
the liquid (1) onto the substrate (P) to forma liquid imrersion area
(AR2) on a part of the substrate (P) including a projection area (ARl) of
the projection optical system (PL); a liquid recovery mechani sm (20,
21, 22, 22A) which recovers the liquid (1) on the substrate (P) at a liquid
recovery position apart fromthe projection area (ARl); and atrap
menber (30) which is arranged outside the liquid recovery position of the
liquid by the liquid recovery nechanism (20, 21, 22, 22A) with respect to
the projecti ofuRpenatARIgn dred Milliled Wwsthonmesbmdpy iatlkei gmbdntrap she f ace
(31) for capturing the liquid (1). According to the present

i nvention, thélfkRap, ndibelt ikhibeRsibleokeretoxm tihe Adarniiduildnerabosur f ace
having a predetermned | ength to capture the liquid, is provided outside
the liquid reB&§8ry" pdis t45iz6d erRe| PRutlee r%&i&éﬁeﬁecﬁaﬁi Sxrmeor di ngl y,
even if the liguid ﬂs unsuccessful |y recovered by the liquid recovery
mechani sm th‘é’ﬁe'i1 he"F i Y S Y EPEBRetCby it ATHS mERBER, L8NSR it is
possi ble to aypjd, occurrence of the jnconveni ence such as the
scattering angﬂ(t' hié}cg'ﬁttf oV é?of“ﬁ%‘qf%%iﬁl?%) t%r'ﬁf’ﬁ&ﬁﬂdﬁﬁg‘s.‘e Therefore, it
is possible t id t ke .t he yvariation,of the.envirqnment in
whi ch t he sub@?%ﬁ% s‘%agg’gg?” I ?Elle%co%%éslgl j?/Zthtao sB?’Sjtg%Fét he® p%‘ﬁ celc'rc’n i mge

onto the subsp&affrqlr and@SkHEArPALIEFP AGGY AW the back side
(upstream side), it is possible to smoothly perform the
operation for recovering the liguid. Alternatively, it is
possible to smoothly perform the ovperation for recovering
the liquid as well, when the liquid recovery mechanism,
which j& arranged at a position disposed in the movement
(scanning) direction of the substrate, has the recovery
force for the liquid which is larger than the recovery
force for the Jiquid of the liguid recovery mechanism
arranged at a position disposed in a direction intersecting
the movement direction.

According to a fourth aspect of the present invention,
there is provided an exposure apparatus which exposes a
substrate (P) by projecting an image of a predetermined
pattern through a liguid (1) onto the substrate, the
exposure apparatus (EX) comprising:

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

a liguid supply mechanism (10, 11, 12, 13, 133, 14,

14p) which supplies the liguid (1) onto the substrate (P)

11



According to a fifth aspect of the present invention, there is provided an
exposur e apparatus whi ch exposes a substrate (P) by projecting an inege
of a predeterm ned pattern through a liquid (1) onto the substrate, the
exposure apparatus (EX) conpri sing: a projection optical system (a)
whi ch projects the image of the pattern onto the substrate,; aliquid
supply nmechanism (10, 1], 12, 13, 13A 14, 14A) which supplies the liquid
(1) onto the substrate (P) to forma liquid imrersion area (AR2) on a part
of the substrate (P) including a projection area (AR]) of the projection
optical systemn(Rbgm @Mhiquid imAeksQoh chFRCqQuary orchamismd2he2l, 22,
22A) which recovers the liquid (1) fromthe substrate (P) at a liquid
recovery posi tiost apar t( Fr amelhdipg of eetd Grrtdneaa (ARL) AR Wherfeithe
projection optical system (PL);

a liquid recovery mechanism (20, 21, 22, 22A) which
recovers the liguid (1) on the substrate (P) at a liquid
recovery position apart from the projection area (ARl); and

a trap wember (30) which is arranged outside the
liguid recovery position of the liguid by the liguid
recovery mechanism (20, 21, 22, 22A) with respect to the
projection area (ARl) and which is formed with a liquid
trap surface (31) for capturing the liguid (1).

According to the present invention, the trap member,
which is formed with the liquid trap surface having a
predetermined length to capture the liguid, is provided
outside the liguid recovery position of the liguid recovery
mechanism. Accordingly, even if the liquid is
unsuccessfully recovered by the liguid recovery mechanism,
then the 1iqﬁid ig trapped by the trap member, and thus it
is possible to avoid the occurrence of the inconvenience
such as the scattering and the outflow of the liguid to the
surroundings. ‘Therefore, it is possible to avoid the
occurrence of the variation of the epvironment in which the
substrate is placed. It is possible to project the pattern
image onto the substrate at a desired pattern accuracy.

According to a fifth aspect of the present invention,

there is provided an exposure apparatus which exposes a

12



the liquid supply nmechanism (10, 11, 12, 13, 13A, 14, |4A) supplies the
liquid (1) between the projection area (All) and the liquid recovery
position of the liquid recovery nmechani sm (20, -21, 22, 22A).

According to the present invention, the liquid is supplied by the liquid
supply mechani sm between the projection area and the liquid recovery
position of the liquid recovery nmechanism Therefore, the liquid is
snoothly supplied to the projection area. Further, the supplied liquid can
be smoothly recovered fromthe substrate. According to a sixth aspect of

t he present iswlesttiag (Pt ber erpdept owg dad arkgex pdsar pragdbadn frerd exposi ng
a substrate (P) by projecting an i mnage of a predeterm ned pattern through a
liquid (1) onkdtidier ddlysrgdt e Fajtquéii ng! n Prw) edts snbepratal st em (PL),

t he exposure nethod conpri sing supplying the liquid (1) onto a part
of the subst r@rRC{PR |a|ﬁ’¢?lat§éFH§ aLp) of ewry Briteriea (ARL) of the projection
optical system (PL) to forma liquid imersion area (AR2), the liquid (1)

having an affinit FEPJ&CFﬂaﬂlBPEbﬁ?%cﬁy%ﬁﬁWzﬂﬁ?)(fﬁ}bﬁlBﬁﬁﬁédfhﬁh&n end of

the projection system and the afflnlty bei ng hi gher than an
i nty for il PEoEng) PeRERLRLRb TS B Rand ce:

a liquid supply mechanism (10, 11, 12, 13, 13A, 14,
14A) which supplies the liguid (1) onto the substrate (P)
to form a liguid immersion area (AR2) on a part of the
substrate (P) incliuding a projection area (AR1) of the
projection optical system (PL); and

a liguid recovery mechanism (20, 21, 22, 22A) which
recovers the liquid (1) from the substrate (P) at a liguid
recovery position apart from the projection area (AR1l),
wherein:

the liguid supply mechanism (10, 11, 12, 13, 132, 14,
14A}) supplies the liguid (1) between the projection area
(AR1) and the liqguid recovery position of the liquid
recovery mechanism (20,”21, 22, 22a).

According to the present invention, the liguid is
supplied by the liguid supply mechanism between the
projection area and the liguid recovery position of the
liquid recovery mechanism. Therefore, the liguid is
smoothly supplied to the projection area. further, the
supplied liguid can be smoothly recovered from the
substrate.

According to a sixth aspect of the present invention,

13



projecting the inage of the predeterm ned pattern onto the substrate (P)
through the liquid (1) supplied to the liquid inmersion area Accor di ng
to the present invention, the liquid can be allowed to make tight contact
with the liquid contact surface di sposed at the forward end of the
projection optical system It is possible to provide a stable |liquid

i mersion state for the optical path between the projection optical system
and the substrate. Further, it is possible to snoothly recover the |liquid
on the substrate. A met hod for producing a device according to the

present i nventhefe CONPIEES cdS bAJekPes EXPasa i AFRRT akPss {(kX)a or the
exposure net hod according to the aspect as descri bed above. According to

the present i|svesmtrawe (H) by ppogscbleg tan piegjede ft heptedetoerminesh has a
pattern formed at a satisfactory pattern accuracy and which is capabl e of
exhi biti ng depatedrpartfmmaghneeliquid (JAccooridi nget subsseyentlly aspact aof t he
present invention, there is provided an exposure apparatus whi ch exposes a
substrat e (P)pPwyigrojectopidean pydyen offla) prdderepasned paithas n t hrough a
liquid (1) onto the substrate, the exposure apparatus (EX) conprising:
comprising:
supplying the liguid (1) onto a part of the substrate
(P) including a projection area (AR1) of the projection
optical system (PL) to form a liguid immersion area (AR2),
the liguid (1) having an affinity for a liguid ceontact
surface (2a) dispoesed at an end of the projection optical
system (PL), and the affinity being higher than an affinity
for a surface of the substrate (P); and
projecting the image of the predetermined pattern onto
the substrate (P) through the liguid (1) supplied to the
ligrid immersion area ({AR2}).
According to the present invention, the liguid can be
allowed to make tight contact with the liquid contact
surface disposed at the forward end of the projection
optical system. It is possible to provide a stable liguid
immersion state for the optical path between the projection
optical system and the substrate. Further, it is possible
to smoothly recover the liguid on the substrate.
A method for producing a device according to the
present invention comprises using the exposure apparatus

(EX) or the exposure method according to the aspect as

described above. According to the present invention, it is
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a projection optical system (PL) which projects the inmage of the pattern

onto the substrate; a liquid supply nmechanism (10, 11, 12, 41, 42)
whi ch has a supply flow passage (94A, 95A, 9413, 9513) through which the
liquid (1) is supplied onto the substrate (P); and a liquid recovery

mechani sm (20, 61, 62, 63, 64, 71, 72, 73, 74) which has a recovery flow
passage (96A, 97A, 98A, 99A, 968, 9713, 988, 9913, 96T, 97T, 98T, 997)

t hrough which the supplied liquid is recovered, wherein: at | east one
of the supply flow passage and the recovery flow passage is forned in a

st acked nenbepobsikhe cin gppivirdad ithy dbvptatehenbers a( phtte2n H3Inmad e

st acked.

It

I's necessary for the liquid i mersion exposure that the

uni form |i qui dtf & o9at &5 appltyegrattd erheattauacy i ambmdiioh aseaapainbe tdie
liquid is recovered therefrom The stacked nenber, which is provided for
t he exposure @pbhlbtirg cieaied performance.

According to a seventh aspect of the present

invention, there is provided an exposure apparatus which

exposes a substrate (P) by projecting an image of a

predetermined pattern through a ligquid (1) onteo the

substrate, the exposure apparatus (EX) comprising:

a projection optical system (PL) which projects the

image of the pattern onto the substrate;

a liguid supply mechanism (10, 11, 12, 41, 42) which

has a supply flow passage (94A, 95A, 94B, 95B) through

which the liguid (1) is supplied onto the substrate (P);

and

72,

98n,

a liguid recovery mechanism (20, 61, 62, 63, 64, 71,

73, 74) which has a recovery flow passage {96A, 97a,

99A, 96B, 97B, 98B, 99B, 96T, 97T, 98T, 99T) through

which the supplied liguid is recovered, wherein:

at least one of the supply flow passage and the

recovery flow passage is formed in a stacked member in

which a plurality of plate members (91, 92, 93) are

stacked,.

It is necessary for the liquid immersion exposure that

the uniform liguid flow is supplied to the ligquid immersion
area, and the liguid is recovered therefrom. The stacked

member, which is provided for the exposure apparatus of the
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present invention, can be forned by stacking a plurality of plate nenbers
formed with the fl ow passages respectively so that the fl ow passages are
comuni cated with each other to format | east one of the supply flow
passage and the recovery fl ow passage respectively. Therefore, even when
the fl ow passage structure is conplicated, the flow passages can be forned
extrenely conpactly and easily at | ow cost. According to an eighth
aspect of the present invention, there is provided an exposure apparatus
whi ch exposes a substrate (P) by projecting an i nage of a predeterm ned
pattern throughegeht qifivknithnontant Be Sehfdd 3hye sthR i 8% POSHNE-APRF akrus

(EX) conpri sing: a projection optical system (PL) which projects the
i mge of the phttermndirtre tthemedbsitatehe aficbw passagks queshauppial ymeohani sm
(10) which supplies the liquid (1) onto the substrate (P) to forma liquid
i mrer si on ar eth§MAHhaf lawppntsafes hers ubsimatieatB)t whth vehalg atiprojtect i on
area (ARI) of the projection optical system (PL), wherein: the liquid
suppl y nmechanfe¥® (D) 425t sorarbdtie osiniiy filowevtrangopitdihsyst em (PL)
in ternms of vibration. According to the exposure apparatus concerning
the eighth aspReAVeRhdlpropaetrdh BpiRedlivaidtenThpBcEPRe 4 iHArd YE6Bpl y
nmechani sm are isolated fromeach other in terns of the vibration. That is,
even when anyt%ﬁ W pASFade structure is complicated, the flow
passages can be formed extremely compactly and easily at
low cost.
According to an eighth aspect of the present
invention, there is provided an exposure apparatus which
exposes 4 substrate (P) by projecting an image of a
predetermined pattern through a liquid {1) onto the
substrate, the exposure apparatus (EX) comprising:
a projection optical system (PL) which projects the
image of the pattern onto the substrate; and
a liguid supply mechanism (10) which supplies the
liguid (1) onto the substrate (P) to form a ligudid
immersion area (AR2) on a part of the substrate (P)
including a projection area (AR1l) of the projection optical
system (PL), wherein:
the liguid supply mechanism (10) is isolated from the
projection optical system (PL) in terms of vibration.
According to the exposure apparatus concerning the
eighth aspect, the projection optical system and the liguid

supply mechanism are isolated from each other in terms of

the vibration. That is, even when any vibration is
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generated in the liquid supply mechanism the vibration is not transmtted
to the projection optical system Therefore, it is possible to avoid the
occurrence of an inconveni ence which would be otherw se caused such that
the pattern image is deteriorated by the vibration of the projection
optical system It is possible to accurately project the pattern i mage onto
the substrate. The exposure apparatus nmay further conprise a first
support nenber (100) which supports the projection optical system (Pb), and
a second support nmenber (102) which is isolated fromthe first support
menber (100) ¢anerryesi gin \whisr ddiohd apebmly decdapgsmt s thhevikbout dbsuppl y
mechani sm (10). According to this structure, the first support nenber for
supporting t heeprigjas@mighedptrchheshstiantdse ©pEisadondssePpport nenber for
supporting the liquid supply nmechanjsmare isolated fromeach other in
terms of the VPOt Gn. TrhéFePOFRI IR iR 6He RRFRRTPRCYeNerdt ed in the
| i quid supply. mechani.sm_ is not tr itted to.the projection aptical
system Furth%ﬂ?oqﬂﬁ”l@?&ﬁpwg}cQh%%ﬁﬂigh%fﬁgﬁﬁﬁésﬁpﬁgPﬁéﬁss?%hc i€t ed
such that an jnterfer et T neasur.i ng.th osi.tiop.information about

t he substrat ep%taed:é) ilg‘ggttt %%h‘g%t?%?lflaet%d??gt %Egpﬁéhaﬁé%e?f, rT1%hgd/ or a
reference mr s Lhlxed . nE ) =k S Af t ached _t 2. barrel oj ection
optical syst é%y3te%éﬁé§hg%?%§%t?%%ﬁ' ng{% ?Lrsaﬁgrgngﬁltjg% {'(g ‘fcﬁéemlur}t%el% er onet er

and the refergnsRaw Lhar palPeref Qifye idntloS tReSsLBLE L Pe. accurately perform
t he neasurenent "of the position information about the substrate stage and

the position contmak bagesussd Afy ﬁaﬁt&i&lﬁna?f fLPEHERASHREIBI -4 Tirst
According to a ninth aspect of the present invention, there is provided an

exposur e appa@ipostwhikabeeXpbsEs whistbstibabet P hbYypps §tecidM@p i canage of

a predeterm ned pattern through a liquid (1) onto the substrate, the

exposur e appavates (Ek).compra ssewpnd support member (102) which is
isolated from the first support member (100) in terms of
vibration and which supports the liguid supply mechanism
(10). According to this structure, the first support
member for supporting the projection optical system and the
second support member for supporting the liguid supply
mechanism are isolated from each other in terms of the
vibration. Therefore, the vibration, which is generated in
the liguid supply mechanism, is not transmitted to the
projection optical system. Furthex, for example, when Lhe
expogure apparatus is constructed such that an
interferometer for measuring the position information about
the substrate stage is attached to the first support
member, and/or a reference mirror (fixed mirror) is
attached to the bharrel of the projection optical system,

then the vibration is not transmitted to the interferometer

and the reference mirror. Therefore, it is possible to
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a projection optical system (PL) which projects the inmage of the pattern
onto the substrate; and a liquid recovery nechani sm (20) which
recovers the liquid (1) supplied onto a part of the substrate (P) including
a projection area (AR).) of the projection optical system (PL), wherein:
the liquid recovery nmechanism (20) is isolated fromthe projection optical
system (PL) in terns. of vibration. According to the exposure
apparatus concerning the ninth aspect, the projection optical system and
the liquid recovery nechanismare isolated fromeach other in ternms of the
vi bration. Aceordiragtly mewefpmwheheanpayibemtritomti shgepesatish in the |iquid
recovery mechanism the vibration is not transmtted to the projection
optical systennfThpaeior eabdut jtdepsgbbbliate ¢ tage dnththeceesiwioe of an

i nconveni ence whi ch woul d be ot herw se caused such that the pattern inage
i s deteriorat B8°by°t HersaD Rt itds sF5ehe PF djhscmesfurepental system It is

possible to accuratehy project the pattern i mage onto the substrate.
According to a ninth aspect of The present invention,

there is provided an exposure apparatus which exposes a
substrate (P) by projecting an image of a predetermined
pattern through a liguid (1) onto the substrate, the
exposure apparatus (EX) comprising:

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

a liguid recovery mechanism (20) which recovers the
liquid (1) supplied onto a part of the substrate (P)
including a projection area (ARl) of the projection optical
system (PL)}, wherein:

the liquid recovery mechanism (20) is isolated from
the projection optical system (PL) in terms of vibration.

According to the exposure apparatus concerning the
ninth aspect, the projection optical system and the liguid
recovery mechanism are isolated from each other in terms of
the vibration. Accordingly, even when any vibration is
generated in the liguid recovery mechanism, the vibration
is not transmitted to the projection optical system.
Therefore, it is possible to avoid the occurrence of an
inconvenience which would be otherwise caused such that the
pattern image is deteriorated by the vibration of the

projection optical system. It is possible to accurately
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The exposure apparatus (EX) concerning the ninth aspect may further
conprise a first support nenber (100) which supports the projection optical
system (FL), and a second support nenber (102) which is isolated fromthe
first support nmenmber (100) in terns of vibration and which supports the

|l iquid recovery nechanism (20). According to this structure, the first
support nenber for supporting the projection optical systemand the second
support nenber for supporting the liquid recovery nmechani smare isol ated
fromeach other in terns of the vibration. Therefore, the vibration, which
i s generated projdet lthguipdttecovimygereahtanitdmg subsnpttéransnmtted to the
projection optical system Further, for exanple, when the exposure
apparat us i s constfhgcteegosuch apparaing ntif eooreraing otheredsdmi ng t he
position information about the substrate stage is attached to the first
support menbeFSPHdMGY ZUFEREF cPRIBPIMSY or fiMsteduaber briyeibeiat(tldéed to the
barrel of the projection optical system then the vibration is not
transnitted t@%He SURPErEEr bhetRFC IRE ke apdficpéngEshem r OiL) TRédefore, it

is possible to accurately performthe neasurenent of th osi tion
i nf or mati on éﬁ%ﬁ¥“&ﬁgPEB%Et?%Wgﬁ%t%ﬁ%zhﬁ@lFﬁe150%??%%&@%6&?Wbﬁhﬁased on the

result of th%ﬁﬁ%&?%@%ﬁ%?%'member (100) in terms of vibration and which
supports the liquid recovery mechanism (20). According Lo
this structure, the first support member for supporting the
projection optical system and the second support member for
supporting the liguid recovery mechanism are isolated from
each other in terms of the vibration. Therefore, the
vibration, which is generated in the liquid recovery
mechanism, is not transmitted to the projection aptical
system. Further, for example, when the exposure apparatus
is constructed such that an interferometer for measuring
the position information about the substrate stage is
attached to the first support member, and/or a reference
mirror (fixed mirreor) Ls attached to the barrel of the
projection optical system, then the vibration is not
transmitted to the interferometer and the reference mirror.
Therefore, it 1is possible to accurately perform the
maeasurement of the position information about the substrate
stage and the position control based on the result of the
measurement,

According to a tenth aspect of the present invention,

there is provided an exposure apparatus which successively
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According to a tenth aspect of the present invention, there is provided an
exposure apparatus which successively exposes a plurality of shot areas on
a substrate (p) by projecting an i nage of a predeterm ned pattern through a
liquid (1) onto the substrate (P), _the exposure apparatus (EX) conpri sing:
a projection optical system (PL) which projects the image of the pattern
onto the substrate; and a liquid supply nmechanism (10, 11, 12, 13,

14) which supplies the liquid froma supply port (13A, 14A) arranged
opposite to the substrate to forma liquid imersion area on a part of the

substrate inckughfgs aa BF19j10QLIYN oA SRoOf a ki PiLjaCeLbONr SV I 08 LyYyStem
wher ei n: the liquid supply nmechani sm conti nuously supplies the liquid
from the supppyopertimrdmdmagpenitos preddtadniarde)lposere PHaarEs a S
perfornmed for the plurality of shot areas on the substrate.

liquid (1) onto the substrate (P), the exposure apparatus

(EX) comprising:

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

a liguid supply mechanism (10, 11, 12, 13, 14) which
supplies the liquid from a supply port (134, 14A) arranged
oppusite to the substrate to form a liquid immersion area
on a part of the substrate including a projection area of
the projection optical system, wherein:

the liguid supply mechanism continuously supplies the
liguid from the supply port during a period in which an
exposure process is performed for the plurality of shot
areas on the substrate.

According to the exposure apparatus concerning the
tenth aspect of the present invention, the liguid is
continuously supplied from the supply port arranged at the
predetermined position irrelevant to the movement direction
of the substrate during the period in which the exposure
process 1s performed for the plurality of shot areas on the
substrate. Therefore, it is possible to avoid the
vibration of the liquid supply mechanism itself and Lhe
vibration of the liguid (water hammer phenomenan). It is

possible to accurately project the pattern image onto the

substrate.
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According to the exposure apparatus concerning the tenth aspect of the
present invention, the liquid is continuously supplied fromthe supply port
arranged at the predeterm ned position irrelevant to the novenent direction
of the substrate during the period in which the exposure process is
perfornmed for the plurality of shot areas on the substrate. Therefore, it
is possible to avoid the vibration of the liquid supply mechanismitself
and the vibration of the liquid (water hamrer phenonenon). It is possible
to accurately project the pattern i mage onto the substrate.

According to an elrventdirgspectnoklehenph eseidct miethizopretbete i s provi ded
an exposure apparatus which successively exposes a plurality of shot areas
on a substrat @ny@)t hyn pridjeact iingpanvi.dedeanfepqeuedetppat agds patier n
through a liquid (1) onto the substrate, the exposure apparatus (EX)

conpri sing: Suceess BidjYe@ripodesphi phrsystemi RhptwAkehs ppwject s the i mage
of the pattern onto the substrate; a liquid supply nmechanism (10, 11,
12, 13, 14) whiRF&ESHI(Fes byherrigat éng raim masgp gity apbr ed e neh)
arranged at %Wgregeternine eosltion to forma_ liquid i mersion area on a
part of the sUbStFdt &PRCEHdPNGIEY B of L1975 4fEasBPERaDr oii&ti on opti ca
system and e %é %%yid éecoygry mechanism (20, 21, 22) which has a
recovery port (TR APPRAGREYE o B! SHPBYEF 9t he substrate and which

recovers the liquigd p§flt588!cit§gnf 58&&‘&}? Elj;sq;ueimd (%E-RpLuXJggchac?ﬁgc s Wherein:
image of the pattern onto the substrate;

a liquid supply mechanism (10, 11, 12, 13, 14) which
supplies the liquid from a supply port (13A, 14A) arranged
at a predetermined position to form a liquid immersion area
on a part of the substrate including a projection avea of
the projection optical system: and

a liguid recovery mechanism (20, 21, 22) which has a
recovery port (22A) arranged to be opposed to the substrate
and which recovers the liguid supplied from the liguid
gsupply mechanism, wherein:

the liguid recovery mechanism continuously recovers
the liquid through the recovery port during a period in
which an exposure process is performed for the plurality of
shot areas on the substrate.

According to the exposure apparatus concerning the
eleventh aspect of the present invention, the liquid is
continuously recovered through the recovery port irralevant
to the movement direction of the substrate during the

period in which the exposure process is performed for the
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the liquid recovery nmechani smcontinuously recovers the liquid through the
recovery port during a period in which an exposure process is perfornmed for
the plurality of shot areas on the substrate. According to the
exposure apparatus concerning the el eventh aspect of the present invention,
the liquid is continuously recovered through the recovery port irrel evant
to the novenent direction of the substrate during the period in which the
exposure process is performed for the plurality of shot areas on the
substrate. Accordingly, it is possible to recover the liquid nore reliably.
It is possibl @1tpaBUBPIASSHoe aYbhE abh Oth®fs e risi@ui dasesayergl yrechani sm
itself caused upon the start and the stop of the recovery. It is possible

t o accur at el yiprppetibitchacpatterari thgel oniial ogesubslallye. It is A nmethod
for producing a device according to the present invention conprises using

t he exposure pppatlaiaiso EXpraecor thagv tlordtiensfetheatigest ridgyedegyove.
According to the present invention, it is possible to provide the device
whi ch has a paetlamisodiselit caused i sifartidry spartepnd atharstep &fdtWaich is
capabl e of exhibiting desired perfornmance. According to the present

i nvention, thESRPONUr e Ifir d8eBSSEHA D pATHTREG L HCRIF 2ET I @R UWEER t he
exposure process is perforned in the state in which the liquid i mersion
area is formed"¥#t &R tHE BRBFBERY DN optical system and the substrate.

A method for producing a device according to the
present invention comprises using the exposure apparatus
{EX) according to the aspect as described above. According
to the present invention, it is possible to provide the
device which has a pattern formed at a satisfactory pattern
accuracy and which is capable of exhibiting desired
performance.

According to the present invention, the exposure
process can be performed accurately even when the exposure
process is performed in the state in which the liquid
immersion area is formed between the projection optical

system and the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

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

Pig. 2 shows a plan view illustrating a schematic

arrangement of a liguid supply mechanism and a liguid
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BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows a schematic arrangenent
illustrating an enbodi nent of an exposure apparatus of the present

i nventi on. Fig. 2 shows a plan viewillustrating a schenmatic
arrangenent of a liquid supply nmechanismand a liquid recovery mechani sm
as characteristic features of the present invention. Fig. 3 shows a
perspective view illustrating a schematic arrangenent of the liquid supply
mechani sm and the liquid recovery nmechani smas the characteristic features

of the present invention.
recovery mechanism as characteristic features of the
present invention.

Fig. 3 shows a perspective view illustrating a
schematic arrangement of the liguid supply mechanism and
the liguid recovery mechanism as the characteristic
features of the present invention.

Fig. 4 shows a side sectional view illustrating a
schematic arrangement of the liguid supply mechanism and
the liquid recovery mechanism as the characteristic
features of the present invention.

Fig. 5 shows shot arcas established on a substrate.

Figs. 6(a) and 6(b) schematically show the behavior of
the liquid.

Fig. 7 shows another embodiment of a liquid supply
mechanism and a ligquid supply mechanism.

Fig. 8 shows still another embodiment of a liguid
supply mechanism and a liguid supply mechanism.

Fig. 2 shows still another embodiment of a liguid
supply mechanism and a liguid supply mechanism.

Figs. 10(a) and 10(b) show still another embodiment of
a liquid supply mechanism.

Fig. 11 shows a side sectional view illustrating
another embhodiment of a trap member.

Fig. 12 shows a side sectional view illustrating still
another embodiment of a trap member.

Fig. 13 shows a side sectional view illustrating still
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Fig. 4 shows a side sectional view illustrating a schematic arrangenent of
the liquid supply nmechanismand the liquid recovery nmechanismas the

characteristic features of the present invention. Fig. 5 shows shot
areas established on a substrate. Figs. 6(a) and 6(b) schematically show_
t he behavior of the |iquid. Fig. 7 shows another enbodi nent of a

| iquid supply nmechanismand a |iquid supply nmechani sm Fig. 8 shows
still another enbodiment of a liquid supply mechanismand a |iquid supply
mechani sm Fig. 9 shows still another enbodinent of a |iquid supply
mechani sm andarsotdHequicthbedpplbyt et hanirsfm member Figs. 10(a) and 10(b) show
still another enbodinent of a liquid supply nechani sm

Fig. 14 shows a schematic perspective view
illustrating still another embodiment of a liguid supply
mechanism and a liquid recovery mechanism according to the
present invention.

Fig. 15 shows another embodiment of a slit tube
section as jllustrated in Fig. 14.

Fig. 16 shows a schematic perspective view
illustrating still another embodiment of a liquid supply
mechanism and a liquid recovery mechanism according to the
present Iinvention.

Fig. 17 shows a perspective view illustrating a first
member of a flow passage-forming member.

Figs. 18(a) and 18(b) show perspective views
illustrating a second member of the flow passage~forming
member .

Figs. 19¢(a) and 19(b) show perspective views
illustrating a third member of the flow passage-forming
member.

Fig. 20 shows a schematic arrangement illustrating
another embodiment of an exposure apparatus according to
the present invention.

Fig. 21 shows a flow chart illustrating exemplary

steps of producing a semiconductor device.

BEST MODE FOR CARRYING OUT THE INVENTION
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11 shows a side sectional viewillustrating another enbodi nent of a
trap nenber. Fig. 12 shows a side sectional viewillustrating stil
anot her enbodi nent of a trap nmenber. Fig. 13 shows a side sectional view
illustrating still another enbodiment of a trap nenber. Fig. 14
shows a schematic perspective view illustrating still another enbodi nent of
a 'liquid supply nechanismand a liquid recovery nechani smaccording to the

present invention.

Fi g.

An explanation will be made below about the exposure
apparatus according to the present invention with reference
to the drawings. TFig. ] shows a schematic arrangement
illustrating an embodiment of the exposure apparatus of the
present invention. With reference to Fig. 1, an exposure
apparatus EX includes a mask stage MST which supports a
mask M, a substrate stage PST which supports a substrate P,
an illumination optical system IL which illuminates, with
an exposure light beam EL, the mask M supported by the mask
stage MST, a projection optical system PL which performs
projection exposure for the substrate P supported by the
substrate stage PST with an image of a pattern of the mask
M illuminated with the exposure 1ight beam EL, and a
control unit CONT which collectively controls the overall
operation of the exposure apparatus EX.

The exposure apparatus EX of this embodiment is a
liquid immersion exposure apparatus to which the liquid
immersion method is applied in erder that the exposure
wavelength is substantially shortened to improve the
resolution and the depth of focus is substantially widened.
The exposure apparatus EX includes a liquid supply
mechanism 10 which supplies the liquid 1 onto the substrate.
P, and a liguid recovery mechanism 20 which recovers the
liguid 1 from the substrate P. The exposure apparatus EX

forms a liquid immersion area AR2 on a part of the

N
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Fig. 15 shows anot her enbodiment of a slit tube section as illustrated in

Fig. 14. Fig. 16 shows a schematic perspective view illustrating stil
anot her enbodi nent of a liquid supply nmechanismand a |iquid recovery
mechani sm according to the present invention. Fig. 17 shows a
perspective view illustrating a first nmenber of a flow passage-form ng
nmenber . 18(a) and 18(b) show perspective views illustrating a
second nenber of the fl ow passage-form ng nenber. Figs. 19(a) and
19(b) show perspective views illustrating a third nmenber of the flow

passage- f or m aghaerdey .r inclufify 200 S idrSaReRBRRE & rargenent

iI'lustrating another enbodi ment of an exposure apparatus according to the

present | nvenpraojfection optical system PL by the liquid 1 supplied from
the ligquid supply mechanism 10 at least during the period
in which the pattern image of the mask M is transferred
onto the substrate P. Specifically, the exposure apparatus
EX is operated as follows. That is, the space between the
surtface of the substrate P and the optical element 2
disposed at the end portion of the projection optical
system PL is filled with the liguid 1. The pattern image
of the mask M is projected onte the substrate P to expose
the substrate P therewith via the projection optical system
PL and through the liguid 1 disposed between the projection
optical system PL and the substrate F.

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 is exposed”with the pattern formed on the mask
M while synchreonously moving the mask M and the substrate p
in mutually different directions (opposite directions) in
the scanning directions. 1In the fellowing explanation, the
7 axis direction is the direction which is coincident with
the optical axis AX of the projection optical system PL,
the X axis direction is the synchronous movement direction
(scanning direction) for the mask M and the substrate P in

the plane perpendicular to the Z axis direction, and the Y

26



Fig. 21 shows a flow chart illustrating exenplary steps of producing a

sem conduct or devi ce. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON An
explanation will be made bel ow about the exposure apparatus according to
the present invention with reference to the drawings. Fig. 1 shows a
schematic arrangenent illustrating an enbodi nent of the exposure apparatus
of the present invention. Wth reference to Fig. 1, an exposure apparatus
EX includes a mask stage MST which supports a nask M a substrate stage PST
whi ch supports a substrate P, an illum nation optical systemIL which
illum nates, wkih divexpesurie khghtibeatidml, ( dAdie. seaskiMysappest gthiby t he
mask stage MST, a projection optical system PL which perforns projection
exposure for Phereubstvlare tR $bppbraets byitdm isubshndatBest agei £ST with an
image of a pattern of the mask N illumnated with the exposure |ight beam
EL, and a conf&fctifin. CEHNE @ArentEens cthdwe|yhecdnerdks the Hvatid )l
operation of the exposure apparatus EX The exposure apparatus EX of
thi s enbodi neind ishea 4 iagdisdarsmiesiom exposurs  appar atdiz eineicchonhde
liquid imersion method is applied in order that the exposure wavelength is
subst anti al | yretmrdtaivedyt.o Thpr bven t henbsasoltdi arfanded heo deptdirof focus is
substantially wi dened. The exposure apparatus EX includes a liquid supply
mechani sm 10 Wilctdesugpbrésathe ohrpinkd mnhtreatiogsabsenst@diRtand a
liquid recovery mechani sm 20 which recovers the liquid 1 fromthe substrate
P. The exposW&EepFArafG8 Bk o nehatanafiist iasmer Bhohoseeai WR2E on a part of

t he . . :
material, 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 opn the mask stage MST, is
illuminated with the exposure light beam BL. 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 come fréﬁ the optical
integrator, a relay lens system, and a variable field
diaphragm which sets the illumination area on the mask M
illuminated with the exposare light beam EL to be slit-
shaped. The predetermined illumination area on the mask M
is illuminated with the exposure light beam EL having a
uniform illuminance distribution by the illumination
optical system IL. Those usable as the exposure light beam

EL radiated from the illumination optical system IL
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substrate P including a projection area ARl of the projection optical
systemPL by the liquid | supplied fromthe liquid supply nechani sm 10 at
| east during the period in which the pattern inage of the mask Mis
transferred onto the substrate P. Specifically, the exposure apparatus EX
is operated as follows. That is, the space between the surface of the
substrate P and the optical elenent 2 disposed at the end portion of the
projection optical systemPL is filled with the liquid |I. The pattern inmge
of the mask Mis projected onto the substrate P to expose the substrate P
therew th vi aindeidm,ojiect eanmppei cahisyisirerhiPesand-tay ougirayhe ikrqudd 1
di sposed between the projection optical systemPL and the substrate P.
The enbodi nenin dibe wd tpeagehet| Aeghen o ddatiednoRobec ey & nddods a
exenplified by a case of the use of the scanning type exposure apparatus
(so-cal | ed sdﬁﬁﬁﬂﬁg'éﬁ@ﬁpeﬁ?ra§1ﬁﬁﬁv%%bﬁé&ﬁ@hﬁpga?%%u@“ﬁklﬁﬁ“ﬁhpéﬁmﬁhe
substrate P is exposed with the pattern fornmed on the mask M whil e

synchr onous| y*HoVid¥g "'Re* rask* FAEHd +afi8<s BESTY AYRVEL 19t ¢4 P™di f f er ent
ol | owi ng_ exgian3EroNT FRErs” Stet ol 1alth FoATFS (WD, L4 Lo dtBReanPERN <

coi nci dent wi L the 0Bt hgal,2xi 5. AX ofc the B0} ection antiGal aystem PL,
the X axis directionis %ﬁé synd%rbnoué ngveneh'nﬁlrbc roﬁm(sggnnln%

direction) 1o, LhSermsial ARG HanotHESIER M F | 1 RE18! BRBoRERARNT! cular to

the Z axis direction, and t XxI's direction’is the direction

(non-scanni ng: 1 et beRIneer Pendl ald Al ;oykhg, Z axis direction and the y
axis direction. The directions about the X axis, the Y axis, and the Z axis

are designated asT@s, m&dk ShOMl ReHoEVS tRSPRIR V&l Y ThEhRakRr M
"substrate" referred to herein includes substrates obtained by coating a

sem conduct orstwakeMsBuLé aoesvd iners iphatldyerd8ibbs i et plansi tive
material, and the term"mask" includes a reticle formed with a device
pattern to beegspbpdttebhr ot Hea egudiciadnapis| BXtoDtenpgojhetsabst r at e.
The illumnation optical systemIL is used so that the mask M which is
supported on%PhéCAhsKY Sty VBT, - 59 it Ghe %Y eplaiia h anide iExpsshirecly ght
beam EL. The illum nation optical systemlIL includes, for exanple, an
exposure |ighptababte, imrthsptiidc dirientégn at SWhanvicetk wtiefior W2esst he
illum nance of the light flux radiated fromthe exposure |ight source, a
condenser | edsivigndhy colnasdt s talge-dxpysag eunitgMeTiesmcBL agoael fnom t he
opti cal

motor. The mask stage~driving unit MSTP is controlled by

the control unit CONT. A movement mirror 50 is provided on

the mask stage MST. A laser interferometer 51 is provided

at a position opposed to the movement mirror 50. 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 the laser interferometer 51, The result of

the measurement is outputted to the control unit CONT. The

coptrol unit CONT drives the mask stage-~driving unit MSTD

on the basis of the result of the measurement obtained by

the laser interferometer 51 to thereby position the mask M

supported op the mask stage MST.
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integrator, a relay lens system and a variable field diaphragm which sets
the illumnation area on the mask millum nated with the exposure |ight
beam EL to be slit-shaped. The predetermned illum nation area on the mask
Mis illumnated with the exposure |ight beam EL having a uniform
illum nance distribution by the illum nation optical systemIL. Those
usabl e as the exposure |light beam EL radiated fromthe illum nation optical
system I L i nclude, for exanple, emssion lines (g-ray, h-ray, i-ray) in
the ultraviolet region radiated, for exanple, froma nmercury |anp, far
ultraviolet |ight Beapgo@ettion| eghicheamiteagudn asothetKrthexgittern| aser
beam (wavel ength: 248 nm, and vacuumultraviolet |ight beans (VIN |ight
beans) such a@"tHE NeFkeNcPREP TREeFulfamtEndy dteagrhiedebarmiedand t he F2
| aser beam (wavel ength: 157 nm. In this enbodi nent, the ArF exciner |aser
beam i s used.prejectiiee magkificgeidbT supperifermheéheaskpdsurFhe hgk st age
MST is two-di nensionally novable in the plane perpendicular to the optical
axi s Ax of therquegjtéoni optopsl caystsystamilcludes. a phuthakitky g ane, and it
is finely rotatable in the OZ direction. The mask stage MST is driven by a
mask st age- drantiigglusil emaBr® sueludisia Uhenept imelorl et nelsksgt dge- dri vi ng
unit MSTD is controlled by the control unit CONT. A novenent mrror 50 is
provi ded on tRFEViHEER §Fa§geNEH@ Fonthsdy gmtsef epdfreefrtizy swWhrdkiedB8d at a
position opposed to,thﬁ n?venent mrror 50. The posjtion in the ,
t wo- di mensi ondl® GPFEERT ofil SPER th Hh JUEPSL tedt BY i BnbdFr¢he KrasK "M%t he
mask stage MS].are neasured in real-tine b he | aser_jnterferometer 51
The result ofe“ﬁ?ngﬁﬁgUr RRdr ey oﬁ’utotpéfd%{"‘g ?Hﬁeﬁ%n}fff ot BASRYCERT. The
control unit ?CNT géiyes the mask sta e-driving unit MSTA on the bagis of
the result of**h&*HBESEPRNBHICSHI GO (St RECTSSELOD MiFHIEGHLER B1 to
t hereby positigon the mask M supported on the mask stage MST. )

which 1s, for example, 1/4 or 1/5. The projection optical

system PIL. may be any one of the lx magnification system and
the magnifying system. 'The optical element 2, which is
disposed at the end portion of the projection optical
system PL of this ewmbodiment, is provided detachably
(exchangeably) with respect to the barrel PK. The liguid 1
in the liguid immersion area ARZ makes contact with the
optical element 2.

The optical element 2 is formed of fluorite. Fluorite
has a high affinity for water. Therefore, the liquid 1 is
successfully allowed to make tight contact with
substantially the entire surface of the liguid contact
surface 2a of the optical element 2. fThat is, in this
embodiment, the liquid (water) 1, which has the high
affinity for the liquid contact surface 2a of the optical
element 2, is supplied. Therefore, the highly tight

contact is effected between the liguid 1 and the ligquid
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The projection optical systemPL projects the pattern on the nmask Monto
the substrate P at a predeterm ned projection magnification p to perform
t he exposure. The projection optical systemFL includes a plurality of
optical elenments including the optical element (lens) 2 provided at the end
portion on the side of the substrate P. The optical elenments are supported
by a barrel PK In this enbodinent, the projection optical systemPL is
based on the reduction system having the projection magnification p which
is, for exanple, 114 or 1/5. The projection optical system PL nay be any
one of the | xcongadtinaiize dustem asdghieatagliefighngz sy stiemopkheadpt i cal
el emrent 2, which is disposed at the end portion of the projection optical
system PL of phtb estbogineite opsipabvedewrdettaehdbt e (exehtarigealdl ganwi t h
respect to the barrel PR The liquid 1 in the liquid imersion area AR2
makes cont act bai téil tdid woftiildel eiewehe Ziquid 1.ThEhepepicltaleleds@gnt2 is
formed of fluorite. Fluorite has a high affinity for water. Therefore, the
liquid 1 is sécrwsdialformgd é\ﬁeﬂﬂ%%t'ﬁg@-lﬂggﬁt héght atfiddtoh UbsREREal |y
the entire surface of the |iquid contact surface ,2a of the optical elenent
2. That is, ih Yahr-afdsackdne, (AHPtilge @ d&eREf -4ttt Nas the high
affinity for the liquid contact surface 2a of the optical el nt. 2, is
suppl i ed. The?%ﬁ%ﬁﬂékﬁI%@yhg&h?§pfFa£ﬁ*%5%Fagﬁqpége? @ﬁﬁ%ﬁiﬁﬂﬁg%§ n*fhe
liquid 1 and é%“%ﬂé(gﬂﬂical element 2 to further enhance the affinity

for the liguid 1.

The substrate stage PST supports the substrate P. The
substrate stage PST includes a 2 stage 52 which holds the
substrate P by the aid of a substrate holder, an XY stage
53 which supports the 2 stage 52, and a base 54 which
supports the XY stage 53. The substrate stage PST is
driven by a substrate stage-driving unit PSTD such as a
linear motor. The substrate stage-driving unit PSTD is
controlled by the control unit CONT. When the %2 stage 52
is driven, the substrate P, which is held on the Z stage
52, is subjected to the control of the position (focus

position) in the Z axis direction and the positions in the
éx and BY directions. When the XY stage 53 is driven, the
substrate P is subjected to the control of the position in
the XY directions (pesition in the directions substantially
parallel to the image plane of the projection optical
gystem PL). 'That is, the Z stage 52 controls the focus
position and the angle of inclination of the substrate P go

that the surface of the substrate P is adjusted to match
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contact surface 2a of the optical element 2. The optical path between the
optical elenent 2 and the substrate P can be reliably filled with the
liquid 1. The optical elenment 2 may be forned of quartz having a high
affinity for water. A water-attracting (lyophilic or liquid-attracting)
treatment may be applied to the liquid contact surface 2a of the optical
element 2 to further enhance the affinity for the liquid 1. The
substrate stage PST supports the substrate P. The substrate stage PST
includes a Z stage 52 which holds the substrate P by the aid of a substrate

hol der, an XYthéapead3 pieh cFURper g,gogaetzmstc%gqcéa, s9Btef BASH 34ahi ch
supports the XI stage 53. The substrate stage PST is driven by a substrate
st age- dri vi ngautd+f RSED sucierasnd Lhaeatsolorel fHaenavhet [ atenstyage- dri vi ng
unit PSTD is controlled by the control unit CONT. Wien the Z stage 52 is
driven, the stb3d% dt® fRsiwkiools ithehehidsoretde® Zrsthgex58xid sdttdjteetred to
the control of the position (focus position) in the 3 axis direction and

t he positions?ith e YOR®dfdddvedr iest i obs.gagsewitheuXYsay hue 8%t Shdr i ven,
the substrate P is subjected to the control of the position in the X

di rections (positi%h & the dYreteapnsry i tasrviideiyapatnl inteatiade i mage
pl ane of thelfrgjection optical systemPL). That is, the Z stage 52
control s the f6tUs position and the angle of inclination of the substrate p

so that the surfage of the substrate P is adjusted to match the inage
pl ane of the projg%ﬂﬁgﬁkggfi%érr%§sf%ﬂnWﬂf%ﬁ1lPhQOXﬂPB@f%Rﬂﬁ?qﬁ&hﬂﬁﬁhand t he

auto- | evel | namABL. 0 XYagtage: 93 A0S A0S Lhe RUOSIIALE Bl n the X

axis direction and the Y axis”direction.

stage and thepX¥cahiaggsBy PE, PIOVEARA AR 30 tRLeOIRL &L O Dhage poT
{z stage 52). A laser interferometer 56 is provided at a
position opposed to the movement mirror 55. The angle of
rotat.ion 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 56. The result of
the measurement is outputted to the control unit CONT. The
control unit CONT drives the substrate stage-driving unit
PSTD on the basis of the result of the measurement of the
laser interferometer 56 to thereby position the substrate P
supported on the substrate stage PST.

An auxiliary plate 57 is provided on the substrate
stage PST (Z stage 52) so that the substrate P is
surrounded thereby. The auxiliary plate 57 has a flat
surface which has approximately the same height as that of
the surface of the substrate P held by the substrate
holder. 1In this arrangement, a gap of about 0.1 to 2 mm is

provided hetween the auxiliary plate 57 and the edge of the

31



A nmovenent mrror 55, which is novable together with the substrate stage
PST with respect to the projection Optical systemPL, is provided on the
substrate stage PST (2 stage 52). A laser interferometer 56 is provided at
a position opposed to the novenent mrror 55. The angle of rotation and the
position in the two-di nensional direction of the substrate P on the
substrate stage PST are neasured in real-tinme by the |aser interferoneter
56. The result of the measurenment is outputted to the control unit CONT

The control unit CONT drives the substrate stage-driving unit PSTD on the
basi s of the dasitliacel pt hensrasir endirt 19hutihel | asefcd it enbesorptert®® to

t hereby position the substrate P supported on the substrate stage PST.

An auxiliary qdmpteering te previgehaen tiche isubstrate Nicagel PST flest age 52)
so that the substrate P is surrounded thereby. The auxiliary plate 57 has
a flat surfacgexhithle Rasiappy oxdi nateelyirt-hafsaeet ivel glitgeaeft hhe of the
surface of the substrate P held by the substrate holder. In this
arrangenent , sabgagast Abbsitswhiedated tonths prpvtwed Béxewdénuifel aeddt | iary
plate 57 and the edge of the substrate P. However, the liquid 1 scarcely
flows into tﬁéfg&ﬁaéﬁﬁﬁg“méﬁﬁtﬁ?@s@ﬁpa€§tﬂ@ﬁsPBHIQﬁ1tﬁﬂ?tPqudei.t%%en when
the vicinity of the circunferential edge of the substrate P is subjected to
the exposure2ihef| thgi avil g @tréfarded under the projection optical
system PL by the ajd of the auxiliar late 57. .. The liquid supply
nmechani sm 10 supp&kgs?f%%l r éﬁ@fﬁﬁﬁ@ nF?ﬂu?ﬁ ﬁPQﬁﬁﬁ?stﬁE@substrate P. The
i quid suppl S includes .a first liguid suppl ni and a
second |i qui &’%ﬁ%ggg’l“b{iﬁ%oﬁ% gh%(g?g yé%a%‘ll%s olfadcseuE’El y?fﬂé Hﬁ%‘}ﬁ quid 1, a

first suppl ysﬂ%ggﬁ;xn%g%%ﬂlﬁ 1ihoS iheangeted ko 409 {415t s\lﬂhﬁgk (FHPPIY unit

11 through a's aving a tlow passage and as a supply

port 13A fPra%Hp9|¥E£GMd(¥Edhiih%u§BQ§tﬁﬁi@ P2 e i@l dapabed dFomthe
first liquid supply unit 11, and a second supply nmenber 14 which is

connected tosuppigesgnehd igujudasupphy tipst PNy algibed SBPPhych ube 12A
having a fl ow passage and which has a supply port 14A for supplying, onto

t he substrat ecppethed| tquilk Fifred fidiqmidheuseoonchilti qai dhsopphyaunit 12.
The first and second supply nenbers 13, 14 are arranged closely to the
surface of thkepplpstule &I havdngheyfape prosdgiednst wposht hansawhich are
different fromeach other, in the surface direction of the substrate P.
Speci fi cal | ySuphby fpost Sidpgloy RBEDEYING, oPnthdls ubatsappl §r ndthani sm 10

is provided on one side (-x side) in the scanning _direc¢tion mﬁtg respect to
t he projecti&hqé%%a? fed from the first liguid supply unit 11, and a

second supply member 14 which is c¢onnected to the second
liguid supply unit 12 through a supply tube 12A having a
flow passage and which has a supply port 14A for supplying,
onto the substrate P, the liquid 1 fed from the seconad
liguid supply unit 12. The first and second supply members
13, 14 are arranged closely to the surface of the substrate
P, and they are provided at positions which are different
from each othey in the surface direction of the substrate
P. Specifically, the first supply member 13 of the liquid
supply mechanism 10 is provided on one sjide (-X side) in

the gcanning direction with respect to the projection area
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ARl , and the second supply nmenber 14 is provided on the other side (+X

si de). Each of the first and second liquid supply units 11, 12

i ncl udes, for exanple, a tank for acconmobdating the liquid 1, a
pressurizing punp, and the |like. The first and second liquid supply units
11, 12 supply the liquid I onto the substrate P through the supply tubes
11A, 12A and the supply nenbers 13, 14 respectively. The operation of the
first and second liquid supply units 11, 12 for supplying the liquid is
controlled by the control unit CONT. The control unit CONT is capabl e of

control l'ing thel| g threUpREYNATBEPE Sy PREMBEY t 4t 18R L,EB} PaddiSUllRi rate P by
the first and second liquid supply units 11, 12 independently respectively.

In this enbodbuent ,sipler @ +wakedehs Used for the liquid 1. Those capabl e of
being transmtted through pure water include the ArF excimer |aser beam as
wel | as the em ssiftazh iofetfig- £ayst hanidiysedonday)iquiidt Seppd § neniwd ati,regi on
radi ated, for example, froma nercury lanp and the far ultraviolet |ight
beam (DUV | i gt Isdndesuclioasexieple F exankeforasecoleam tivay ellengt h: 248
nm . The |iquid recovery mechani sm 20 recovers the liquid 1 fromthe
surface of th’el%{}g]stlrra?eppﬁsmwiltfuiEdHTrEBC@W’ér thechard sm2e: iMglsidesda
recovery nenber 22 which has a recovery port 22A arranged closely to the

surface of tHESstrgREdPSURRYY dihitduild r d2oFBPRIYINFRE igiHidcH jogto
the substrate P through the supply tubes 11A, 12A and the

supply members 13, 14 respectively. The operaticn of the
first and second liguid supply units 11, 12 for supplying
the liguid is controlled by the conptrel unit CONT. The
control unit CONT is capable cf contrelling the liguid
supply amounts per unit time onto the substrate P by the
first and second ligquid supply units 11, 12 independently
respectively.

In this embodiment, pure water is uged for the liguid
1. Those capable of being transmitted through pure water
include the AxF excimer laser beam as well as the emissjion
line (g-ray, h-ray, i-ray) in the ultraviolet region
radiated, for example, from a mercury lamp and the far
ultraviolet light beam (DUV light beam) such as the KrF
excimer laser beam (wavelength: 248 nm).

The liquid recovery mechanism 20 recovers the liquid 1
from the surface of the substrate P. The liguid recovery
mechanism 20 includes a recovery member 22 which has a
recovery port 22A arranged closely to the surface of the

substrate P, and a liguid recovery unit 21 which is
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connected to the recovery nenber 22 through a recovery tube 21A having a

fl ow passage. The liquid recovery unit 21 includes, for exanple, a sucking
unit such as a vacuum punp, a tank for accomopbdating the recovered liquid
I, and the like. The liquid recovery unit 21 recovers the liquid 1 fromthe
surface of the substrate P via the recovery nenber 22 and the recovery tube
21 A. The operation of the liquid recovery unit 21 for recovering the liquid
is controlled by the control unit CONT. The control unit CONT is capabl e of
controlling the liquid recovery anmount per unit tinme by the liquid recovery
unit 21. cofnkl88d Mehefe 3QcotirGhnbfndorned Mculynaal Fashe Ay agpeur f ace
31 having a predeterm ned length to capture the liquid I, is arranged

outsi de the recaverayimperberl 22 pafsstibe. | | T di IgCeV ey oreeh am 5m20.

Fig. 2 shows a plan view illustrating a schematic arrangenent of the liquid
supply mechaniismlt@eandidhexamgplied resovieinyg mechasusim 26, a avakvking. 3 shows
a perspective viewwith partially broken illustration. As shown in Fig. 2,

t he projecti opuipead ARMoffarh@cgraiedst omy ditd galcoygstdnd Ruid ldegingned to
have a rectangul ar shape in which the Y axis direction (non-scanning
direction) isthRelilhgi tihd Adlaudpr seepvery T Y i2duir8SPiees stivh ldmeddar?. |
which is filled with the Ii%uid 1, is formed on a part of the substrate P
so that the pfofedtitdit Sugd kRl Of sthSVERF 1€ EbyiaThRE f¥$VeWppl y menber

13 of the liquid suppl chani sm 10, which is used to formthe Liquid

i mrersion ar gﬁe‘g‘?—&r ng% %/aﬁ‘él g‘f‘ﬁj BECPBRAredeari 2 i SEEFOQP%@J&‘P @%e tbfege (- X
side) in the scanni irection Wth_respect tqo_th rojectiaon area AR,
and % he secongl%‘b%dplrl%c%é’r%gr uﬁt&ip$%’{/i%@d"’gﬁlpﬁeggghﬁq%’r%és( +X side).

As shown in F , +the f] d I ﬁgﬁper 13 have
intZrnaI ;pacggﬁ%?ﬁf%@ggg Fbgmféggggbggﬁji %?'12 ng%? a oﬁ?ﬁé % ééliqxid
| Ted from thes fddsilh1@n8rSeeaRdol | o drRUABM 1UNEESoddry Tanddit boy

t her et hrough, and ‘supply ports 13A 14A for supprylng, onto the substrate

P, the |iqui dudithavimrg ! ene Lhgeughrddiedrit @nRal 2spaces |13H, 1411
respectively. Al though the second liquid supply unit 12 is not shown in
Fig. 3, the structwreaphaembéri 301 hehisaimdsagothal @ith he figuid kigpi d
supply unit 11. Each of the supply ports 13A, 14A of the first and second
supply nmenbersizifdceldli bavonged poedeecsubisednieaptly o raaptamreatbeshaped as
viewed in the plan view The size of the supply port 13A, 14A in the Y axis
direction is desilgndd €8 peraagefrovtisddeathbensfovny sisdaat 22hefpkbRect i on
area ARL in the Y axis direction. The supply ports 13A, 14A, which are
formed to be SHanBFAY EYY APFRAS™PE-shaped as viewed in the plan view,

are arranged to interpgse the projecti.on area ARL jn relation to the
scanni ng directi OEJ?X gi RS oEE)P?’!&mé’lﬁ"qaﬁ“%hﬁ%‘rV’g & SEnemacg

arrangement of the lidquid supply mechanism 10 and the
liquid recovery mechanism 20, and FPig. 3 shows a
perspective view with partially broken illustration., As
shown in fig. 2, the projection area ARl of the projection
optical system PL is designed to have a rectangular shape
in which the Y axis direction (non-scanning direction) is
the longitudinal direction. The liquid immersion area AR2,
which is filled with the liquid 1, is formed on a part of
the substrate P so that the projection area ARl 1is covered

thereby. The first supply member 13 of the liguid supply
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mechani sm 10 si nul taneously supplies the liquid 1 froma plurality of
positions which are apart, in a plurality of different directions, from
the projection area ARL through the supply ports 13A, 14A, i.e., on

different sides of the rectangular projection area ARL (fromthe both sides
(fromthe side in the +X direction and the side in the -X direction) in
this enbodi nent) of the projection area AM The recovery nenber 22 of
the liquid recovery nmechanism 20 is a dual -structured annul ar nmenber havi ng
a recovery port 22A which is forned annularly and continuously so that the
recovery port ng2hAanssidi r@ecteddho ikhassdr taceonh e ISURSHr aihRePsi@nd an
annul ar internal space (internal flow passage) 22H which allows the liquid
1 recovered t hreaghk? hef ridsoveryepbibn2@fe4 cakl pvid haretiiedugh. ofde
recovery nenber 22 of the liquid recovery mechanism 20 is arranged to
surround the Fr8fett¥ onidiled nARDLeandanhang uphplsc ismberig hl18espdcofta he
liquid recoveré mechani sm 10. Partition nmenbers (partitions) 23, which
di vi de the i nFBENBFOSHHCC™W 2LER| ARS . aapdl Ukl i 350U SPRedy pebeded! sisaces)
24 in the circunferenti al dirqgtionh are provi ded at predeterm ned
interval's in Ph&VIEEOVET lifeRbERT 281dqngtX i%idg e partiti on nenbers 23 are
provi ded at the iﬁfigﬁ of t.he necov?r% gq{t1:2Ajmhich is forned
continuously to sut¥ sUlfd™ & Bréfecti DN ated i)ﬁ?l - 15 APESPBRENY S WIRAYd ed
spaces 24, whj are (dj Vi e$ rtition menbers 23, nmake penetration
in the vertica |rectﬂo%q ﬁ§¥|%§£?9@%% %ﬁa%ﬁﬁa(ﬁggg5gﬁ ﬁga er 22 having
the recovery PREdak) 118H, 148 for allowing the liquid 1 fed from the

first and second liquid supply units 11, 12 to flow

therethrough, and supply ports 13A, 14A for supplying, onto

the substrate P, the liquid 1 having flown through the

internal spaces 13H, 14H respectively. Although the second

liquid supply unit 12 is not shown in Fig. 3, the structure

thereof is the same as that of the first liquid supply unit

11. Each of the supply ports 13A, 14A of the first and

second supply members 13, 14 is formed to be substantially

circular arc-shaped as viewed in the plan view. The size

of the supply port 13A, 14A in the Y axis direction is

designed to be larger than at least the size of the

projection area ARl in the Y axis direction. The supply

ports 13A, 14A, which are formed to be substantially

circular arc-shaped as viewed in the plan view, are

arranged to interpose the projection area AR1 in relation

to the scanning direction (X direction). The liquid supply

mechanism 10 simultanecusly supplies the liguid 1 from a

plurality of positions which are apart, in a plurality of
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di sposed closely to the surface of the substrate P. on the other hand, the
upper end is a manifold 25 as a col |l ected space for spatially collecting
the plurality of divided spaces 24. One end of the recovery tube 2IA is
connected to the manifold 25, and the other end is connected to _the |iquid
recovery unit 21. The liquid recovery nechanism 20 recovers the liquid 1
fromthe substrate P by the aid of the recovery port 22A (recovery nenber
22) and the recovery tube 21A by driving the liquid recovery unit 21.. That
is, the position of installation of the recovery port 22A is the recovery

position for EgeMeEhNT:{ e ticaui drdohr One tlé'}.@:j%'él@ibhaéﬁef-Aﬂ-th;Hﬂdilkjﬁ]d
recovery nechani sm 20 recovers the liquid fromthe substrate P at the

recovery posi thensapgry goram uba, projeciisoon ancaiARdreht & e erbaedinent,
the recovery port 22A of the liquid recovery nechanism 20 is substantially
circular and aenthaguas prewedtinnt eeplarl (ifewn whechotls ciohest rdetead to
surround the projection area ARL, That is, the recovery port 22A exists on
the four sideshefside redthendyl diretojwctdanoh theeaiAR1ig oha hed side in the
+X direction, the side in the -X direction, the side in the 4-1( direction,
and the side Hareplelany diny dbtorpbodinrent aolt hbef pueiposian ereawhRdh are
apart in the four directions perpendicular to the projection area ARL.
Therefore, the |igth? 5ECTeEY y HBbfan S HD2ENean 1R ¥FRMBN y recover the

liquid 1 fromthe substrate P gt the plurality of Eosi;ions whi.ch are
apart, in them@chanmsm 20 1is a dual-#tructured annular member having a

recovery port 22A which is formed annularly and
continuously so that the recovery port 22A is directed to
the surface of the substrate P, and an annular internal
space (internal flow paséage) 22H which allows the liquid 1
recovered through the recovery port 22A to flow
therethrough. The recovery member 22 of the liguid
recovery mechanism 20 is arranged to surround the
projection area ARl and the supply members 13, 14 of the
ligquid recovery mechanism 10. Partition members
{partitions) 23, which divide the internal space 22H into a
plurality of spaces (divided spaces) 24 in the
circumferential direction, are provided at predetermined
intervals in the recovery member 22. That is, the
partition members 23 are provided at the inside of the
recovery port 22A which is formed continuously to surround
the projection area ARl. The respective divided spaces 24,
which are divided by the partiticn members 23, make
peneétration in the vertical direction. The lower end of

the recovery member 22 having the recovery port 22A is

36



plurality of different directions, fromthe projection area ARL by using
the recovery port 22A provided to surround the projection area ARL. The
positions of installation of the respective supply ports 13A, 14A of the
first and second supply nmenbers 13, 14 of the liquid supply mechani sm 10,
i.e., the positions to supply the liquid 1 onto the substrate P are

di sposed between the liquid recovery positions (positions of the recovery
port 22A) and the projection area ART. In other words, the liquid 1 is
supplied by the Iiquid supply nechani sm 10 between the projection area ART

and the |iqui d;58600ETY ARSIV itONEhET shPEadd WM 4 L GAYSE Yaf@CHANIHMZQ.
Fig. 4 shows a nmagnified side sectional viewillustrating major parts to

depict the fissheanthsbCaMd SppRkYelBNDers Wahirlddand hbea resoMef:grenber
22 arranged closely to the substrate P. As shown in Fig. 4, the respective
internal flowspassafes skatliallgHcol Leédieidd rigte andragtcondosupplydetenbers 13,
14 of the liquid supply nechani sm 10 are provi ded substantially

per pendi cul ar$gates tHe sUmtacedob !t biee sudrsiveatye tRbeSk bh | B | ggnridreeidnt er nal
fl ow passage 2211 (divided space 24) of the recovery nenber 22 of the
liquid recoveky Hchamidnl202Ps anrdotlpr otilded epdbdét apeingdieddrpdidi cul arl y
to the surface of the substrate P. The supply positions of the liquid 1
suppl i ed by thEHid gecavgrysitshd? Suppiie desydels regovany tedhid isibdtr ate P

(positions Ofrééﬁ%&?é %1£°Tigﬁiéh1 Eggflﬁufgﬁaétrate P by the aid of
the recovery port 223 (recovery memper 22) and the recovery
tube 2]1A by driving the liquid recovery unit 21.. That is,
the position of installation of the recovery port 223 is
the recovery position for recovering the ligquid 1 from the
substrate P. The liquid recovery mechanism 20 recovers the
liquid 1 from the substrate P at the recovery position
apart from the projection area ARl1. In this embodiment,
the recovery port 22A of the liguid recovery mechanism 20
is substantially circular and annular as viewed in the plan
view, which is constructed to surround the projection area
AR1. That ig, the recovery port 22A exists on the four
sides of the rectangular projection area ARI (on the side
in the +X direction, the side in the -X direction, the side
in the +Y direction, and the side in the -Y direction),
i.e., at the four positions which are apart in the four
directions perpendicular to the projection area AR1.
Therefore, the liquid recovery mechanism 20 can
simulianeously recover the liguid 1 from the substrate P at

the plurality of positions which are apart, im the
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| 3A, 14A) are set between the liquid recovery position of the liquid
recovery nechani sm 20 (position of installation of the recovery port 22A)

and the projection area ART. The projection optical system PL and the
respective first and second supply nenbers 13, 14 are provided whil e being

plurality of different directions, from the projection area
AR] by using the recovery port 22A provided to surrcund the
projection area ARIL.

The positions of installation of the regpective supply
ports 13A, 1l4A of the first and second supply members 13,
14 of the liquid supply mechanism 10, j.e., the positions
to supply the ligquid 1 onto the substrate P are disposed
between the liquid recovery positions (positions of the
recovery port 22A} and the projection area AR1. 1In other
words, the liquid 1 is supplied by the liquid supply
mechanism 10 between the projection area AR]1 and the liguid
recovery positions of the liguid recovery mechanism 20.

"ig. 4 shows a magnified side sectional view
iliustrating major parts to depict the first and second
supply members 13, 14 and the recovery member 22 arranged
closely to the substrate P. As shown in Fig. 4, the
respective internal flow passages 13H, 14H of the first and
second supply members 13, 14 of the ligquid supply wechanism
10 are provided substantially perpendicularly to the
surface of the substrate P. 8Similarly, the internal flow
passage 22H (divided space 24) of the recovery member 22 of
the liguid recovery mechanism 20 is also provided
substantially perpendicularly to the surface of the
substrate P. The supply pesitions of the liguid 1 supplied
by the first and second supply members 13, 14 to the

substrate P (positions of installation of the supply peorts
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separated from each other by predeterm ned di stances. The recovery nenber
22 and the respective first and second supply nenbers 13, 14 are provided
whi | e being separated from each ot her by predeterm ned di stances as well.
In this enbodi nent, the distance between the surface of the substrate P and
t he supply port 13A, 14A, the distance between the surface of the substrate
P and the recovery port 22A, and the distance between the surface of the
substrate P and the | ower end surface of the projection optical system PL
are set to be approximately identical to one another. In other words, the
positions (hei@hts)4idn e s2tdbeewbeontiae el sptid acbeviedgnposht idoreft he
supply ports 13A 14/ k, the recovery port 22A, and the | ower end surface of
t he proj ecti obh®ptigsid gpsoeerPLneebpessn val ypositionThé Enstadlationhich is
supplied fromthe supply ports 13A, 14A of the first and second supply
nenbers 13, 19% 1% HEKYESYr ROEEP2RAN M e daientdapsenet il y The
perpendi cular to the substrate surface, is fed so that the liquid 1 is
spread whil e RERATHG ThERRECEFn§Y BEENSEN 41b Wb IEFRPEt PVanbitte 4% wer end

surface of the end portion tical_element 2) of theﬂgﬁ;%ectj on opti cal

systema. FUTTHEN TWEL] ﬁ‘%f?‘ e¥s hhi ch® Gthe IRy 169 tReH® of the
| b it to th i ti. ARL, i d
(stokad) i vrerirad Kok ERER ot inel b S e P A e B e
surface fromfetl%\feqsgp%%%ﬁz?oﬁﬁ n%@éf‘ .ag%tgg%ge%ctq)ogr;gi_ggpbg,ﬁd 2%%mdch I'S
y nenbers 13, 14 W

arranged outside the supp thréspect "to € projection

area ARL. supd1} hibio?8Dog] TPty Qo AN IR BBELS | QlpldiQ Ny the

liquid 1 to flow fherein, which are | int respective nenbers for

constructing fhim ldaghi desEppby PREOAMHSINES andihhect | i gb1RCOVRr Y
mechani sm 20, are formed of, for exanple, synthetic resin such as

pol yt et r af | uarhdet kybedeémeAc ¢ otk i atarde betpessl bhe &orsappreEsshche
contam nation of the liquid 1 with any inpurity. The trap nmenber 30,
whi ch i s formudswiraliet Reahd quivel sumplys gpofrace 331 hayi nghpreikatercs ned
|l engths to capture the liquid 1 unsuccessfully recovered by the recovery
menber 22 of bef@epnqtibe feebies ywhddimmivbatzetei B provikiedrowvsirde t he
recovery menber 22 of the liquid recovery mechanism?20 in relation to the
proj ecti on aP@ITARTA: TRRAt tip hEthRsicdetyegnt hbnetnttrdhehlter side
surface of the. recovery ne r 22. The trap surface 31 is the surface
(6% he | ORBPEERFF LY o hbr oo, divaky R BUF T80° oF bt PAIE A Phe
substrate P. 2 Lka 3.5 nclined with.respect, to the horizontal
ol ane as shoﬁﬁgﬁhgéigyég%$§%gé1 1§%ﬁ1§9 b approx;matéf% 1éentlcal S

one another. Tn other words, the positions (helghts) in

the 2 direction are set to be ideptical for the supply
ports 13A, 14A, the recovery port 22A, and the lower end
surface of the projection optical system PL respectively.
The liquid 1, which is supplied from the supply ports
13A, 143 of the first and second supply members 13, 14 to
the substrate P in the direction substantially
perpendicular to the substrate surface, is fed so that the
liguid 1 is spread while causing the wetting between the
substrate P and the lower end surface of the end portion

{optical element 2) of the projection optical system PL.
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the trap surface 31 is inclined to make separation fromthe surface of the
substrate F (to be directed upwardly) at outer positions wth respect to
the projection area ARL (liquid imrersion area AR2). The trap nmenber 30 is
formed of, for exanple, netal such as stainless steel. As shown in
Fig. 2, the trap nmenber 30 is an annul ar nmenber as viewed in the plan view
The trap nmenber 30 is connected to the outer side surface of the recovery
menber 22 so that the trap menber 30 is fitted to the recovery nenber 22.
The trap surface 31 of the trap nenber 30 is arranged to surround the
proj ecti on aneathkl, (khguldquidrer sivoncr eatARYs o tHd suestddi oenthe t he
trap nenber 30 and the trap surface 31 as the | ower surface thereof are
subst anti al | ysuglplliyptmenherasl ¥i ewedviith rikgpptantyiBvwe pEkgectéont aeed r ap
surface 31 of the trap menber 30 is provided such that the length in the
radi al directifdn disf Fersveepentivikeon tihetposdiyortion eshdshasksably t he
optical axis AX of the projection optical systemPL. In this enbodi nent,
the | ength offeeRentdigplatrtaceRFubs wRéesERRR Y M HFoRSFRVE s
direction) is longer than that in the non-scanning direction (Y axis
direction). WGEE pBCPFi BRTIRCMFEY BREPRT of 2 t T &5 SUFFREEY31 is the
| ongest at the position correspondin tP center of %h proj.ection area
AR inothe yOuERads Fgﬁtfwly Membexs, ééph- %i‘&%@? R T isadi e ng
t r eat ment (\A%tr%rj-egtc%gcgégg igeat ment) is applied to the trap surface 31 to
In this embodiment, at least the members for allowing

the liguid ! to flow therein, which are included in the

respective members for constructing the liguid supply

mechanism 10 and the liquid recovery mechanism 20, are

formed of, for example, synthetic resin such as

polytetrafluoroethylene. BAccordingly, it is possible to

suppress the contamination of the liquid 1 with any

impurity.

The trap member 30, which is formed with the liquid

trap surface 31 having predetermined lengths to éapture the

liquid 1 unsuccessfully recovered by the recovery member 22

of the liquid recovery mechanism 20, is provided outside

the recovery member 22 of the liguid recovery mechanism 20

in relation to the projection area ARI. The trap member 30

is attached to the outer side surface of the recovery

member 22, The trap surface 31 is the surface (i.e., the

lowery surface) of the trap member 30 directed toward the

substrate P. The trap surface 31 is inclined with respect

to the horizontal plane as shown in Fig. 4. Specifically,
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enhance the affinity for the liquid 1. In this enbodinment, the liquid 1 is
wat er. Therefore, the surface treatnent, which is in conformty with the
affinity for water, is applied to the trap surface 31. The surface of the
substrate P is coated with a water-repelling (wth a contact angle of about
70 to 80) photosensitive material (for exanple, TARP-P6100 produced by
TOKYO O | KA KOGYO CO., LTD.) for the ArF exciner laser. The liquid affinity
of the trap surface 31 for the liquid 1 is higher than the liquid affinity
of the surface of the substrate P for the liquid 1. The surface

treat ment fortiHcherepapustadace! 3ils iingidmfedr redmadkpenetrarptopnt isopotheity of
the liquid 1. In this enbodinent, the liquid 1 is water having | arge

pol arity. Thenefiere, cdsthersulettdtguird-(&ot bactingctedatovwerdivor athe trap
surface 31, athin filmis formed with a substance_such as al cohol having a
nol ecul ar st raydEdr @ofit honargtpoleftiacr. tAcE8rRIPRRISST e areguPBlat tract i ng
property or hydrophilicity is given to the trap surface 31. Alternatively,

the wat er - at titd@UiAg IPRepeiey Brehyd?dphi FhEi t2E JReMeE I3 1§ YRRAEY t he
trap surface 31 applying an 02 plasma treatnment in which the plasm

t r eat ment isoﬁer%ﬁrgga%‘i}l siPRLA Y R éﬁpﬁ&?l”i?ﬁrfl( * gas as the
treatment gas. As_ described above,, when water is Us as. the liquid 1, it
is desirable to aé%p?ﬁgﬂ%hl%.f%%a@ﬁeﬁﬁetﬁgﬁpsﬂ%@?%ﬁde Hﬁbﬁﬁgabhgyaglecular

structure wiLh,Lhe,Lagag, 00! af i SR g5cbhe SN OLOHP deswdts 390gd on the

trap surface hi's case, in filmfor the surtace treatnent is

formed of a %hga%:ﬁ&dma Chhd Sd30ls4Rke sbRrhBe bk thd rocoliRyt heAbeENt

condition of t iquid-attracting treatnent is appropriately changed

dependi ng on2bhgonBh &t | @he ChalPAGlediest 30 9k Ehetéd aid dnke trecbeerged.
Next, an explanation wll be nmade about a nethod for exposing the substrate

P wth the pakhben 2rageriod ddw masicaebylusiEnghé hergxpesiee appasat us EX

descri bed above.
arranged to surround the projection area ARl (liguid
immersion area AR2). In this embodiment, the trap membexr
30 and the trap surface 31 as the lower surface thereof are
substantially elliptical as viewed in the plan view. That
is, the trap surface 31 of the trap member 30 is provided
such that the length in the radial direction differs
depending on the position on the basis of the optical axis
AX of the projection optical system PL. In this
embodiment, the length of the trap surface 31 in the
scanning direction (X axis direction) is longer than that
in the non~scanning direction (Y axis direction). More
specitically, the length of the trap surface 31 is the
longest at the position corresponding to the center of the
projection area ARl in the Y axis direction.

A lyophilic or liguid-attracting treatment (water-

attracting treatment) is applied to the trap surface 31 to
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In this enbodi ment, the exposure apparatus EX perforns the projection
exposure for the pattern imge of the mask Monto the substrate P while
noving the nask M and the substrate P in the X axis direction (scanning
direction). During the scanning exposure, a part of the pattern imge of
the mask Mis projected onto the rectangul ar projection area AR] di sposed
just under the end portion of the projection optical system PL. The mask M
is noved at the velocity Vin the -X direction (or in the +X direction)
with respect to the projection optical systemPL, in synchronization with
whi ch the subsiliate: Rhes ampvethatfdhenehagutiy §levi pyiepreaasedisehhe
projection magnification) in the +X direction (or in the -X direction) by
the aid of theheX¥isfwige 1535 watahowTheredopkantheesvofadd g.redrmanplural ity
of shot areas sl to S12 are set on the substrate P. After the exposure is
conpl et ed forvivkih disotinareaformity ndth shet adfénity Movewtww ,t he scanni ng
start position in accordance with the stepping novenent of the substrate P.
The scanni ng aBPd$Er E0piBeeSE2R SWdsesdilvel Phperiniansd athéheafter for the
respective shot areas while noving the substrate P in the step and- scan
manner. | n t AYS&HBEE Fehf C?ﬂ%‘%&ﬁ%ﬁoﬁ WAL Er cERAe HovEs (Hé stage 53
while nonitoring the output of the |aser interferoneter 56 so that t he
optical axis 9RR'GFt RBIPF opecthorrt dft teaP oSy sherhoprnisg tauy aredr kilong

broken line arrows 58 as shown in Fig. S. At first, the mask Mis
| oaded on thdeﬁSﬁx§m§§@rNEHRP1ﬂﬁd00hér§db§¢@ab% Y] Gddéd KERYPhO subst r at e
stage PST (see Fig. Subsequent |y, when the scanning exposure process is

per f or med, tlIré('DcdntiPSI tﬁ%lﬁrwlﬂlﬁi‘fvéés?ﬁe | Fleftri b B A FABERENPEmM 10 to
start the operation to Sﬁgp q EUId onto the substrate P. The liquid
1, which is %I“F@B Frofiche i Pt tHendieRtdnl 43 fdidkeguppr) thets 11, 12
of the Iiqui I Q LEeSP ectiyv r rntthe I|qU|d
i mrer si on arga X?ffﬁéﬁthﬁﬁﬁ-ﬁ £HE gﬁ%p?§ ¥M%é%ﬁﬁ%ﬂaffzﬁ %hd"%hen the
liquid 1 is ?2agkbeg onto the substrate p via the first and second supply
menbers 13, to formthe liquid i mersion area AR? between the projection

optical system PLrgodsih@ceiielehhdnf: rba {4k S apbadingRRl, ags;shown In Fig.
4, the liquid 1, which has flown through the supply tubes 11A  12A is
spread in theewrdthivh SEafhinEelyl OASLRE bhead iterdRknl QWquia 1. 1In
this embodiment, the liguid 1 is water having large
polarity. Therefore, as for the liguid-attracting
treatment for the trap surface 31, a thin film is formed
with a substance such as alcohol having a molecular
structure with large polarity. Accordingly, the liquidu-'
attracting property or hydrophilicity is given to the trap
surface 31. Alternatively, the water-attracting property
or hydrophilicity can be also gilven to the trap surface 31
by applying an O, plasma treatment in which the plasma
treatment is performed by using, for example, oxygen (0;)
gas as the treatment gas. As described above, when water
is used as the liquid 1, it is desirable to adopt such a

treatment that substance having the meolecular structure

42



passages 1311, 1411 of the supply nenbers 13, 14. The liquid 1 is supplied
to wide ranges on the substrate P fromthe supply ports 13A 14A In this
arrangenent, the supply ports 13A, 14A are arranged on the both sides of
the projection area AMin the x axis direction (scanning direction). The
control unit CONT simultaneously supplies the liquid 1 onto the substrate P
fromthe both sides of the projection area ARL through the supply ports

| 3A, 14A of the liquid supply nechani sm 10. The |iquid supply
mechani sm 10 si nul taneously supplies the liquid 1 fromthe supply ports
13A, 1411/ 2 pwe¥hdeme ofuidie ot ishdeschfad Nendrdl ecblpnid’ 8arfMed - -
fromthe plurality of positions which are apart, in the plurality of

di fferent direbeionsy (st @ideeatii,onin- ¥hié resdd Ohe tham ¥henpref egld on area
AM Accordingly, the liquid 1, which is supplied onto the substrate P from
the supply postsfdS@A trakltiiedt fior fiernbed ¢f quinthtiemmisivbicAarea AR2 in a
range which is wider than at |east the projection area ARI. In this
embodi ment, whefclheld iiquitdrel ligusdppl i ethe :ndagmenbstoat bt Porf reintthike bot h
sides of the projection area ARL in the scanning direction, the control

unit CONT conf%‘b‘l' Wi rgsddag bheatnene 9 rapbropd issedndehangsdl supply
units 11, 12 of the liquid supply mechanism 10 to supply the Iiquid so that
the supply a %ﬁﬁ‘“‘%éw g’r‘h {thei RatBFidherhaiterdgspri ed@ Fhon intidllade in
front of the rqjg%;ion area ARL in relation to the scanning direction is
set to be IaH%%rii In the supply anmount of the liquid supplied fromthe

per formod whi o maVTiIg e “UbEPTERE: BT CRameNeaRFRLE b et it o
it CONT is g d s i fthe Liqui li,ed f th
EJ;]<I side w It?\ r spﬁgiE:n? ttglufﬁgb%?%?ié‘%te% W?A‘%ARPQ?F!‘%%??%%&@%Sanﬁ%ﬁz;n por6t

13A) is |argef Bhar ihhe 880808 rd e 4, Al PRLLEH; +X side
(i.e., fronltheygupgls Bort %%30.r%;F%%ﬂggiﬁﬁe?thﬁg?gl %ﬁ?% %y%éxposure

process is perfor fI;ﬁdtW*ﬂifﬂ@miﬂ@&irﬁhgﬂﬁ,h&r@@%fpbéhﬁepab?aﬁah@us $digeaqtrpa, the
anount of the liquid supplied fromthe -frx side with respect to the
proj ection artd® ARbjkstliangexpddare the ameupttobrhhemddsw o HepRlaseduf rom
t he - X side.
onto the substrate P while moving the mask M and the
substrate P in the X axis direction (scanning direction).
buring the scanning exposure, a part of the pattern image
of the mask M is projected onto the rectangular projection
area ARl disposed just under the end portion of the
projection optical system PL. 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
veloeity v ([} represents the projection magnification) in
the +X direction (or in the -X directjon) by the aid of the
XY stage 53, As shown in a plan view of Pig. 5, a

plurality of shot areas S1 to S§12 are set on the substrate

P. After the exposure is completed for one shot area, the
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The control unit CONT drives the liquid recovery unit 21 of the liquid
recovery nechani sm 20 to performthe operation to recover the liquid on the
substrate P concurrent with the operation to supply the liquid 1 by the

l i quid supply mechani sm 10. Accordingly, as shown in Fig. 4, the liquid I
on the substrate P, which flows to the outside of the supply ports 13A, HA
Wth respect to the projection area AR, is recovered fromthe recovery
port 22A. The liquid 1, which has been recovered fromthe recovery port
22A, passes through the divided spaces 24 conparted by the partition
nenbers 23 reppRetiNg Yoreandst REBelings | iglighahnifgcotieetgsk g ophenmani f ol d
25. The liquid 1, which has been collected to the manifold 25, passes
through the recevedandaiba thlAhcaBdeppend imticthenti 811 esovaned daget e |iquid
recovery unit 21. As described above, this enbodinment is provided with the
structure in wmhéecirdimng exabstiyeoprdiesded: spacess2deby epatiomeetied to t he
one liquid recovery unit 21. The liquid recovery nechani sm 20

si mul t aneous| yhexevitens fore thequedpect homshos subss rabBle ndwioggihihehe
recovery port 22A provided to surround the projection area ARl fromthe
plurality of pek$wiadms Avinchhar etepaand-gannt henpedr al T yelH® di f f er ent
directions, fromthe projection area ARl, i.e., fromthe four sides of the
rectangul ar pPRPREEHT rares BRAEYPE o tthERITdBOVAS t Fie® BB (3td9Fecti on, the
side in the -X directi.on, the side in thedirection, and the side ip.the -Y
direction). ¥ 11@'ﬂ%§1&BHﬁP8ILE%i?“?ﬁﬂﬁTpr&P&té@s?ﬁelmk?ﬁﬁ%fogﬁﬁﬁFyJG

hani sm 10 Liquid. i sm 20, r. liquid 1
T om the. Subst? At U ERF FEREI ) (W (Ho CLRpRFS) BT 191E ARGGA 1 1o the
surface of th%sf%@??%ﬁé?ré%ga%g@%% eap%%lfg()%%‘kﬁh”lm@g&xocfwé hg MRSKRBLLS

proj ected ont rmthe eéxposure via the projection
opti cal systgﬂleggqng.the liquid 1 disposed between the projection optical
system PL and t he "substrate P, while noving, in the X axis direction

(scanning directi ar) ¢itBe, stlbsthaie 1tia0ecBedaWbh Chh 6 URRYK ke ahBemsupstrate

P. During this process, the liquid supply nechani sm 10 si nul taneously

supplies the dddjuihe Eubbtoagh # his slippled par the 18Mvsthdhke stage PST
(see Fig. 1). Subsequently, when the scanning exposure
process is performed, the control unit CONT drives the
liquid supply mechanism 10 to start the operation to supply
the liquid onte the substrate P. The liguid 1, which is
supplied from the first and second liguid supply units 11,
12 of the liquid supply mechanism 10 respectively in order
to form the liguid immersion area AR2, flows through the
supply tubes 11A, 12A, and then the liguid 1 is supplied
onte the substrate P via the first and second supply
members 13, 14 to form the liquid immersion area AR2
between the projection optical system PL and the substrate
P. In this embodiment, as shown in Fig. 4, the liguid I,
which has flown through the supply tubes 113, 123, is

spread in the widthwise directions of the internal flow
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fromthe both sides of the projection area ARL in relation to the scanning
direction. Therefore, the liquid imersion area AR2 is formed uniformy and
satisfactorily. Further, the liquid recovery nechani sm 20 sinultaneously
recovers the liquid 1 at the plurality of positions around the projection
area ARL including the both sides of the projection area ARL in the
scanni ng direction through the recovery port 22A of the recovery nenber 22
whi ch surrounds the projection area ARL. Therefore, the liquid 1 is
prevented fromthe scattering and the outflow to the surroundi ngs of the
substrate P. pBsthiss erdipdinenios pYECsWBhBS maMbegs has the |oye affqguiity for
the photosensitive material on the surface of the substrate P, is supplied
as the |iquidllis Téaselfigre to wikde pasgedlen tuhes mudihiygtperf Oram tthe r ecovery
by the liquid recovery nmechani sm 20. Fig. 6(a) schematically shows the
behavi or of taepplyuidts Mén tLHa.expostne prueesenestpethersmeplyor t he
first shot area (for exanple, Si, 53, etc. shown in Fig. 5 set on the
substrate P whP¥es nbiingd #hérsubsreaged on thehdoth sdidpecefohe Wth
reference to Fig, 6(a), the liquid 1 is sinultaneously sup plied fromthe
supply ports 11’8‘3630"&%6?'1 d*rteﬁ‘eA%aéE bt etk ishdigesitdeni 6pCoptingl system PL

and the substrate P. Accor the ljquid imyersion area AR2 |s f or ned
to include t & pFE - onTg g &F& L1 SONSr §eByd FanePnal a ittt 366 t he

o o wi in” PP eztetwg“?hgn‘a%&é{%’%tgfae@“%woﬁ"gé#%‘tﬁr S G han t he
armount  of the%ﬁé%g gleaelixhsge eﬁamtrf]réﬁﬁ%rogwggy BRLY PALt JgA

provi ded on t ere ore 1S supplied from

the supply pqsi dréAn'qma”QQEBW fELaeed, iid the space between the
projection optical system PL and the ‘substrate P as if the liquid 1 is

pul I ed by the substwaheqRiaoyipgLy nnéd}ﬁmﬁxmdlme@&in@mtam@ué1;,qt§\ﬁbp1me\ahl ch
intends to outflow to the outside of the supply ports 13A, T4A,

recovered framd hdgueaovefyonotie 23401y JeRREESSAL heaaCcsHdv BIGE cﬁxf tagy

i nconveni ence whi ch woul d be otherw se caused such that the liquid 1

outfl ows to ttahsgrideandiftngbe opre hetsichstarateaRl, i.e., |freuathea situation,
when the substrate P is noved in the +X direction, then the anmount of the

| i qui d noved Rlawaddtyhef - Poe 81 Bensyivith.ohegpecapast + han prlod eotinad iayeafAR i s
i ncreased, and the recovery port 22A, which has the liquid recovery
position di sﬁ’dsfé&rﬁﬁttﬂé‘ﬁ"&l%‘iﬁjeﬁ"cé‘dﬁ@lﬂﬁ@&ove?‘ alredtiehe IGrg th in

sone cases. Howeve

h he |i d whi ch
unsuccessf ul IWQEJSE{L)?@SZ?FS(B%%% nr %&?&P&ﬂﬁaﬁ ga‘i\ g‘:“l‘”tc&el '+)‘("h§1°3]‘lelsl s
captured by %Qgg 5?8 ?ﬁ[cﬁ a&?@ 3&11bcgtrart',% Lrgn, lgelpger 30 %?%'rrg;ed 1%2\ the +X

side with resp rrecovery p03|t iquid I

does not causgat heoaﬁat%ﬁé'm;,mﬁ e rQYbh! s T RR2 CXRTP! Bandel WHliEh

is widexr than at least the projection area ARI.
In this embodiment, when the liguid 1 is supplied to

the substrate P from the both sides of the projection area
ARl in the scanning direction, the control unit CONT
controls the operation of the first and second liquid
supply units 11, 12 of the liquid supply mechanism 10 to
supply the liguid so that the supply amount per unit time
of the liquid supplied from the place in front of the

projection area ARl in relation to the scanning directien



surroundi ngs of the substrate P. In this enbodinent, the trap surface 31 is
subjected to the liquid-attracting treatnent for the liquid 1, and the
trap surface 31 has the affinity for the liquid higher than that of the
surface of the substrate P. Therefore, the liquid 1, which intends to
outflow to the outside of the liquid recovery position of the recovery port
22A, is not pulled toward the substrate P but is pulled toward the trap
surface 31. Accordingly, the occurrence of any inconvenience is suppressed,
whi ch woul d be ot herw se caused for exanple, such that the liquid 1 renains

on the substrates& to be ﬂd}gb@i§hﬁﬂbﬁﬁgrgﬂﬁplyt@ﬁpﬁﬁ@poﬁLHﬁéﬂ%iqgkdi5
inclined in the upward direction at the outer "positions on the basis of the

l'iquid i mrersioppBieR ARk ivhel ydheg dMeciy Qippekiien A ea. AMorTRasaboee, it
is possible to avoid the outflow of the liquid 1 to the outside nore
effectively. wieotdier capredsre pwbdgsd oid eerifeehiedabh Ole inovibey wpwar d
direction, the second volune of the space between the substrate P and the
trap surface Bdbdtgdtar Ferint harm thedifestionl wie obnthwel speice Coatween t he
substrate P and the projection optical system PL (vol une corresponding to
the unit areakfra Syodt thee Pye amidf ofe thehdidquilishppl iwldi ¢moinnt ends
to outflow, is smoothly retained by the portion of the second vol une.
Further, owi ng?® 0% Fdden¥ithafeoresh thehgpwapdedt teetdse ARie (fil-8i d

ener gy, mhich_urggi t he OEtf|OM/tO the outside, is converted into the
potential enerf{F 49%a 3PpELYt PoFt thtP hdver@ioerntide Hna®uditr &t FBA al ong

the trap surfac 3l pB99ed PAb cld 0 %%\l E. Lol S5 YShbay
port 14A). On the other hand, when the exposure process is
performed while moving the substrate P in the -X direction,
the amount of the liguid supplied from the +X side with
respect to the projection area AR1 is larger than the
amount of the liquid supplied from the -X side.

The control unit CONT drives the liguid recovery unit

21 of the liquid recevery mechanism 20 to perform the
operation to recover the liguid on the substrate P
concurrent with the operation to supply the liquid 1 by the
liguid supply mechanism }10. Accordingly, as shown in Fig.
4, the liguid 1 on the substrate P, which flows to the
outside of the supply ports 13A, 14A with respect to the
projection area AR, is recovered from the recovery port
22A. The ligquid 1, which has been recovered from the
recovery port 22A, passes through the divided space5'24
comparted by the partition members 23 respectively, and
then the liquid 1 is collected to the manifeld 25, The

liguid 1, which has been collected to the manifold 25,
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avoid the outflow of the liquid 1 to the outside. The anmount of the
l'iquid supplied fromthe supply port 14A provided on the +X side is set to
be smal |l er than the amount of the liquid supplied fromthe supply port |3A
provided on the -X side. That is, the anount of the liquid supplied from
the supply port 14A disposed at the position nearer to the recovery port
22A on the +x side as conpared with the supply port 13A is set to be snall
Therefore, even when the liquid 1 is pulled by the substrate P which is
noved toward the +x side, the anount of the liquid of the outflow to the
out si de from pheseX wirdRqgaf thhersaded rpteutd imasuppEessedtiquid 1 \Waen the
exposure process is conpleted for the first shot area, the control unit
CONT causes thecosiappl by rheebhpat idf rédereaubstiat @ 1P i As oiakerritthat t he
projection area ARL of the projection optical systemPL is arranged on the
second shot atleavenhildhisi endpfiiverntid romuied wish shetstrwaurpeei fically,
the control unit CONT causes the stepping novenent in the Y axis direction
bet ween t he twibidhdtheapdasabity 82t ohivinteds wpsoest @4Pare oromeafsde toi n or der
to performthe scanning exposure process for the shot area S2 after the
conpl eti on of thth@cddAtAY EXPOSEFE WHidceds f dhet RedShdtreFRLTS . In this
procedure, the liquid supply nmechanism 10 is operated such that the supply
amount of t hd"§9 ’ﬁml28uEP%@I??ﬁ?%ﬁﬁﬁﬁﬂqﬁfq¥§$§n§HF bETWELA tHHE™ W3 €shot

e on | o SRR sh o L e O e RS R 0O e
oper at ed suc t.he, su \ t_.of l_qui u I er unit tinme
fromthe i qﬂi‘d&?&ﬁl& ;hﬁegﬁg#‘ém% aorﬁetao%rfﬁ'e fg%g"s?]r]%tgﬂyagﬁlﬁ nén_it he _
stepping MoV ibhsSTRLLET aibabANe SUPRne BARUAL LY dhadduid suppl i ed

during the scanni ng exposure e shot area. Accordingly, it is possible

to suppress tdig-cs4WBRhY , AFBURT 10 ﬁx‘lﬁjédt‘l@nd a¥eBPhiked 0ot hersbsheate P
during the stepping novenent whi ch does not contribute to the exposure

process. |t if»upossibkeoct orselppfRSHdlarameiecoionsered Afie (frguw dhien t he
entire exposure process (until the substrate P is unloaded fromthe
substrat e st ageleP$Sh &heerx tdierathistr attheP shde heenhéoatethonttive ,stibet r at e
stage PST and t he exposure process has been conpleted for all of the shot
areas Si to $ifle iastHestYided:catibore, amide thensidk 4ni theONT changes the

| i quid supply anount ?er unit time of each of the first and second liquid

The control unit CONT operates the ligquid supply
mechanism 10 and the liquid recovery mechanism 20 to
recover the liquid 1 from the substrate P concurrently with
the supply of the liguid I to the surface of the substrate
P, while the pattern image of the mask M is projected onto
the substrate P to perform the exposure via the projection
optical system PL and the liguid 1 disposed between the
projection optical system PL and the substrate P, while
meving, in the X axis direction (scanning direction), the
substrate stage PST which supports Lhe substrate P. During
fhia process, the liquid supply mechanism 10 simultaneously

supplies the liquid 1 through the supply ports 133, 14A
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11, 12 depending on the novenment operation for the substrate P (stepping
nmovenment or scanni ng novenent) which constitutes a part of the executing
operation of the exposure process. In this enbodi ment, the liquid
supply nmechani sm 10 reduces the supply anount per unit time of the liquid 1
during the stepping novenent of the substrate P, but the operation to
supply the liquid 1 is maintained (continued). In other words, the liquid
supply mechani sm 10 mai ntains (continues) the operation to supply the
liquid fromthe supply ports 13A, 14A even when the scanning direction is

changed due teorémecichanrgd efidbbeoshiie PredecaldofVERMIEE in relation
to the scanning direction. Therefore, the liquid immersion
area AR2 is formed uniformly and satisfactorily. Further,
the liquid recovery mechanism 20 simultansously recovers
the ligquid 1 at the plurality of positions around the
projection area ARl including the both sides of the
projection area ARl in the scanning direction through the
regovery port 224 of the recovery member 22 which surrounds
the projection area BR1. Therefore, the liquid 1 is
prevented from the sgattering and the outflow to the
surroundings of the substrate P. iIn this embodiment, pure
water, which has the low affinity for the photosensitive
material on the surface of the substrate P, is supplied as
the liguid 1. Therefore, it is possible to smoothly
perform the recovery by the liguid recovery mechanism 20.

Fig. 6(a) schematically shows the hehavior of the

liguid 1 when the exposure process is performed for the
first shot area (for example, 51, 53, et¢., shown in Fig. 35)
set on the substrate P while moving the substrate P in the
+X direction. With reference to Fig. 6(a), the liquid 1 is
simultaneously supplied from the supply ports 13A, 14A 1o
the space between the projection optical system PIL and the
substrate P. Accordingly, the liguid immersion area ARZ is
formed to include the projection area ARL. In this
procedure, the amount of the ligquid 1 supplied per unit

time from the supply port 13A provided on the -X side with
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t he stepping novenent is perforned. As described above, when the plurality
of shot areas on the substrate P are successively subjected to the
exposure, the liquid supply mechani sm 10 continuously supplies the liquid 1
fromthe supply ports 13A, 14A provided at the plurality of positions,
while the liquid supply position is not changed dependi ng on the scanning
direction, and the liquid supply position is not changed during the

st eppi ng novenent. In other words, the liquid supply mechani sm 10
continuously supplies the liquid 1 fromthe plurality of positions until a
series of therespestr eoptioegsse pRariahni afchSARDTY eied tonbeeh atben tinone
substrate P (until the substrate P is unloaded fromthe substrate stage PST

after the subgteageoPrhasf bden llicpded sappl bed sphstundite timagerB®BTeisnd t he
exposure process has been conpleted for all of the shot areas Si to 512).
Accordi ngly, PFHPPSYpeREE bl 42 tRr canidied thetbectit rsinks ofthielrefvi®r athion of the
liquid (water hamrer phenonmenon) which woul d be otherw se caused by the
supply and théigedpd bf WK iiguisgpplied fromthe gupplychentt 124l | i8 shows
the behavior of the liquid 1 when the exposure process is perforned for the
second shot aPBECERbY %@P&%‘ 1 the spage PAINRAR theFpgoiestse? on the

substrate P while quin ‘th% sub tr?te Pin . o
optical gystem FPL and the substrate P as if the liguid 1 is

pulled by the substrate P moving in the +X direction. The
licuid 1, which intends to outflow to the outside of the
supply ports 13A, 14A, is recovered from the recovery port
227 Lo suppress the occurrence of any inconvenience which
would be otherwise caused such that the liguid 1 outflows
to the surroundings of the substrate P.

In such a situation, when the substrate P is moved in
the +X direction, then the amount of the liguid moved
toward the +X side with respect to the projection area AR
is increased, and the recovery port 22A, which has the
ligquid recovery position disposed on the +X side, cannot
recover all of the liguid 1 in some cases. However, as
shown in Fig. 6(a), the liguid 1, which is unsuccessfully
recovered by the recovery port 22A on the +X side, is
captured by the trap surface 31 of the trap member 30
provided on the +X side with respect to the liqguid recovery
position. Therefore, the liguid 1 does not cause the
scalttering and the outflow, for example, to the
surroundings of the substrate P. In this embodiment, the

trap surface 31 is subjected to the liguid-attracting
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the -X direction. Wth reference to Pig. 6(b), the liquid 1 is supplied
fromthe supply ports 13A, 14A to the space between the projection optical
system PL and the substrate P. Accordingly, the liquid i nmersion area AR2
is formed to include the projection area ARL. In this procedure, the anount
of the liquid 1 supplied per unit tinme fromthe supply port 14A provided on
the +X side with respect to the projection area ARL is set to be | arger
than the anount of the liquid 1 supplied per unit tine fromthe supply port
13A provided on the -X side. Therefore, the liquid 1, which is supplied
fromthe suppkyeporanti4Aar $henboaniy by raanpgdde hrehesepbew Bét Waentide
projection optical system PL and the substrate P as if the liquid 1 is
pul | ed by thed§iibdtrat@rpthgyviagiit hiharx tppetbibref AddE9&ERrBRdI%Above,

the control unit c Nt'phan%es the liquid supply anount per unit time of
each of the f??%t5é§ﬁ}1§§@o d | TREF o Stppypeunipaidil . MiFtheRdeRYS o t he

t di ti t ti fqr. th bstrate P .which
Conati Tut s SoPHEIPbIe RECoRBEREf g bga o 10 TEREY Sapasaie Bhodbss. The
iquid 1, whigh intends.to,outsbow 1o Lhe autshde of 4 g, SUBpLY ROLtS | 3A
14A, is recoveére rgn1¥hg°récove?ylp6?t ﬁf%é'go %u%%%esgathesoccurrence of

any inconVenilﬁW%,s""?ziu‘iﬁg}ﬁD%Qa c?ttw&ecrf’éi‘?ts%u%%g@d?,fPth'écQ&tdithy',iﬂ%d 1

outflows to the surroundings o e substrate n suc Situation

when the subsiddirgdRcleSofONEH {RodiRemi¥ndlrl 861 LEPp 416, A ikhawbehd, Which
is captured by the trap surface 31 on the +X side, is noved downwardly

al ong the trap: Ytheaesdleadsed ther ldQuindel bach eapvera’k fiigaibhe recovery
port 22A of the liquid recovery mechani sm 20. Accordingly, it is possible
to reliably awmadnshenr enai sulngetd: tthe outfl ow of the liquid 1 to the
out side. The anount of the liquid noved toward the -X side is increased as
the substrate P i gnnbhéd ¢mwatindriie theskdep #echrat ridl s dvehing@niral | of
the liquid 1 is unsuccessfully recovered by the recovery port 22A on the -X
si de, the |i duisdupwpgdcdpresiePbyptt hdet papesupdatiel®@® on the paaps mehber 30
provided on the -X side fromthe |iquid recovery position as shown in Fig.
6(b) . Lthe liquid immersion area ARZ2 including the projection area

ARl1. Therefore, it is possible to avoid the outflow of the

liguid 1 to the cutside more effectively. In other woxds,

owing to the inclination in the upward direction, the

second volume of the space between the substrate P and the

trap surface 31 is larger than the first volume of the

space between the substrate P and the projection optical

system PL (volume corresponding to the unit area of the

substrate P). Therefore, the liguid 1, which intends to

outflow, is smoothly retained by the portion of the second

volume. Further, owing to the inclination in the upward

direction, the fluid energy, which urges the outflow to the

outgide, is converted into the potential energy as a result

of the movement in the upward direction along the trap

surface 31. Accordingly, it is possible to effectively



In this enbodinment, the trap surface 31 is forned so that the trap surface
3l is inclined in the upward direction at the outer positions with respect
to the projection area APl. However, the trap surface 31 may be hori zont al
(O degree). On the other hand, if the trap surface 31 is inclined in the
downward direction, the fluid energy, which intends to outflow to the
outside, is not converted into the potential energy. Further, when the
substrate P is noved in the opposite direction as well, the fluid I. is not
noved to the recovery port 22A to nmake downward novenent along the trap
surface 31. Fewotifi sheeastoflov tofi $henpogsidl b to Snoaenltkydeecover the
liquid 1 fromthe recovery port 22A. Therefore, it is preferable that the
trap surface 31 isThereursntl tder fdgeid osdaglies) from ghei meppledostr f ace
directed in the upward direction.. “When the |iquid supply amount per
unit time to BAASHBPYIRA ATt FhendXsEhder it SE i |he GEaldnl/ BhamHAE t he
scanning velocity is Pi h, then the |jquid anmount to outflow to the outside
i s increased 3@°éﬁFl9 fﬂﬁ?éﬁé@@ﬁ FHBPLAGT f M i ThE isvePR8nPort t e trap
surface 31 is_designed tq,be most appropriate angl e depending on the

li quid suppl ypxé?r%hcg? a7 e '%cﬁr‘ra‘r:’hg @é‘?‘gc}rs[’y.“’l%%ﬂ‘ﬁﬂg?; RordeE LY he
l'iquid supply i I the scanning_yelocity .is high,

t hen t he angl%éﬁﬁyg%%lfkéiiéy% %Pgéﬁg %ﬁ%ﬁl%ihfi%ﬁ?qgfgiggsg?etg)iﬁg'qgrge. On

the other Nafgleatts (0 ROliecaleECLOARIAN B <Hoe bt BRSULL a6k s 100

| arge, the liquid 1 cannot be cap (retal ne sufficren y the trap

surface 31 i nySEREHRSRHpIV pSYEN1 8a Sid Ul A deh@mhah Ui dpSiidiiang force
of the trap surface 31 i S increased by enhancing the liquid-attracting

property broughin alimi the thgubiqui s ghdrast ivyo theeatipBptatd Hergfiehe, when
the angle of inclination is increased, the treatnment condition of the

| i qui d- at tr actis ngpvareatonemt! thechangsik t Gigi waouhe pBSthappi@prd atfe
liquid-attracting property to the trap surface 31. Accordingly, even when
the angl e of #helduidilioon tos thacrebsidr finom $heodi blidetof rigtai n the |iquid
1. Thus, the angle of inclination of the trap surface 31 is set to be the
opti mum angl SWHEdepFsir§ sRPPRessREpective paranmeters including, for

exanpl e, the quui? suggly anount, the scanning velocit¥, and the
When e’ exposure process is completed for the first

shot area, the control unit CONT causes the stepping
movement. of the substrate P in order that the projection
area ARl of the projection optical system PL is arranged on
the second shot area which is different from the first shot
area. Specificall}, the control unit CONT causes the
stepping movement in the ¥ axis direction between the two
shot areas 81, $2 on the substrate P, for example, in oxder
to perform the scanning exposure process for the shot area
82 after the completion of the Scanning exposure process
for the shot area S1. In this procedure, the liguid supply
mechanism 10 is operated such that the supply amount of the
Ligquid 1 during the stepping movement between the two shot

areas on the substrate P is different from the supply



material characteristic of the liquid (liquid-attracting property of the
trap surface). The recovery nenber 22 of this enbodinent is constructed to
possess the recovery port 22A which is forned continuously to have the
annul ar shape, the partition nenbers 23 which are provided in the recovery
port 22A, and the plurality of divided spaces 24 which are

amount during the exposure for the shot area.
Specifically, the control unit CONT is operated such that
the supply amount of the liguid supplied per unit time from
the liguid supply mechanism 10 onto the substrate P during
the stepping movement is smaller than the supply amount of
the liguid supplied during the scanning exposure for the
shot area. Accordingly, it is possible to suppress the
supply amount of the liquid supplied to the substrate P
during the stepping movement which does not contribute to
the exposure process. It is possible to suppress the
amount of use of the liquid in the entire exposure process
(until the substrate P is unloaded from the substrate stage
PST after the substrate P has been loaded on the substrate
stage PST and the exposure process has been completed for
all of the shot areas 81 to 512). As described above, the
control unit CONT changes the liquid supply amount per unit
time of each of the first and second liguid supply units
11, 12 depending on the movement operation for the
substrate P (stepping movement or scanning movement) which
constitutes a part of the executing operation of the
exposure process.

In this embodiment, the liguid supply mechanism 10
reduces the supply amount per unit time of the liguid 1
during the stepping movement of the substrate P, but the
operation to supply the liguid 1 is maintained (continued).

In other words, the liquid supply mechanism 10 maintains



di vided by the partition nenbers 23, wherein the liquid recovery unit 21 is
connected via the recovery tube 21A to the manifold 25 to which the
plurality of divided spaces 24 are collected. Accordingly, it is enough
that one liquid recovery unit 21 is provided, which is constructed while

i ncluding the vacuum punp and the |ike. Therefore, the arrangenent of the
apparatus can be sinplified. In sone situations, the suction |oad, which is
exerted to recover the liquid 1, may differ anong the respective positions
of the recovery nenber 22 in the circunferential direction. 1In such a
state, the subfFPohitEite e ORerptiandte evaviery Wi tligvidayroe 4lower ed, and
it is inpossible to smothly performthe recovery operation. However, the
provi si on of ??@Piﬁugqqqﬁaﬁ3ﬁenﬁéﬁse?§nnﬁk%% Lhe gesagpprg doremobtrhliy perform
the recovery gperation. That.is, for ex |l e, the following state nay be
somet i mes cau(élgaof’%ﬁfae 6 ;’[‘ﬁettﬂghﬁwﬁ?et%Enﬁ?‘ﬁﬁr@tl.aréﬁl e hever gihed 1 i s
recovered (sucked), f t recovet ort 22A on the 1-x,side of the
recovery nenber %Ecﬁ\’ﬁﬁirﬂgenl?’ﬁé‘l FP uf‘% ﬁe ?W%Te Afr gfﬁ?kélae‘gf’ckﬁ“’t‘%e air) is
sucked fromt v ReLL. 224 - i.d I n._such . a situation, the
air-mxed ar e‘???r{sqg%r ngﬁl'gﬁlt'ﬁegf\e%g%%%rep%% ?angkeoﬁuﬁﬁgr%{e S%fé-,e and the

fol | ow Ng i NCANMRNNSRES vMBYHALLEES dd Ak the,Liguid 1 Js recovered
by the liquid recovery anit 31 pr%Qﬁ%gdmgéﬁgﬁgﬁﬁfﬁeggé ?ﬁégﬁ%éhﬁnl di ment ,

the nixed ai rmdoaerisnt he suatigfodOIF e iplliia CRGUYIYPYATL WD 1G@NSti tutes
the liquid recovery unit 21. However, the area, in which only the liquid 1

is sucked, caugpdyspatical i yasepar abash fdgaamathenal pratxede@rga by providing
the nutual |y i ndependent divided spaces 24 by providing the partition
menbers 23 atpashid iomeer wbil¢i nhe heidunitdersnglplyppoeif2th f rddwe ahaeqQeary port
22A which is continuously fornmed. Therefore, it is possible to avoid the
occurrence ofleRfpdiifgontehbenseavhinch ddowicd ibe , okhér ths el sauseduppdh t hat
the air-m xed area is _spread and/or the suction force of the liquid

recovery uni POFENLEN| dGehel BardRd Hddaithe Ateppdhnghoyenand .| i doi d
recovery nech ?isn120 can_snmoot hly recover the liquid 1 even when the
l'i qui d recovggfeEnWPrﬁi’igh%r%ﬂﬁ%ﬁﬁj%%PH&HemPFHé?lsm 10 continuously

supplies the ligquid 1 from the plurality of positions until
a series of the exposure process operation is completed in
relation to one substrate P (until the substrate P is
unloaded from the substrate stage PST after the substrate P
has been loaded on the substrate stage PST and the exposure
process has been completed for all of the shot areas S1 to
512). Dneccordingly, it is possible to avoid the occurrence
of the vibration of the liquid (water hammer phenomenon)
which would be otherwise caused by the supply and the stop
of the liquid 1.

Fig., 6(b) schematically shows the behavior of the
liguid 1 when the exposure process is performed fFor the
second shot area (for example, S2, S4, etc. shown in Fig.

5) set on the substrate P while moving the substrate P in
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As expl ai ned above, the liquid supply nmechanism 10 i s provided, which
simul taneously supplies the liquid 1 onto the substrate P at the plurality

of positions which are apart, in the plurality of different directions,
fromthe projection area ARL (fromthe plurality of nutually different
sides of the projection area AM in order to formthe liquid i nmersion area
AR2. Therefore, even when the substrate Pis noved in the plurality of
directions including the scanning direction (X directions) and the
stepping direction (Y directions), the liquid inmrersion area AR2 can be
al ways for nedti&eroot Hiregitdosat i Wikt idnensst weehiy heb grioj ddre dagvpdi cal
system PI, and the substrate P. Therefore, the exposure process can he
perforned at 1 he® HWPLEEEolf GO o ARHINY Wodésdéphh BIR fistidie space The
liquid 1 is continuously sugglied fromthe plurality of positions by the
li qui d suppl y*hetHEhitem PECWRBH-ThP R G S5 R Bhotrdrtdss syhstRate
substrate P are successively subj.ected t.0o the_exposure pracess .
Cespecti vel y.* ThaVEPeRanIY | 895 doihie THeR350 The QUBurFenos™s? the
liquid Vlbraliﬁglda@a%ﬁ@ E?gyggtion area ARl1. In this procedure, the

amount of the liquid 1 supplied per unit time from the

supply port 14A provided on the +% side with respect to the

projection area ARl is set to be larger than the amount of

the liguid 1 supplied per unit time from the supply port

13A provided on the -X side. Therefore, the liguid 1,

which is supplied from the supply port 14A is smoothly

arranged in the space between the projection optical system

PL and the substrate P as if the liquid 1 is pulled by the

substrate P moving in the -X direction. As described

above, the control unit CONT changes the ligquid supply

amount per unit time of each of the first and second liguid

supply units 11, 12 depending on the movement direction

(movement operation) for the substrate P which constitutes

a part of the executing operation of the exposure process.

The liguid 1, which intends to outflow to the outside of

the supply ports 133, 144, is recovered from the recovery

port 22A to suppress the occurrence of any inconvenience

which would be otherwise caused such that the liguid 1

outflows to the surroundings of the substrate P.

In such a situation, when the substrate P is moved in

the -X direction, then the liguid 1, which is captured by
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phenonenon) whi ch woul d be otherw se caused by the supply and the stop of
the liquid 1. Thus, it is possible to avoid the deterioration of the
pattern to be transferred. The liquid supply mechani sm 10 supplies
the liquid 1 fromthe both sides of the projection area AMin the scanning
direction through the supply ports 13A, 14A. Therefore, the supplied |iquid
1 is spread while causing the wetting over the projection area AR as if
the liquid 1 is pulled by the substrate P noving in the scanning direction.
Therefore, the liquid imersion area Al2 is snoothly fornmed to include the
proj ection ar&2e AREP SHXERrs ekhbodi HimttX tHald.i 4ai voveppigwimsgitdni sm 10 i s
operated such that the amount of the liquid supplied fromthe position in
front of the PtYUIEINNTaPeEUARICE 3t elaltd dhiet 4 1HHéA st akhi MRFVaT&Etion is
llarger than the amunt of the |iquid su(ﬂplied f.,romthe gosition on.the
opposite si det*fh FEECVERE PPYhi 62RO wiPEn 18V H phFT SR BhiF PRE 15
substrate P, o] in_the vepent directi.on of the substrate P as if the
autd 11 o gt edsyreraefRer TE L it Orrel rBEY A€ ioc nl
arranged as i 1L.qul S t d.i.nt tqeduc i,nto th pace

bet ween t he pliec?}ag?ﬁngngggt %E% mg%/fs %?nogﬁ tg%dlﬁ ﬁé‘l‘gugsﬁga‘f%é ﬂlltfﬁg%éf ore,
the liquid 1,qpMizgluns éfpﬁhéeﬁiédenﬂJV%d %gﬁbg?sygglqu%ﬁniﬁ! m 10, is

snoot hly arranged between the projection optical system t he

substrate P eM@itcsien hbBethdPPlys@NAIOY tiRekeohbd! Sowd®d lend t-¥ $iR@SSible to
formthe liquid imersion area AR2 satisfactorily. The direction of the

flow of the lAauwirdihgtan beeswiiahed by rchaaginguide; appunt of the |iquid
supplied fromthe supply ports 13A, 14A respectively depending on the
scanni ng di r evisugresACodl di netgyerdie Uyl qhied reqoeesy groar eRMARD chr brR
snoothly forned between the projection optical system PL and the substrate
P even when tHiglesubber dieuidis suljaadiueddt byt hbestoawmisur fiaveady) ofie of the
directions of the +X direction and the -X direction. Thus, it is possible
to obtain thélg §Kapesrhes ol aewised\raetiepth oidg okipm the ligpéd
recovery nmenber 22 of the |iquid recovery nmechanism 20 is fornmed circularly
and annul ar | ¥ 5FEVEGY r BORY- 1R 47 S0ty 4R Bi8a AR and the supply nenbers

13, 14. The In this embodiment, the trap surface 31 is formed so

that the trap surface 31 is inclined in the upward
direction at the outer positions with respect to the
projection area ARl. However, the trap surface 31 may be
horizontal (0 degree). On the other hand, if the trap
surface 31 is inclined in the downward direction, the fluid
energy, which intends to outflow to the outside, is not
converted into the potential energy. Further, when the
substrate P is moved in the opposite direction as well, the
fluid 1 is not moved to the recovery port 22A to make
downward movement along the trap surface 31. For this
reason, it is impossible to smoothly recover the liguid 1
from the recovery port 22A. Therefore, it is preferable

that the trap surface 31 is a horizontal surface (0 degree)



liquid 1 is sinultaneously recovered fromthe surface of the substrate P at
the plurality of positions (fromthe plurality of different sides of the
projection area ARL) which are apart, in the plurality of different
directions, fromthe projection area ARL. Therefore, it is possible to
reliably avoid the occurrence of the inconvenience including, for exanple,
the scattering and the outflow of the liquid 1 to the outside of the
substrate P. That is, the liquid recovery nmechani sm 20 conti nuously
perfornms the recovery operation fromthe recovery port 22A arranged to
surround the B¥ojectivdnrgdeguaRacantitect akerineshef upherdxphdegtdoprocess
operation is conpleted for gne substrate P (until the liquid 1, which has

formed the Iiquid "THiferdiConighdd 2FeRLY jamoufpPRY V)it doidife@d P4 t er t he
exposure process .has, been qgnp[etedﬁfor all of the shot areas Si to S12 on
the substrat e>HEL itk PG PRI Wit Fhe s 18678, 123 Yprdsd TAFl e causi ng
the wetting in any. direction during the operation of. the series of the
exposure process Foi? fﬁgoé Bgt%%x%fﬁﬁft'ﬁg|ﬁ ﬁi'lﬂp%%ﬁ“%%uﬁéé8vered ina
wel | -suited r... Eur r..LL:ksS unn [ t ign of the
l'iquid througﬁn?ﬁém?ggo&ggymggé%égimadgﬁﬁéggﬁé %%é@% I'on oﬁ%#%érgéries of
the exposure HOGERAC Brr ¢hal iRtk 1oh Id1e (BUDBLER! SulkadlONekar ool bntd

possi ble to suppress the vibration caused by the stop of the suction of the
liquid. The appaataUmoks BRA¥OELIAVE thdhkeabhaRa Rae o3 fiQguiacapturing
the liquid 1 unsuccessfully recovered By the liquid recovery ‘mechani sm 20.
Accordingly, ddpdly pesshbl endiotiy eidhniniagoceuss eige ofn thReknNGOpNENI ence

i ncluding, for exanple, the scattering and the outflow of the liquid 1 to

t he outsi de ofhdrhehsubstnadestppln dnbbustedbollan@ntandfve twhep sheface 31 is
formed to have the elliptical shape as viewed in the plan view, in which

t he | ongi t udisrEnndingeveiloniext #ndsidm thensthanmylaiafedinicdmnéXiaxi st
direction) in which the liquid 1 is nost |likely to outflow to the outside
of the substridee tPaPTRBFERGR 3 (48 isgtpdashel baXxde r elQraihy atbed bard out f| ow
of the liquid o the outside. The liquid-attracting treatnment is applied
to the trap Sdrf8€e?89lePtniRfiideatienaPfi fte Crakt SWEACEqdl die. t9%Peref ore,
it is possible to SﬁéisLactqiilylca ture the qugid 1 which intends to

out flow. Fur t'idPS ¢ RBS st 4t 1 IS8A0ENPS | SRRVMISEd T RE ) the affinity of
the trap surface. t lgyid is higher,fhan the affinity_of e
surface of tﬁgﬁgﬁ'%?ﬁg%% @ff%%gtrgplgaﬁ#%?gT%Lf% 5%35 % g* Fquf@ T%nhhich
intends to oyf fl;ewat h t4sil kS ap.sur

W thout being Sdnereats the SRS EPLT RSk S SRR AT o
avoi d the ocgur RencRecPéafsy HYIGEAMAARHEBHCEr M G ke rRe L OhhepvhserBaused
such that the liquid 1 renmains on the surface of the substrate P. The trap
surface 31 i $ronght nasoun Hyhenspaandididectiadint tirkatagher positions with
respect to the projection area ARL. Therefore', the liquid 1, which

i ntends to odhtrefrre, tvemuthsi dagleanf bendlaptairies sat isfaedsed] ythd-urt her,
when the scanning direction for the substrate Pis reversed to the opposite
direction, tHherathentegnutiddadn gfi dhe Iswisied-tinacthiagdbratbinenti ¥%ecti on
along the trap surface 31, and hence the liquid 1 is satisfactorily
recovered by“RRABIFRCHY YV HihEe MOALWAPRIPREBLAGEnAdEHAd-RBLEHEL ¥ Bp surface

31.
property to the trap surface 31. Accordingly, even when

the angle of inclination is increased, it is possible to
retain the liguid 1. Thus, the angle of inclination of the
trap surface 31 is set to be the optimum angle on the basis
of the respegtive parameters including, for example, the

liguid supply amount, the scanning velocity, and the



The liquid (water) 1, which has the affinity for the Iiquid contact surface
2a di sposed at the end of the projection optical system Pt that is higher
than the affinity for the photosensitive naterial coated on the surface of
the substrate P, is supplied fromthe liquid supply nechanism 10 to perform
the liquid i mersion exposure. Therefore, the optical path between the
projection optical system Pt and the substrate P can be reliably filled
with the liquid 1. Further, the liquid (1), which is supplied onto the
substrate (P), is snmoothly recovered. Thus, it is possible to avoid the
i nconveni encemanet iml nharforeexampd eof tite: Sdattier i Dgqgand-4her attihljow of the
liquid 1. In this enbodi nent, when the liquid 1 is supplied fromthe
bot h si des of PrdieepnbjcdcttihentarpasRladea) t he scanni ng direction, the anount
of the liquid supplied fromthe front position in relation to the scanning
direction is |argéfha FEFOVREY attpipgr o2 tHe thiiguiedbsdppeiedison t he side
opposite thereto. However, the sane anmounts of the liquid 1 may be
suppl i ed fronf?PHE B it@eBOBFCERel it djusviesy RPeh AR winjdb iBn t his case,
the supply anpunt of the liquid 1 is not varied even when the scanning
direction is %"f%ﬁé‘&’."t’f‘ﬂBPg?Lﬁ‘ eto hays thesenppdag osh@per rdiS ably avoi d the
occurrence of_the.water hamer. phenonenon. On the . ot her, hand, when the

&t Prec? ¥ raia i

amounts of t HE1qdrd SGRRFT Th&T5oPRo¢tH8d UF tie L5°6VELYi on area

AMIn the scannivng g g6kl ph. 3 changed daenalno. ot Lhe Scannbng, .

di rection whi‘l'e continuously I'ng the IS poOSsi

suppress the gl 8 URE Bhxt heid Shigbels"hl |, ey BUPRLPSINY Higqoceur rence

of the water hamrer phenonenon. e enbodi ment o reSent

invention is weRSkychfsh SUchid hadnddiq ddl Quhdr el Sec@inueusl ¥ 15upp! i ed
fromthe supply portsl3A, |14A during the operation of the exposure process

for one piecahef nbhefsulSts ate whidHowaepluk-hesi 64 PRk Ya IEyadee spheppeds dur i ng
t he operation. For exanple, the follow ng procedure nay be al so avail abl e.

That is, wherreheodlbstedt e Rawdinglegct éd e theugicarmitngneotegrid t owar d
the +X side, then the liquid supply fromthe supply port 14A is stopped,
and t he |i quir@ceviesy suppt i ed f¥ gmoorikedt hehiabply pordti@asdWrbnlehe
substrate P is subjected to the scanning novenent toward the -x side, then
the liquid sdpFryEPSntite’ P wuper ﬁnasnhizslsls%ppémexaaf@rtenethﬁqui dilis
supplied from onlg the supply port 14A. Further, it is also _available that
the Iiquid sApprYSHBERaf rﬁﬁll?) APPGFAtHReC_UPHE vS HIP 1 Mt 9G-quit8 $°F8 t he

substrate P gHELQQi$Q§, the suction load, which is exerted to recover
the liguid 1, may differ among the respective positions of
the recovery member 22 in the circumferential direction.
In such a state, the suction force of the ligquid recovery
unit 21 may be lowered, and it is impossible to smoothly
perform the recovery operation. However, the provision of
the partition members 23 makes it possible to smoothly
perform the recovery operation. That is, for example, the
following state may be sometimes caused due to the behavior
the liguid 1. Only the liguid 1 is recovered {sucked) from
the recovery port 22A on the +X side of the recovery member

22, while the liguid 1 with the air (mixed with the air) is



st eppi ng novenent of the substrate P. In this procedure, the scanning
exposure may be started as follows. That is, the liquid 1 is supplied for a
predeterm ned period of time, and the scanning exposure is performed after
waiting for the convergence of, the vibration of the liquid. Wen the
procedure or the arrangenent as descri bed above is adopted, it is possible
to suppress the anobunt of use of the liquid 3. On the other hand, when the
liquid 1 is continuously supplied, it is possible to inprove the

t hroughput, because it is unnecessary to set any waiting tine for the
conver gence ofuthedvibrrattiten recovhey| poui d?222 on th&hi-d ehbodi fgnsucs
constructed such that the supply ports 13A, 14A of the liquid supply
mechani sm 10 aréipvadvieed e pRe-Bored st s spreadchpnk g WHA¥@tYon with
respect to the projection area ARL. However, for exanple, supply ports
(suppl y nmenbePS¥t nédf B ditso pr S¥ilfle D Wil FoddavaANE HACVHETEENEENT er ence
of the projection area AR, i.e., also on the both, sides of the projection
area ARL in tH&Y nibmttanmiiig dfr ebbfBn-Perndasigul ¥ %‘if"ﬁ%%g’b’l il‘g%ﬂ ont o

the substrate P fromthe res ec?i%. sqﬁﬁﬂ%“ﬁqrts grgvidqﬂsto syrround the
p;gbsg;hognagéég%\t. qhdfﬁﬁz Afra g?%& - @ﬁrgﬂ SUPDIY pot t agren
girectipn res%@% ?V&?@Laﬁéeb&i%ﬁg %ﬁfkﬁ%%iEStﬁﬁ ?Héﬁﬁg%ﬁg%gﬁh?%gngrgction
respectively vicfm D JIEnTUbHEL ] Yol dlaRRNIShh b oM. SHAR) XialQ! be . ar @

provi ded to surroun projection area ARI, en the Ii'quid 1 may be

supplied fromaldveaf, i QWAL , SYPRLYIAPHSy @hel DeghidU dd sWR%eRE supplied
fromonly the supply ports provided on the both S|%es in the scanning
direction whidgn the dg=auiad 15Upebyr a0 ercst epped f ohitedmlda ayount of the
liquid may be supplied) fromthe supply ports provided on the both sides in
t he non- scannpagy idiinectthenmuwhahly hindatposishe ploitdsd drsmqaeer 2dr ed wWhi l e
novi ng the substrate P in the scanning direction. The liquid may be
suppl i ed frorprdwiduppityepprrsipiovinadeys RReabothe sirdesiioxy t(Ha the
non-scanni ng direction, when the substrate P is noved in the non-scanning
di rection. AlXdysiadly @gpgcet RRHT 7 f dlishgesovanjerent 14h alhd&havddi | abl e. That
is, an annul ar supply nmenber is prqvided to surround the projection area
ARL, and the 99HdPH°PSLy S0FPET ed KIS IORE  sdbstF REFHF (He 2¥Pd0f t he
supply menber. In this arrangenent, it is.engugh t@@t one &jquid supply
unit is provid¥d FCEHFEEGCERRY | TR AT PVENEFECE PR, MEHIE PeTherefore, it
is possible tq.,sinplif : nt,of _the ratds -5 08 ot her

and, -when ¢ KOIRERAPE SabPEd S R eb® b BRRE Al e R RAG T
scanning dirqfid/R WhihshEERSE sdid G RAQJ eehhon AEAAY uAsel D11he

enbodi nent described above, the liquid inmersion area ARZ can be
sufficiently foered HQr thBempifi atlr onaateaaNRIly Thiss liikyiia pessvéte to
suppress the anount of use of the liquid 1. This enbodi nent is constructed
such that theeztppliym 20 can smoothly recover the liguid 1 even when

the liquid recovery unit 21 is provided asg one line.

As explained above, the liguid supply mechanism 10 is
provided, which simultaneously supplies the liguid 1 onto
the substrate P at the plurality of positions which are
apart, in the plurality of different directions, from the
projection area AR (from the plurality of mutually
different sides of the projection area AR1) in order to

form the liguid immersion area AR2. Therefore, even when



ports 13A, 14A of the liquid supply nechanism 10 are provided on the both
sides in the scanning direction with respect to the projection area ARL.
However, when the space between the projection optical systemPL and the
substrate P is sufficiently filled with t-he liquid 1, the liquid my be
supplied fromone supply port arranged near to the projection area ART.
Also in this case, it is possible to suppress the ambunt of use of the
liquid | while suppressing the occurrence of the water hamrer phenonmenon by
continuously suppl g the liquid fromthe one supply port until the
exposure is cb %%éﬁ?#%ﬁpzﬂllsoﬂoPﬁé $Rotharby i tonefsdbses Eranp,

In the enbodlnent descri bed above, the first and second supply nmenbers 13,
14 and the redBSeRYiltide sFanaiaysdprrat ben f dmddaeht bonel atdvder, t he
first and second supply nenbers 13, 14 and the recovery nenber 22 may be
connect ed to shepmiret hdrecAliber pavi et yct cannectiheg 1 igober Bumes @ provi ded
between the first and second supply nenbers 13, 14 and the recovery nenber
22 to connectatéemRIvaeweodivanpt desasd batbataye ahassheesr seplailiged such
that the internal flow passages 13H, 14H of the supply nmenbers 13, 14 and
the internal héowepasdmger2dettobnt bptiezbvwyratamerbennd2tive esyertpendi cul ar
to the surface of the substrate P. However, they may be inclined. For
exanpl e, the ¥nté&aiefotew phesayres@ad Iprauikt Con bhepsubpimedertt $he3A,

| 4A) of the supply menbers 13, 14 may be provided to be directed to the
proj ection aré&ﬁAﬁFsoﬁHﬂﬂﬁérd“@héhﬁlﬁ%%%dgﬂﬂﬂepghﬁpcéﬁ the supply port 13A,
14A fromthe surface of the substrate P may be different fromthat of the
recovery port 22A @F QHFQCBVE?yC%%ﬁHEFnﬁﬂy'SuPPl]F? fEomBridi%er abl e t hat

the liquid h 1 | .ud t.h mb 13, dth

[ qui 0 1 ecovar g NP erPab: PRl il hg T ehr%éli pgvépﬂin%%ﬁw L
ti | t

opt | oal Syst SRy e BBy PO n PRk rb RPN ) St on

opti cal systegnaaegsé%%dwsgauaé s tF}Pé% 8 ul-Q ﬁygetgsg he transm ssion,
to the projection optical systemPL, of the vibration generated in the

l'iquid recoveraspreeharism 1bharsld e ! ha: lisdbodsiBEQVES YaPBid@dHesm 20. On
the contrary, when the projection optlcal system PL is allowed to nmake

contact with dcharseppkyofrenherbichdid b4ibMattiout (aBvegapamidr i S al so possible

to expect an effect to prevent the liquid 1 frommxing wth the

at nospheri c @henemenon) which would be otherwise caused by the supply
and the stop of the liquid 1. Thus, it is possible to
avoid the deterioration of the pattern to be transferred.

The liguid supply mechanism 10 supplies the liquid 1

from the both sides of the projection area ARl in the
scanning direction through the supply ports 13a, 14A.
Therefore, the supplied liquid 1 is spread while causing
the wetting over the projection area AR]l as if the liguid 1
is pulled by the substrate P moving in the scanning
direction. Therefore, the liguid immersion area AR2 is
smoothly formed to include the projection area ARl. In

this embodiment, the liguid supply mechanism 10 is operated

such that the amount of the liquid supplied from the
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Anot her enbodi nent of the present invention will be explained below In the
follow ng description, the sane or equivalent constitutive parts as those
of the enbodi nent descri bed above are designated by the sane reference
nuneral s, any explanation of which will be sinplifi.ed or omtted. The
i quid recovery nechani sm 20 according to the enbodi mrent descri bed above is
provided with the one liquid recovery unit 21, and the recovery nenber 22
which is connected to the liquid recovery unit 21 via the recovery tube
21A and which has the recovery port 22A formed continuously to have the
annul ar shapePOpbwetierin jfirong aﬁsbh%JW%WWQﬂkéomhaﬁﬂa PRUr g inadagiopi g@i d

recovery unlts are provided. Accordlngg%c is possible to sup ress the
di spersi on of tPRef ?Wr?lmtﬁ%éo%tl% G ttﬁé“rEE%v@P‘V”Hoéift fis of the

recover ort 22A . Fur he control unit ry the respective
recoverz Porcééq%¥dtﬁﬂ? Fﬁp %F?V EﬁeIRQﬁﬁH}qne88vEP9 %#ﬁ?%#ﬁﬁbﬁéﬁalng on the

liquid recove 0 i tion hIS an enent, MA| xpl.ained with
reference to éMg T the lﬁaul n&h Fpghﬁ%gﬁﬁgh Qg% t he present

| nvent i on, - uhi i SERSBL T GaLlY ﬂﬁsra;]r&t%o%g\g%@vﬁgwctw%ﬁw ng_anot her

exanpl e of t he |qU| écovery nechani sm erence to Fig. 7, the

liquid recoveg.ybmcafz@nbsaw%lmét% &fusd i ghmgm QGRY Gl igi t 26, a

second liquid recovery unit st recov ry menter 28 which is

connected to ihesidrast pli quhd If(ﬁpﬂﬁﬁy iWNistnodOhY{ 3a Ard RfeQV QY iEUBR: 26A, and
a second recovery nenmber 29 which is connected to the second |iquid

recovery unitlzfuid @ dsrecovetyed ulirl Ahdkodkaeh ofitd hend igpet-capdtaesond
recovery nenbers 28, 29 is formed to be circular arc-shaped as viewed in
t he pl an vi ewhdhediecsionecpviaral mysyem 28 asdathangadtonatiehe .- X side of
the projection area ARL, while the second recovery nenber 29 is arranged on
the -Ex side Dfenafergrophetlomial da MRIchEashsebpl bl finogt thrdliquid

supply mechanism 10, is smeothly arranged between the

projection optical system PL and the substrate P even when

the supply energy thereof is small. It is possible to form

the liguid immersion area AR2 satisfactorily. The

direction of the flow of the liquid 1 can be switched by

changing the amount of the liquid supplied from the supply

ports 13A, 14A respectively depending on Lhe scanning

direction. Accordingly, the liquid immersion area AR2 can

be smoothly formed between the projection optical system PL

and the substrate P even when the substrate P is subjected

to the scanning in any one of the directions of the +X

direction and the -X direction., Thus, it is possible to

obtain the high resolution and the wide depth of focus.

The recovery member 22 of the liguid recovery

mechanism 20 is formed circularly and annularly to surround

the projection area ARl and the supply members 13, 14. The

60



second recovery nmenbers 28, 29 is provided with a recovery port which is
directed toward the substrate P, and partition nenbers which are provided
therein, in the same manner as in the enbodi nent descri bed above. The
recovery operations of the first and second liquid recovery units 26, 27
are perforned i ndependently by the control unit CONT respectively.
When the shot area on the substrate P is subjected to the scanning
exposure, then the control unit CONT supplies the liquid 1 fromthe liquid
supply mechani.sm 1Q onto the substrate P, and the control unit CoNT drives
the first andld@¥éRd! | +Fui PHECHFONG LinF esovered A 1om the Brghpae retovery

1 fromthe surface of the

mechani sm 20 respectively to recover the_ |iqui _
substrate P. Fﬁetﬁpésiﬁﬁﬁ%ﬁﬁnﬁﬁ,Ca?hBIEBﬂ%fEN ?#LHOQﬁﬁﬁPnéoﬁFFBWst?%e i quid
recovery forc | jAuid recovery nechanism 20 so that the |iquid
recovery forcglgéa%gg é%ﬂdggg%ﬁfﬁ Sﬁd?ﬁeofi i PPIEGEPY BBg?t$%ﬂ1
Speci fically, . t.he,contr ni t; ,CONL tiing. in.rekation to the
scanni ng di re‘g%llgglrll gpu%h%%fe{ft' the r]ecg%gfil%%uoﬁff dt(lrrg%g\(/‘g}:yg 6‘%%:{2 OT8¥ t he
liquid recoverednPeie YWidyddeTonah rbBEARPST tii}-d 3 for, 0Nk 95 g@gspm e on
area ARL is smaller than the recovery anount of the'|liqui ecovered on the
si de opposi t eréheselP.aviiat the obBErlbilkd thi 8GRV ELEHhIERSehSei NCr eased on
the front side (downstream side of the flow of the liquid 1) in the
scanni ng di r ethcbrdirEpediol exblpl eWheRe theatidishigab@dPthe ORYELLY ot he +X
direction, the recovery force, which is exerted by the second recovery
menber 29 (setbadlidquul d recouer yutnide 279 Preovntb@dranet he +Ehsi digs W th
respect to the projection area ARL, is larger than the recovery force which
is exerted bytikdel fduist regoveeyympehdrerse ) ftongtinkpgaild pechmersy e t 26)
provided on the -X side. Accordingly, it is possible to snoothly perform
t he oper ati on* ¥ YEGOPPRIARAON] HUPH e tIRCOYERYt Part P2ahareangsas diong t he
outflow of the [i uid_} to the outside. The enbodi nent descri bed
above is cons??ﬁﬁéhﬁf dBENPERABH RN dpesiamatAfdnyntd lr acB9ERSF Nt 1ihfui d by the
first and secgnd Ii%yid recovery unjts 26, 27 are p%rforned i mul taneously.
y

However, the BOparati-oRs &S baPoet titthed SEPRIEESRYTOEPPExEA e atehE

fol |l owi ng pro&ﬁﬁgjj%hgl§9q?¥§iiab$ﬁ%cﬁﬂﬁié E%rmggegh%EfiSHEQF{ﬁﬁ%?%E i.s noved

. . . o
in the +x direction, then e operation to recover e Fiqui &f or med

by using onl yazidie s3@G0Rd EBROYEEN JTBRES,22a( A2ERRTehb Gk ghEggovery uni t

27) provided on the +X side wth respect to the projectioh area AM and the

operation to greee¢er hhBepbéf Ubshp Vilidd ot ©0108£PERECERBE DYedSisid chhe
first recovery nenber 28 (first liquid recovery unit 26), is stopped. In

this case, tid2 oguitdelsphstcipaldy. f lowsetonar detvbe witeside: Ihenafl ore,
the liquid 1 can be recovered by only the recovery operation perfornmed by
t he second | ilguisgreadoverie umits 2y the wiettisgpestanve @hbsdiimentimrdegcri bed
above, the )

the operation of the series of the exposure process for the

substrate P, the liguid 1 van be recovered in a well-suited

manner. Further, it is unnecessary to stop the suction of

the liguid through the recovery port 22 during the

operation of the series of the exposure procesgs in relation

to the substrate P. Therefore, it is possible Lo suppress

the vibration caused by the stop of the suction of the

liguid.

The apparatus is provided with the trap member 3¢ for
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recovery nenber of the liquid recovery nmechanism 20 is arranged to surround
the entire projection area ART. However, the recovery nenbers nay be

provi ded on only the both sides of the projection area ARl in the scanning
di rection. In the respective enbodi nents descri bed above, the
recovery nenber of the liquid recovery nmechanism 20 is forned continuously
to surround the projection area ARL. However, as shown in Fig. 8, a
plurality of recovery nenbers 22D may be arranged di sconti nuously or
intermttently. Simlarly, a plurality of supply nenbers 13D, 14D nay be
arranged di scoapiurtious|tyreod igntiér i nnartdessifn ligl apcovets thye thiequi d suppl y
mechani sm 10 as well. Also in this arrangenent, the recovery operation is
continuously pEi¥st meFoNieEl MREbaetIVetds pdeeordipahyedit d-SsPEEEGRESt he
projection area ARL. Therefore, the quyid_l can be recovered .
satisfactorily° AHEHWIER PREVEFEFH 9T ithes pREBVARLPRCE Ui lnG 1PHe fWRFti ng
in any direction. wWen a plurality, of recovery nenbers of the Iiquid
recovery necrﬁﬁﬁQﬂ%EZOLQPe“ﬁPB%?E@Qﬁ Ft HQ?aHﬁFé}O?héfI?Qﬁn%iqﬁééo%e?g force
(l'iquid recovery anmpunt r.ounit time) at the position apart fr t he

proj ecti on ar@gyﬁﬁggﬁﬁetﬁg %E%n%HQﬁfﬁﬁ%ﬁe%fio "ngél%egéhﬁﬁigfggd ggéthe

|1 qui d T ecovery, eehanl,am 20; 4 0r i, dAtgehalBaPENEL LI AUl T RQUET ¥sT Or ce at
any different pdsition, specifically at" any position apart in e

non-scanni ng WGl 1 ANepACLREA PALY, bNGHEEAULHe 1) o 001 406 nSybstrate P can

be snmoothly recovered when the scanni ng exposure s perforned.
direction extends in the scanning direction (X axis
direction) in which the liquid 1 is most likely to outflow
to the outside of the substrate P. Therefore, 1t is
posgible to reliably avoid the outflow of the liguid 1 to
the outside. The liguid-attracting treatment is applied to
the trap surface 31 to enhance the affinity for the liguid
1. Therefore, it is possible to satisfactorily capture the
liguid 1 which intends to outflow. Further, the surface
treatment is applied so that the affinity of the trap
surface 31 for the liguid is higher than the atfinity of
the surface of the substrate P for the liquid."Therefore,
the liguid 1, which intends to ocutflow to the outside, is
captured by the trap surface 31 without being adhered to
the substrate P. Accordingly, it is possible to avoid the
accurrence of any inconvenience which would he otherwise
caused such that the liguid 1 remains on the surface of the
substrate P. The trap surface 31 is inclined in the upward
direction al the outer positions with respect to the

projection area ARl. Therefore, the liguid 1, which
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Alternatively, a plurality of liquid recovery units each having a vacuum
punp or the like may be connected through recovery tubes to the respective
di vi ded spaces 24 divided by the partition nenbers 23 respectively to

i ndividually control the recovery operations of the plurality of liquid
recovery units so that the recovery force nmay be varied depending on the
liquid recovery position thereof. Alternatively, the recovery force nmay be
vari ed depending on the liquid recovery position such that the |iquid
recovery units are not connected to the respective divided spaces 24

i ndi vi dual |y, 1bk@nds5 i @Wddevety BREtOT%s Khnsdtedet 65‘Ph\ér‘b<ﬁ)ur ality of

di vi ded spaces_24 through a plurality of recovery tubes respectively, and
val ves are prd%f QQﬂéi;He r@EBQE??*ﬂﬂH@%1?E%ﬁ§éﬁﬁﬁéﬁyde@%&ﬂQan e val ve

openi ng degregs_of .the valyes. Further, the recovery force can be varied
for each of tﬁée d'luvtl’%er@\éfpﬁcég ﬁﬁv‘ﬁﬁls‘ﬁetcbrfé‘seslﬁpé’of%@ By 2Ryt n \{’[GWe

| engths of t | 1L i f. recoyery tubes .as . descrihe bove. ... In the
respective e %%f%%ﬁ#g; egé Pﬁéd dB%Jg?”f @'s&p%l§°W%ﬁgE$-%ﬁ§%ﬁﬁ§ﬁq qui d
supply rechan] Al Qhas besaibetanti Al Gldnel 2hedi Ggigppdform as
viewed in the plan view wever, as shown in Fig. 9, fhe supply nmenber may
have a |inearsri sfadcaloghlyf OERby dFed N §IPQdRRREY pbPe SHPRIidTENRers 13,
14, which are linear as viewed in the plan view as sﬁomm in Fig. 9, are
provi ded on tdwnreithasicdeshef tfie NiiRed ign area ARl in the scanning
direction respectively. Simlarly, the recovery nenber 22 of the liquid
recovery mechani smh20 ligunat {watedt ed t evHiane hiae tpanak 84n {1of oA hghown in
Fig. 9, the recovery nenber 22 may be rectangul ar. As shown in Fig.
10(a), a por dusiEnivent40tnayr becoriw idegased thethat endadf filmw passage 13H
(1411) of the supply nenber 13 (14) of the Iiquid supply mechani sm 10.

Al t er nat i vel PIoI€CEROMNCPR1IFR Y. sV Plpdheitt ienbiahbershan whey be provi ded
to formslit-shaped fl ow passages. By doing so, the liquid 1, which is

suppl i ed froRHHESHpHPY FRRDAICLCS qUEd)t iywr BatRELIZLDSPR RS I W¥h be

rectified. It is ~gssib|e t o suppress the occurrence of gny Jinconvenience
whi ch woul d ﬁ@riﬁﬁérﬁfsgh%dﬂgﬁﬂggﬂfhr?héﬁ §H99ﬁ6? u @WEéaﬁ%Hééﬁg-on t he
substrate P e liguid. is, vibrated. he respective enbodi nents
descri bed ab%&gpagvgegggﬁgghﬁ“gﬁgégmgggﬁ"%ﬁgF 1ﬁ%“f$a s 30 (trap

surface 31 ieapBELLRl ! CRheAS et BrtheaR! Bk SUtuBIHE he trap

menber 30 (trap surface 3 may be perfect citcular or rectangular. On the

other hand, phejkbgubd dptafds vt Prown@nihbesRodde5idas Qfh the
projection area”ARL in the scanning direction. Therefore, when the trap

menber 30 hasethebey| fpiiedlvishapeeas ignitihe ., enbegiment wrsariigead above,
the liquid 1, which intends to outflow, can be captured
(1), which is supplied onto the substrate (P), is smoothly
recovered. Thus, it is possible to avoid the inconvenience
including, for example, the scattering and the outflow of
the liguid 1.

In this embodiment, when the liquid 1 is supplied from
the both sides of the projection area ARl in the scanning
direction, the amount of the liquid supplied from the front
position in relation to the scanning direction is larger

than the amount of the liquid supplied on the side opposite

thereto. However, the same amounts of the liguid 1 may be
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satisfactorily. The enbodi nent descri bed above is constructed such that the
trap nmenber 30 (trap surface 31) has the elliptical shape, and the trap
menber 30 (trap surface 31) is provided at the entire portion outside the

| i qui d recovery positions of the recovery nenber 22 to

supplied from the both sides of the projection area ARI.
Also in this case, the supply amount of the liguid 1 is not
varied even when the scanning direction is switched.
Therefore, it is possible to more reliably aveid the
occurrence of the water hammer phencomenon. On the other
hand, when the amounts of the liguid supplied from the both
sides of the projection area ARl in the scanning direction
are changed depending on the scanning direction while
continuously supplying the liguid 1, it is possible to
suppregs the amount of use of the liquid 1 while
suppressing the occurrence of the water hammer phenomenon.
The embodiment of the present invention is constructed
such that the liguid 1 is continuously supplied from the
supply ports 13a, 14A during the operation of the exposure
process for one piece of the substrate P. However, the
supply may be stopped during the operation. TFor example,
the following procedure may be also available. That is,
when the substrate P is subjected to the scanning movement
toward the +X side, then the liguid supply from the supply
port 14A is stopped, and the liquid 1 is supplied from only
the supply port 13A. When the substrate P is subjected to
the scanning movement toward the -X side, then the liguid
supply from the supply port 13A is stopped, and the liguid
1 is supplied from only the supply port 14A., Further, it
is also available that the liguid supply mechanism 10 stops

the supply of the liquid 1 to the substrate P during the
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surround the recovery nmenber 22. However, it is also allowable that the
trap nenber 30 (trap surface 31) is provided on only the both sides of the
projection area ARL in the scanning direction, and the trap nmenber 30
(trap surface 31) -is not provided at any position apart fromthe projection
area ARL in the non-scanning direction. The liquid 1, which intends to
outflow, can be captured satisfactorily by nmerely providing the trap nenber
30 on the both sides of the projection area ARL in the scanning direction,
because the liquid 1 tends to outflow on the both sides in the scanning
direction. ThE-HRYI SCVEREPFnafi B otuhHE aleap - sul P atRI B P IARFEE edesi gned

so that the | e of i,nclination differs dependin n. 1 he position. For
exanpl e, t heagﬂ%lsé:adwli“ﬁc??‘ﬁaf"i‘ﬁ% Y 13?1?6 Stt“'raafﬁeguﬁ ag‘él%iw%y et Aéreased
at positions_g EPGF;VHPi”EtySOf' he bj%p sjde% E th ro'gﬁ}'o. area ARl
in the scannlgg_diﬁ%ét! n*8s 3%%%ﬁf%dpmnfhr¥ﬁ5§g 5 ?%g'%fher posi tions. It
e e M SN et AR
combining a pdir ahel ¥eRbelbBhcsUWf AGRS vibration of the liquid. When

the procedure or the arrangement as described above is

adopted, it is possible to suppress the amount of use of

the liquid 1. On the other hand, when the liquid 1 is

continuously supplied, it is possible to improve the

throughput, hecause it is unnecessary to set any waiting

time for the convergence of the vibration of the liguid.

This embodiment is constructed such that the supply

ports 13A, 14A of the liquid supply mechanism 10 are

provided on the bhoth sides in the scanning direction with

respect to the projection area ARl. Nowever, for example,

supply ports (supply members) may be also provided to

surround all of the circumference of the projection area

ARl, i.e., also on the bhoth sides of the projection area

ARl in the non-scanning direction. The ligquid 1 may be

supplied onto the substrate P from the respective supply

ports provided to surround the projection area ARl. In

this arrangement, when the supply ports are provided on the

both sides of the projection area ARl in the scanning

direction respectively and on the both sides in the non-

scanning direction respectively, i.e., when the mutually

independent four supply ports are provided to surround the



Fig. 11 shows anot her enbodi ment of the trap surface 31 of the trap nmenber
30. As shown in Fig. 11, the trap surface 31 may be a curved surface.
Specifically, as shown in Fig. 11, the trap surface 31 may be a quadric
curve or a circular arc as viewed in a cross section. In this enbodi nent,
it is preferable that the trap surface 31 is a curved surface which is
expanded toward the substrate P. Even in the case of such a shape, it is
possible to capture the liquid 1 satisfactorily. Al ternatively, as
shown in Fig. 12, it is also allowable to apply, to the trap surface 31, a
treatment to BRPHIHelahe i Pide hhen, tispddivilgal| §ay abe cuytplised from
surface-formng, treatnment. Wien the rough surface-formng treatnent is
appl i ed, thenaf%eo Ui de sy 84PBLY (PR 155 s tPraddd4d | 5 MY &€ged, and the
liquid 1 can be captured nmore satisfactorily. It is.not necessarily

i Spensapl e SRR TPBUGRLE F b6 RN o o1 BEPRARY 19 43 PEEM o ¢ he
entire surface; t.he .trap surface,31. The rough surface-formng treatnent
may be appli e(%l,é)%ﬁorl e>}'<'§1"r'$plgg,°IH 0 %n?lfeéztﬁe{i’rnt Woflggrgge |ls(f)uolse(§'uipﬁ’g¥h78ay
scanning directi S i Q. ~k3,nLhe: r 30 may be
conposed of gg(%)l%r?ﬁ%etdy (gﬁs?i %ﬁg\rrglnb%}@lgz.&vﬁlﬁ ?'(lé %?cgr{c t% Fig. 13, the
fin menber 325150@181%} gr&:unatha $UAO ek s2B r ¥l SUEE &) SR LV L SMes ThE

side (lower side), wh is opposed t0 the substrate P, I1s inclined in the

upwar d directionit neut-etaffshyi @NSedMilth I GERRCENE et HOpeetEeR igarea
AR1. The plurality of fin nmenbers 32 are attached radially to the outer

si de surface mirfidimedecdyeymdRierihd? sabsthatet heit ongd tardnpdahgdi recti on
thereof is directed outwardly. In this enbodinent, the plurality of fin
menbers 32 ardiirsepdoat. edThe obi@ach mayhée. sSpatied etitanorhe33uppdyf or ned

bet ween the respective fin nmenbers 32. The liquid 1, which is

unsuccessf ul Ipprtéc pverededyor hhe dedve sidpenbert2? ners-asapnaned by t he
surface tension by the space sections 33 between the fin nmenbers 32.

Accor di ngl y, dFectiighi dwaen stif spdigited ter Bni § Heevrd fATbwibeo "PRe out si de of
the substrate P. | .The plurality of fin nenbers 32 ngy be provided at
equal i nt er vaIS8RNGPI: ARYEREPhe PHOFERBY LR YinctRial FA %Pl s. For exanpl e,

the int |'s het he fi o 2 i ded at iti [ h
Scanni ng o r S60EBREAY be® seled GVBRIBRAPr or FEan 1 ne] ATBPYSF S BBt hEan (e
scanni ng ey be® 1% 6" <) - 1né'] RS vars*Hekieen

ol Ural Ly of FrRChurbarE sy g Tl et e RAYAR) aPeh CRk| fead 1®

radial directihan) j58sReet iy aluppiAlbiebRab | ¥Rd Ysulldis did) pBYDeRe 32iq WU ch i's
provi ded at the position in the scanning direction, may have a |length that

i's |onger thanet beppepaidmsdr t hanf kRisesbesin@dneri Clid SspeAYigRd:Rit t he
position other than the above. A part of the area for the trap nenber 30

may be conposed bdigti fupplyenens isapdotied anmifdady taeediqayd be wwonposed
of the trap surface. The fin nenbers 32 may be

the supply member. Therefore, it is possible to simplify

the arrangement of the apparatus. On the other hand, when

the supply ports 13a, 14A are provided on the both sides in

the scanning direction with respect to the projection area

ARl as in the embodiment described above, the liquid

immersion area AR2 can be sufficiently formed for the

projection area ARl. Thus, it is possible to suppress the

amount of use of the liguid 1.

This embodiment is constructed such that the supply
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attached to the trap surface 31 as explained, for exanple, with reference
to Fig. 4, It is preferable that the liquid-attracting treatnent is al so
applied to the surface of the fin nenber 32 in order to enhance the
affinity for the liquid 1. In the respective enbodi nents descri bed
above, when the liquid-attracting treatnent is applied to the trap surface
31 (or the fin nenbers 32), the liquid-attracting property of the trap
surface 31 may be allowed to posses a distribution. In other words, the
surface treatnent can be perfornmed so that the contact angles of the liquid
are nmutual ly shfdenent, vahues tpe Bidglid ahuppyyoheangass®n d heresurface to be
subjected to the surface treatnent. For exanple, the liquid-attracting
property nay ijpeodicwer ed theabpahtsided hien aheasohnhbeg tdapcsticnaedt81

di sposed outside the projection area ARL as conpared with the area di sposed
i nsi de. Furt h@speact to nbe peegsstidl \anaadidg&penshbvevehatwiadn tdk the trap
surface 31 is subjected to the liquid-attracting treatnment. For exanple,
only a part d¢fPacsebgtegcti §pospiPiertiy SeanARAgSYS FOEtFlomnfyBe subj ect ed
to the liquid-attracting_ treatnent. The enbodi nent descri bed above has
been expl ai nédPSECAtENEL 1 h8uEf it fdddpAgWithathentiqsidagpl 88 to the
trap surface 31. .However, the |jquigd-attracting. treatment can be al so
applied to tHe“%‘&E?Eé@ gF ?W#’r%@“ﬁﬁ%é’&@ FHPgﬁérP%"rcﬁH%é*ﬁdi g6rd 1

flows, included, in the.ligui d suppl hani.sm 10_and/ or .the liquid
Fecovery mechniom BOEIFREEE T 2RT i SPne®I AR desitr ddt g 1 eat ment
is applied t . cove r f e liquid r ver. chani sm 20,
the liguid cgﬁgggbégcgée%%%ﬁg%%gfﬁﬁigﬁgﬁbgrﬁgtﬁ€%I?%q@ﬁ%qf¥ﬁﬁ?d}attracting

t r eat ment ca@hggeagggﬁggﬁgiﬁg EﬁétJH%ﬁ??% RAr Loy Of wd s ?ﬁﬂgﬁﬁ;ion opti cal

system PL i ncl udi ng arrel PK wt ich the liqui es contact.

Wen a thin bhlRbingnbs PR he ifio Rl cabpelenBning, 1 {8k thent hha filmis
formed of a material having a transmttance with respect to the exposure

| i ght beam Ebpeandpphe portnidiickness ckbeseot is casplgned tforsueh an extent
that the exposure |light beam EL can be transm tted therethrough, because
the thin fil rhiesshot amgets om tdre gpibiscakhtpath for the exposure |ight beam

EL.
In the embodiment described above, the first and

second supply members 13, 14 and the recovery member 22 are
separated from each other. However, the first and second
supply members 13, 14 and the recovery member 22 may be
connected to one another. Alternatively, connecting
members may be provided between the first and second supply
members 13, 14 and the recovery member 22 to connect them.
The embodiment described above has been explained such that
the internal flow passages 13H, 14H of the supply members
13, 14 and the internal flow passage 22H of the recovery
member 22 are perpendicular to the surface of the substrate
F. However, they may be inclined. PFor example, the
internal flow passages 13H, 14H (ox the supply ports 134,

14n) of the supply members 13, 14 may be provided to be
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The thin filmfor the surface treatnent may be either a single layer film
or a filmconposed of a plurality of layers. As for the material for
forming the thin film it is possible to use arbitrary materials provided
that the material can exhibit the desired performance, including, for
exanpl e, netals, netal conpounds, and organic natters. The surface
treatnent may be also applied to the surface of the substrate P in
conformty with the affinity for the liquid 1. As described above, it is
preferable that the affinity of the trap surface 31 for the liquid is

hi gher than th@rattmlw mc, tm S euhianeaPla LA SUBSRL mte? Pt hOra t@rldeaui d.
Next, an explanation w | 3e wth reference to Fig. 14 about stil

anot her enmbodijwenthof @rluwm@p@qppbwrmm@mm Koandna bigedsk rggcovery
mechani sm 20 according to the present invention. Wth reference to Fig. 14,

the liquid suppkysmectwnicssm nk§ bachidesrent i £15im hgui dfsupplyedbvdryll, a
second liquid supply unit 12, a first supply nenber 13 which is provided on
one side (-X ppde)2im dghdlscarmpbugrdi neghéomav th respect to the projection
area ARl, a second supply nmenber 14 which is provided on the other side (+X
side), a first Supptyia ysisraphizchhebnhieetlsiguiad supplylmeghahiswpplOy unit

including the supply members 13, 14 and the liguid recovery

mechanism 20 including the recovery member 22 are

respectively supported by a support member other than the

projection optical system PL and a support member for

supporting the projection optical system PL. Accordingly,

it is possible to avoid the transmission, to the projection

optical system PL, of the vibration generated in the liquid

recovery mechanism 10 and/or the liquid recovery mechanism

20. On the contrary, when the prodjection optical system PL

is allowed Lo make contact with the supply members 13, 14

without any gap, it is also possible to expect an effect to

prevent the liquid ] from mixing witﬁ the atmospheric air.

Another embodiment of the present invention will be

explained below. 1In the following description, the same ox

equivalent constitutive parts as those of the embodiment

described above are designated by the same reference

numerals, any explapation of which will be simplified or

omitted.

The ligquid recovery mechanism 20 according to the

embodiment desciribed above ig provided with the one liquid

recovery unit 21, and the recovery member 22 which is
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11 and the first supply nenber 13 with each other, and a second supply tube
42 whi ch connects the second liquid supply unit 12 and the second supply
menber 14 with each other. The first and second supply nenbers 13, 14
include internal flow passages 13H, 1411 and supply ports, 13A, 142 formed
at their | ower ends respectively, which are forned to be substantially
circular arc-shaped as viewed in a plan view, in the sane nmanner as in the
enbodi ment described with reference to Figs. 2 and 3. The first supply
tube 41, which connects the first liquid supply unit 11 and the first

suppl y nmenber ct@nelrsedatst tia dghtqutidbeeseetpnuddt ad vaashihe kubevesegti on
44, One end of the straight tube section 43 is connected to the first

| i qui d suppl y tiykiet 214 apgovhinh delsethendeobvehe stirtaizjiat fbubedsection 43 is
connected to one end of the slit tube section 44. The other end of the
slit tube secCPHRIAZONZLIY drthdbved the phsulppeshaprt offomieweirnt étndé f 1 ow
passage 13H of .the first supply menber 13. One end of the slit tube section
44 is formed £0°RafelpphickithetepyPiREaLARR &F Al @H & KECOBRIY henkstY ai ght
tube section 43, and the other eggné erepf |s formed to have approximately

the sane size&§ PhAY 191 hé<Gpp A ottt He BIFERI&uppI §URRRDEF W The
slit tube seclk 4.1.s forned to be supstantially triangular as viewed in
a plan view sgitgﬁeafsjf%rg r:’sfloit'?;%t Gbe°¢st ig?ﬁr% 1% 5Ra 64l Fgemf‘a‘eﬂ‘é‘?:lrx n the
hori zontal di ' r e 8hd, Lo, the ot end. .A slit:shaped interna
f1 ow passage %ﬁ%ﬁi{;}?%% c‘%nitglgf 5?%&?’5 B <11t ttr}‘glétﬁ(é%fi %rr’lgﬁ,“?%mf or ned

so that the ighetnednd Ay RASHAGRe 44 é&m@%@ogxw 9898%,7, ingf»‘f;

horizontal direction fromone®end to t'he other en riy, the
second suppl ypluhel 4 o#i1GBuE@NPESSSe b FRGEOMPhaYhE SHPRhY Pjdial2 and
the second supply nenber 14, has a straight tube section 45 and a slit tube
section 46. Onecengyfposieishsai ghtiid uheraranicn ¢511SpeoansTd stkd 0 the
second liquid supply unit 12, and the other end of the stralght tube
section 45 i sWidhresiegwnte bneFemnd Df the slit tube section 46. The other
end of the slit tube section 46 is connected to the upper end of the
internal flow pasdd§e T48hogs anetheatomdbosupsing vénbbe pdes@re end of the

slit tube section 46 is forned to have approximately the sanme size as that
of the straigﬁﬂquﬂﬁ?”' which schematically depicts a plan view

illustrating another example of the liquid recovery
mechanism 20. With reference to Fig. 7, the liguid
recovery mechanism 20 includes a first liguid recovery unit
26, a second liguid recovery unit 27, a first recovery
member 28 which is connected to the first liguid recovery
unit 26 via a recovery tube 26A, and a second recovery
member 29 which is connected to the second liquid recovery
unit 27 via a recovery tube 27a. Each of the first and
second recovery members 28, 29 is formed to be circular
arc-shaped as viewed in the plan view, The first recovery
member 28 is arranged on the -X side of the projection area
ARl, while the second recovery member 29 is arranged on the

+X side of the projection area AR1l. Rach of the first and
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section 45, and the other end thereof is formed to have approximately the
sane size as that of the upper end of the second supply nenber 14. The slit
tube section 46 is formed to be substantially triangular as viewed in a
plan view so that the slit tube section 46 is gradually w dened in the

hori zontal direction fromone end to the other end. A slit-shaped internal
fl ow passage 46H, which is fornmed in the slit tube section 46, is fornmed so
that the internal flow passage 46H is gradually wi dened in the horizonta
direction fromone end to the other end. The liquid recovery

mechani sm 20 isechodese@nveooveinpeiente; 22 vhipdviisefiowired 4 ardsvannyul ar as
viewed in a plan view, a plurality of liquid recovery units 61 to 64, and a
plurality of mwecbverych uresiizkcted7{owhrdhtlioombstrahe Pecovkry nenber 22
and the respective liquid recovery units 61 to 64 to one another. In this
embodi nent, tperkifite netwrer whaght 6ré netadelefdoheseinhel | ¥t S89€f ourt h

| iquid recovery units 61 to 64, and the recovery tubes include four of the
first to four PAPPBEcYRriR tillse£mprdifeny dRFTEIFENAPAYCt heFRR O S°AYE Fecovery
menber 22 includes an annul ar internal fIOM/paﬁggge 2213, and a recovery

port 22A for nB8eAFLIRE | YndlCedd X Bhef BOFSeGHG et fEnHErY d9455F t he
enbodi nent explaipned with reference to Figs., 2, and. 3. C reidi nber
(23) is provid&d ? raﬁﬁu?%q%ﬁépﬁgll??%ﬁfﬁéggﬁﬁéb§2gﬁeo?°$ﬁ@9§ﬁﬁgéi%@ﬁgeshomm
in Fig. 14. Tpgsg%ggy%hy menbers 22 of the liquid recovery nechani sm 20 are
arranged out st dePthe fi st and second supply menbers 13, 14 of the liquid

supply nmechani sm 1, . Thg,d ish3k LEEQVERYildR&nblra¥ll £Ni & 0SS ddNg ol I TSt
the scanning exposure, then the control unit CONYT supplies
the-liquid 1 from the liquid supply mechanism 10 onto the
substrate P, and the control unjit CONT drives the first and
second liquid recovery units 26, 27 of the liguid recovery
mechanism 20 respectively to recover the liguid 1 from the
surface of the substrate P, In this embodiment, the
control unit CONT controls the liguid recovery force of the
liguid recovery mechanism 20 so that the liquid recovery
force is varied depending on the liquid recovery position.
Specifically, the control unit CONT makes the setting in
relation to the scanning direction such that the recovery
amount (recovery force) of the liguid recovered per unit
time at the position in front of the projection area ARl is
smaller than the recovery amount of the liguid recovered on
the side opposite thereto., That is, the liguid recovery
force is increased on the fropt side (downstream side of
the flow of the liguid 1) in the scanning direction.

Specifically, when the substrate P is moved in the +X
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liquid recovery unit 61 included in the plurality of liquid recovery units
and the recovery nernber 22, has a straight tube section 75 and a slit tube
section 76. One end of the straight tube section 75 is connected to the
first liquid recovery unit 61, and the other end of the straight tube
section 75 is connected to one end of the slit tube section 76. The ot her
end of the slit tube section 76 is connected to the upper end of the
internal flow passage 2211 of the recovery nenber 22. In this. enbodi nent,
one end of the slit tube section 76 is formed to have approximately the
sanme size as dhatcitgfort,hehst racgiéry uberseciwhanh7bs wheteed hg ahker end of
the slit tube section 76 is fornmed to have a size which is approxi mately
1/ 4 of the uppsrorghdeshvehy aanvbar?® ecoveng ivgbed ecoviny shiit Bébe
section 76 is fornmed to be substantially triangular as viewed in a plan
vi ew so that krfevisied opybbestdt$bie 6615 rgsaeasl 1y Whelamai 4ot iopearea
hori zontal direction fromone end to the other end. A sljt-shaped jnternal
f1 ow passage #bH, Ifhil@RIPE FBRPethe Faasyesyi Lorapevkeeh i bh «re¢rted Pbrmed so
that the internal flow passage 76H is gradyally w dened in the horizontal
direction froMtrid atd PEOTREY iFeRrd (T1rst BIRRTAASEONAR YBehnd
recovery tube 72, whi.ch connects the second |iquid recgvery unit. 62 and the
) 29 1680 BB ER? b diioe ACBRERSPEMY ot 12 SPPE PhBe

recovery nenber
section 78. e t it g sect.i /8 | gqg tQ.
approxinatel§H%ﬁ%ﬁggﬁéyspgﬁﬁég$tﬂﬁ$%3§3%%é8§tggi%%?éﬁ% e §%gﬁgg¥879? whi | e
t he ot her en -SLi : i : i §of \ -S| ichis
approxinatel3ﬂ%§ghggt?hgéu%gggﬁgﬁgﬁgﬁgvﬁg gﬁﬁu?ggggg%3v2?¥ﬁhgﬁég§82¥h The
slit tube seqld ope/8ytsifi@rnmed to be substantially triangular as viewed in
a plan view A slit-shaped internal flow passage 7814, which is fornmed in
the slit tube secthenemBodisedOrdRtSbedhabot8eis nt@inetudtleawspaisage 78H
is gradually wi dened in the horizontal direction fromone end to the other
end. Furt her thiatethhi oger@comer yrd ulkeot2y whechigohhesyt stitehdirhirdndi qui d
recovery unit 63 and the recovery nenber 22, has a straight tube section 79
and a slit tflesosdclioni®@Oreckhee:fowmmtifisr 86ovel yaralbeeArnglei ch connects t he
fourth liquid recovery unit 64 and the recovery nenber 22, has a straight

t ube sectionSGPUARANGCYF LY - t US| dhegoperakie®d? Ak Rt WerierBsdof the
slit tube sections 8 have, a size which i,s approxi mtely

P, 82 is forned LB EQ
1/ 4 of the ufFERFBRA BT tIHeF MR r EBEVEPYITERIR PEEE eS8 AR B15Phe slit

t ube sections_80 Is fornmed to.be substantiall ri angul ar .as, yLewed in
a plan view agﬁf*'%?gﬁ%bea&}?aﬁ elrsrfaItheIno@vHSag‘é %J‘éréa%%l—]i; Jé’?f%ve\%hf“ghda{l‘%e f or med

inthe slit bg-: i ons Lyel, | 1t ;gach of
t he inpernalh#lgﬁ?%ﬁ%éﬁgbggg%h%%géﬁigggg?éﬁu%?I€g€%{é§¥£¥% 29?%2§h0€izontal
direction froe-esgueNthy Qd iy Y t8BAsecond recovery member 29

(second liquid recovery unit 27) provided on the +X side
with respect to the projection area ARl, and the operation
te recover the liguid, which is to be performed by using
the first recovery member 28 (first liquid recovery unit
26}, is stopped. 1In this case, the liguid 1 principally
flows toward the +X side. Therefore, the ligquid 1 can be
recovered by only the recovery operation performed by the
second liguid recovery unit 27.

In the respective embodiments described above, the

71



The menbers for allowing the liquid to flow therethrough, specifically the
supply tubes 41, 42 and the recovery tubes 71 to 74, which are included in
the nenbers for constructing the liquid supply nmechanism 10 and the liquid
recovery nechani sm 20, may be made of synthetic resin such as

pol ytetrafl uoroet hyl ene as descri bed above. Alternatively, for exanple,
they may be made of netal such as stainless steel and alumnum In this
enbodi ment, the nenbers, through which the fluid flows, are nade of netal.
In particular, when the nenbers for constructing the fl ow passages for the
l'iquid, whichratevepglmegskd it heel 0 aghdd stepweryeabBanhsmd @and the liquid
recovery nechani sm 20, are nade of alumnum it is possible to allowthe
liquid to fl owrsangédl yo shecawsd ahanenuirdagadirerdoml hreommlct angle with
respect to the liquid (water). Although not shown in Fig. 141 the trap
menber 30 is peweverd droundaviesyr scovery nraniper pobvified | drgquirdy ébevery
mechani sm 20 in the sane manner as in the enbodi nent descri bed above.

Next, an expl ki divieg |4 dderpieiapbien theopdlatnohhefseemingui d suppl y
mechani sm 30 and the liquid recovery nmechanism 20. In order to formthe
liquid inmersfdhe@tEN( AR2), the control unit CoNT drives the first and
second liquid supply units 11, 12 of the |iquid suppl chani sm 10
respectively. The ?’?dﬂl‘*‘d TESBRRICLKe %‘“l?‘é"ﬂ“r‘ferlglﬂ fiﬁ’é‘:?i%i’%‘@ %eddd 1i quid
supply units 11, 12 res c_ﬁt‘ivzlﬁT fLoms. hrqy%h_thehtgrsl+aﬁ% s%cond supply
tubes 41, 42 TEYREFRCOIVRG, CAntPEne* PHLIiTECLVEEY sURPIIEE Bt *Fhe
substrate P vj 1.0:S econd. s I ) - Jdn IS

enbodi nment , t}tfgr'{'%lgu%ddﬁ%m%ﬁlgé% :t\(g %é%&%@%@?ﬁ%‘%éﬁ%ﬂﬁ?%ﬁtb*gry uni t
11, flows thrgyah, the strajght ;Lu saecti,o : fii ply tube 41,
and then the ?qu|%#EL%% S&Sggh%gugﬁgiﬁg §ﬁ??ﬁgaggt%2§¥i%ﬁfgﬁfy@gccordingly,

the liquid 1 fhsnisd¥eatp Mayhgehii 20l idicoaeihqbuéliptaral direction). The
liquid 1 is spread at the other end of the slit tube section 44 to a size

appr oxi mat el yiggualidtenthe .si gemofathe iantpgural ity owe paggage mkdberesuppl y
port 13A) of the first supply nenber 13 in the Y axis direction. After
that, the |iqguim 114 meyppki edramed tdiscontinpatel P or aintterminttenndy f 1 ow
passage 13H of the first supply nmenber 13. Accordingly, the liquid 1 is
suppl i ed ont oln Ielaydonr &pethe al Lgipist erippdiyempchbabior M iaguiwglduppl y
amounts at the respective positions of the substantially circular

ar c- shaped supiis Foth1E3ATFANYRIHH- ¢ Y SAGPYORY PSR TEM i*6n extends in

the Y axis direction. Simlarly, the lLiquid 1, which is fed from.the second
li qui d suppl f‘iﬂﬁ-‘t‘“‘i’?‘ﬁ&l EGT POl t‘ﬁrtéhg e KBERYPLY g™ tuid*888FFoh®a5 of

the second Sgﬁpé%utn%b?pétzg;r;gﬂg~H‘oen” at.r%‘r%) A}ﬁ‘;' f%%a%%cfl%,e%%ei ’iitgl}% be

hori zontal direction ditect’ ubé "séct'i on

T i ST i B L T
Uniforn1|iqL”éﬁﬁ@éQphﬁiﬁgnHﬂﬁ§iﬁH e wetting in any direction.

When a plurality of recovery members of the liguid
recovery mechanism 20 are provided, for example, the liguid
recovery force (liguid recovery amount per unit time) at
the position apart from the projection area ARl in the
scanning direction may bhe increased by the liquid recovery
mechanism 20 to be larger than the liguid recovery force at

any different position, specifically at any posgition apart

in the non-scanning direction. Accordingly, the liguid 1
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respective positions of the supply port 14A. That is, in the enbodi nent
described with reference to Figs. 2 and 3, the entire supply tube 11A is
constructed by the straight tube. Therefore, when the liquid is directly
supplied fromthe supply tube 11A as the straight tube to the first supply
menber 13 in which the longitudinal direction extends in the Y axis
direction, the difference in the fl ow passage area causes the difference
between the |iquid supply anount at the central portion in the |ongitudinal
direction of the supply port 13A of the first supply nmenber 13, i.e., at

t he position dinsposeshhatstatenderanheessippdyhiwbecblkraddwbdxe thequi d supply
anount at the end of the supply port 13A in the |ongitudinal direction,
i.e., at the posnrivh ewapsnaeedsf ponfoheedupply tube 11A. As a result, the
liquid supply anount is sonetines nonuniformat the respective positions of

the supply port 13ntepediivedyl ¢, PLagalitguiaf sdspiid HRBOVENGtIRIHE central
portion of the supply port 13A in the longitudinal direction (position
di sposed | uste%ﬁmé{)&‘f;‘ﬁ@ SupBCYURuBBIRAT i 9 dridér MPHaRSt FROIGTRAY suppl y
Ut 2 Lo E0 ] (e P LB o 106 SRt i setion
e 1Lt UIALOLILY PR Bt io R btafoo Rkt ADBly e |
supplied fromtig, fifaaty Ok doSUPRL Yr et bR rhBohsTSE ddfuid supply

plurality of ligquid recovery units so that the recovery

force may be varied depending on the liguid recovery

position thereof. Alternatively, the recovery force may he

varied depending on the liquid recovery position such that

the liguid recovery units are not connected to the

respective divided spaces 24 individually, one liquid

recovery unit is connected to the plurality of divided

spaceg 24 through a plurality of recovery tubes

respectively, and valves are provided for the recovery

tubes respectively to adjust the valve opening degrees of

the valves. Further, the recovery force can be varied for

each of the divided spaces 24 by the pressure loss by

changing the lengths of the plurality of recovery tubes as

described above.

In the respective embodiments described above, the
supply member of the ligquid supply mechbanism 10 has the
substantially circular arc-shaped form as viewed in the

plan view. However, as shown in Fig. 9, the supply member

may have a linear or straight form. 1In this embodiment,

73



menber 13 (supply port 13A) in which the longitudinal direction extends in
the Y axis direction, the size of the flow passage of at |east a part of
the supply tube 41 is set depending on the size of the first supply nenber
13. As in this enbodinent, a part of the supply tube 41 is provided as the
slit tube section 44 having the tapered internal flow passage 441-1 which
is gradually widened in the horizontal direction toward the first supply
menber 13. Accordingly, the liquid 1 can be supplied onto the substrate P
at the approximately uniformliquid supply anounts at the respective
positions of the swpPly m@idert3A30f 14 heylidta:supRhyafesberialdd nnwhi ch the
| ongitudinal direction extends in the Y axis direction. Simlarly, the
liquid 1, whitheipldred ifawmst baosecondrid qui,d asepplkyviiéd &2 thies bakso
supplied onto the substrate P uniformly through the second supply tube 42
and the secondidepplly thenperigdrion aredhRIicamt tdk snatnOQNRidricvésnt he
first to fourth liquid recovery units 61 to 64 of the liquid recovery
mechani sm 20 respretivedlyy t §imétavdy, tHee |Mequivery fiewner i odr fthee of the
substrate P by the aid of the recovery nenber 22 and the first to fourth
recovery tubez-‘-‘?‘llfi Fepgpvesypeerhyelgn 2thd & inodt livitedirih Ngvquither ecovery
units 61 to 64 recover the liquid 1 by sucking the liquid 1 fromthe
surface of the RS 48 -P AAr dEGH? tHE Big-s -t 6PRobPEN Het JFEPGTt dPes 71 to
74 respectively. ,The Ii%ui d.1l is recovered fromthe substrate P at

appr oxi mat el J“%Yni'?eor‘: Ctapgubatey anounts (recovery forces) at the
respective positigns of the recove ort. 22A.Q h n r.,fecovery
menber 22. %%EF%P§% ﬁﬁeﬁl?héh%§§dv§rf%fﬁlé %%ﬁ? quiggyg% tube is
directly con 1.ne C [ L h el y.as

descri bed abg%gc%\ﬂt%ﬁtgg i%’ etélgf ?%?éeynnciﬁe@%twhéafkg%gpg?éliggg}{as?gg Eggses t he
difference i nsdhiayl n@bdrr €SOVEIY HMURL 1G6BGAVELYp T Prfdn-ali saEh, Of the
positions of the recovery port 22A, and the I|qU|dprecovery anount may be
nonuni f or m ataleaghaefivehe, pasi snans of rtike nee¢pyeryaportiosAcnBesonel cases.
For exanple, the liquid recovery anount at the position disposed just under
the recovery naypeel prbatged tdaforiheslliitgehdpeacover \paimuget .at By he
positions other than the above. There is such a possibility that the |liquid
cannot be rectiggedounkhier Mguihd t harilchqabsdsppbied oircar dheARZPRRY be
nonuni form However, when parts of the recovery tubes are the slit tube
sections 76,mﬁ@per 13 (14) onto the substrate P, can be rectified. It

is possible to suppress the occurrence of any inconvenience
which would be otherwise caused such that any turbulence
appears on the substrate P and the liguid is wvibrated.

The respective embodiments described above have been
explained such that the trap member 30 (trap surface 31) is
@lliptical as viewed in the plan view. However, the trap
member 30 (trap surface 31) may be perfect circular or
rectangular. ©On the other hand, the liguid 1 tends to
cutflow on the both sides of the projection area ARl in the
scanning direction. Therefore, when the trap member 30 has
the elliptical shape as in the embodiment described ahove,

the liguid 1, which intends to outflow, can be captured
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80, 82 each of which has the tapered internal flow passage that is
gradually widened in the horizontal direction toward the recovery nenber 22
as in this enbodinment, the liquid can be recovered fromthe substrate P at
the approximately uniformliquid recovery anounts at the respective
positions of the recovery port 22A of the annul ar recovery nenber 22. As
descri bed above, the liquid can be supplied uniformy at the respective
positions of the supply ports 13A, |4A respectively, and the |liquid can be
recovered uniformy at the respective positions of the recovery port 22A

Therefore, it sheipossidlayt,0 MMeMehbequnihor eddauiLl iaMaRESion area AR2.

In the enbodi nent described with reference to Fig. 14, the internal flow
passage 4411 ¢46iflyuofed a3l ithatubaeseehp oferdder 4@) (tgabokhpnacsioyeyver, as
shown in Fig. 15, a plurality of fin nmenbers 85 may be provided in the flow
direction of the theuildipt(iftadmsbapeendnd otlvdiet mitheemerd 0f {heaslit tube
section) for the internal flow passage 4411 (4611) of the slit tube section
44 (46) whi chs86hae¢ tiltlesisapyartidefl ahetbappityinaipordiond@ptaide ehd i quid
supply nmechani sm 10. Accordingly, the liquid | can be suPpIied onto the
substrate P byi#htd di@FWYCYhEO§HpHPYS nefibeke ERcovery member 22 to

surround the recovery member 22. However, it is also
allowable that the trap member 30 (trap surface 31) is
provided on only the both sides of the projection area ARI
in the scanning direction, and the trap member 30 (trap
surface 31) is not provided at any position apart from the
projection area ARl in the non-scanning direction. The
liguid 1, which intends teo outflow, can be captured
satisfactorily by merely providing the trap member 30 on
the both sides of the projection area ARl in the scanning
direction, because the liquid 1 tends to outflow on the
both gides in the scanning direction. The angle of
inclination of the trap surface 31 may be designed so that
the angle of inclination differs depending on the position.
For example, the angle of inclination of the trap surface
31 may be increased at positions in the vicinity of the
both sides of the projection area ARl in the scanning
direction as compared with those at the other positions.
It is not necessarily indispensable that the trap surface
31 is the flat surface. It is also allowable to use, for
example, a shape obtained by combining a plurality of flat

surfaces.



(14) after rectifying the liquid I. The fin nenbers 85 may be elongated to
extend over the internal flow passage 1311 (1411) of the supply nenber 13
(14). Such fin menbers 85 may be provided for the internal flow passages
76H, 7811, 8011, 8211 of the slit tube sections 76, 78, 80, 82 which
construct the recovery tubes of the liquid recovery nechani sm 20
respectively. For exanple, when the substrate P is subjected to the

scanni ng novenent at a high velocity, the follow ng situation may be
conceived. That is, the liquid 1 cannot be recovered sufficiently fromthe

substrate P even imidhea icasewel ahbehenbadiceEmiznghewnthe Hgp sihfaard the
liquid on the substrate P nay outflow to the outside of the recovery
nenber 22. | n3tuch hesithagpt menpbet he !l ower sswwhadesrof. t he, silid trape
sections 44, 46 each having the substantially triangular shape as viewed in
a plan vi ew providded Ht malye bposi thoved ismiiidgescabpengf ofaelt ¢ EXOERI s
direction) of the substrate P can be used as trap surfaces in place of the
trap menber 380 Fig. llphitdeckponi pentads doAsyr bet edIdUSHiT K vieher a
plurality of recoverY‘tubes 71 to 74 are connected to one recovery menber
22. However, SXPFUred iByF 8F VeEWSerin me3ess EretdRry Porits)® may be
provi ded cl osel 0 the substrate_ P so that tpe plurality_of rﬁcovery
menbers (reco 3 orre ‘ u - overy “tubes
nb %*? g) 1orF eRPOHT 1D KE3F GPEI FEFP VTS er'y Fubes 71

to 74. Next ., an explanation.will b ge about, still_another
erbodi rent o "W 14 T8 pP I HRcHarTHAHE Sah 41 11 tF o VA Pirechani sm
20 according g0.4 NG RLESENLe Y CNIAP Wible! CLE 808G 40111 IS0 TaptRrdD-

the liquid 1 satisfactorily.

Alternatively, as shown in Pig. 12, it is also

allowable to apply, to the trap surface 31, a treatment to

enlarge the surface area, gpecifically, & rough surface-

forming treatment. When the rough surface-forming

treatment is applied, then the surface area of the trap

surface 31 is enlarged, and the liguid 1 can be captured

more satisfactorily. Tt is not necessarily indispensable

that the rough surface-forming treatment is applied to the

entire surface of the trap surface 31. The rough surface-~

forming treatment may be applied, for example, to only a

part of area disposed in the scanning direction.

As shown in Fig. 13, the trap member 30 may be

composed of a plurality of fin members 32. With reference

to Fig. 13, the fin member 32 is substantially triangular

as viewed in a side view. The side (lower side), which is

opposed to the substrate P, is inclined in the upward

direction at outer positions with respect to the projection
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Fig. 16 shows a schematic perspective view illustrating the liquid supply
mechani sm (10) and the liquid recovery nechani sm (20) according to this
enbodi ment. Wth reference to Pig. 16, the |liquid supply mechani sm (10)

i ncludes.first and second liquid supply units 11, 12, and first and second
supply tubes 41, 42 which are connected to the first and second liquid
supply units 11, 12 respectively. The liquid recovery mechani sm (20)
includes first to fourth liquid recovery units 61 to 64, and first to
fourth recovery tubes 71 to 74 which are connected to the first to fourth
i qui d recovesyeamils. 61rheo pBdrndspecdi vely meerend2ohkreagt afhddche fir st
and second recovery tubes 41, 42 is connected to each of the first and
second |i qui dredipplly i tthel bute?. sTHe othBiceend ithecoanected Manbeach of
supply passages forned by a fl ow passage-form ng nenber 90 as descri bed

| ater on. One?entP dihadadkeoflonnétaginal tdlfaniioh theovef yis ublescted o 74 is
connected to each of the first to fourth liquid recovery units 61 to 64.
The ot her end®'shyect 48 tHiBaeRred ivioyvdye pAygadésy 1ok e by the flow
passage-form ng .nenber. 90 as descri bed | ater on. The flow,

passage- f or mi'M kﬁﬁﬁbgﬁ 86 % REPEHRLEA Fikearbnbiheso, PR FRFTHERSer 92
which is arr ed. on the first nmemher 91, and a third nmenber, 93 which is
arranged on t’ % aggcgﬁgmﬁgnggf‘w@% r%h% YSRGS AYEaden t BT rber P60 i s
arranged to suy, ng the:pyp,oLEect tical, s mPL, JThe first to third
members 91 toﬂé%],' lav\ﬁi'cﬁﬁégﬁsltllgtlhl%%p%cg%&ffﬁ%v%/ypégég\é%%?%rtﬁ‘i' ﬁtgherrg'(“é)r‘"‘é@, are

rectangul ar plaiRmeshers Qé‘iﬂ;ﬁ‘ﬂe@gb&i%@is%'faﬁ% BEnSiSf ﬁf%%%cgpvasgy, and

t hey have holes 91A to 9314 di spos at central portions t'hereof "so 't hat

the projecti Gec@RbheakasyetfELPLLIRY BE nRlnbanded 2t hegeid-aiha okes 9114 to
93A are formed so that they are comruni cated with each other. The first and

second suppl Mikuhes14is gredstednnest ethet autheolhis d @ Miflz 192 difsposed at
t he uppernost stage of the first to
the substrate P.

The plurality of fin members 32 may be provided at
equal intervals, or they may be provided at unegual
intervals. For example, the intervals between the fin
members 32 provided at positions in the scanning direction
may be set to be smaller than the intervals between the fin
members 32 provided at positions in the non-scanning
direction. The plurality of fin members 32 may have an
identical length (size in the radial direction)
respectively. Alternatively, the fin member 32, which is
provided at the position in the scanning direction, may
have a length that is longer than the length of the fin
member 32 which is provided at the position other than the
above. A part of the area for the trap member 30 may be

composed of the fin members, and the remaining area may bhe

composed of the trap surface. The fin members 32 may be
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third nenbers. The first to fourth recovery tubes 71 to 74 are connected to

the second nenber 92 disposed at the mddl e stage. Fig. 17 shows a
perspective view illustrating the first nenber 91 which is arranged at the

| ower nost stage of .the first to third menbers. The first nmenmber 91 incl udes
a first supply hole 94A which is forned on the -x side of the

attached to the trap surface 31 as explained, for example,
with reference to Fig. 4. It is preferable that the
liguid-attracting treatment is also applied to the surface
of the fin member 32 in order to enhance the affinity for
the liguid 1.

In the respective embodiments described above, when
the liquid-attracting treatment is applied to the trap
surface 31 (or the fin members 32), the liguideattracting
property of the trap surface 31 may be allowed to posses a
distribution. 1In other words, the surface treatment can be
performed so that the contact angles of the liquid are
mutually different values for a plurality of areas on the
surface to be subjected to the surface treatment. For
example, the liquid~attracting property may be lowered in a
part of the area of the trap surface 3] disposed cutside
the projection area ARi as compared with the area disposed
inside. Furthexr, it is not necessarily indispensable that
all of the trap surface 31 is subjected to the ligquid-
attracting treatment. For example, only a part of the area
disposed in the scanning direction may be subjected to the
liguid~attracting treatment.

The embodiment described above has been explained such
that the liguid-attracting treatment is applied to the trap
surface 31. However, the liguid-attracting treatment can
be also applied to the surface of the flow passage through

which the liquid 1 flows, included in the liquid supply
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projection optical system PL and which forns a supply port for supplying
the liquid 1 to the substrate P, and a second supply hole 95A which is
formed on the +X side of the projection optical system PL and which forns a
supply port for supplying the liquid to the substrate P. Each of the first
supply hole 941k and the second supply hole 95A is fornmed to be
substantially circular arc-shaped as viewed in a plan view. The first

menber 91 further includes a first recovery hole 96A which is fornmed on the
-x side of the projection optical systemPL and which forns a recovery port
for recoveri ngethienidmuicd ;0@ /bRetRUbSiG@ie ReReI9CABIRELCAYETY. hale 97A
which is forned on the -Y side of the projection optical system FL and

whi ch forms apaecibmerar pomienf aher e bd+ag ddve inigquirdatmethe) suligiliae P, a
third recovery hole 98A which is formed on the +X side of the projection
optical systet® Fthaanganviesly fuiember a2 exbhvidrey lpgutidf pecoeeny exdaigitilzes | i qui d
on the substrate P, and a fourth recovery hole 99A which is fornmed on the
4-y side of tHer pgits] déiudd 6pti bal regetaradlsmand ki chAToerma bt vedgover y
port for recovering the liquid on the substrate P. Each of the first to
fourth recoverRF Holds dogAtEacHdRg tReFtRandd cpd be 3bpatapRlidd ytacitheul ar

ar c- shaped agﬂg{emed.in a plan view. The first to fourth recovery hol es 96A

p o € A
to 99A are priftfl BEF 4P sGbst ARt PEPISF EqiacAtACalvaY S e oy ifd uding
circunference ,of .the prgjectjon optical /stem PL. The recovery hol es 96A
to 99A are p‘racohv&'i &)é_’(frgﬁ ? ewbtﬁ’ e‘?’hg‘?lhg&\ﬁ fl'?/’rql“ég]péc‘f'a]f%st‘FfB‘tﬁY%ﬁ'chq?lEH
optical syst B oppat Lth t RLY N s 94 8. r ectively.
Fig. 18 shomgpbg*?pgzgﬁvggv%éxggéVﬁbgﬁﬁﬁﬁﬁﬁg %%eggég%Hﬁéhb é?lg§%arranged

at the mddl &nshage il itheothddlof & Nt 1dRMRELEng HL %#gsga)lté%@éﬁ a

perspective view as vi ewe rom an upper position,”and shows a

perspective viieW 2esybeveto UpNEarLlpodur@magheWekaRosl [ igy cHe rsggond
menber 92 includes a third supply hole 9413 which is formed on the -X side

of the projechiernepsi thbr&yst amdds iandawibcBuks 49 HaLanneckednko the
first supply hole 94A of the first nmenber 91, and a fourth supply hole 958
whi ch is foresgoenrehdight shaten ofl. tdam preojceahbont opl i e reysioahPL and
which is to be connected to the second supply hole 95A of the first nenber
91. The resp®efppéeshipeshiind e isi resaohethent the dmnid:alopatth $oppl y

hol es 94B, 953 correspond to those of the first and second supply hol es
94A, 95A.  the §RROSEERndlHEnR@2m9ELLurt her incl udes, on the | ower

surface, a first %ecoveryzggoove 968 which is fornmed on the )
he thain £film for the surface treatment may be either

a single layer film or a film composed of a plurality of
layers. As for the material for forming the thin £ilm, it
is possible to use arbitrary materials provided that the
material can exhibit the desired performance, including,
for example, metals, metal compounds, and organic matters.
The surface treatment may be also applied to the

surface of the substrate P in counformity with the affinity
for the liquid 1. As desecribed above, it is preferable
that the affinity of the trap surface 31 for the liquid is
higher than the affinity of the surface of the substrate p

for the liguid.
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-X side of the projection optical system PL and which is to be connected to
the first recovery hole 96A of the first nenber 91, a second recovery
groove 9713 which is formed on the -Y side of the projection optical system
PL and which is to be connected to the second recovery hole 97A of the

Next, an explanation will be made with reference to
Fig. 14 about still another embodiment of a liguid supply
mechanism 10 and a liguid recovery mechanism 20 according
to the present invention.

With reference to Fig. 14, the liquid supply mechanism
10 includes a first liguid supply unit 11, a second liguid
supply unit 12, a first supply member 13 which is provided
on one side (-~X side) in the scanning direction with
respect to the projection area AR1, a second supply member
14 which is provided on the other side (+X side), a first
supply tube 41 which connects the first liguid supply unit
11 and the first supply member 13 with each other, and a
second supply tube 42 which connectg the second liquid
supply unit 12 and the second supply member 14 with each
other. The first and second supply members 13, 14 include
internal flow passages 13H, 14H and supply ports 13A, 14A
formed at their lower ends respectively, which are formed
to be substantially circular arc-shaped as viewed in a plan
view, in the same manner as in the embodiment described
with reference teo Figs. 2 and 3.

The first supply tube 41, which connects the first
liguid supply unit 1l and the first supply member 13, hag a
straight tube section 43 and a slit tube section 44. One
end of the straight tube sectioen 43 is connected to the
first liquid supply unit 11, and the other end of the

strajight tube section 43 is connected to one end of the
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first menber 91, a third recovery groove 985 which is forned on the +X side
of the projection optical system PL and which is to be connected to the
third recovery hole 98A of the first nenber 91, and a fourth recovery
groove 99B which is fornmed on the +Y side of the projection optical system
PL and which is to be connected to the fourth recovery hole 99A of the
first menber 91. The first to fourth recovery grooves 96B to 99B are forned
to be substantially circular arc-shaped as viewed in a plan view
respectively so as to correspond to the shapes and the sizes of the first
to fourth recevetyusd ec86Ant 04 99Arhd heeHidy Sindt @ff @uet Bl ecouary grooves

965 to 99B are provided at substantially equal intervals along the
ci rcunf er encesettidre 4dr djisectnoncopd i tal tisy stremrPendThé thesinteaedery t ube
71 is connected to the first recovery groove 965 via a tapered groove 96T.
The tapered gfbeweadPdes 1BHr pédthe tiwat tsheplapereteyr bdve @8l Bnidsof
gradual |y wi dened in the horizontal direction fromthe connecting portion
with respect e tHelY itude seebienyi4 ube formegwded beHe ﬁPPE@X¥MRRgi§ry gr oove
96B. Simlarly, the quoqd recovery tube 72 is connected to the secand
recovery groo%éﬁ same size as that Of the straight tube section 43, and

the other end thereof iz formed to have approximately the

same s1ze as that of the upper end of Lhe first supply

member 13. The slit tube section 44 is formed to be

substantially triangular as viewed in a plan view so that

the slit tube section 44 is gradually widened in the

horizontal direction from one end to the other end. A

slit-shaped interpal flow passage 44H, which is formed in

the slit tube segtion 44, is formed so that the internal

flow passage 44H is gradually widened in the horizontal

direction from one end to the other end.

Similarly, the second supply tube 42, which connects

the second liguid supply unit 12 and the second supply

membeyr 14, has a straight tube section 45 and a slit tube

section 46. One end of the straight tube section 45 is

connected to the second liguid supply unit 12, and the

other end of the straight tube section 45 is connected to

one end of the slit tube section 46. The other end of the

s1it tube section 46 is connected to the upper end of the

internal flow passage 140 of the second supply member 14.

One end of the slit tube section 46 is formed to have

approximately the same size as that of the strajight tube
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9713 via a tapered groove 97T, the third recovery tube 73 is connected to
the third recovery groove 9813 via a tapered groove 981', and the fourth
recovery tube 74 is connected to the fourth recovery groove 995 via a

t apered groove 99T. Fig. 19 shows perspective views jllustrating the
third nenber 93 arranged at the Uppernost stage of the first to third
menbers. Fig. 19(a) shows a perspective view as viewed from an upper
position, and Fig. 19(b) shows a perspective view as viewed upwardly from a
| ower position. The third nenber 93 includes, on the |ower surface, a first

supply groove s4€ivhi 28, i snd of e d iRt Bad- Xnsi&ler ofs themeHOE6ChawH Opti cal
system Pi, and which is to be connected to the third supply hole 945 of the

second nenber a@proabdatesecons siwpplsy.zgr 89VehHb G mhineh uppet oen@dodrtidhe +X
side of the projection optical systemPL and which is to be connected to

the fourth supgkcypntiober®bb mwinbehe 1decotide nehirert @iz sEpe ishapesiand t he

sizes of the first and second supply grooves 94C, 95 are fornmed to be
formed to be substantially triangular as viewed in a plan
view so that the slit tube section 46 is gradually widened
in the horizontal direction from one end to the other end.
A slit-shaped internal flow passage 46H, which is formed in
the &1lit tube section 46, is formed so that the internal
flow passage 46H is gradually widened in the horizontal
direction from one end to the other end.

The liquid recovery mechanism 20 includes a recovery
member 22 which is formed to be annular as viewed in a plan
view, a plurality of liguid recovery units 61 to 64, and a
plurality of recovery tubes 71 to 74 which connect the
recovery member 22 and the respective ligquid recovery units
61 to 64 to one another. In this embodiment, the liguid
recovery units include four of the first to fourth liguid
recovery units 61 to 64, and the recovery tubes include
four of the first to fourth recovery tubes 71 to 74
corresponding thereto. The recovery member 22 includes an
annular internal flow passage 22H, and a recovery port 22A
formed at the lower end thereof, in the same mannexr as in
the embodiment explained with reference to Figs., 2 and 3.
No partition member {(23) is provided for the internal flow
passage 220 of the ewmbodiment shown in Fig. 14. The

recovery members 22 of the liquid recovery mechanism 20 are
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substantially circular arc-shaped as viewed in a plan view respectively so
as to correspond to those of the third and fourth supply holes 9413, 955
(as well as those of the first and second supply holes 94A, 95A). The first
supply tube 41 is connected to the first supply groove 94C via a tapered
groove 94T. The tapered groove 941' is formed so that the tapered groove
941" is gradually widened in the horizontal direction fromthe connecting
portion with respect to the first supply tube 41 toward the first supply
groove 94C. Simlarly, the second supply tube 42 is connected to the second
supply groovea®5@nyed @utwmiphy athegrdeode 8bd.second shppllyi nekbdos t1s rd4
menbers 91 to 93 are forned of netal including, for exanple, stainless
steel, titani af theuhiquid saapgblal mephaonsmi hd ng t he above. The hol es and
the grooves of the respective nenbers 91 to 93 are forned, for exanple, by
the electric d|schbﬁ@ephﬁﬁﬂnﬂﬂCWQOFYhéUb?0%1paﬁsageﬂb@ﬂﬁﬁhg weeTbB¥r 0 | s
formed by 10|n|ng the respective nenbers 91 to 93 by using, for exanple, an
adhesi ve or a- fﬂ%?%ﬁ@%ﬁﬂ“@@bP@ﬁtbéhdiﬁﬁlﬁi@%oﬁﬁéﬂﬁ%@lﬁrééé§E|?&)%#ﬁ?ld
respective nenbers 91 to y. the electric dlscharge machi ni ng., The

t aper ed groovﬁpﬁﬂﬁerﬁrﬁ?ﬁ#sr§PdSﬁBbl§eEﬁYﬁﬁ¥eWﬁﬂ?eﬁI4 't RR¥ 0 st dgtHol e 94B
d the f t 4A ted t th ate

Win each ot heite Ry ra e §F ﬂ?ﬁéﬂ*?wé’cgé’%iﬁ?ie oot B 95 o3

Th th t ed th

Theirer supbiat i@wtﬁ%%s%% LRI L e e S e s LA )the

second supplyrégéyg@% %5&%_%Qe gggr%ﬁ@s¢gﬁgﬁ/éng %fggﬁe'?ﬁg %ﬁ? %pd supply

hol e 95A are connect'ed to oné anot comuni cat e er) and

thus the suppidcticv3assag8nnbbied {6 SRNSRE 83 Lhel EPM}%’“%L‘M&@) the
second supply tube 42, is formed. The liquid 1, which is fed fromthe first

and second | i d mm@ltyﬁehmbha 4, rH s]ra.e,smid vebYiochs7éupldathedtlca t he

substrate P through the
to the upper end of the internal flow passage 22H of the
recovery member 22. In this embodiment, one end of the
slit tube section 76 is formed to have approximately the
same size as that of the straight tube section 75, while
the other end of the slit tube section 76 is formed to have
a size which is approximately 1/4 of the upper end of the
annular recovery member 22. fThe slit tube section 76 is
formed to be substantially triangular as viewed in a plan
view se that the slit tube section 76 is gradually widened
in the horizontal direction from one end to the other end.
A slit-shaped internal flow passage 76H, which is formed in
Lthe slit tube section 76, is formed so that the internal
flow passage 76H is gradually widened in the horizontal
direction from one end to the other end.

Similarly, the second recovery tube 72, which connects

the second liguid recovery unit 62 and the recovery member
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first and second supply tubes 41, 42 and the supply passages descri bed
above. That is, the liquid supply flow passages are forned by stacking the
pl ate nmenbers 91 to 93. The recovery fl ow passage, which is connected
to (conmmunicated with) the first recovery tube 71, is formed by connecting
(communi cating) the tapered groove 96T, the first recovery groove 968, and
the first recovery hole 96A respectively. Simlarly, the recovery flow
passage, which is connected to (comrunicated with) the second recovery tube
72, is formed by connecting (conmuni cating) the tapered groove 97T, the
second recoveraz,gmeeva 9¢8aiqnd 1R $e60Rdn! EEOMERT Y Rali® 9dher &sPEdd vel y.
The recovery fl ow passage, which is connected to (comuni cated with) the
third recovery/8.ubené3eniisof artred iy cepsegédtih cCoMNiteahkbad) o tiha/d aper ed
groove 98T, the third recovery groove 988, and the third recovery hole 98)
respectivel y. dfipeoréenavety fhowapassage, ashiledr i« coenecredabo tube
(comuni cated with) the fourth recovery tube 74, is fornmed by connecting
(communi cat i ngrcthent Aperwlly ddwec9dFr ehd doOurheh sidtoveby gpooien 988, and
the fourth recovery hole 99A respectively. That is, the liquid recovery
fl ow passages 18r ECFBRAEEPR At dcRilAg VheCip| Bt enpbémstolyt &/ DL Tthe | i qui d
on the substrate P is recovered through the recovery flow passages and the
first to thirYPPBEOFRY ] Uk aPpUL Y 7HCFREPOC MIUSRY. 22.  The |$i i jtabe
arrangenent, the, tape gqﬁgrooveg 94T, 95T are connected to the first and

; c

second suppl y~Eib&e" 4 LosB88 FPVRE S UG Y LREAITHLAN Aan be

lied i fQE ti jti f t . | ts in which th
supe o0 U Focmhy ol esnsctyte eost pne o L augelyy b L the
as in the embegl mept; descs ided yi E.ﬂ {6 %»Ile_ﬂcq:ugng ELg '&4"7&?,' Wd 3l eat NE
tapered grooves are connected o the recovery tubas 71°to 74 Fespactivel y.

Therefore, thgl¢gal diedn nR@rh&EOVEHE haMdyd H%HUQLITQH%@P &lechRfce.
Owning to the construction that the fl ow passage-forning nenber 90 is forned

by the first io tie ntbrieheas diréor 5 asdihonk! 8he MRS SURSPREH Vel Yy,
for exanple, the flow passage-form ng nmenber 90 can be used to absorb the

vi brati on genewmties wdwe thérti getavérsy sutikedawhivhecheatdghadveedhewi t h t-he
air upon the recovery of the liquid. Further, the machining such as the
el ectric di schaigge Ivastidnirngoverapplited 3t andatheof eddnesyyt wremlkictry 28f pl at e
menbers 91 to 93 to formparts of the flow passages, and the flow passages
for the |iquitfare Fordgdtbyveenidiing TReandThe? bibriviba Reosdepl $041 ow
passages and Hpe fecoyery fIOM/passa%ps can be forned with ease
respectively.T e fourth recovery tube 74, which connects the fourth

liguid recovery unit 64 and the recovery member 22, has a

straight tube section 81 and a slit tube section 82. Each

of the other ends of the slit tube sections 80, 82 is

formed to have a size which is approximately 1/4 of the

upper end of the annular recovery member 22. Each of the

slit tube sections 89, 82 is formed to be substantially

triapngular as viewed in a plan view. 8lit-shaped internal

flow passages B0H, 82H, which are formed in the slit tube

sections 80, 82 respectively, are formed so that each of

the internal flow passages 80H, 82H is gradually widened in

the horizontal direction from one end to the other end.
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Surfaces, which are inclined with respect to the XY plane, may be provided
around the first to fourth recovery holes 96A to 9911/2 di sposed on the

| ower surface of the first nmenber 91 arranged at the | owernost stage of the
plurality of nenbers 91 to 93 for form ng the fl ow passage-form ng nmenber
90, and-the surfaces may be subjected to the liquid-attracting treatnent.
Accordingly, the surfaces nay be used as trap surfaces to capture the

| i qui d unsuccessfully recovered by the liquid recovery nechanism The
menbers 91 to 93 for formng the flow passage-form ng nmenber 90 are the

rectangul ar or square m&mﬂéxgngmbehgloh@mﬁvgm& 1ilqui% abseiad,! owabl e to use
circular plate nenbers, and it is also allowable to use elliptical plate
menber s whi chtheeetlongugln tdpecX fdicretyi Ohe supply Bablksohl{ hes sapplohd | ow
passages and the recovery fl ow passages are forned in the flow

passage-f or m ngeoeeierti9sdgddetbbéd, abbyeh dHowawnerlnded! ynatlye omankafrst he

fl ow passages nay be provided in the fl ow passage-form ng nenber 90.

Al t er nati vel yfof | enpgiansddads ohai Aganbdbeuppleacikhehinni th and fidrered by
stacking a plurality of nenbers, may be divided into a fl ow passage-form ng
menber for thE ¥WihiSEIIVRHYpRESEABASHNED o MavoWepASEagRL f BY PEIRL Henber f o
the recovery fl ow passages, and they may be provi ded separately. Next,

still anot herf&Hybdit Sof0 ngbpég%ﬁﬁroethylene as described dbove.

Alternatively, for example, they may be made of metal such
as stainless steel and aluminum. In this embodiment, the
members, through which the fluid flows, are made of metal.
In particular, when the members for constructing the flow
passages for the liquid, which are included in the liguid
supply mechanism 10 and the liquid recovery mechanism 20,
are made of aluminum, it is possible to allow the liquid to
flow smoothly, because aluminum has the small contact angle
with respect to the liquid (water). Although not shown in
Fig. 14, the trap member 30 is provided around the recovery
member of the liguid recovery mechanism 20 in the same
manner as in the embodiment described above.

Next, an explanation will be made about the operation
of the liquid supply mechanism 10 and the liguid recovery
mechanism 20. In order to form the ligquid immersion area
(AR2), the control unit CONT drives the first and second
liguid supply units 11, 12 of the liquid supply mechanism
10 respectively. The liquid 1, which is fed from the fivst
and second liguid supply units 11, 12 respectively, flows

through the first and second supply tubes 41, 42



invention wll be explained. As described above, it is preferable to
support each of the liquid supply nechani sm 10 including the supply nenbers
13, 14 and the liquid recovery nechani sm 20 including the recovery nenber
22 by using a support nenber other than the projection optical system PL
and any support nenber for supporting the projection optical systemPL. An
explanation will be nade bel ow about a support structure for supporting
each of the liquid supply mechanism 10 and the |iquid recovery nechani sm 20
with reference to Fig. 20. Fig. 20 schematically shows the support

structure for febgebt bty sunpl wHEqhanigm 10s angsgdiied bavbdikecovery
mechani sm 20. Wth reference to Fig. 20, the exposure apparatus EX includes

a barrel basespbateatéir siisupRortirg@nies) sd@haigpisuppapéss tie, 14.
projection optical systemPL, and a main frame (second support nenber) 102

whi ch support gnt heibasmisid bese ,plake1180idt he wisiskh dktaged Mom artk t he
substrate stage PST. In Fig. 20, the z stage and the Xy stage are shown as
an integratedfanét. 1 ikneidreupflyameit021 | sflomest aliredgbubbe astiaidht

hori zontally by the aid of legs 108 on the floor surface in a clean room or
the |ike. Thethbfns¢qtakn HO2 afs ther fidbtswi sWpphy dpber 48t agred 102 d&d¢ a | ower
stage 1028 which protrude inwardly. The illum nation optical systemlIL
i s supported By9eidhporaws rté’ﬁ?é’uﬂgotﬂﬁi ghit ssuliscsgctaonhdd upper portion of
the main framg 102, A mask base plate 124 is supported on the upper stage
102A of the nBFFC¥THHE Yro3 b5y AR 4 % SRy east itPvitBRalPBle AP atus 122.

e D02 A BB U O PLPOLL] ol LS TP g P e

therethrough. £ Rlafdl i @f 3hE BERE 0185 128 M G7 to a size
approximately equal to the size of the internal flow
passage 13H (supply port 133) of the first supply member 13
in the Y axis direction. Aafter that, the liquid 1 is
supplied onto the substrate P via the internal flow passage
13H of the first supply member 13. Accordingly, the liquid
1 is supplied onto the substrate P at approximately uniform
liguid supply amounts at the respective positions of the
substantiallf circular arc~shaped supply port 13A in which
the longitudinal direction e;tends in the Y axis direction.
Similarly, the liquid 1, which is fed from the second
liguid supply unit 12, alsgo flows through the straight tube
section 45 of the second supply tube 42, and then the
Jiguid 1 is spread in the horizontal direction (lateral
direction) via the slit tube section 46. After that, the
liguid 1 is supplied to the second supply member 14.
Therefore, the liquid 1 is supplied onto the substrate P at

approximately uniform liguid supply amounts at the

86



are non-contact bearings, are provided on the |ower surface of the mask
stage MST. The mask stage MST is supported in a non-contact manner by the
air bearings 126 with respect to the upper surface (guide surface) of the
mask base plate 124. The mask stage MST is novable two-dinensionally in the
XY plane and finely rotatable in the OZ direction by the aid of the mask
stage-driving unit. A flange 104 is provided on the outer
circunference of the barrel PK for holding the projection optical system
PL. The projection optical systemPL is supported by the barrel base plate
100 by the ai despetbevé | pagir ididd oAn +aBt Buppyy biatd anaappar at us 106

including an air nmount or the like is arranged between the barrel base
plate 100 and t he Thakerist age @2 Embbdtihentadiasdr drel 02h FTheebanseltdase
pl ate 100, which supports the projection optical systemPL, is supported by
the | ower stafegg02B @idthe YhE entigprestpRlpytulie Hid icf cbhetantted/ithr ati on
apparatus 106. The barrel base plate 100 is isolated fromthe main frame
102 in terms bPetHbrIiPiative-(i Ahespaeron vien Hoevildaatidoas Birediely
anti-vibration a ﬁfratus 106 so that the vibration of the main frame 102 is
not transmittBEPFHIThet IRt (e sapely Aree 1bR i dihes SpFareabtt Reborts) ecti on
optical system PL,., ot A Iural%t% ﬂg air bearings 130, which are
non- cont act b&AT i hyss é?%WQ#bWFH G on’ t & W%Hg}1§ﬁ?ﬁ3@816Fd%ﬂ%1substrate
stage PST. A base 112 is.supported on the main frame,102 by the aid
of an anti-vi%%g%ﬁﬁﬁghﬁgéﬁgﬁgslﬁ PRE § axis é;xea.lon, R dl?gerunce

in the flow passage area causes the difference between the

liguid supply amount at the central portion in the

longitudinal direction of the supply port 13A of the first

supply member 13, i.e., at the position disposed just under

the supply tube 11A and the liguid supply amount at the end

of the supply port 13A in the longitudinal direction, i.e.,

at the position separated from the supply tube 11a. As a

result, the liguid supply amount is sometimes nonuniform at

the respective positions of the supply pert 13A.

Specifically, the liguid supply amount at the central

portion of the supply port 134 in the ibngitudinal

direction (position disposed just under the supply tube

11Aa) is larger than the ligquid supply amount at the end of

the supply port 12A in the longitudinal direction (position

separated from the supply tube 11A). It is impossible to

supply the liguid uniformly, and there is such a

possibility that the liquid immersion area AR2 may be

nonuniform. However, when the liquid 1 is supplied from

the first liquid supply unit 11 to the first liguid supply
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110 including an air nount O the like. The substrate stage PST is
supported in a non-contact manner by the air bearing 130 with respect to

t he upper surface (guide surface) of the stage base 112. The substrate
stage PST is novable two-dinensionally in the XY plane and finely rotatable
in the OZ direction by the aid of the substrate stage-driving unit.

Further, the substrate stage PST is also novable in the Z axis direction,
the OX direction, and the OY direction. The stage base 112 is isolated from
the main frame 102 in terns of the vibration by the anti-vibration

appar at us 110m&mbd:hats tizappibr pbi-on fy tike wi@cR thantoddid ddgnaot
transmtted to the stage base 112 which supports the substrate stage PST in
t he non- cont adirevarimer extends Annovererdxim dieercbhons {howidedodt the
predeterm ned position on the +X side on the substrate stage PST, and a
reference m rfbyv (fassadenhr ot ) lddst is pardvicdedhat sepphedsther Ailneéd position
on the +X side on the barrel PK. A laser interferonmeter 56 is provided at a
posi ti on opposed dapandangooinkbhe wire Of 3Heafidrehesvindor aeber ddor 114.
The laser interferoneter 56 is attached to the barrel base plate 100.
Therefore, t s s iEnEBPPRBHRE or2 55 Lits 0T §Brat P Y diiehd | +§ui d supply
mechani sm 10 and the |iqujd recovery nmechanism20 in terns of th

vibration. THETESE Pft Eb?e?%t%g%émf:édf’at & ]Pﬁ‘é”]“éﬁ(j’c%;ﬁﬁﬁﬁ& ng beam

(measuring li.. t be nk ont oﬁthe noy, Wnt. : 'r.rorrggl,lafpd Wiitdegnaegi %eéhéhe
ref erence bed (erré‘razr ARY PRERIIDEY 5‘&5‘51 tfie9 Y
horizontal direction toward the first supply member 13.
Accordingly, the liquid 1 can be supplied onto the
substrate P at the approximately uniform liguid supply
amounts at the respective positions of the supply port 13A
of the first supply member 13 in which the longitudinal
direction extends in the ¥ axis direction. Similarly, the
liguid 1, which is fed from the second liquid supply unit
12, is also supplied onto the substrate P uniformly through
the second supply tube 42 and the second supply member 14.
The control unit CONT drives the first to fourth
liquid recovery units 61 te 64 of the liguid reco@ery
mechanism 20 respectively to recover the liquid 1 from the
surface of the substrate P by the aid of the recovery
member 22 and the first to fourth recovery tubes 71 to 74
respectively. The first to fourth liguid recovery units 61l
to 64 recover the liguid 1 by sucking the liquid 1 from the
surface of the substrate P through the first to fourth
recovery tubes 71 to 74 respectively. The liguid 1 is

recovered from the substrate P at approxXimately uniform

88



reference mrror 114. Reflected |ight beans, which cone fromthe novenent
mrror 55 and the reference mrror 114 respectively on the basis of the
radi ated | engt h-nmeasuri ng beam and the reference beam are received by a
light-receiving unit of the laser interferometer 56. The | aser
interferoneter 56 causes the interference with the |ight beans to neasure

t he anobunt of change of the optical path |length of the | ength-neasuring
beam on the basis of the optical path |l ength of the reference beam and
consequently the position information about the novenent mrror 55 on the
basi s of the wefevengeampurmicy (Ibdoviere. forbes pasi tiklen regbecmaveon about the
substrate stage PST. Simlarly, although not shown, a novenent mrror and a
reference mirpPeELibrenalsb Yroviededeon phet +21A sifiechen arihelsnbsécaterst age
PST and the barrel PK, and a |aser interferoneter is provided at a position
opposed t her ef@tber 22. Those supported by the barrel base plate 100 al so

i nclude unillustrated neasuring systens such as the auto-focus detecting

system for measuri % W £ sheE 558 EPBAVELY potha iagn)thengtrpéshhctybfati on of
the substrate P and tﬂe aligﬂnent system for detecting the alignnment nmark
on the substrif e P < TERQEFERY 50 st RRrsr 2RO MEBEE T aRdven at e a1 bl
isolated fro i rane. 102, . the |jqui d,supply nmechanism 10, and the
i quid recovgp?lélmneé%%{asnni%eﬁcfdbfeﬁ FRPRE’ oFN§he R t‘}ﬁd“%ietgﬁ.“c?hénl i Hppl y
mechani sm 10 @%Eg e . qui, OVELY.; ¢+ PRCHhan sm a ported t he

| ower stage 1 B&to( t xléa nﬁgﬁgggaﬁgé1%%%?%%%’0%%&%&?2@0%%% ‘?Culg‘%/ed such

that the firsimangt S(%%@ej?gpﬁb)fcg‘ér?@réa ’ofl%h%ngoyi]@ié}ﬂgp&y dytbes 11A,
[ upply mec ,

12A for constructing the urd s _ ani sm 10, the recovery nenber 22
and the recovefdnvdiie pdkh Lop, COAGLEMET] N S doleQUig BRSENEYayBEhani sm 20

and ot her conponents are supported by the support neitber 140, and the
support menberonidl ficswc anneatrdof oclidgod HVElonst @geti;QZBe@&véhﬁ gt frame
102. Fig. 20 is illustrated while sinplifying, for exanple, the supply
menbers 13, 122A tile so@eovesysenber @2ympilleg styeply gbibeseddveryl 2dnowand t he
recovery tube 21A o )

at the position disposed just under the recovery tube is

larger than the liquid recovery amount at the positions

other than the above. There is such a possibility that the

ligquid cannot be recovered uniformly and the liguid

immersion area AR2 may be nonuniform. However, when parts

of the recovery tubes are the slit tube sections 76, 78,

80, 82 each of which has the tapered internal flow passage“

that is gradually widened in the horizontal direction

toward the recovery member 22 as in this embodiment, the

liguid can be recovered from the substrate P at the

approximately uniform liquid recovery amounts at the

respective positions of the recovery port 22A of the

annular recovery member 22.

As described above, the liquid can be supplied

uniformly at the respective positions of the supply ports
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As descri bed above, the liquid supply mechanism 10 and the liquid recovery
mechani sm 20 are supported by the main frane 102 which is isolated in terns
of the vibration fromthe barrel base plate 100 which supports the
projection_optical systemPL. Accordingly, the liquid supply mechani sm 10
and the liquid recovery nmechanism 20 are isolated fromthe projection
optical systemPL in terns of the vibration. Therefore, the vibration,
which is generated when the liquid is supplied and/or when the liquid is
recovered, is not transmtted via the barrel base plate 100 to the

proj ection optixal 19pstespiisivdy | agar thbt e{&ei PRI L ccdidrthe
measuri ng systens such as the autofocus detecting systemand the alignnment
system Thereﬂnwﬂiprmﬂyistpﬁssiﬂﬁa@e&&i&&opdsLtmbﬁgxaﬂ'&a@cgegévaﬁy port

i nconveni ence whi ch woul d be otherw se caused such that the pattern inmge
i s deteriorat @dAby Thergfdyret iion isf ppheiple]ecticom apki aaktsystemuikurt her,
it is possible to accurately performthe position control of the substrate
stage (substrdf@epylomheies @& it is possible to accurately project the
pattern image onto_the substrate. The |iquid supply mechani sm 10 and the
liquid recovery neEﬁaEﬁ%rﬁ@??ddﬂén§u996¢¥é&?¢nﬂ#ﬂﬁerﬁﬁﬁn6ﬂ¢anﬁoJKKQAMiMGh is
isolated in tgéns.of the vibration fromthe stage base 112 whi ch supports
the substrate-SFalR*PIRL AJCH BRAGRGS $HE (48U @fstppl §lHecHR sm 10 and
the liquid re hani.sm_2 e isolated fromthe stage base 112 in
ternms of the %?%?% ?gﬁf(%%éréﬁogg?i?%e VIBIHSTon 2SwAREH | B deker dtded when
the liquidis j /.Qr | iquid IS recoyere i S .not
transmtted t%%lﬁ&e)usﬁgéjgfn gégem)%ggﬁéshﬁ%l"fag’ e chﬁb‘gﬁ%{byé B¢ G t he

occurrence OfdfwwbgﬂﬁpQMEQh@ngfqﬂ¢?CP @BH%pogﬁ Qfher i qa%ﬁlﬁgﬁﬁéﬁngéhat

t he positioning accuracy and/or the novenent accuracy 0

stage PST is tiwered tube sebfidh] StThRal MRRkrnk e J[é‘ﬂlﬂéks%l@ggﬁg”eChani sm

10 and the liquid recovery nmechanism 20 are integrally suppor y the
main frame 1026iowevehe bhetltwpi sy 492¢RaN SMAD At tkikayi d

recovery nechani sm 20 may he separately attached to the main frame 102
Further, a suppdroinghesupmhy ctubes adi qUizncoif £han IRguimishphngme 102, may
be arranged on the floor in the clean roomor the like, and the liquid
suppl y nechamiesthagrgnt he. | | ddar diggdwer yhe ligquid 1 can be supplied

onto the substrate P by the aid of the supply member 13

(14) after rectifying the liquid 1. The fin members 85 may

be elongated to extend over the internal flow passage 13H

(14H) of the supply member 13 (14). Such fin members 85

may be provided for the internal flow passages 76H, 78H,

80H, 82H of the slit tube sections 76, 78, 80, 82 which

construct the recovery tubes of the ligquid recovery

mechanism 20 respectively.

For example, when the substrate P is subjected to the
scanning movement at a high velocity, the following
situation may be conceived. That is, the liguid 1 cannot

be recovered sufficiently from the substrate P even in the

- case of the embodiment shown in Fig. 14, and the liguid 1
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mechani sm may be supported by the support nenber.

wat er

Is used as the liquid 1 in the enbodi nents of the present

Pure water is advantageous in that pure water is available in a

amount with ease, for exanple,

pure water exerts no harnfu

on the substrate P may outflow to the outside of the

recovery member 22. In such a situation, the lower

As descri bed above, pure

i nventi on.
| ar ge

in the sem conduct or production factory, and

surfaces of the slit tube sections 44, 46 each having the

substantially triangular shape as viewed in a plan view

provided at the positioms in the scanning direction (X axis

direction) of the substrate P can be used as trap surfaces

in place of the trap member 30.

This embodiment is constructed such that the plurality

of recovery tubes 71 to 74 are connected Lo one recovery

member 22. However, a plurality of recovery members

(recovery ports) may be provided closely to the substrate P

$C that the plurality of recovery members (recovery ports)

coxrespond to the plurality of recovery tubes 71 to 74.

Next, an explanation will be made about still another

embodiment of a liguid supply mechanism 10 and a liquid

recovery mechanism 20 according to the present invention

with reference to Figs. 16 to 19,

Fig. 16 shows a schematic perspective view

illustrating the liquid supply mechanism (10) and the

liquid recovery mechanism (20) according to this

embodiment. With reference to Fig. 16, the ligquid supply

mechanism (10) includes first and second liguid supply

units 11, 12, and first and second supply tubes 41, 42

which are connected to the first and second liguid supply

units 11, 12 respectively. The liguid recovery mechanism

(20) includes first to fourth liguid recovery units 61 to
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i nfluence, for exanple, on the optical elenent (lens) and the photoresist
on the substrate P. Further, pure water exerts no harnful influence on the
environnment, 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 end surface of the
projection optical systemPL. It is approved that the refractive index n of
pure water (water) with respect to the exposure |ight beam EL having a
wavel engt h of about 193 nmis approximately in an extent of 1.44. \Wen the

ArF exciner | a3eraheam (aaue) argthn 183.4aby isipesed1agot e Jight a3qurce of
t he exposure light beam EL, then the wavel éngth is shortened on the

substrate P byohfisctéd &a dhe Fedt i84rdiktiAndqdiRi 9Bc6€80) Wi isg
obtai ned. Further, the depth of focus is magnified about n tines, i.e.,
about 1.44 ti neséasragiparietiy.t hohbeendlare slhabfedné nfiker ainkk Therefore,
when it is enough to secure an approxi mately equi val ent depth of focus as
conpar ed wi t hsetend aseooferyhéubee #h, the ja connkecied possidi eft ahkurt her
increase the nunerical aperture of the projection optical systemPL. Al so
in this viewdintt amk sesopHuliunidssippnovedts\Wadn the |Thpuiodhiemmendi on
nmet hod as descri bed above is used, the nunerical aperture NA of the
proj ecti on Op@ﬁ(ggnnected te each of supply passages formed by a flow

passage-forming member 90 as described later on. One end

of each of the first to fourth recovery tubes 71 to 74 is

connected to each of the first to fourth liguid recovery

units 61 to 64. The other end is connected to each of

recovery passages formed by the flow passage~forming member

90 as described later on.

I'he flow passage~forming member 90 includes a first

member 90, a second member 92 which is arranged on the

first member 21, and a third member 93 which is arranged on

the second member 92. The flow passage-forming member 90

is arranged to surround the projection optical system PL.

The first to third members 91 to 93, which constitute the

flow passage~forming member 90, are rectangular plate

members having an identical outer size respectively, and

they have holes 21A to 93A disposed at central portions

thereof so that the projection optical system PL may be

arranged therein. The holes 91A to 93A are formed so that

they are communicated with each other. The first and

second supply tubes 41, 42 are connected to the third

member 93 disposed at the uppermost stage of the first to
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systemis 0.9 to 1.3 in sone cases. \Wien the nunerical aperture NA of the
projection optical systemis increased as descri bed above, the inage
formati on performance is sonetinmes deteriorated by the polarization effect
wi th the random pol ari zed |ight beam having been hitherto used as the
exposure |ight beam Therefore, it is desirable to use the polarized
illumnation. In this case, the follow ng procedure is preferred. That is,
the linear polarized illumnation is effected, which is adjusted to the

| ongi tudi nal direction of the line pattern of the |ine-andspace pattern of

the mask (retigigd mauidal. adhar ge apopst ¢ Qf i fxfefc,%%gg LLetL Pf d&y

S-pol ari zed conponent (conponent 1 n the polarization rection along the

| ongi t udi nal  di-¢eediely the thengepabd aidhnd:s & lawed:te outgp, fromthe
pattern of the mask (reticle). Wen the space between the projection
optical systemid®ilarnddqgse resi st coated on the surface of the substrate P
is filled with the liquid, the diffracted Iight of the S-polarized
conponent, whi ch ddint.s ilJuksbswioat per & peroanerifew nllhetesnisqine has the
transmttance through the resist surface that is raised to be high as
conpared wi t hf rfagemberwlilciwhibe Spaverdrefateert theheéopeojest istmgepbitcal
system PL and the resist coated on the surface of the substrate Pis filled
with the air tPyadirsthépetbied BembeXhen Thre fiuwsr membenpel tina udksof t he
projection optical systemexceeds 1.0, it is possible to obtain the high

i mage for mat ‘%o e AEnbele| P44 svinigite it ridamioge ohothakeX dpistopt &be

conbi nati on, fon.eﬁgnﬁle mﬁt? thqﬁphase shift -mask and/or the oblique

i nci dence i | IRFASACTSA RREAGAT (BLHe® 4L P th & DdrHoE8YTF | /A HRRIYoROREL hod)
adjusted to t l.ongi N directian of .the |in ttern. The oblique

i nci dence illéﬁ% ﬁ%@%&%gggjgé?e%ﬂ?%%%?iaﬁob§ Ftﬁ8bﬁ§F9§?r ct3%h HEFFREY i ne
pattern is di o] X@PLie, 1 d nese t ept | ication Laid-open
No. 6- 188169,5\?1{(?(})?%?2%?1% §a§i ch |1§ %énggﬁ%?aggdtﬁgrignsgggrée Zﬁrhg'nce within a
range of permrsSieenidh & @ngﬂQQ;' d. QL din f

desi gnat ed o;ﬁr?zl ected i? this i nE!ttfaérdng'\t%ig?\’gl wgﬁglji ggﬁ%né) St{ﬂbgys%)%E?hi S
enbodi nent, tfhe kepplisnattnehethws tdee ot saBkrehegen! Zdd Wrergad of the
proj ection optical system PL. The |l ens can be used to adjust the opti cal
char act eri st ifdsstf sthelypriopbetddn aopt thal seyshansihpl§ Holexaspl és t he
aberration (for exanple, spherical aberration and comatic aberration). The
optical el em@grtmgdnhy be subupntdalllyl stiectdaadpustshdmpedpts vdewed in
characteristic. On the other hand, the optical elenment 2, which nmakes
contact with? R&3P| 4ie- 1, Tyt igstamgmbas Par dnrehen| madugddsch £éreheaper
than the | ens. Wen t?gloptical_elenent 2 1s the

recovery hole '96A which is formed on the «X side of the
projection optical system PL and which forms a recovery
port for recovering the liquid on the substrate P, a second
recovery hole 97A which is formed on the -Y side of the
projection optical system PL and which forms a recovery
port for recovering the liguid on the substrate P, a third
recovery hole 98A which ie formed on the +X side of the
projection optical system PL and which forms a recovery
port for recovering the liquid on the substrate P, and a

fourth recovery hole 99A which is formed on the +Y side of

the projection optical system PL and which forms a recovery
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pl ane parallel plate, it is enough that the plane parallel plate is nerely
exchanged i medi ately before supplying the liquid 1 even when any substance
(for exanple, any silicon- based organic matter), which deteriorates the
transmttance of the projection optical systemPL, the illum nance of the
exposure |ight beam EL on the substrate P, and thé

port for recovering the liguid on the substrate P. Each of
the first to fourth recovery holeg 96A to 99A is formed to
be substantially circular ar¢~shaped as viewed in a plan
view. The first to fourth recovery holes 926A to 99A are
provided at substantially equal intervals along the
circumference of the projection optical system PL. The
recovery holes 96A to 99%A are provided on the outer side
with respect to the projection optical system PL as
compared with the supply holes 94A, 95B respectively.

Fig. 18 shows perspective views illustrating the
second member 92 arranged at the middle stage of the first
to third members. Fig. 18(a) shows a perspective view as
viewed from an upper position, and Fig. 18(b) shows a
perspective view as viewed upwardly from a lower position.
The second member 92 includes a third supply hole 94B which
is formed on the -X side of the projection optical system
PL, and which is to be connected to the first supply hole
94A of the first member 91, and a fourth supply hole 958
which is formed on the +X side of the projection optical
system PL and which is to be connected to the second supply
hole 95A of the first member 91, The respective shapes and
the sizes of the third and fourth supply holes 94B, 93B
corregpond to those of the first and second supply holes
94A, 95A.

The second member 22 furthey includes, on the lower

surface, a first recovery groove 96B which is formed on the
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uniformty of the illumnance distribution, is adhered to the plane
parallel plate, for exanple, during the transport, the assenbling, and/or

t he adj ustnent of the exposure apparatus EX. An advantage is obtai ned such
that the exchange cost is |lowered as conpared with the case in which the
optical elenent to nake contact with the liquid 1 is the lens. That is, the
surface of the optical elenent to nake contact with the liquid 1 is
dirtied, for exanple, due to the adhesion of scattered particles generated
fromthe resist by being irradiated with the exposure |ight beam EL or any

inmpurity contaixn@daknol hend i il ok ioNEBLEEALE: sdbdtdid FIECESSALYehOig +
periodically exchangeothejoﬁﬁﬁggi éféne%t. Fbm%%erf when ?heﬁ%g?i%%Jto

el enent is theecheapeptednerPaiad l@lrspl akeovkhemmdhe w@sbrotnkhe; gxghange
part is low as conpared with the lens, and it is possible to shorten the

time requiredmieabetrhel exchangmd Haedverly §soPes sl eHiehsuppPressed hen

increase in the mai ntenance cost (running cost) and the decrease in the

t hroughput. the -VWeihde hef priessuogecuhonhopsicenenates by ahé $how of the

liquid 1, is large between the substrate P and the optical elenent

di sposed at tRhE epdbefcarmeqhesi dot tba sptoudl raysicam Rblei P7Asofl sie

al l owabl e that the optical elenent is tightly fixed so that the optica

el enent i s nofifBYetMRE: 19 predBird, reaevRry tmvvsl P8R whitheiwpt i cal

el ement to befexch qggable. The liquid 1 is water in this enbodi nent.

However LOrmec the +X side of the projection optical system PL
and which is to be connected to the third recovery hole 98a
of the first membsr 91, and a fourth recovery groove 99B
which is formed on the +Y side of the projection optical
system PL and which is to be ¢onnected to the fourth
recovery hole 99A of the first member 91. The first to
fourth recovery grooves 968 to 99B are formed to be
substantially circular arc-shaped as viewed in a plan view
respectively so as to correspond to the shapes and the
sizes of the first to fourth recovery holes 96A to 99A.
The first to fourth recovery grooves 96B to 99B are
provided at substantially equal intervals along the
circumference of the projection optical system PL. 7The
first recovery tube 71 is connected to the first recovery
groove 96B via a tapered groove 96T. The tapered groove
967 is formed so that the tapered groove 96T is gradually
widened in the horizontal direction from the connecting
portion with respect to the first recovery tube 7] toward

the first recovery groove 96B, Similarly, the second

recovery tube 72 is connected to the second recovery groove



the liquid 1 may be any liquid other than water. For exanple, when the
| i ght source of the exposure light beamEL is the F2 | aser, the F2 |aser
beamis not transmitted through water. Therefore, in this case, |iquids

preferably usable as the liquid 1 may include, for exanple, a
fluorine-based fluid such as fluorine-based oil and perfl uoropol yet her
(PFPE) through which the F2 | aser beamis transmssive. In this case, the
portion to nmake contact with the liquid 1 represented by the trap surface
31 is subjected to the liquid-attracting treatnment by formng the thin

film for exa Wi t,hy t hgavi.ng.. A, l.ar c of .small
polarity incl ﬂf&”ﬁ SOF?IF‘]%HQ& e(ra(r%{aet i@ééﬁryf‘ﬁ%?ﬁgﬁ'#r@ﬁoﬁﬁéya 1(‘1')1{)/(2, le tl%i S

al so possi bl e dfndeeeqado t i |ﬂ:lﬁli'iddr33cou§9%'io t S PT oRX TR ?i"éﬁ;[%jzﬁéed oi | )

whi ch have the transmttance with respect e exposure am EL,

whi ch have theyeleaghtyeanddde EsubkghrascROssihlR 7andsWebsRed & $loabl e
agai nst the photoresist coated on the surface of the substrate P and the

proj ecti on optihealtosysh erediverdl seobiet DiS € tapersur fasevé reat ment is
performnmed depending on the polarity of the liquid | to be used.

Fig. 19 shows perspective views illustrating the third
member 93 arranged at the uppermost stage of the first to
Lhird members. Pig. 19(a) shows a perspective view as
viewed from an upper position, and Fig. 19(b) shows a
perspective view as viewed upwardly from a lower position.
The third member 93 includes, on the lower surface, a first
supply groove 94C which is formed on the -X side of the
projection optical system PL and which is to be connected
to the third supply hole 94B of the second member 92, and a
second supply groove 95C which is formed on the +X side of
the projection optical system PL and which is to be
connected to the fourth supply hole 95B of the second
member 32. The shapes and the sizes of the first and

" second supply grooves 94C, 95 are formed to be
substantially c¢ircular arc-shaped as viewed in a plan view
respectively so as to correspond to those of the third and
fourth supply holes %4B, 95B (as well as those of the first
and second supply holes 94A, 95A). 'The first supply tube
41 is conpected to the first supply groove 94C via a
tapered groove 947. The tapered groove 94T is formed so
that the tapered groove %47 is gradually widened in the

horizontal direction from the connecting portion with
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The projection optical system PL descri bed above is constructed (designed)

such that the image formation performance is optimzed in the liquid
i mersion state in which the space on the side of the inage plane is filled
with the liquid 1 (pure water). However, the projection optical systemPL

may be constructed (designed) such that

respect to the first supply tube 41 toward the first supply
groove %4C. Similarly, the second supply tube 42 is
connected to the second supply groove 95C via a tapered
greove %57,

The first to third members %1 to 93 are formed of
metal including, for example, stainless steel, titanium,
aluminum, and alloy containing the above. '"he holes and
the grooves of the respective memberg 9] to 93 are formed,
for example, by the eleqtric discharge machining. The flow
passage-forming member 90 is formed by joining the
respective members 91 to 93 by using, for example, an
adhesive or a thermocompression bonding method after
processing the respective members 91 to 93 by the electrice
discharge machining. The tapered groove 94T, the first
supply groove 94C, the third supply hole 94B, and the first
supply hole 24A are connected to one another (communicated
with each other) by stacking and joining the respective
members 91 to 93. Thus, the supply flow passage, which is
conpnected to (communicated with) the first supply tube 41,
is formed. Similarly, the tapered groove 95T, the second
supply groove 95C, the fourth supply hole 95B, and the
second supply hole 954 are connected to one another
(communicated with each other), and thus the supply flow
passage, which is connected to (communicated with) the
second supply tube 42, is formed. The liquid 1, which is

fed from the first and second liguid supply units 11, 12
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the desired imge formation performance is obtained even in the non-liquid
i mmersion state in which the liquid is absent on the side of the inmage
plane and in the liquid imrersion state in which the space on the side of
the image plane is filled with another |iquid, by exchanging a part of the
optical elenment (optical elenent disposed closely to the substrate P) of
the projection optical system PL. when the projection optical systemPL is
constructed as descri bed above, then the exposure apparatus EX can be used
inthe liquid imersion state, for exanple, when the |arge depth of focus

DOE is requir edspadeli ddme, eXROSpe 1 3RR6AEYSLHX AR LPELUSE LM UME the
non-liquid i nmersion state by exchanging a part of the optical el enent when

the high throgghptitand defutid dpphd 6uss CASLS2 iahdl Shdesig@ll e that a
spatial image sensor or a wavefront aberration-neasuring sensor is arranged

on t he substrpéessiagelfSlikedontietet 0 TRASUW: the ILiagel fanpdiy dilow
performance after the exchange of the part of the optical elenent.

Al t er nat i vel ypas agrsfefamenticabedr by | sbacieasurtibeg piask maybds Ased. YA.part
of the optical elenment nay be noved, and/or the wavel ength of the exposure
light beam EL may B fiavsiveradif sy eplssngsrdenicd bt abrnadiedddsired i nage
formation (communicated with) the first recovery tube 71, is formed
by connpecting (communicating) the tapered groove 96T, the
first recovery groove 96B, and the first recovery hole %6A
respectively. Similarly, the recovery flow passage, which
is connected to (communicated with) the second recovery
tube 72, is formed by connecting (communicating) the
tapered groove 977, the second recovery groove 97B, and the
second recovery hole 97A respectively. <The recovery flow
passage, which is connected to (communicated with) the
third recovery tube 73, is formed by connecting
(communicating) the tapered groove 98T, the third recovery
groove 98B, and the third recovery hole 98A respectively.
The recovery flow p&ésage, which is connected to
{communicated with) the fourth recovery tube 74, is formed
by connecting (communicating) the tapered groove 99T, the
fourth recovery groove 998, and the fourth recovery hole
99a respectively. That is, the liguid recovery flow
passages are formed by stacking the plate members 91 to 93.
The liguid on the substrate P is recovered through the

recovery flow passages and the first to third recovery

tubes 71 to 74 respectively.

28



performance in each state on the basis of the result of the neasurenent of
the image formati on perfornmance. Details of the spatial imge sensor are
di scl osed, for exanple, in Japanese Patent Application Laid-open No.

2002- 14005 (corresponding to United State Patent Publication No. 2002
0041377), contents of which are incorporated herein by reference within a
range of perm ssion of the donmestic | aws and ordi nances of the state
designated or selected in this international application. Details of the
wavefront aberration-nmeasuring sensor are disclosed, for exanple, in

International Publ j¢atd On N0-and@hBR804c n& o) Gl Plq MALER byl NEOF QAL ed

herein by reference within a range of perm ssion the donestic l'aws and
ordi nances of céhgestdd & degicgraed 9&@8@&%@%@1&“&%8? ginajjonal
appl i cation. It is desirable that a part of the optlcaf el enent is

exchanged whi tespedoivgly .t henexpeades apar ahwiyd Bant Becatpylidhe projection
optical system PL. However, the exchange may be perfornmed in a state in

whi ch the propetféomlyoptt caspeysteam Phsisicet aghetel sappliepexiposiur e

appar atus EX. The substrate P, which is usable in the respective
enbodi nent s deisErh Pk dleowd tudsnabt diredt Beh taxtdnelsséni coaductors waf er for
produci ng the sem conductor device. The applicable substrates include, for
exanpl e, the Hierationgyist thresfipe Bivenel s dyn déei esbodfrerter ani ¢ waf er
for the thin filmmnmagnetic head, and the nmaster plate_(synthetic quartz,
silicon waf erJ®Frihate k8K T8ECYHRCF k9 di i+ d dpe SdBAIABEY t Hvexposur e
appar at us. t he exposure apparatus EX the present invention is

As_ f
al so appl i cabt®FFEY ﬁ%ro&‘fﬁﬁnf”ﬁ TYRETHFbG &PEppEFaYEEY (S¥ftthi Mg 8t epper)
the pattern off CRETRCLIO ALy SUREHFERutel Y oravta®t ReP ras kRl e
substrate P %ﬁi%@E%eaﬁnﬁ?8r$g€@é§§${g‘ﬁﬁ&&ﬁure appar atus (stepper) based on

t he step-and-repeat system performng the full field exposure for the

pattern of the magkilyi Boarhb asnd r-dihtiich kG tMREk M ap« %&fﬂ ibstrate P

are allowed to stand still, while successively step-novi e substrate P.
The present ifdvaihigOReinBedl $O APPEdGRIYH &yt @ nbh@ieXPOEYT €n BRP MeRles sbased on

the step-and-stitch systemin which at |east two patterns are partially

overl aid and %ir apsPar asdtba jphetes ulsivaise rRspectively, for example,
the flow passage-forming member 90 can be used Lo absorb
the vibration generated when the ligquid is sucked while
being mixed with the air upon the recovery of the liguid.
Further, the machining such as the electric discharge
machining is applied to each of the plurality of plate
members 91 to 93 to form parts of the flow passages, and
the flow passages for the liguid are formed by combining
them. Therefore, the supply flow passages and the recovery
flow passages can be formed with ease respectively.

Surfaces, which are inclined with respect to the XY

plane, may be provided around the first to fourth recovery

holes 96A to 99%A disposed on the lower surface of the first

member 91 arranged at the lowermost stage of the plurality
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The present invention is also applicable to a tw n-stage type exposure
apparatus. The structure and the exposure operation of the tw n-stage type
exposure apparatus are disclosed, for exanple, in Japanese Patent
Appl i cation Laid-open Nos. 10-163099 and 10-214783 (corresponding to United
States Patent Nos. 6,341,007, 6,400,441, 6,549,269, and 6, 590, 634),
Publ i shed Japanese Transl ation 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

i ncor por at ed bergémbdys raf ewenge vt b Ay thd ange (QbwPBh 8L $5d 0110 fghe
donestic |l aws and ordi nances of the state designated or selected i'n this

i nt er nati onal mapipdt CAY,i @idd - the surBfcéd®mdhad ¥Rejektbder®xpasuriguappar at us
Ex, the present invention is not limted to the exposure apparatus for the
semni conduct or atievawel rgy adwatinent appad@birsifqly expassagf s sidisteate P with
the sem conductor device pattern. The present invention is also wdely
appl i cabl e, fetedx@mpirap sorfhecexpostaptappaheat bsgtbd producsegutthe | i quid
crystal display device or for producing the display as well as the exposure
appar at us f or*§FOHRIEIA§Y tBe bikawpd exeadveryhimgchiahhsimagithtd mambeds fhe

i mage pi ckup device (CCD), the reticle, or the nmask. When the |inear
nmotor is usedqor thwE SGBRLRraLENSt Bl PIFsager 6PTRRY abar §Je aWBT, it is
al lowabl e to yse any one of those of the air floating type based on the use
of the air bedtd FFERGILHBE OB SIH Srfides @ewpﬁéﬁing““V%@”ba§§d18n the use
of the Lorentz' s fqrce, the reactance force, FEach of the stages PST, MST
may be either%5¥’Fﬁ%ofﬁgéeigkvﬁﬁ?ﬂ$%ﬁh¥ v?ﬁﬁh? PG F dion§ the gui de

R e R S ET T e I
Nos. 5,623,833@"4n the X direction.

Both of the supply flow passaqes and the recovery flow
passages are formed in the flow passage-forming member 90
described above, However, only any one of the flow
?assages may be provided in the flow passage-forming member
90. Alternatively, flow passage-forming members, each of
which is formed by stacking a plurality of members, may be
divided into a flow passage~forming member for the supply
flow passages and a flow passage—forminq”member for the
recovery flow passages, and they may be provided
separately.

Next, still ancother embodiment of the present
invention will be explained. As described above, it is
preferable to support each of the liguid supply mechanism
10 including the supply members 13, 14 and the liguid
recovery mechanism 20 including the recovery member 22 by

using a support member other than the projection optical
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5,528, 118, contents of which are incorporated herein by reference
respectively within a range of perm ssion of the donestic |aws and

ordi nances of the state designated or selected in this internationa

appl i cation. As for the driving nechanismfor each of the stages PST,
MST, it is also allowable to use a plane notor in which a magnet unit
provided with two-di nensionally arranged magnets and an arnature unit

provi ded with two-di nensionally arranged coils are opposed to one anot her,
and each of the stages PST, MST is driven by the electromagnetic force. In
this arrangenepsiemmt iRl @hyt Bappagochemdt @Nd LipoRtAREUEGaUNIT 1S
connected to the stage PST, MST, and the other of the magnet unit and the
armat ure unitpirsjgrovimdegptdeatheystde of. t hen rapabinatsohf @cel de WhiRiest age
PST, MBST. The reaction force, which is generated in accordance with
t he novenent bflehelsulistr auppstiget PSThumayfdoe suppbaniogl ych elfeaded to
the floor (ground) by using a frame nenber so that the reaction force is
not transmittEeHY! Serdvomechroaspt § cald syst driyRlid Theovethod for
handling the reaction force is disclosed in detail, for exanple, in United
St at es Pat ent™@gianisgpd 01 vgthjsphpeerceaiedtivapgi-cat i on Lai d- open No.
8-166475), contents of which are incorporated herein by reference within a
range of pernissigﬁgof29h§°88ﬁ%§%?%@4¥»&99ﬁﬁ1F@Fdﬁﬁ&ﬁ@ég BF iy dog

desi gnated or, . sel.ected in this international application. The
reaction foréé?aaﬁﬁgﬁ%i?“BB%%r@f%QP?+ﬁ%é%6F@Qn&gewbﬁﬁu%ﬂerﬁﬁVQWth of the
mask stage 1 e chanj i rel eased, .o t floor round) by using
a frame merrt)l\@r{:"gsh??1 %iﬁg't 2tgekile ?ggﬁﬁl %%e*?e&ccee%’losl'ﬁgt' ?ﬁang t?’é%stuomt he

proj ection opj .Efé@:!atﬁiéshﬁnﬁ_ﬁ)&lu%%? ﬁ%lé%@é{égggélcgg{I‘hnestf\loeﬁﬁélng{hf orce is

di sclosed in detail, for exanple at ent , 820
(Japanese Pam@mmﬁégphbgaghgahLguﬁb&ggg]ﬁﬂg.Pgbgégggé%,Oﬁgggéﬁngiéqggﬂhlch are
e

i ncorporated herein by reference wWithin a range of perm ssion “of
domesti c | aweignaner di nangesrafie t ddnit Sugpsrgnabadepy s&1 aafi@d in this

i nternationa

supports the barrel base plate 100, the mask stage MST, and
the substrate stage PST. 1In Fig. 20, the 7 stage and the
XY stage are shown as an integrated unit. The main frame
102 is installed substantially horizentally by the aid of
legs 108 on the floor surface in a clean room or the like.
The main frame 102 jis formed with an upper stage 102A and a
lower stage 1028 which protrude inwardly.

The illumination optical system IL is supported by a
support frame 120 which is fixed to the upper portion of
the main frame 102. A mask base plate 124 is supported on
the upper stage 102A of the main frame 102 by the aid of an
anti-vibration apparatus 122. OQOpenings are formed through
central portions of the mask stage MST and the mask base
plate 124 for allowing the pattern image of the mask M to

pass therethrough. A plurality of air bearings 126, which
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application. As descri bed above, the exposure apparatus EX according
to the enbodi nent of the present invention is produced by assenbling the
vari ous subsystens including the respective constitutive elenments as
defined in clainms so that the predeterm ned nmechani cal accuracy, the

el ectric accuracy, and the optical accuracy are nmaintained. In order to
secure the various accuracies, adjustnents perforned before and after the
assenbling i nclude the adjustnment for achieving the optical accuracy for
the various optical systenms, the adjustnent for achieving the nmechanical

accuracy for tbe wodicds:dmChanirGahssysteBrovnttd ba adi uséwants fidace
achieving the electric accuracy for the various electric systens. The steps

of assenbl i ngohehe weesdlo et asuab MFEt enBhé Ntas K e epepasor s appagaiierl iipcl ude,
for exanple, the nechanical connection, the wiring connection of the
el ectric circaiten-cmntadie mpinpienghgohimeciimrbedirinlye 126 with respect

to the upper surface (guide surface) of the mask base plate

124. The mask stage MST is movable two~dimensionally in
the XY plane and finely rotatable in the 07 direction by
the aid of the mask stage-driving unit.

A flange 104 is provided on the outer circumference of
the barrel PK for holding the projection optical system PL.
The projection optical system PL is supported by the barrel
base plate 100 by the aid of the flange 104. An anti-
vibration apparatus 106 including an air mount or the like
is arranged between the barrel base plate 100 and the lower
stage 102B of the main frame 102. The bharrel base plate
100, which supports the projection optical system PL, is
supported by the lower stage 102B of the main frame 102 by
the aid of the anti-vibration apparatus 106. The barrel
base plate 100 is isclated from the main frame 102 in terms
of the vibration (in relation to the vibration) by the
anti-vibration apparatus 106 so that the vibration of the
main frame 102 is not transmitted to the barrel base plate
100 which supports the projection optical system PL.

A plurality of air bearings 130, which are non-contact
bearings, are provided on the lower surface of the
substrate stage PST. A stage base 112 is supported on the

main frame 102 by the aid of an anti-vibratjon apparatus
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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 perforned before performng 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, the overall adjustnent is perforned to secure the various
accuracies as the entire exposure apparatus. It is desirable that the
exposure apparatus is produced in a clean roomin which, for exanple, the
tenperature andot hRc Tl 8ANNESS ALe MBRARYIES. the 11k S %*Pl%"‘@ubetfé?e 21, the
m cr odevi ce such as the sem conductor device is produced by performng, for
exanpl e, a stepagd®lrof gesh@piorgdectinenf Hngéhoob ANtk Ranpekf pyrence, of the

m crodevi ce, a step 202 of manufacturing a nmask (reticle) based on the

desi gni ng st oppanisg ep ROZ tof respduci 0g ehsulgiaatserasca pasessmterial for
the device, an exposure process step 204 of exposing the substrate with a
pattern of theunfake by fudiheg stthgeekpasul B2 apfareatsudskbxaet shegenismiiment
descri bed above, a step 205 of assenbling the device (including a dicing
step, a bondi Agvakkp twindinepsérnglhy bt df)s Xanglanei pegetinely st ep 206.

| NDUSTRI AL APPLI CARTLI TY According to the present invention, when the
exposur e processataplmedmotivedl? ndihectsiat dyi thehkdl bhethé ggiish dyarer si on
area is formed between the projection optical system and the substrate,
then it is possadi-eitivisgabhyttormuttieet, qlied subgRratensasga, rat s
possible to satisfactorily recover the liquid, and it is possible to avoid,
for exanpl e, dhw ouwtfapaw oh the tigkid didddteonyr ERENGE NGSr=AGEH, dihRgl Y,

t he exposure process can be perforned accurately. Therefore, the exposure
apparatus of e dir 838kt LOYENIHAN d ik HaBEPLY ; UsE! yé?iﬂﬁ*}ﬁiogqqgﬂe

resol uti on exposure based on the use the short wavel eng sour ce
such as the A %G8l 1h3S8h- terms of the vibration by the anti-
vibration apparatus 110 so that the vibration of the main
frame 102 is not transmitted to the stage base 112 which
supports the substrate stage PST in the non-contact manner.
A movement mirror 55 is provided at a predetermined
position on the +X side on the substrate stage PST, and a
reference mirror (fixed mirror) 114 is provided at a
predetermined position on the +X side on the barrel PK. A
laser interferometer 56 is provided at a position opposed
to the movement mirror 55 and the reference mirror 114.
The laser interferometer 56 is attached to the barrel base
plate 100. <Therefore, the laser interferometer 56 is
« isolated from the liguid supply mechanism 10 and the liquid
recovery mechanism 20 in terms of the vibration. The laser
interferometer 56 radiates the length-measuring heam
{(measuring Jight beam) onto the movement mirror 55, and it

radiates the reference beam (reference light beam) onto the
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Claims 1. An exposure apparatus which exposes a substrate with an exposure
beam t hrough a liquid, conprising: an optical nenber via which the
exposure beamis irradiated to the substrate through the liquid; and

a nmenber which has a lyophilic | ower surface provided at |east partially
around an optical path of the exposure beam wherein the substrate
I s noved bel ow t he nenber during the exposure, and the |yophilic surface of
the nenber is allowed to contact with the liquid on the substrate. 2. The
exposure apparatus according to claim1l, wherein the |yophilic surface of

the menber is,.pglbped Wiy asnect gbe; aches | eyiidheBh@Neyhich come
from the movement mirxor 55 and the reference mirror 114
respectively on the basis of the radiated length-measuring
beam and the reference beam, are received by a light-
receiving unit of the laser interferometer 56. The laser
interferometer 56 causes the interference with the light
beams to measure the amount ol change of the optical path
length of the length-measuring beam on the basis of the
optical path length of the reference beam, and consequently
the position information about the movement mirror 55 on
the basis of the reference mirryor 114, i.e., the position
information about the substrate stage PST. Similarly,
although not shown, a movement mirrer and a reference
mirror are also provided on the +Y side on the substrate
stage PST and the bharrel PK, and a laser interferometer is
provided at a position appesed thereto.

Those supported by the barrel base plate 100 also
inelude unillustrated measuring systems such as the auto-
focus detecting system for measuring the focus position (2
position) and the inclination of the substrate P and the
alignment system for detecting the alignment mark on the
substrate P. The measuring systems as described above are
algo isolated from the main frame 102, the liguid supply
mechanism 10, and the ligquid recovery mechanism 20 in terms
of the vibration.

The liguid supply mechanism 10 and the liguid recovery
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3. The exposure apparatus according to claim2, wherein the Iyophilic
surface of the nenber extends upwardly in a radial direction with respect

to the optical path.

mechanism 20 are supported by the lower stage 1028 of the
main frame 102. "This embodiment is constructed such that
the first and second supply members 13, 14 and the supply
tubes 11A, 12A for constructing the liquid supply mechanism
10, the recovery member 22 and the recovery tube 21a for
constructing the liguid recovery mechanism 20 and other
components are supported by the support member 140, and the
support member 140 is connected to the lower stage 1028 of
the main frame 102. PFig. 20 is illustrated while
simplifying, for example, the supply members 13, 14, the
recovery member 22, the supply tubes 11A, 12A, and the
recovery tube 21A.

As described above, the liquid supply mechanism 10 and
the liquid recovery mechanism 20 are supported by the main
frame 102 which is isolated in terms of the vibration from
the barrel base plate 100 which supports the projection
optical system PL. Accordingly, the liquid supply
mechanism 10 and the liquid recovery mechanism 20 are
isolated from the projection optical system PL in terms of
the vibration. Therefore, the vibration, which is
generated when the liquid is supplied and/or when the
liquid is recovered, is not transmitted via the barrel base
plate 100 to the projection optical system PL, the laserx
interferometer 56, and the measuring systems such as the
autofocus detecting system and the alignment system.

Therefore, it is possible to avoid the occurrence of any



incopvenience which would be otherwise caused such that the
pattern image is deteriorated by the vibration of the
projection optical system. [Further, it is possible to
accurately perform the position contrel of the substrate
stage (substrate P). Therefore, it is possible to
accurately project the pattern image onto the substrate.
The liguid supply mechanism 10 and the ligquid recovery
mechanism 20 are supported by the main frame 102 which is
isolated in terms of the vibration from the stage bhase 112
which supports the substrate stage PST. Accordingly, the
ligquid supply mechanism 10 and the liguid recovery
mechanism 20 are isolated from the stage base 112 in terms
of the vibration. Therefore, the vibration, which is
generated when the liquid is supplied and/or when the
liquid is recovered, is not transmitted to the stage base
112 as well., It is possible to avoid the occurrence of any
inconvenience which would be otherwise caused such that the
positioning accuracy and/or the movement accuracy of the
substrate stage PST is lowered.

In this embodiment, the liquid supply mechanism 10 and
the liquid recovery mechanism 20 are integrally supported
by the main frame 102, However, the ligquid supply
mechanism 10 and the liguid recovery mechanism 20 may be
separately attached to the main frame 102, Further, a
support member, which is distinct from the main frame 102,

may be arranged on the floor in the ¢lean room or the like,
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and the liquid supply mechanism and the liguid recovery
mechanism may be supported by the support member.

As described above, pure water is used as the liguid 1
in the embodiments of the present invention. Pure water is
advantageous in that pure water is available in a large
amount with ease, for example, in the semiconductor
production factory, and pure water exerts no harmful
influence, for example, on the optical element (lens) and
the photoresist on the substrate P. Further, pure water
exerts no harmful influence on the environment, and the
content of impurity is extremely low. Therefore, it is
also expected to obtain the function to wash the surface of
the substrate P and the surface of the optical element
provided at the end 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. When the ArF excimer laser beam
(wavelength: 193 nm) is used as the light source of the
exposure light beam EIL, then the wavelength is shortened on
the substrate P by 1/n, i.e., to about 134 nm, and a high
resolution is obtained. Further, the depth of focus is
magnified about n times, i.e., about 1.44 times as compared
with the value obtained in the air. Therefore, when it is
enough to secure an approximately eguivalent depth of focus

as ¢ompared with the case of the use in the air, it is
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possible to further increase the numerical aperture of the
projection optical system PL. Also in this viewpoint, the
resoluticon is improved.

When the liquid immersion method as described above is
used, the numerical aperture NA of the projection optical
system is 0.9 to 1.3 in some cases. When the numerical
aperture NA of the projection optical system is increased
as described above, the image formation performance is
sometimes deteriorated by the polarization effect with the
random polarized light beam having been hitherto used as
the exposure light beam. Therefore, it is desirable to use
the polarized illumination. In this case, the following
procedure is preferred. That 1s, the linear polarized
illumination is effected, which is adjusted to the
longitudinal direction of the line pattern of the line-and-
space pattern of the mask {(reticle) so that a large amount
of diffracted light of the S-polarized component (component
in the pelarization direction along the longitudinal
direction of the line pattern) is allowed to outgo from the
pattern of the mask (reticle). When the space between the
preojection ovptical system PL and the resist coated on the
gurface of the substrate P is filled with the ligquid, the
diffracted light of the S-polarized component, which
contributes to the improvement in the contrast, has the
Lransmittance through the resist surface that is raised to

be high as compared with a case in which the space between
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the projection optical system PL and the resist coated on
the surface of the substrate P is filled with the air
(gas). Therefore, even when the numerical aperture NA of
the projection optical system exceeds 1.0, it is possible
to obtain the high image formation performance. It is more
effective to make appropriate combination, for example,
with the phase shift mask and/or the oblique incidence
illumination methed (especially the dipole illumination
method) adjusted to the longitudinal direction of the line
pattern. The oblique incidence illumination adjusted to
the longitudinal direction of the line pattern is
disclosed, for example, in Japanese Patent Application
Laid-open No. 6-188169, content of which is incorporated
herein by reference within a range of permission of the
domestic laws and ordinances of the state designated or
selected in this international application.

In this embodiment, the lens is attached as the
dbtical element 2 to the end of the projection optical
system PL. The lens can be used to adjust the optical
characteristics of the projection optical system PL, for
example, the aberration (for example, spherical aberration
and comatic aberration). The optical element 2 may be an
optical plate to adjust the optical characteristic. ©On the
other hand, the optical element 2, which makes contact with
the liguid 1, may be a plane parallel plate which is

cheaper than the lens. When the optical element 2 is the



plane parallel plate, it is enough that the plane parallel
plate is merely exchanged immediately before supplying the
liguid 1 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 iiluminance distribution, is adhered to
the plane parallel plate, for example, during the
transport, the assembling, and/or the adjustment of the
eXposure apparatus EX. An advantage is obtained such that
the exchange cost is lowered as compared with the case in
which the optical element to make contact with the liquid )
i1s the lens. That is, the surface of the optical element
to make contact with the liquid 1 is dirtied, for example,
due to the adhesion of scattered particles generated from
the resist by being irradiated with the exposure light beam
EL or any impurity contained in the liguid 1. Therefore,
it is neceééary to periodically exchange the optical
element. However, when the optical element is the cheap
plane parallel plate, then the cost of the exchange part is
low as compared with the lens, and it is possible to
shorten the time required for the exchange., Thus, it is
possible to suppress the increase in the maintenance cost
{(running cost) and the decrease in the throughput.

When the pressure, which is generated by the flow of

the liguid 1, is large between the substrate P and the
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optical element disposed at the end 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.

The liguid 1 is water in this embodiment. However,
the liquid } may be any liquid other than water. For
example, when the light source of the exposure 1light beam
EL is the F, lasexr, the F, laser beam is not transmitted
through water. Therefore, in this case, liquids preferably
usable as the liquid 1 may include, for example, a
filuorine-based fluid such as fluorine-based oil and
perfluoropolyether (PFPE) through which the F, laser beam
is transmissive. In this case, the portion to make contact
with the liquid 1 represented by the trap surface 31 is
subjected to the liguid-attracting treatment by forming the
thin film, for example, with a substance having a molecular
structure of small polarity including fluorine.
Alternatively, other than the above, it iz also possible to
use, as the liguid 1, liguids (for example, cedar oil)
which have the transmittance with respect to the exposure
light beam &L, which have the refractive index as high as
possible, and which are stable against the photoresist
coated on the surface of the substrate P and the projection
optical system PL. Also in this case, the surface

treatment is performed depending on the polarity of the
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liguid 1 to be used.

The projection optical system Pl described above is
constructed (designed) such that the image formation
performance is optimized in the liguid immersion state in
which the space on the side of the image plane is filled
with the liquid 1 (pure water). However, the projection
optical system PL may be constructed (designed) such that
the desired image formation performance is obtained even in
the non~liguid immersjion state in which the liguid is
absent on Lhe side of the image plane and in the liguid
immersion state in which the space on the side of the image
plane is filled with another liquid, by exchanging a part
of the optical element (optical element disposed clesely to
the substrate P) of the projection optical system PL. When
the projection optical system PL is constructed as
described above, then the exposure apparatus EX can be used
in the liguid immersion state, for example, when the large
depth of focus DOF is required, and the exposure apparatus
EX can be used in the non-liguid immersion state by
exchanging a part of the optical element when the high
throughput is required. 1In such cases, it is desirable
that a spatial image sensor or a wavefront aberration-
measuring sensor is arranged on the substrate stage PST in
order to measure the image formation performance after the
exchange of the part of the optical element.

Alternatively, a wavefront aberration-measuring mask may be



used. A part of the optical element may he moved, and/or
the wavelength of the exposure light heam EL may be finely
adjusted in order to obtain the desired image formation
performance in each state on the basis of the result of the
measurement of the image formation performance. Details of
the gpatial image sensor are disclosed, for example, in
Japanese Patent Application Laid-open No. 2002-14005
{corresponding to United State Patent Publication No. 2002
0041377), 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. Details of the wavefront
aberration-measuring sensor are disclosed, for example, in
International Publication No. 02/63664, content of which is
incorporated herein by reference within a range of
permission of the domesgtic laws and ordinances of the state
designated or selected in this international application.

It is desirvable that a part of the optical element is
exchanged while allowing the exposure apparatus EX to carry
the projection optical system PL. However, the exchange
may be performed in a state in which the projection optical
system PL 1 detached from the exposure apparatus EX.

The substrate P, which is usable in the respective
embodiments described above, is not limited to the
semiconductor wafer for producing the semiconductor device,

The applicable substrates include, for example, the glass
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substrate for the display device, the ceramic wafer for the
thin film magnetic head, and the master plate (synthetie
quartz, silicon wafer) for the mask or the reticle to be
used for the exposure apparatus.

As for the exposure apparatus EX, the present
invention is alsu 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 pattexrn 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
the substrate P. The present invention is also applicable
to the exposure apparatus based on the step-and-stitch
system in which at least two patterns are partially
overlaid and transferred on the substrate P.

The present invention is also applicable to a twin-
stage type exposure apparatus. The structure and the
exposure operation of the twin-stage type exposure
apparatus are disclosed, for example, in Japanese Patent
Application Laid-open Nos. 10-163099 and 10-214783
{corresponding to United States Patent Nos. 6,341,007,
6,400,441, 6,549,269, and 6,590,634), Published Japanese
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Application No. 2000-505958 (corresponding Lo United States
Patent No. 5,969,441), and United States Patent No.
6,208,407, contents of which are incorporated herein by
reference within a range of permission of the domestic laws
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 device 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 fox preducing, for
example, the thin film magnetic head, the image pickup
device (CCD}, the reticle, or the mask.

When the linear motor is used for the substrate stage
PST éha/or the mask stage MST, it is allowable to use any
one of those of the air floating type based on the use of
the air bearing and those of the magnetic floating type
based on the use of the Lorentz's force or the reactance
force, Bach 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. 5,622,853 and
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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. In 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
stage PST, MST.

The reaction force, which ia generated in accordance
with the movement of the substrate stage PST, may be
mechanically released to the floor (ground) by using a
frame member so that the reaction force is not transmitted
to the projection optical system PL. The method for
handling the reaction force is disclosed in detail, for
example, in United States Patent No. 5,528,118 (Japanese
Patent Application Laid-open No. 8-16647%), 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
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application.

The reaction force, which is generated in accordance
with the movement of the mask stage MST, may be
mechanjcally feleased to the floor (ground) by using a
frame member so that the reaction force is not transmitted
to the projection optical system PL. The method for
handling the reaction force is disclosed in detail, for
example, in United States Patent No., 5,874,820 (Japanese
Patent Application Laid-open No. 8-330224), 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
according to the embodiment of the present invention is
produced by assembling the various subsystems including the
respective constitutive elements as defined in claims so
that the predetermined mechanical accuracy, the electric
accuracy, and the optical accuracy are maintained. 1In
order to secure the various accuracies, adjustments
performed before and after the assembling include the
adjustment for achieving the optical accuracy for the
various optical systems, the adjustment for achieving the
mechanical accuracy for the various mechanical systems, and
the adjustment for achieving the electric accuracy for the

various electric systems. The steps of assembling the
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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
gxposure 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.

As shown in Fig. 21, the microdevice such as the
semiconductor device is produced by performing, for
example, a step 201 of designing the function and the
performance of the microdevice, a stép 202 of manufacturing
a mask (reticle) based on the designing step, a step 203 of
producing a substrate as a base material for the device, an
exposure process step 204 of exposing the substrate with a
pat.tern 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.
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INDUSTRIAL APPLICABILITY

According to the present invention, when the exposure
process is performed in the state in which the liquid
immersion area is formed between the projection optical
system and the suhbstrate, then it is possible to stably
form the liguid immersion area, it is possible to
satisfactorily recover the liquid, and it is possible to
avolid, for example, the outflow of the liguid to the
surroundings. Accordingly, the exposure process ¢an be
performed accurately. Therefore, the exposure apparatus of
the present invention is extremely useful for the high
resolution exposure based on the use of the short

wavelength light source such as the ArF excimer laser.
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Claims

1. An exposure apparatus which exposes a substrate with an exposure beam
through a liquid, comprising:

an optical member via which the exposure beam is irradiated to the
substrate through the liquid; and

a member which has a lyophilic lower surface provided at least partially
around an optical path of the exposure beam,

wherein the substrate is moved below the member during the exposure,
and the lyophilic surface of the member is allowed to contact with the liquid on the

substrate.

2. The exposure apparatus according to claim 1, wherein the lyophilic surface of

the member is inclined with respect to a horizontal plane.

3. The exposure apparatus according to claim 2, wherein the lyophilic surface of

the member extends upwardly in a radial direction with respect to the optical path.
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