.1 6 JAN 2004 EXPOSI NG METHOD AND APPARATUS TECHNI CAL FI ELD Thé %r%@%é&ﬂ#
“invention relates to an exposure nethod and an exposure apparatus to be
used in the step for transferring a mask pattern onto a substrate such as
a wafer when a device, which includes, for exanple, sem conductor
integrated circuits, imge pickup elenents (for exanple, CCD), liquid

crystal displays, plasma digpbemsc Mthdii And idppAmgReiic heads, is
produced by using the |lithography technique. The present invention is
preferably used especially when a vacuum ultraviolet |ight beam (VUV |ight
bean) is used as an exposure |ight beam BACKGROUND ART In order to

enhance the resolution in responsge¢gnidie, FeaAlp zation of fine circuits,

t he wavel ength of the exposure |ight beam as an exposure beamis gradually
shifted toward the short wavel ength side in the projection exposure
apparatus to be used when a sem conductor integrated circuit or the |ike

S produced. A G5aiond Nenlilt S5¢ ABIal a0 g ANAMBIENA AR Dod o

predom nantly used. However, the ArF exciner |aser

uhi ch has dC sl 2 el SROU, Ik Wited A URLI (Y| ALl LGU . {18y

al nost at the I" 16 JAN ge of practical use. Projection exposur

appar at useg e pAAEIA SRS UIARMAG U GILYISE, LIS, SBOTHLE, 1] ght beam
having a shorter wavel ength in the vacuumu ravi ol 6t regiron, 1.e.,
device, which includes, for example, semiconductor integrated
circuits, image pickup elements (for example, CCD), liquid
crystal displays, plasma displays, and thin film magneﬁic
heads, is produced by using the lithography technique. The
present invention is preferably used especially when a vacuum

- ultraviolet light beam (VUV light beam) is used as an

exposure light beam.
BACKGROUND ART

In order to enhance the resolution in response to the
realization of fine circuits, the wavelength of the exposure
light beam as an exposure beam is gradually shifted toward
the short wavelength side in the projection exposure
apparatus to be used when a semiconductor integrated circuit
or the like is produced. At present, the KrF excimer laser
(wavelength: 248 nm) is predominantly used. However, the ArfF
excimer laser (wavelength: 193 nm), which has the shorter

wavelength in the vacuum ultraviolet region, is almost at the




in a wavel ength band of not nore than about 180 nm i ncludi ng, 1fforJAN 2604
exanpl e, the F2 | aser (wavel ength: 157 nm and the Are | aser (wavel ength:
126 rim each having the shorter wavelength. In the case of the ordinary
optical glass, the transmttance is |lowered for the exposure |ight beam

having the wavel ength of not nore than about 180 nm as described above.

The opti castamteof aprambiedl case be mBefledOlon hexpsairacipprer optd alhagrnber
and the substrate for the reticle as a transni ssive type photonask, is

limted, foeerxabpdesudgestedy twhitrsssdopes apdsuforl eammbenn flaeriqe,
and crystals of fluorite (CaF2)1 nmagnesium fluoride (MyF2), and |ithium

fluoride (4i$horter tiereléheteXPOSthe vaahim DERIRawdb Xt hasgich wavel engt h
of not nore than about 200 nmas in the vacuum ultraviolet region, is also

absorbed ek r@medyeDseath Ybahd@rof X RhEre byhdheaast basedipn oxygen,
steam and hydrocarbon (hereinafter referred to as "absorptive gas").

Ther ef or e, ind DA @ PESr kamSlAELCEBS Ay 1fa%'ér0§¥.ﬁ@@ltelﬁ%ttht:hQS?)Vﬁfné}g%n_d
concentration in the optical path is suppressed to be "approximatély in an

order of pge XKECoadierdl(wavehendthe 193CHHY whbhana@lialy khghknbesmy s used
as the exposurezllght beam it is necessary that the dptical path for the
exposure yagdtedpain i s substantially in vacuum or the gas containing 2 16

JAN 2,004 the absorptive gas such as oxygen on the optical path is

substituted witiy aigascade Chr Coms &Srd BSSrPRsN Rtd Py dden ide entire
optical path for the exposure |light beam’s

transmittance is lowered for the exposure light beam having
e the wavelength of not more than about 180 nm as described
above. The optical material, which can be used for the
refractive optical member and the substrate for the reticle
as é transmissive type photomask, is limited, for example, to
quartz glass doped with, for example, fluorine, and crystals
- of fluorite (CaEz), magnesium fluoride (MgF,), and lithium
fluoride (LiF). Further, the exposure light beam, which has
a wavelength of not more than about 200 nm as in the vacuum
ultraviolet region, is also absorbed extremely greatly, for
example, by the gas based on oxygen, steam, and hydrocarbon
- (hereinafter referred to as "absorptive gas"). Therefore,
for example, it is necessary for oxygen that the average
concentration in the optical path is suppressed to be
approximately in an order of ppm. Accordingly, when the
vacuum ultraviolet light beam is used as the exposure light

beam, it is necessary that the optical path for the exposure

light beam is substantially in vacuum, or the gas containing



‘Substantially in vacuum it is necessary to provide a pressure-rieglugi qﬁa%
chanber (preparatory chamber) for exchanging the photonask and the wafe
for exanple, because the library of the photomask and the transport |ine
for the wafer as the substrate to be exposed are arranged in the air. For
this reason, it takes a long period of tine to exchange the photonmask and
t he waf er, thesabsongtivet yasdseckase orygehronghipetowtiddle paposig e step. ~

Accordingly, consideration wll be nmade below for the case in which the
gas on thesubspitenedpaihhfargahewkkphscaesks ghesbeargdspisitis! | twlied with
t he gas which causes | ess absorption, i.e., the gas through .which the

exposure |tigateheansisptiaainpatedfot nthéeegpseuné 1Nghprigaction exposure
apparatus which uses, as the exposure |ight beam the |ight beam having
the wavelsuigsbantiably mievadann abdtt id SRedds SyER td psy MBS UWIM
ultraviolet region as described above, it is necessary that the

pr edet er m poes opt & <obdueing | chanbéi Clp e@QpSestdep SciiimssPf iy i s used for
the refractive optical nenber and the substrate for the reticle, and the

gas on t, -exchapjingl tipat phoSomssSihd Utips Wwhtdr | htodasc i b, osutsagsd ess
absorption, in order to suppress the absorption of the exposure |ight beam

on the optilgal 1 jistdry oot hetie t oAk | And NIROCErd Ssbt@i Nate Ay thge Waf er.
However, for exanple, if the residual 3 16 JAN 2004 concentration of the

absor pti vesglsr i 4 tige GagoOritle OPIHEAxpPatd HXEepds. gy edetafdri fed,
normal i zed val ue, for exanple, due to the contam nation of the gas on the
optical padr WHis reason, it takes a long period of time to exchange
e the photomask and the wafer, resulting in the decrease in
throughput of the exposure step. Accordingly, consideration
will be made below for the case in which the gas on the
optical path for the exposure light beam is substituted with
the gas which causes less absorption, i.e., the gas through
- which the exposure light beam is transmitted.

In the case of the projection exposure apparatus which
uses, as the exposure light beam, the light beam having the
wavelength of not more than about 180 nm even in the vacuum
ultraviolet region as described above, it is necessary that
the predetermined optical material, which causes less
absorption, is used for the refractive optical member and the
substrate for the reticle, and the gas on thc optical path is
substituted with the gas which causes less absorption, in
order to suppress the absorption of the exposure light beam

on the optical path so that the high illuminance is obtained

on the wafer. However, for example, if the residual



“the external air which absorbs the exposure light beam or duel foJiecll4
~‘generation of the release gas containing the absorptive gas which absorbs
t he exposure |light beam for exanple, fromthe inner wall of the |ens
barrel contacting wth the optical path, then the exposure energy on the
wafer (substrate to be exposed) is remarkably lowered . It is also feared
that the absoreitanceief dheclexpdsssept ightghea ithd hmas ant ial gadilcamy be
varied by the time-dependent change of the residual concentration of the
absor pti vepads extcdpydsany prodbesroi séd | Mot 464 Vel Pt i dainp1d,he
exposure energy on the wafer may becone unstable, and any uneven

i |1 umi nanaiue Ny t0e€ Worn it xR0 SHIf etisd0jas Qn tiiee Agteicd¥anhty gl ation
to the gas substitution for the optical path, there have been suggested a

met hod i n thdiettdhealgasid fvﬂficﬂxadﬁﬁcﬁﬁbéliﬁﬁ@gﬁfpdﬁuf@rlei??& edn)r @9h
whi ch the vacuumultraviolet |ight beam as the exposure 1ight beamis

transnittethe ito alHeOWRshdra Gt idtiousd Vrdl s d Qas SR Aln Y Rhduring the
exposure, and a nethod in which the nmechanismtor tightly enclosing the

optical paidsafptiie JHOAGIdIOMERNasIEnARBERIWUE IS gl e t adave
pressure resistance, and the gas is charged after the interior in the

optical paidunisle) emiciidne evafated 1 by Al MedOWMSYe) idbntd& iGRpe of
the nethod in which the gas is allowed to 4 16 JAN 2004 conti nuously fl ow

as in the Jamahdeifiadal ) e hd @@B@ﬂ}@%ﬁ; %35 thl3fafes, the

gas is allowed to flow for a long period of tine, the anount of

consunpti qikulstdrte to be exposed) is remarkably lowered. It is also

e feared that the absorptance of the exposure light beam in the

optical path may be varied by the time-dependent change of
the residual concentration of the absorptive gas or by any
ﬁneven distribution in the optical path, the exposure energy
on the wafer may become unstable, and any uneven illuminance
may occur in the exposure shot.

On the other hand, in relation to the gas substitution
for the optical path, there have been suggested a method in
which the gas (for example, nitrogen or rare gas), through
which the vacuum ultraviolet light beam as the exposure light
beam is transmitted, is allowed to continuously flow for
several hours during the exposure, and a method in which the
mechanism for tightly enclosing the optical path of the
projection exposure apparatus is allowed to have pressure
resistance, and the gas is charged after the interior in the

optical path is previously evacuated in vacuum. However, in

- the case of the method in which the gas is allowed to



‘gas is increased, and the running cost is increased. Especf%ﬁf&ANéR54
‘expensive gas such as heliumis used for the gas, the running cost for the
proj ection exposure apparatus is greatly increased. In the case of the
method in which the interior of the optical path is once in vacuumto fil
the interior with the gas through which the exposure |ight beamis

transm tt ecomisinmoddiby | i derasreimorhe t frecmert | o gd prid efoloesdins; That i s,
any inpurity, which absorbs the exposure light beam is released fromthe

constitutiiecomieniahcé oirides] enshbarie) tips dde 1d kel fwddaoptlical
system during the process in which the pressure is reduced to vacuum and

the surfacesrod ldwy penBo@nsit tme) res @fcupe!dotE@shavrigt 1die damd ty.
Even when the gas substitution is perforned without performng the vacuum

evacuat i ongaginys | ifeFédyed) ANe th&erunngedxs asispidachd«y t he surface of
the constitutive material, is released to sone extent in a state (steady

state) in E@hé‘éliéﬂﬁy j AgréRpensite dad swdh ddendPsud HPUHRLd WL Hde
g

exposure light beamis transmtted after the conpletion of the gas

substi t utiggs, Rofie tRiSn1RRSAIBt | for Sthel $1% REERSRT dxd S BN td gl us F enove
the inmpurity by successively circulating (Substituting) the gas in the

optical paid qtestPfefietesddded rate after the conpletion of 51 6 JAN
2f" Pl the gas substitution. Taking the foregoing viewoints into

consideration, fn {id basWiSeteid hdtendt e8LNEhidl 8itld OThiSr idk RIOUiKle an
optical path is once in vacuum to fill the interior with the
gas through which the exposure light beam is trahsmitted as

in the latter method, the following problem occurs. That is,
any impurity, which absorbs the exposure light beam, is
released from the constitutive material for the lens barrel

or the like of the optical system during the process in which
the pressure is reduced to vacuum, and the surfaces of the
lens and the mirror are polluted with the impurity.

Even when the gas substitution is performed without
performing the vacuum evacuation, any impurity or the like,
which has adsorbed to the surface of the constitutive
material, is released to some extent in a state (steady
state) in which the interior is filled with the gas through
which the exposure light beam is transmitted after thc
completion of the gas substitution. For this reason, it is
also necessary to continuously remove the_impurity by
successively circulating (substituting) the gas in the

optical path at a predetermined rate after the completion of



=-c‘=;>.<|'o'o"sure met hod whi ch nakes it possible to perform substi tl]tﬁ oY 0%

"stable manner when a gas on at |least a part of optical path for an
exposure light beamis substituted wth a gas through which the exposure
light beamis transmtted. A second object of the present inventionis to
provi de an exposure nethod which nmakes it possible to perform

substi t ut i bine agas essbsunmingotost when a gas on at least a part of optical
path for an exposure light beamis substituted with a gas through which

t he exposure |iDhkibhganohe . ferégaivsgi ¢iewhotdhi intwbjactiddrdthisony esent
invention is to provide an exposure apparatus which nakes it possible to
carry out fhest esippsci eofrethedpress ehes cinbett dboves easipyowidefdn ci ently,
and a nethod for producing the exposure apparatus. A fourth object of the
present i neepdswre i Betiodrwivicle makeet Odpdosilprodie i pgr foxhevi ce, which
makes it possible to produce the device at a high illumnation efficiently

and consesuiestiyution inoh $bablighparindy wisemda tdies axPasir LeadBtgshas
descri bed above. DI SCLOSURE OF THE I NVENTION 6 1 6 JAN 2004 A first

exposur e nef host begDrshtly for the ek sante 1IyeNthedn rEsiAasst it aegxposur e
method for illumnating a first object (41) with an exposure |ight beam

and exposiwmptia a spEdnchoRpgetwi 30 thé hetpiesexdopigie: Bedi feam havi ng
passed through a pattern on the first object; the exposure nethod
transmitted.

_____ A second object of the present invention is to provide
an exposure method which makes it possible to perform
substitution at less running cost when a gas on at least a
part of optical path for an exposure light beam is
substituted with a gas through which the exposure light beam
1s tramsmitted.

A third object of the present invention is to provide an
exposure apparatus which makes it possible to carry out the
exposure method as described above easily or efficiently, and
a method for producing the exposure apparatus.

A fourth object of the present invention is to provide a
method for producing a device, which makes it possible to
produce the device at a high illumination efficiently and

consequently at a high throughput by using the exposurc -

method as described above.

DISCLOSURE OF THE INVENTION



conprising tightly enclosing a space (BMJ to WST) which i ncluBiedAbt 200kast
a part of an optical path for the exposure |ight beam and filling the
tightly enclosed space with a predeterm ned gas through which the exposure
light beamis transmtted, until a gas pressure approximte to a first gas
pressure (Pl) is obtained, by alternately repeating, a plurality of tines,
a pressure-redkihirst egxpisuweeutethpd aqgrassine of thggedagertthe tightly
encl osed space until a gas pressure approximte to a second gas pressure
(P2) | owerinvemtidherds idts gas g essposurs mdtiediethr and wnifridtdimy sst ep of
supplying the predeterm ned gas to the tightly enclosed space wuntil an

I nt er medi af ergfasoipjesis uf£l ( Rl tibedmesxpddierd | ¥ Bthigadscampraass wepaanichd e
second gas pressure i s obtained. According to the present invention as

defi ned aboatmnd hebjqaressal p-withicting otppswrel 1ighd idddmgistiay gassed
repeated, for exanple, twce or nore, wthout bringing about the high

vacuum f ortlitmugte consh igasrpres sthie. £ Acsorsh jetty; the expasumamdithdd | | ed
with the gas at a high purity through which the exposure |ight beam which
i s conposesbnridinig exigit ey éenclogivig heaspdeyi (M swmwed®ENgiticd not nore
than 200 nm 1s transmtted. During this process, the interior of the

.space 7 16inkMNddddht SLedit 14 Palht OhF Vac Wik St athhefef aitee dfjpppammunt of
the release gas containing any inpurity generated, for exanple, from wall

nenbers foride 1shace disd deCI Eas@dehé ttighBp Sl Bosdd Siahd Wripal form the
substitution for the gas in the space. In this case, the first gas pressure

(P[) I's, f@¥edetermined gas through which the exposure light beam is
e transmitted, until a gas pressure approximate to a first gas

pressure (Pl1) is obtained, by alternately repeating, a
plurality of times, a pressure-reducing step of reducing a
pressure of a gas in the tightly enclosed space until a gas
pressure approximate to a second gas pressure (P2) lower than
the first gas pressure is obtained; and a filling step of
supplying the predetermined gas to the tightly enclosed space
until an intermediate gas pressure (P3) between the first gas
pressure and the second gas préssure is obtained.

According to the present invention as defined above, the
pressure-reducing step and the filling step are repeated, for
example, twice or more, without bringing about the high
vacuum for the second gas pressure. Accordingly, the space
can be filled with the gas at a high purity through which the
exposure light beam, which is composed of, for example, a

light beam having a wavelength of not more than 200 nm, is

transmitted. During this process, the interior of the space



exanple, 900 hPa to 1100 hPa, i.e., approximately |I atm (at‘\nﬁ)s~{bﬁ"|%rzﬂglt
‘pressure). The second gas pressure (P2) is, for exanple, within a range of
50 Pa to 10 kPa, i.e., approximately 0.1 to 0.01 atm It is unnecessary
that the second gas pressure is extrenely in the high vacuum In anot her
aspect, a second exposure nethod according to the present invention

resi des i nsamexposW eirgei Reddud stdddaum nafdrFord,i isle albjogt: o4lkhe th an
exposure |ight beam and exposing a second object (61) with the exposure
light beamlwdagapasseddibrioughngs pfaigwfityorydma ftdast fol eshnplles
exposure nmethod conprising tightly enclosing a space (BMJ to WST) which

i ncludes &rdneasilla meaiberd MY aid Gladeatis fdicrdfiR®@Xpasung poghtivheam
t he exposure nmethod further conprising a first step of substituting the

tightly ene) eaethlys ot ke fdubdt igam idi awgh oMY Gast He exRospaed.i ght
beam is transnltte and a subsequent second step of substituting the

tightly encl oseg Sﬂﬁ%edﬂstél e oS afd g rhi(@h ) tike exgosure |ight
beamis transmtted, the second gas being drfferent fronrthe first gas.

Accor di ng dxanidie Preemeipd Rentiod s def.idied imateay thergas in the
space is substitutéd with the gas through 8 "16 "JAN 2004 mhrch t he exposure

| ght beamatidsiARTd HRbsddrd)s. PAGR Rl odd SBCHHRAS agunis ofrgyse of

t he second gas. Therefore the running cost can be reduceé by usi'ng, for

- exanpl e, thanpIeCoRd t98% A rAlRS it P tPN® HRENSI we than the first
gas but which has a better transmittance with respect to the

approximately 0.1 to 0.01 atm. It is unnecessary that the
second gas pressure is extremely in the high vacuum.

In another aspect, a second exposure method according to
the present invention resides in an exposure method for
illuminating a first object (41) with an exposure light beam
and exposing a second object (61) with the exposure light
beam having passed through a pattern on the first object; the
exposure method comprising tightly enclosing a space (BMU to
WST) which includes at least a part of an optical path for
the exposure light beam; the exposure method further
comprising a first step of substituting the ti;htly enclosed
space with a first gas through which the exposure light beam
is transmitted; and a subsequent second step of substituting
the tightly enclosed space with a second gas through which -
the exposure light beam is E;ansmitted, the second gas being
different from the first gas.

According to the present invention as defined above,

when the gas in the space is substituted with the gas through



exposure |ight beam as conpared with the first gas. In still]@nQANe200%
aspect, a first exposure apparatus according to the present invention
resides in an exposure apparatus for illumnating a first object (41) with
an exposure |ight beam and exposi ng a second object (61) with the
exposure |ight beam having passed through a pattern on the first object;

t he exposwhédcappakcakipocarter idghtt degas-ist tghhsahankar, (2 te ppswhblb
tightly encloses a space (BMJto WST) including at |east a part of an
optical pabhdkerehbe texpamvuat! oFhtiskean taedsacgad guppl yrHerefoH2,to S6)
whi ch supplies a predeterm ned gas through which the exposure |ight beam
i's transnthieegunha nighicekitotadf behecgased gt ushagheror whampile,t haegas
supply unit has an inpurity-renmoving filter including a |ight-absorbing

gas-rendvisegohid Gas 0¥k WaisChhic@Mgemorle kgkpehsale ehaaxydenrfapdtst eam
contained in the predeterm ned gas. The exposure apparatus is used to

circul at eghlBepg@swhicht hasgasbelt@byr ¢hamaantdbhee Rethorespectheo the
substitution for the gas by using, for exanple, the exposure nethod as

descri bedeabevare AIGehdl Bk akst compR?edl Rifhnt @neRifRkaikNgds . hi gh purity

state of the gas in the gas-tight chamber. 9 16 JAN 2004°In still another
aspect, a secofd 8xBA3ULRACRBRE akpectaCeOFdrRg b%pb@ﬁr@rg?%@EﬁtﬁﬁenF|on
resides in an exposure apparatus for illumnating a first object with an

eXpOSUfe_aEEQQHiﬁga%baQﬂeeﬁE@§Eﬂg 3nveeRNnORk8Gley tih bhecgppaswee |ight

beam havi ng passed through a pattern on the first
apparatus for illuminating a first object (41) with an
exposure light beam and exposing a second object (61) with
the exposure light beam having passed through a pattern on
the first object; the exposure apparatus comprising a gas-
tight chamber (2 to 6) which tightly encloses a space (BMU to
WST) including at least a part of an optical path for the
exposure light beam; and a gas supply pnit {S2 to S6) which
supplies a predetermined gas through which the exposure light
beam is transmitted, to interior of the gas-tight chamber;
wherein the gas supply unit has an impurity-removing filter
including a light-absorbing gas-removing filter (15) which
removes at least one of oxygen and steam contained in the
predetermined gas.

The exposure apparatus is used to circulate the gas 1in

the gas-tight chamber after performing the substitution for
the gas by using, for example, the exposure method as

described above. Accordingly, it is possible to maintain a

high purity state of the gas in the gas-tight chamber.



obj ect; the exposure apparatus conprising a gas-tight chanber78'(\_2A ' ;) 62
whi ch tightly encl oses a space (BMJ to WST) including at |east aI% 004 of
an optical path for the exposure |ight beam a gas supply unit (S2 to S6)
whi ch supplies a predeterm ned gas through which the exposure |ight beam
is transmtted, to interior of the gas-tight chanber; a gas

concentration- néasatihy enothétl@¥pabtchansasunéseaposoneecappatabus of a
predeterm ned residual gas renmaining in the space in the gas-tight

chanber; aadcandapgntagtbéopragentrecheans vt VidsiWéd) imhanhegpessrel oses-a
passage for the gas between the space in the gas-tight chanber and the gas
concent r at appapetssr fog ubitmiAatongi agfiosthebjecondiekpanuegpappaeat us as
defined above, for exanple, when the gas pressure in the space is |owered
in order tbigkthhege &he grposinghe spa6rd bbh§egoswitRNERst empbeargeasuring
unit can be protected by closing the opening/closing nmechanismto separate
the gas cobtghtrbéamnhavkagupasgednthrdbigm hhpatpaer. odhenef eiestwhen the
exposure nethod of the present invention described above is carried out,
it is possbbliectp shabeyposassr spphcatas €OMEENELALI QNgas Lt i §Bt J8Rahbaht

chanber. 10 16 JAN 2004 In still another aspect, a third exposure apparatus
according {» tbeecprenesh tﬂgﬁﬁlzoéné2§£6§3aiQpé@ee(ﬁﬂﬁuﬁé wepparatus for
illumnating a first object with an exposure |ight beam and exposing a

iﬁC?RS ??i??&lmﬁihgtﬂﬁ BXROBUs Cpatt 0BF BRAFphA¥hNIpRERSEHrt BhOUgRpasRALt ern
light beam; a gas supply unit (S2 to S6) which supplies a
predetermined gas through which the exposure light beam is
transmitted, to interior of the gas-tight chamber; a gas
concentration-measuring unit (112) which measures a
concentration of a predetermined residual gas remaining in
the space in the gas-tight chamber; and an opening/closing
mechanism (V13, V14) which opens/closes a passage for the gas
between the space in the gas-tight chamber and the gas
concentration-measuring unit.

According to the second exposure apparatus as defined
above, for example, when the gas pressure in the space is
lowered in order to exchange the gas in the space, the gas
concentration-measuring unit can be protected by closing the
opening/closing mechanism to separate the gas concentration-
measuring unit from the space. Therefore, wﬁen the exposure
method of the present invention described above is carried

out, it is possible to stably measure the gas concentration

in the gas-tight chamber.

10



obj ect; the exposure apparatus conprising a gas-tight chamber (126t dAK)2004
which tightly encl oses a space (BMJ to WBT) including at |east a part of
an optical path for the exposure |ight beam a gas supply unit (S2 to S6)
whi ch supplies a predeterm ned gas through which the exposure |ight beam
Is transmtted, to interior of the gas-tight chanber; an

openabl e/ cl osabire stutlolf fanctihex (RéRcti )a whioh iexgarsemied egbriaratassuppl y
passage for the predeterm ned gas to be supplied by the gas supply unit;
and a contaatomdirg (ty,tH8)prduarit closast idheramtitdefd inalare dxposage of
energency and in case of rmaintenance for the exposure apparatus to stop

t he suppl yapdardthes pfcadeitidnmired igas 4 of idet gasiddtghtitthanerxpodaner ding to
t he exposure apparatus as defined above, the interior of the gas-tight
chanber canidie: fiddrechnd tdxpgdmigps tdecnigh ojeadt with etposanpddught beam
Is transmtted, in a short period of tine by closing the cutoff valve in

case of erergiandyeanhdving geessdd MELTERIIANC GatdtefiOICivIEe thigrsaxternal air
into the gas-tight chanber to perform predeterm ned operation, and then
openi ng t kb pdiof frheal s aanien.apfafud &ongrissind?es Sjdd-a itghefdhaimnt | y
carry out the exposure nethod of the present invention. 11 16 JAN W4 In
still anotfrertaspecthich fFOWHEL xRS RARP RIS (B adiygrt o the present

i nvention resides in an exposure apparatus for illumnating a first object
with an expesld®ing it ReamaAansh@xROSidY ptsREANGa aEr WHd dffpaxposure
light beam; a gas supply unit (S2 to S6) which supplies a
predetermined gas through which the exposure light beam is
transmitted, to interior of the gas-tight chamber; an
openable/closable cutoff valve (V12, V1) which is provided in
a supply passage for the predetermined gas to be supplied by
the gas supply unit; and a control unit (17, 18) which closes
the cutoff valve in case of emergency and in case of
maintenance for the exposure apparatus to stop the supply of
the predetermined gas to the gas~tight chamber. According to
the exposure apparatus as defined above, the interior of the
gas-tight chamber can be filled with the gas throughﬁ;ﬁich
the exposure light beam is transmitted, in a short period of
time by closing the cutoff valve in case of emergency and in
case of maintenance, introducing the external air into the
gas-tight chamber to perform predetermined operétion, and
then opening the cutoff valve again. Therefore, it is
possible to efficiently carry out the exposure method of the

present invention.
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| i ght beam havi ng passed through a pattern on the first objgcﬁ;JQ%ém94
exposure apparatus conprising a gas-tight chanber which tightly encl oses a
space including at |least a part of an optical path for the exposure |ight
beam and a gas supply wunit which supplies a predeterm ned gas through
whi ch the exposure light beamis transmtted, to interior of the gas-

ti ght chanber untidtialyasnprlessuaspappr oxi feteth cexgpdsuisd gasargpressure i s
obt ai ned; wherein the gas supply unit includes a pressure-reducing
mechani smaghicohlimerduoestlee gaseperssimecnt ion gasides the gasexpaghirehanber
to a second gas pressure that is |lower than the first gas pressure, a
filling negsramasicah iXidmsndthindg nd ef 1 0st obbjdret gabth | gitexmsmes with
the predeterm ned gas until an internedi ate gas pressure between the
first gas lprgssreamrahd hexpsechng gaseqsesd SobbPedcts with aiie dexpdlige cont r ol
unit which controls the pressure- reducing nmechanismand the filling
mechani smisigyitthatedrheha vty gpd Sedf thitGugasa ppessere endrderfidding with
the predeterm ned gas are repeated a plurality of times. In still another

aspect, a dbfedt ;exes e @Ennes adpisar ROEH! Shmigr 1 Hi ddea PFeSH ghin EHE e
resides in an exposure apparatus for |Ilun1nat|ng a flrst object with an

exposure whight tiearnlandRXpRsesth a55@SONThEObiELig Wt M éder expast eod2 16
JAN 2004 |ight beam having passed through a pattern on the first object;

the exposure capPaiaal Y 0N St g @xmié g ghasdan; A ch %asgmdg{ ly

encl oses a space including at |least a part of an optlcal path for t%

exposur e hinghd gl sugdpIsds G8Spredetermined gas through which the
exposure light beam is transmitted, to interior of the gas-
tight chamber until a gas pressure approximate to a first gas
pressure is obtained; wherein the gas supply unit includes a
pressure-reducing mechanism which reduces a gas pressure of a
gas in the gas-tight chamber to a second gas pressure that is
lower than the first gas pressure, a filling mechanism which
fills the interior of the gas-tight chamber with the
predetermined gas until an intermediate gas pressure between
the first gas pressure and the second gas pressure is
obtained, and a control unit which controls the pressure-
reducing mechanism and the filling mechanism so that the
reduction of the gas pressure and the filling with the
predetermined gas are repeated a plurality of times.

In still another aspect, a fifth exposure appafatus

according to the present invention resides in an exposure

apparatus for illuminating a first object with an exposure

light beam and exposing a second object with the exposure
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supply unit which supplies a first gas through which the %ﬁpééﬂrgmwight
beamis transmtted, to interior of the gas- tight chanber; a second gas
supply unit which supplies a second gas which is different fromthe first
gas and through which the exposure |ight beamis transmtted, to the
interior of the gas-tight chanber; and an adjusting unit which adjusts

anount s of1itdre: P Yhaofi i grsseHrowlth supRivtedbynt ke ffiikst and second
gas supply units. The first and second exposure mnethods of the present

i nventi on diedls aald i ddiirdapisirddshednPritdinnad gakt-it i gdxpesumder
apparatuses respectively. In still another aspect, a nethod for producing a

device aGApIdh RGidH: I endIesri d MRiild Gthd1RRIiIRP dth 12a@k! ROGah®r of
produci ng a device, conprising the step of transferring a device pattern

onto a workpidas dfllpdth UMEHO:PRAHE a i gt dndf ot Faitesart
I nvention or the exposure apparatus of the present invention. when the

exposur e nRIAG, Qiniltherh RIESRHpl e 10118 e hrddiRh WhE Y &hem ttance
of the optical path for the exposure |ight beamis naintained to be high,

and the i ldBNANCE (AP TREE N BNsift Hif, VPO Eidd G thragan. the
wor kpi ece is maintained to be high. Therefore, the throughput of the

exposur e stigphtl SHdiaved skioka AN b B di e iwhiReS FuPpA il Ry oduce the
device at the high throughput. In still "another aspect, a nmethod for
produci ng ddig,nd Idal AXRIS UL ARRAAIHS AP F L3t R PTASERhddRgENt | on
which the exposure light beam is transmitted, to the interior
e of the gas-tight chamber; and an adjusting unit which adjusts
amounts of the supply of the gasses to be supplied by the
first and second gas supply units.

The first and second exposure methods of the present
invention can be carried out by using the fourth and fifth
exposure apparatuses respectively.

In still another aspect, a method for producing a device
according to the present invention resides in a method for
producing a device, comprising the step of transferring a
device pattern onto a workpiece (61) by using the exposure
method of the present invention or the exposure apparatus of
the present invention. When the exposure method of the
present invention is used, then the transmittance of the
optical path for the exposure light beam is maintained to be
high, and the illuminance (exposure energy) of the exposure

light beam on the workpiece is maintained to be high.

Therefore, the throughput of the exposure step is improved,
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resides in a method for producing an exposure apparatus fod 6idMugMating a
first object with an exposure |ight beam and exposing a second object with
t he exposure |ight beam having passed through a pattern on the first

obj ect; the production nmethod conprising assenbling, in a predeterm ned
positional relationship, a gas-tight chanber which tightly encloses a
space i nclamdi nig: dits lpeastid pard pfodrceoptiec aevidateh atorthish@igdxposure |i ght
beam and a gas supply unit which supplies a predeterm ned gas through

whi ch t he taxfasihpsmtd.d ght beamis transmtted, the gas supply unit having
an inpurity-renmoving filter including a |ight-absorbing gas-renoving
filter which rmememds latadaasir engpaft 0%y gei v fRire Rccimdtiaignede n t he

.predeterm ned gas. In still another aspect, a nmethod for producing the
second expRMEtE expd el aieaitliGddidihdres aie ipHeRiNtOinvieagiidas in a
met hod for producing an exposure apparatus for illumnating a first object

W th an expesidess lirgh eHBRbr SUEIdIhq a7 EXHPd UL Gippariaft ushEoexposur e
| i ght pain having passed through a pattern on the first object; the

product i org 1 1WRtieet G ifSidd: ISR iWith dh expiatennigied eew Gnanal
rel ati onship, a gas-tight chanber  which tightly encloses a space including

at | east a:RRydin A% IpbRAUD i Wi MkpbiulAN 14( DER@S Wa ilnigght
beam a gas supply unit which supplies a predeterm ned gas through which

the exposy£ddPMhRRAIN IS pdttasidd adie & idag i aHORTRRRMION uni t

whi ch neasures a concentration of a predeterm ned residual gas
method comprising assembling, in a predetermined positional
relationship, a gas-tight chamber which tightly encloses a
space including at least a part of an optical path for the
exposure light beam; and a gas supply unit which supplies a
predetermined gas through which the exposure light beam is
transmitted, the gas supply unit having an impurity-removing
filter including a light-absorbing gas-removing filter which
removes at least one of oxygen and steam contained in the
. predetermined gas.

In still another aspect, a method for producing the
second exposure apparatus according to the present invention
resides in a method for producing an exposure apparatus for
illuminating a first object with an exposure light beam and
exposing a second object with the exposure light bcam having
passed through a pattern on the first object; the production
method comprising assembling, in a predetermined positional

relationship, a gas-tight chamber which tightly encloses a

space including at least a part of an optical path for the
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remaining in the space in the gas-tight chamber; and an opéfi déWcR&Ki ng
mechani sm whi ch opens/cl oses a passage for the gas between the space in
the gas-tight chanber and the gas concentration-measuring unit. In stil
anot her aspect, a nmethod for producing the third exposure apparatus
according to the present invention resides in a method for producing an
exposure apppsatits foghtibéam} natdag suppletuedt echion tdumdl Egpasure |ight
beam and exposing a second object with the exposure |ight beam having

passed t hrpuglietepalhed Ngas theoldl skhobheehe éhgoPiasuctidion bami hiag
conprising assenbling, in a predeterm ned positional relationship, a

gas-tight ehandei tvddshat 480t donCost PSESoA-nSPRELIAPCIMIE RehAdh | east a part
of an optical path for the exposure |light beam a gas supply unit which

suppl i es ame®$@EES €4 NESREeNBBat 6 OUSR AL EDErRXPES UF&s 1 gt mis
transm tted; an openabl e/cl osable cutoff valve which is provided in a

supply passafgindigtie PheIShLEE Nf 0L 8aSqho-PEgh S UPRAiSEr DYaddeaas supply
unit; and .a control unit which closes t%e cutoff valve in case of

emer gency @héhningLfabss Phg MBERASIANCEHIOR SPEnEXPPSIES RANPAERAIHUS & St Op
t he supply of ?%e pr%de?ernined gas to theﬁg%s-tight chanber.¢$n still

anot her aspeclgad PEEHOLL T Ohe PEOAUET DY tRHE d2s 16 g A d oW gxposure

apparatus according to the present inventionh resides in a nethod for
produci ng @l eXPRSH €r FPDGH dhdiSs { Plng ! LApginating a first object with an

exposure |ight beam and exposing a Second object with the exposure |ight

beam havi ng In still another aspect, a method for producing the
third exposure apparatus according to the present invention
resides in a method for producing an egbosure apparatus for
illuminating a first object with an exposure light beam and
exposing a second object with the exposure light beam having
passed through a pattern on the first object; the production
method comprising assembling, in a predetermined positional
relationship, a gas-tight chamber which tightly encloses a
space_including at least a part of an optical path for the
exposure light beam; a gas supply unit which supplies a
predetermined gas through which the exposure light beam is
transmitted; an openable/closable cutoff valve which is
provided in a supply passage for the predetermined gas to be
supplied by the gas supply unit; and a control unit which
closes the cutoff valve in case of emergency and in case of
maintenance for the exposure apparatus to stop the supply of

the predetermined gas to the gas-~tight chamber.

In still another aspect, a method for producing the
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passed through a pattern on the first object: the productiort &AMl
conprising assenbling, in a predeterm ned positional relationship, a
gas-tight chanber which tightly encloses a space including at |east a part
of an optical path for the exposure |ight beam and a gas supply unit
which supplies a predeternined gas through which the exposure |ight beam
i's transniddeth dxpddur®d iappafathlte gasoddiHy tithdPridsehtdashvetadnur e
approximate to a first gas pressure is obtained, the gas supply unit

i ncl udi Ng BediRSS W §UGIdH MRERIEM WY Gh &He8KA%S arRsat@sTere of a
gas in the gas-tight chamber to a second gas pressure that is |ower than
the first gamiHASHY @ Addd |dpyed®echan |h Wigdsdrd 115 dite ddune Engf  of
the gas-tight chamber with the predetermned gas until an internediate
gas pressubASinEe) ddtnd o <3S S S Sipbsdte 1ISRARNDAES AR e 1S
obt ai ned, and a control unit ich controls thhe pressure-reducing

mechani SMANGd & Hidddi'@ gIRANEH YA Shd Nale S SURMG! G YPrddietddh

pressure and the filllng with the predetermned gas are repeated a

plurality n&fhdd %prli'})ﬁntd ldsé%lhﬁ{g asfiedt AdBINof { gyLadud the

fifth exposure apparatus according to the préesent Inventio resides in a

met hod f o rdugidig An LRSS PRI (i éig,st}lcr% A ddddy nat i ng

a first object wth an exposure 11 ght am an exp a second obj ect

heh hen ! : o
W t tetwgﬁéﬂﬁ% ol Véﬂ“%_ﬂ%ﬁksé%%taﬂ{%c?allpﬁ}atﬁ{“f de first

obj ect; ion “net conprising assenb a predeterm ned
positionalexposure 1ight beam; and a gas supply unit which supplies a

predetermined gas through which the exposure 1light beam is
transmitted, to interior of the gas~tight unit until a gas
pressure approximate to a first gas pressure is obtained, the
gas supply unit including a pressure-reducing mechanism which
reduces a gas pressure of a gas in the gas-ﬁight chamber to a
second gas pressure that is lower than the first gas
pressure, a filling mechanism which fills the interior of the
gas—tight chamber with the predetermined gas until an
intermediate gas pressure between the first gas pressure and
the second gas pressure is obtained, and a control unit which
controls the pressure-reducing mechanism and the filling
mechanism so that the reduction of the gas pressure and the
filling with the predetermined gas are repeated a plurality
of times.

In still another aspect, a method for producing the
fifth exposure apparatus according to the present invention

resides in a method for producing an exposure apparatus for
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rel ati onship, a gas-tight chamber which tightly encloses a sphcéAlMndldi ng
at least a part of an optical path for the exposure |light beam a first
gas supply unit which supplies a first gas through which the exposure
|ight beamis transmtted, to interior of the gas-tight chanber; a second
gas supply unit which supplies a second gas which is different fromthe-

first gas sandmtinouty Wi eirdtheynRasuiEch ldhixheand s ignyedt ethqto the
interior of the gas-tight chanber; and an adjusting unit” which adjusts

amount s ofexiss i iy P! sec@nd hsp esitp e die by dilte Bddndthanchgecond
gas supply units. BRI EF DESCRI PTI ON OF THE NGS Fig. 1 shows a

schemat i ¢ gHdARpRHudH I&?J@Eéﬂg ch w@ifﬁé@%ﬁ%yr&@@%ﬁéﬁdﬁ be

used in an exenplary ‘enbodi nment of the present invention. g. 2 shows an

ar r angeneifetHdd!ddmid 14k fy TN SIARL | Vil 90 SRSt d it AQD pdﬂéhio%apf those

shown in Fig. 1 and a corresponding gas-tight wunit 8 Fi g. 3 shows an

exenpl ary A ANGSHENp #?‘;; agzaélgi'ﬁﬁ{‘é rﬁ%&ﬁbﬁﬂcﬂ%éﬁlﬁgﬁ%& ajion

meter 11B) shown in Fig 4 ows a state e gas 17

16 JAN 20%pRiEs M Rad Thd N GRS Alpdift LoD dPie AIPIRP-fglugldd  step

and the fil'ling step wth the | ow orption gas are Trepeate

embodi mente Qo dufiee A &FAN L AAWEY | B ot idhs %“Wﬁﬁéﬂ%ﬁ%&%“ 3

illustrating the gas substitution "operation In the

embodi mente j9fs ¢ Ry s ABRKHYL WHEH HE exposure light beam is

transmitted, to interior of the gas-tight chamber; a second
gas supply unit which supplies a second gas which is

different from the first gas and through which the exposure
light beam is transmitted, to the interior of the gas-tight
chamber; and an adjusting unit which adjusts amounts of the
supply of the gasses to be supplied by the first and second

gas supply units.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a schematic arrangement illustrating a
projection exposure apparatus to be used in an exemplary
embodiment of the present invention. Fig. 2 shows an
arrangement illustrating a representative gas substitution
unit S of those shown in Fig. 1 and a corresponding gas-tight
unit 8. Fig. 3 shows an exemplary arrangement of a
concentration meter 11A (or a concentration meter 11B) shown

in Fig. 2. Fig. 4 shows a state of change of the gas
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BEST MODE FOR CARRYI NG OUT THE | NVENTI ON An exenpl ary pref ert §dJéNboeliinent
of the present invention will be explained belowwth reference to the
drawings. In this enbodi nent, the present inventionis applied to a case
in which the exposure is performed with a projection exposure apparatus
whi ch uses, as an exposure |ight beam a |ight beam having a wavel ength of

not nore bhéﬁsu%@oiﬂﬁthé.gas—&ibhghhnﬁﬁaﬁhéhi@heCFﬂebguﬁébSéaﬁbiﬁb|y
regarded as a vacuumultraviolet |ight beam (VUV light beam. Fig. 1 shows

a schenatbgegraaaggﬁentiuuhugteabeGithetharQbacab@arpxm@ﬁuFasaeaaratus of
this enbodinent. Wth reference to Fig. 1, the F2 laser (fluorine |aser)

having anre éﬁhbhaﬁhoﬁhéﬁéﬁbéﬂﬁhénﬂfo¥5%h@”bkéséﬁﬁdiﬁﬁeﬁﬁiéﬁPOSF&?.|bghF
source 1. wever, those usable as the exposure |light beam 1 include |ight

sources fgho@8nar #ibRgchbber ivagHupkihgavhel ghs Lhpbtibgegsnpsuch as the
Kr2 | aser (krypton dinmer laser) having a wavélength of 146 nm and the Ar2

l'aser (arggBrdciBhL fbasehk Ba¥LBggRtWangkendt bnef ehB8aineae Wel knas the
hi gh 18 16" JAN 2004 harnoni ¢ wave generator for the YAG | aser and the high

harmoni ¢ paugedeNehakatibgr the sem conductor laser. An exposure |ight
beam I L, which is conposed of an ultraviolet |aser beam as an exposure
beam generated fromthe exposure |ight source 1, illumnates a reticle 41
as a mask via a beam matching unit BMJ and an illum nation optical system

| LU. The exposure |igddrp t}?ﬂfﬂ lpar Mfﬁem% thasueirdipe reticle 41,

forms a reduction inage of a pattern on

An exemplary preferred embodiment of the present
invention will be explained below withrgéference to the
drawings. In this embodiment, the present invention is
applied to a case in which the exposure is performed with a
projection exposure apparatus which uses, as an exposure
light beam, a light beam having a wavelength of not more than
200 nm, i.e., a light beam which can be substantially
regarded as a vacuum ultraviolet light beam (VUV light beam).

Fig. 1 shows a schematic arrangement illustrating the
projection exposure apparatus of this embodiment. With
reference to Fig. 1, the F, laser (fluorine laser) having an
oscillation wavelength of 157 nm is used as an exposure light
source 1. However, those usable as the exposure light beam 1
include light sources for generating otherhvacuum ultraviolet
light beams such as the Kr, laser (krypton dimer laser)
having a wavelength of 146 nm and the Ar, laser (argon dimer

laser) having a wavelength of 126 nm as well as the high
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reticle 41 on a wafer 61 as a substrate to be exposed, via 4§ pfAd @884 on
optical systemPL. The reticle 41 and the wafer 61 correspond to the first
obj ect and the second object of the present invention. The foll ow ng
description will be nade assum ng that the Z axis extends in parallel to
the optical axis AX of the projection optical systemPL, the X axis

ext ends i mapakalicelave Yeadtatne Forpaper val: Eagerl and 8hephagh
perpendicular to the Z axis, and the Y axis extends perpendicularly to the

pl ane of pap@ondk Wage lgendiratiohStfor Rhheehgabnaatebirngassict BM, the
exposure |light beamIL fromthe exposure |light source 1 passes along a

rel ay |en%x§bsu&@ Qpightalbepal T1heRtiict s compdéedackehayulkensidletand a
relay lens 24, and the exposure light beamIL is directed to the

i||U”inath%@eQPbE%®la%Y%EE@k?bgur%“bbﬁﬁ gehkyaieat ifpBmORheCakpsyaiem | LU,
t he exposure light beamIL romthe beam matching unit BMJ cones into a

fly's eyeilighe s3hree an QAhuGdhateleqdr #6@fic(oUnggR aehhskAYiaPar beh
di aphragm (a di aphragn) 32 of the illum nation systemis 19 16 JAN 2004

arranged ght2nlingnn®X bBMd 3R @h HHQﬁwiﬂa%i%ﬁeob%ﬂéaiisgétehQQLanS nmay be
used in place of the fly's eye lens 31. The expoSure |ight beamIL, which

has passegplhi uirlde 1 13RQT bidad GraPRHaem Fds PRGLLES tkodgh! e¢hd di aphragm
(reticle blind)y 36 via a relay lens 33, an optical path-bending mrror

34, and arfeligfd anS F3rmbNe PHRRWISH iHAGP8F Ml batMaireh onh@pepassed
t hrough the #ield dfaphﬁgbn136, |Ildhﬁh§te§ t he ar ?icle 4aniaea condenser

lens 37, aRiqR4eCalh BAl B RERING1 as a substrate to be exposed, via a
projection optical system PL. The reticle 41 and the wafer
61 correspond to the first object and the second object of
the present invention. The following description will be
made assuming that the Z axis extends in parallel to the
optical axis AX of the projection optical system PL, the X
axis extends in parallel to the plane of paper of Fig. 1 in a
plane perpendicular to the Z axis, and the Y axis extends
perpendicularly to the plane of paper of Fig. 1.

At first, in the beam matching unit BMU, the exposure
light beam IL from the exposure light source 1 passes alggg a
relay lens 21, an optical path-bending mirror 22, a relay
lens 23, and a relay lens 24, and the exposure light beam IL
is directed to the illumination optical system ILU. In the
illumination optical system ILU, the exposure light beam IL
from the beam matching unit BMU comes into a fly's eye lens

31 as an optical integrator (homogenizer). An aperture

diaphragm (o diaphragm) 32 of the illumination system is
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mrror 38, and a condenser Tens 39. The beam mat chi ng ‘unit BEUJANI24He
illumnation optical system | LU descri bed above are tightly enclosed in a
state of being isolated fromthe external air in a first gas-tight unit 2
and a second gas- tight unit 3 each of which has high gas tightness, each
of which has predeterm ned pressure resistance, and each of which has a
box- shapedacoafiggdr ati @nlidhe-egitChBadd 68 HREAFDY' @ &pd i Tdgs singe #2 by
means of, for exanple, the vacuumattraction. The reticle stage 42 is

pl aced so tbatléhe meyi BbeuséagendgrhseCoOnt tREOHSYYs &Py aldes ($ppabl e of
scanning) in the X direction and finely novable in the X direction, the Y

direction, and the efpbseet&onight Beahi o0, Ofhdck Chis! Fadds® Hdroddl® the
positions in the X direction and the Y direction and the angl es of

rotation ahgettihe aagRragms3p] APPivEL1 &t €a St REEA A2i ApradiR ALk by

unillustrated | aser interferometers. An unillustrated retitcle

st age-dri vﬁngnayswnw@nar@éﬁa%hfengpﬁﬁgtaﬂnopéi&m d@&&ﬁ%@nﬁ Gnferp the
basis of obtained 20 16 JAN 2004 neasured val ues and control information

supplied f3omang Ankbiaptiahedzsni nopantiQbseyst SN Kk Ot SGhA Y& Y
controls the operation of the entire apparatus. ATeticle stage system

RST i s congid %&@Qe@ytﬁ%uéﬁt{ﬁéef§é§§?d%§%ﬁ%%§@2ﬁ6,r 1GhEnPESE f3e The

reticle stage system RST 1S covered wt aped reticle stage

Chaer | o EOERPES Bl dok EbicunieL) £oh 0 B b omat gy e
mirror 38, and a condenser lens 39. The beam matching unit
BMU and the illumination optical system ILU described above
are tightly enclosed in a state of being isolated from the
external air in a first gas-tight unit 2 and a second gas-
tight unit 3 each of which has high gas tightness, each of
which has predetermined pressure resistance, and each of
which has a box-shaped configuration.

‘The reticle 41 is held on a reticle stage 42 by means
of} for example, the vacuum attraction. The reticle stage 42
is placed so that the reticle stage 42 is continuously
movable (capable of scanning) in the X direction and finely
movable in the X direction, the Y direction, and the
direction of rotation on a reticle base 43. The positions in
the X direction and the Y direction and the angles of
rotation about the three axes of the reticle stage 42 are
measured by unillustrated laser interferometers. An

unillustrated reticle stage-driving system controls the

operation of the reticle stage 42 on the basis of obtained
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reticle stage chamber 4 can be-also referred to as "third gh§- At 2ni t
411. The wafer 61 is exposed to an i mage obtained by reducing a pattern in
an illumnation area on the reticle 41 at a projection nagnification is,
for exanple, 1/4, 1/5, or 1/6) via the projection optical systemPL with

- the exposure light beam IL which has passed through the reticle 41. The

Proj ecti omédyfed Sl dla UM+ S Sid £k 0P Bupph R4 3dm 2h Which are

arranged in this order fromthe side of the reticle 41 along the optical

axi s AX. Apiohesisld PHPIQIRNST | 4R &8k Sl Aln éosllaaQ:R!iifo f%&ﬂ%‘%d&%f er

61. The wafer 61 is a disk-shaped substrate conposed of, exanpl e,
sem conduciid dfOFa ML i |dfiibe O F%CE {1 T GPnan eyl aa;tseor)- The
proj ection opt ié:alé1 systemPL 1Is accoemrop at e% uQEl‘i n alens Cbarr%éq whi ch has

hi gh gas té&%&@%ﬁ% W%ﬂ?&e&“tﬂh &I&%Sé‘éf‘clre??%ggér‘n%&iaﬂxé deAte in

whi ch the ection opti system™PL 1s isolate e external air.
The |ens I al r " -t 1 6 JAN
20104 uni tﬁg{%et a‘e;%t er k%,le%tﬁ%é%fée%ﬁ Si%&%e“? Hisglﬁslag V\%I?ﬁ?ol der 62
by means Q,Ej:tr{%{ b%&?_’m{agp?ﬁ& f}ﬁeet"j?mélant&‘e?@ééé%ﬁ r 4”1&»8@%55% g der 62 is

fixed on a wafler stage age I's plac on an

LS BRI B SRR 0, IS BIARR S Y TERN M
direction andd NS ot enfl i HEE LY ddh £ S AR AR s rnd¥e £35) Lighs 1 n the X
reticle stage chamber 4 can be also referred to as "third
gas-tight unit 4".

The wafer 61 is exposed to an image obtained by reducing
‘a pattern in an illumination area on the reticle 41 at a
projection magnification  (f is, for example, 1/4, 1/5, or
1/6) via the projection optical system PL with the exposure
light beam IL which has passed through the reticle 41. The
projection optical system PL comprises lens systems 51, 52,
53, 54 which are arranged in this order from the side of the
reticle 41 along the optical axis AX. A photoresist
(photosensitive material) is applied on the wafer 61. The
wafer 61 is a disk-shaped substrate composed of, for example,
semiconductor (for example, silicon) or SOOI (silicon on
insulator). The projection optical system PL is accommodated
in a lens barrel 5 which has high gas tightness and which has
high pressure resistance in a state in which the projection
optical system PL is isolated from the external air. The

lens barrel 5 can be also referred to as "fourth gas-tight
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direction and the Y direction and the angles of rotation abogt JAKe2hree
axes (yawi ng anount, pitching amount, and rolling anmount) of the wafer
stage 63 are neasured by wunillustrated |aser interferometers. An
unillustrated wafer stage-driving systemcontrols the operation of the

waf er stage 63 on the basis of obtained nmeasured val ues and contr ol
informati amstrppl ied fromthe unillustrated main control system Further
the wafer stage 63 focuses the surface of the wafer 61 with respect to the

i mage plane of dhechProjiest iihdptiralweist e Als aelihebasivar a measur ed
val ue obtained by an unillustrated autofocus sensor. The wafer stage

syst em WEThd Ed€0nes Miie tishnd W XMW | Sranpyl d hecvafeicudidlfairdedidne waf er
stage 63, and the wafer base (not shown). The wafer stage system WST is

covered Wriha pfer HERE V6 &f s St AGR1 CHMPFa X YRRREE Pf  pad idiy wal | s

havi ng hi gh gas tightness so that the wafer stage system WST is isol ated

fromthe exdfydad3 aid -pldtedad®am itel IR ed whay hd SO nafR ek to
as "fifth gas-tight unit 4". 22 1 6 JAN 2004 During the exposure, the

oper at i On v Hfe:s A% PNEs SHHL 1 AAR 8P ddadid efcdlai: tdie Skalidigrfy on at

a constant velocity 13VR (P represents the projection nmagnification of
the proj eciq ahopt | £Ate YRS EBAH Ind PRV AU 8 | KISl g SGRNY ng of

the reticle 41 in the X direction at a constant velocity VR and the

operal i on  Grediddoid he SBESLRT ddhifler St S MbBINALS Lth T of he next

shot area to the scanning art” position are repeated I n accordance with
the step-afirection and the Y direction and the angles of rotation

Qgﬁ about the three axes (yawing amount, piltching amount, and
rolling amount) of the wafer stage 63 are measured by
unillustrated laser interferometers. An unillustrated wafer
stage-driving system controls the operation of the wafer
stage 63 on the basis of obtained measured values and control
information supplied from the unillustrated main control
system. Further, the wafer stage 63 focuses the surface of
the wafer 61 with respect tc the image plane of the
projection optical system PL on the basié of a measured value
obtained by an unillustrated autofocus sensor. The wafer
stage system WST is constructed, for example, by the wafer
holder 62, the wafer stage 63, and the wafer base (not
shown). The wafer stage system WST is covered with a box-
shaped wafer stage chamber 6 composed of partition walls
having high gas tightness so that the wafer stage system WST

is isolated from the external air. The wafer stage chamber 6

can be also referred to as "fifth gas-tight unit 4~.
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scan system All of . the shot areas on the wafer 61 are subjbﬁté&“tamﬁhe
‘exposure. The projection exposure apparatus of this enbodi nent is based on
t he scanni ng exposure system as described above. However, it is needl ess
to say that the present invention is also applicable to a projection
exposure apparatus of the full field exposure type such as a stepper. Wen
the |ight beampurinke thac wxpashiregVithleetopeg@itdon forusednhingt bacexposur e
light beamIL as in this enbodinent, it is necessary that the substance
whi ch has aadaaroge tales igfleaned i the XhaSredtdent G&nancbhamear W th respect
to the exposure |light beamlIL, i.e., the "absorptive gas" such as oxygen,

st eam and;elmrﬂsﬂrpgﬁg-c?p% pf8Sehs CXALUARH S LEOTLA NRagRLE FOAL 18R Br

Accordingly, the™p on exposure appar at this odinent 1s
provtded Mkl h RSP SIS (e PN TR oS SBER R e
it ravi of SErRTEh B aTE Hatoen® Horreane o ditten iR pte &) RRnsToRt
o0 Rk, VPSSt TS s L B b e ) R an
(2 SPSSS L B 4 () e (N I (AL S
i R R R R
Upper par%cgg %@%tem. All of the shot areas on the wafer 61 are
subjected to the exposure. The projection exposure apparatus
of this embodiment is based on the scanning exposure system
as described above. However, it is needless to say that the
present invention is also applicable to a projection exposure
apparatus of the full field exposure type such as a stepper.
When the light beam in the vacuum ultraviolet region is
used for the exposure light beam IL as in this embodiment, it
1s necessary that the substance which has a large absorptance
(i.e., has a low transmittance) with respect to the exposure
light beam IL, i.e., the "absorptive gas" such as oxygen,
steam, and hydrocarbon-based gas is excluded from the optical
path. Accordingly, the projection exposure apparatus of this
embodiment is provided with a gas supply unit for supplying,
to the optical path, the gas through which the exposure light
beam IL is transmitted, i.e., the gas having a low

absorptance with respect to the light beam in the vacuum

ultraviolet region (hereinafter referred to as "low
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first gas-tight unit 2 of the projection exposure apparatus Egngmszggt,
.enmbodi nent, the second gas-tight unit 3, the reticle stage chanber 4, the
| ens barrel 5 of the projection optical systemPL, and the wafer stage
chanber 6 are installed in a certain clean roomin a sem conduct or
production factory. The exposure light source 1 and a | ower part of the

first gasspdGiit 10 tgdsay & Ifsdad | @shibhTe aadBOE N AUBAIARRIEGasunger the
fl oor of the clean room A first gas source (not shown) for generating a

first | ow gbSorainanimase Ghd Nasighe W chh £ 116 | pite Rpam in & he vacuum

ultraviolet region is transmtted, and a second gas source (not shown) for

gener ati nt A SERON d O 1o ARl R 032G whiealidlfgdhEl LA neh T OfbRC

first | ow absorption gas a h whi ch the eam in the vacuum

ultraviole %éﬁrgi%‘;& {J;glgp%%%%a(@rj n d@r}%r\?vd };gg) t%mgdgpérég@?je The

first |ow absorption ( ~the secon so'rptl_on gas e

5 and a SodSRh BrTo UH T Lohba TORTY e SR Tmals T 1S TN 2004

glntsfzflarsée eb?’élesr?% na%i ?%of%?ﬂfgo%%ﬁr?r%' Zggplt ?/gthgbﬁfu tS|2_nf gpd 99

T n oo b RFAD AL e B s A SRRSO il [T

o Oh e A0 ST LA SLENE VS T o ol Y e T

6 for sur Fﬁﬂ:nsq,i nggaé—hceig}li@g &n it aﬁgeotsytsﬁéangrojection exposure apparatus

o of this embodiment, the second gas-tight unit 3, the reticle
stage chamber 4, the lens barrel 5 of the projection optical
system PL, and the wafer stage chamber 6 are installed in a
certain clean room in a semiconductor production factory.
The exposure light source 1 and a lower part of the first
gas-tight unit 2 are installed'in a machine room disposed
under the floor of the clean room. A first gas source (not
shown) for generating a first low absorption gas GA through
which the light beam in the vacuum ultraviolet region is
o transmitted, and a second gas source (not shown) for

generating a second low absorption gas GB which is different
from the first low absorption gas GA and through which the
light beam in the vacuum ultraviolet region is transmitted
are installed in the machine room. The first low absorption
gas GA and the second low absorption gas GB are supplied to
gas substitution ﬁnits S2, S3, sS4, S5, S6 via a first piping

9A and a second piping 9B respectively. The gas substitution
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WST respectively. The gas substitution units S2 to S6 subst AtfutlAN R8lgas
in the corresponding gas-tight units (gas- tight unit 2 to wafer stage
chanber 6) respectively. In this enbodinment, for exanple, nitrogen gas is
used as the first |ow absorption gas GA, and rare gas such as helium or
neon is used as the second | ow absorption gas GB. In this case, the

refracti veidingdesss, &f3,t a1 e3edd W@ gasemlasd, ka6 aaeveupypalyuesbeist h
respect to the Dray) are as follows. Nitrogen (N, ):1.000297 Neon

(Ne) : 1. 00GQ6Y drel iga® (dH¥cnhROAMDeN &GP i=Cierics 69f, ttherme! faemeuctivity
of the respective gases at "C are as follows. N trogen:2.40 Neon: 4. 65

He'iU”‘14g%%a%§@ﬂﬁpﬁﬁ5ﬂﬁﬂzﬂiJﬂ(yﬂﬂﬂﬂhdaﬁgg%tﬂéﬁbédﬁWﬁaﬁaHMhd R@ax eus5> 1 6
JAN 2004 t'he second | ow absorption gas (rare gas) is smaller than that

of the finfe |sU¥ARE YR tA[HIAHAN (NifdrO0 Do i & heA MU Rin i@ thdn ati on

of the refractive index of the second | ow absorption gas GB with respect

to, for exymln %{}v}ét\é%{ iﬂkj,o&hé)fre%ti@l%mﬁég‘e RitRdEre 4 & so smal | er
than that of the irst | ow absorption gas . Therefore, the second | ow

absor pti o33 AR ing; AMRHAZRAYS stfefe e@g@a@n@aémn,l thal 1he Haraed s

formati on characteri'stics of the projecti"on optica
for surrounding the projection optical system PL, and the

wafer stage chamber 6 for surrounding the wafer stage system
WST respectively. The gas substitution units S2 to Sé6
substitute the gas in the correspending gas-tight units (gas-
tight unit 2 to wafer stage chamber 6) respectively.

In this embodiment, for example, nitrogen gas is used as
the first low absorption gas GA, and rare gas such as helium
or neon is used as the second low absorption gas GB. In this
case, the refractive indexes of the respective gases
described above (values with respect to the D-ray) are as
follows.

Nitrogen (N,): 1.000297

Neon (Ne): 1.000067

Helium (He): 1.000035

The coefficients of thermal conductivity of the

respective gases at 0 °C are as follows.

Nitrogen: 2.40
Neon: 4.65
Helium: 14.22

As appreciated from the above, the refractive index of
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system PL are stabilized. Further, the second | ow absorptidnf H&$ BB has
the -good coefficient of thermal conductivity and the good heat rel ease
effect as conpared with the first |ow absorption gas GA. Therefore, the
second | ow absorption gas GB is also excellent in stability of the
tenperature of the internal optical nenbers or the |ike. However, in the
present CiditlNRI AL Siow M sRRGR! "R GB ishia1TREC tRXRENS] Ve
than the ftlrrs'?:':|%1t ow absoor pti o%%gggdeﬁgéﬁr(%ﬂ,&ﬁ ordésr at 0 reguce t he
runni ng casfad Y g Uiy RS dad $20951i13RIE100 adugRe! he
amount of ~consunption of the secon ow absor pti on gas . "Accordingly,
for exanpl i nati o 0 avaid abl fall . t
is, the cﬁgﬂfﬁﬁﬁ rs Rfla(%%eatg‘tb%lo;&ﬁ)ﬂr% gcfrsﬂ. ﬁ'gep\ri?lrﬁl(??{ggl%l ;alcsﬁseu%gci \eé@ tléa'?he
portion i ' | l,+S t he l ure t ' e
%%éﬁygg{lgﬁr{“gas“h% WA tn H:%gsf%e%?f Lo H:Jéa;%; %?/cagng)llé RN S

formation char _ I'cs are not : _ mich, such as the
(1ot 9253 Uimdilhioe WIRASSAN 03 dd ol i Ve B0 the Stave
nternal At ok Etask sl BRI Boe BRIEeTES B BGET 1o¥ "Mecessary
o I 1t ANl oo L T LT A SR e e
B O 1 b 0, B B A A R SR e o

exanpl e, %ﬁ?%éw IP%S%?%Q%%fEEﬁQﬂ Further, the second low absorption

i gas GB has the good coefficient of thermal conductivity and
the good heat release effect as compared with the first low
absorption gas GA. Therefore, the second low absorption gas
GB is also excellent in stability of the temperature of the
internal optical members or the like. However, in the
present circumstances, the second low absorption gas GB is
more expensive than the first low absorption gas GA.
Therefore, in order toc reduce the running cost for the
exposure apparatus, it is desirable to reduce the amount of
consumption of the second low absorption gas GB.
Accordingly, for example, a first operation method may be
available as follows. That is, the cheap first low
absorption gas GA is principally supplied to the portion in
which the internal space has the large volume but the image
formation characteristics are not affected thereby so much,
such as the first gas-tight unit 2, the second gas-tight unit

3, the reticle stage chamber 4, and the wafer stage chamber
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may be available as follows. That is, alnost-all-of the intfégﬁl gzarrs
firstly substituted with the cheap first | ow absorption gas ﬁH t4* of
or any one of the gas-tight units 2, 3, the reticle stage chanber 4, the
|l ens barrel 5 of the projection optical systemPL, and the wafer stage
chanmber 6. After that, the substitution is perforned wth the high

per f or mange SW%ﬂrg}gﬁ}%ﬂér@é QRBH 1l HYsY rGRAS8n §4eNgeMign the

first |ow absorptio s GArenalns to sone extent, thetransmttance of

the_exposiypa i el do 8RS horLRCLSH hhenelye Thecetare, 11 1

unnecessary t e substitution wt e second | ow absorption gas

GA t t g | ' | It ) ' s th t
xR i e A e PSP e pcieage (1, amour

of use of w absorption a case in

whi ch the nse%ssté.aﬁ Itl%tn H’{asirﬁ__earifnort&%cei hti 'l%gf%ta% ts%g%{%&&lﬁ)%w absorption gas GB

from t he beginni I'S” poOssi I mage formation

char act er {165 Wi & SUPRIESING Lhey UG, Gostar 20 16 JAN12004 Fur t her

alternatively, for exanp operation may be avail abl e as
i xi ng. abt P Suctie A d R P e BRERS PR B oSSR Y CA and
the gas-t nramere 1% 4 rr il 3t s e et e ioR | ons barrel 5
'n the CaddrauEs tien gl TS S GRS For exanpl o,

rel atively Alternatively, for example, a second operation method

s may be available as follows. That is, almost .all of the
internal gas is firstly substituted with the cheap first low
absorption gas GA in all of or any one of the gas-tight units
2, 3, the reticle stage chamber 4, the lens barrel 5 of the
projection optical system PL, and the wafer stage chamber 6.
After that, the substitution is performed with the high
performance second low absorption gas GB. In this case, even
when the first low absorption gas GA remains to some extent,
the transmittance of the exposure light beam IL is scarcely
affected thereby. Therefore, it is unnecessary to perform
the substitution with the second low absorption gas GA
extremely strictly. Accordingly, it is possible to decrease
the amount of use of the second low absorption gas GB as
compared with a case in which the substitution is performed
with the second low absorption gas GB from the beginning. It

is possible to obtain the high image formation

characteristics while suppressing the running cost.
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hi gh i mage formation perfornmance while suppressing the anmount 1 BogAN 2004
consunption of the second | ow absorption gas GB. A gas aspirator 7, which

i ncl udes, for exanple, a vacuum punp, is connected to the gas substitution
units S2 to S6 via a discharging piping 9C1 or 9C2. The gas, which
contains the absorptive gas or the |like fromthe gas substitution units S2

to S6, can be giugairiged tarisiingityhe 43S aghiglal,ofa Thilde opgaat@n whi ch
1s discharged by the gas aspirator 7, is discharged via a piping 9D, for

exanpl e, tRthod $RHAHH REraRiaHINY datol1siwy)  iThathe sseriheonduct or factory
in which the projéction exposure apparatus of this enbodinent is

i nstal | ed g Hattitate e W er NQET a1 13RS tRRC P tANGd ®y s ingy,e atenrpved.

In order to effectively utilize the | ow absorption gas, the | ow absorption

gas havi ng, & itdimPidd Wat®Y tie TaRPted-Jt' By M staptFordigaEh@ngethdy

t he gas spirator 7, and the | ow absorption gas separated as descri bed

above ma ¢ I rguse i he
y @%W% &g%f&;&ahﬁ:ep AR Yow W ddr A8 ol ghiNGEG4h rause

separ at ed on gas. Especially, the I'ow absorption gas to be

reused ”a&b%ﬁ%g{%%%é head Ali filte ursiiage chamigle fandildiepfer stage

chanber 6, an purity | ow absorption gas, which is supplied from

the first d : S, W Sue
R L

gas-tight units 2, '3 and proj ection optical

?%f;ﬁg: tPL-pI,fA,C%g{cf“ﬁﬁé anfélle.é%%&ﬁ?ér N B&ed Ui Rele | QR &6 @ik the
y of" the exposure 1ight” beam can be maintained to be high.
method, it is possible to obtain, for example, relatively
high image formation performance while suppressing the amount
of consumption of the second low absorption gas GB.
A gas aspirator 7, which includes, for example, a vacuum
pump, is connected to the gas substitution units S2 to S6 via
a discharging piping 9Cl1 or 9C2. The gas, which contains the
absorptive gas or the like from the gas sqbstitution units S2
to S6, can be discharged by using the gas aspirator 7. The
gas GC, which is discharged by the gas aspirator 7, is
discharged via a piping 9D, for example, to a discharging
piping (not shown) in the semiconductor factory in which the
projection exposure apparatus of this embodiment is
installed, so that the dust, chemical substances and the like
" are removed. In order to effectively utilize the low
absorption gas, the low absorption gas having a high purity
may be separated from the gas GC discharged by the gas

aspirator 7, and the low absorption gas separated as

described above may be returned to the pipings 9A, 9B to
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Next, with reference to Fig. 2, explanation will be nade fot§dghNi PG
arrangenent and operation of each of the gas substitution units S2 to S6.
The respective gas substitution units S2 to S6 are nutually constructed in
t he sane manner except for, for exanple, the flow rate of the gas.
Therefore, one gas substitution unit S (any one of S2 to S6), which is
arbitrari kgusel ebkedepraeatiede 1gas absbspitivh aasuni EspeS2aldys6thel Lbwbe
expl ai ned. The gas-tight unit (any one of the gas-tight unit 2 to the

waf er st aggsefptien ghs tor behirehsedhmagadbesghpbiltivtli @o tiepeetacied by the
gas substitution unit S, is designated as "gas-tight unit 8". Fig. 2 shows

the gas sdbayet thaabeuniut ahdantet k@ feas sthigghtheiber86goanhasphadhigh
thereto. Wth reference to Fig. 2, the gas-tight unit 8, which includes a

part of tharqry galv apablptabnt Gasexp@sehe ilsi ghbphgam FRohehpr giesti on
exposure apparatus, is connected to the gas substitution unit S via the

gas suppl prt deeohld gR8 tbargeas ddiseehidede abibve ,Stagase ehippidé E8Ntkg which
is made of, for exanple, special stainless steel. The gas-tight unit 8 has

the gas-tigghlt3ghuchiniesas,dgsandbetie aRAKCHaAEDSE Bl tak bhejkeWion
absorption gas, ‘which is supplied fromthe gas supply tube Si, is

di schar gedptheai9BystBe 923 dh%%B%H&%gH?Qetﬁ%-rV%h&ﬁ% ¥b3c ¥in weich are
openable/cPosabIe Fespectively, are insfalled at intérnediate positions of

the gas S%BﬁkﬁekuﬁgwgkeaﬂdaBBEtgési%k%%@%%%eoft%B% e&poflirk 13Ghtt Beam

arrangenment of the gas substitution unit
can be maintained to be high.

g Next, with reference to Fig. 2, explanation will be made
for detailed arrangement and operation of each of the gas
substitution units S2 to S6. The respective gas substitution
units S2 to S6 are mutually constructed in the same manner
except for, for example, the flow rate of the gas.

Therefore, one gas substitution unit S (any one of S2 to S6),
which is arbitrarily selected from the gas substitution units
52 to S6, will be explained. The gas-tight unit (any one of
the gas-tight unit 2 to the wafer stage chamber 6), for which
the gas substitution is performed by the gas substitution
unit S, is designated as "gas-tight unit 8".
Fig. 2 shows the gas substitution unit S and the gas-
~tight unit 8 corresponding thereto. With reference to Fig.
2, the gas-tight unit 8, which includes a part of the optical
path for the exposure light beam in the projection exposure
apparatus, is connected to the gas substitution unit S via

the gas supply tube S$i and the gas discharge tube Se each of
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wi || be explained, whi'le explaining the basic operation to bélﬁpéAN02W%d
when the gas in the gas-tight unit 8 is substituted. That is, the |ow
absorption gases GA, (B, which are supplied to the pipings 9A 9B fromthe
unillustrated gas sources, arrives at an inflow port of a tenperature
controller 16 via openabl e/ cl osable valves V9, V10 respectively and via a

common opgitakine/iG andll @ valpeg EidhmplANy spre:iefl e inwsabsereli.onTgas GA,
the | ow absorption gas GB, or a m xed gas thereof can be supplied to the

t enper at Ui s QARIHOE: 16 Has QARNigG Itheynalswg uékh rand sC isc@libleag t he
openlng/cI05|ng operation of the valves V9, V10. Wen the valve V11 is

closed, ifaHovedl SQIRRTY Bha 0¥ SURP 1RE aH&Ipt iR ddie hWAWAPS@rption gases
GA, @B fromthe pipings 9A, 9B. A piping, which is instal led with another

openabl e/ gu‘ﬁ%ﬁtie?l AN &N gdsS RptA y© AMRE [T 4G tdl%dﬁﬁr'g@@ R&Fough the

tenperature ntroller 16. I'n this situation, when the val've 30 V7 is

closed, angd he oV liehatlre tl\é% e ORENefbs WIS the JowrRkge ption gas,

whi ch i s tenperature-contol to have a predeternined tenperature by the

t ermper at Ui SR Rlealfie deSRMANAY | Auld'a dSUANRl ff g gasibidt

unit 8 via an outflow port and the gas 'supply tubé Si. Wen the air

h
gae-t§ ght o SRR et s S BB P e

absorptloqugg§ﬁkpto the gas-tight unit 8, and the air is discharged to an
inflow port a concentration nmeter 11A for the residual gas via

At first, the arrangement of the gas substitution unit S
will be explained, while explaining the basic operation to be
performed when the gas in the gas-tight unit 8 is
substituted.

That is, the low absorption gases GA, GB, which are
supplied to the pipings 9A, 9B from the unillustrated gas
sources, arrives at an inflow port of a temperatu;e
controller 16 via openable/closable valves V9, V10
respectively and via a common openable/closable valve V1l.
Any one of the low absorption gas GA, the low absorption gas
GB, or a mixed gas thereof can be supplied to the temperature
controller 16 by opening the valve V11 and controlling the
opening/closing operation of the valves V9, VlOT When the
valve V11 is closed, it is also possible to stop the supply
of the low absorption gases GA, GB from the pipings 9a, 9B.

A piping, which is installed with another openable/closable
valve V7, is also connected to the inflow port of the

temperature controller 16. In this situation, when the valve
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: C ; Ny
t he gas di scharge tube Se. Pipings, which are installed with i1 6 JAN 200
openabl e/ cl osabl e val ves V2, V3, are connected to an outflow port of the
concentration neter 11A. The piping, which is installed with the valve V2,
is connected to a gas feed punp 12. The piping, which is installed with
the valve V3, is connected to the gas aspirator 7 via a discharging piping
9C (correspardigigdal t hendiiftiengsalSE&ls VA@2, shiawaren dgemed],) thEre thgas - f eed
punp 12 is connected to apiping installed with an openabl e/ cl osabl e val ve
V8 and t heéqgw pibabrptsial |t Wdhidhels waineendtubea-cordizsildreebfed iHaver al3, a
chemcal filter 14, an absorptive gas-renoving filter 15, and a

concent r atgrad etdiined B dnifetditiree Wyl udle gasmpelhcyrigpictmtndlilady i1,
installed wth the valve V8, is connected to the gas aspirator 7 via the
di schar gi nigs RIuppgIdi &L tA tHadiiherit€lot a:ﬂéndijaaiﬁ_cbm tthitar8 via an
openabl e/ cl osabl e valve V4, is also connected to an inflow port of the gas

feed punp ok f1dW odidiH ithe GEuipshy Bibed 6 JAN 20 the pipings 9A, 9B
vi a openabl e/ cl osabl e val ves V5, V6 Trespectively. Each of the

concentration & SchelAid bRensims Sahe dqaymlrgmi ethilty sebivieng, for
a

exanpl e, an oxygen concentration neter an hygronmeter (or a dew point

recorder YEYLMEHPEDhaS tthe ANGEM AlHOGdReIgHOrumbifteam Fasit \afdddie
concentration neters 11A, 11B neasures the concentration of the absorptive

gas (for eranpl@rdmgenyiail Sieam by ME LRl MIr gt dih & LASi massi ng
through the interior thereof. Results of the neasurenent are supplied to a

control urie as-tight unit 8, and the air is discharged to an inflow
L port of a concentration meter 11A fbf the residual gas via
the gas discharge tube Se. Pipings, which are installed with
openaﬁle/closable valves V2, V3, are connected to an outflow
port of the conéentration meter 11A. The piping, which is
installed with the valve V2, is connected to a gas feed pump
12. The piping, which is installed with the valve VB, is
connected to the gas aspirator 7 via a discharging piping 9C
(corresponding to the pipings 9C1, 9C2 shown in Fig. 1). The
gas feed pump 12 is connected to aﬁpiping installed with an
openable/closable valve V8 and the piping installed with the
valve V7 via a dustproof filter 13, a chemical filter 14, an
absorptive gas-removing filter 15, and a concentration meter
11B for the residual gas. The piping, which is installed
with the valve V8, is connected to the gas aspirator 7 via
the discharging piping 9C. A piping, which is installed with
an openable/closable valve V4, is also connected to an inflow

port of the gas feed pump 12. This piping is connected to
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conposed ‘of a microconputer. However, in this enbodinent,1 ﬁr&ANnﬁﬂﬁitution
i's performed with the first | ow absorption gas GA, and then the
substitution is performed with the second | ow absorption gas GB.

Therefore, a concentration sensor for the first | ow absorption gas GA
(nitrogen gas) is also incorporated into each of the concentration neters
11A, 11Bt ‘ lgauNi : Jueni RS ration for
t he val ves hvgql%ztlf)ﬂ\%sogré{t hSieB glsfg%%%%eé@easur g(;%glv%?s@%f' ?%Z
concentreugégﬁéégigél absorptive gas and the first |ow absorption gas GA
and the control 1 nformation supplied fromthe main control system 18. In

this embod menipadiNt,Dasle ARG 1ch RIS B 11E01I0U ddhddfzder to

extrude the resi air e gas-tig unit after” assenbling the
?Fg?;gf“;n rFﬁgﬁegﬁﬁg%@2EQ?%“%%@#@@Bﬁ?ﬁggéggﬁ%ﬁ;fhgf} inrgﬁgvgag?tgzht uni t
s "G ScnargEr Ty Anor e S DAL Sty Torr R G el e
nours, ¢ nBaadd, ISRA M o PRI R IR B JEMET AR RS
fospect ¢ STk RShoR MERFR oy TR st P R Y 4
orer o1, BB Al A NP e AR RS SR ATRLH HFITNO he

substitution for t in ior

embodiment) in the gas passing through the interior thereof.
Results of the measurement are supplied to a control unit 17
composed of a microcomputer. However, in this embodiment,
the substitution is performed with the first low absorption
gas GA, and then the substitution is performed with the
second low absorption gas GB. Therefore, a concentration
sensor for the first low absorption gas GA (nitrogen gas) is
also incorporated into each of the concentration meters 11A,
11B. The control unit 17 controls the opening/closing
operation for the valves V1l to V12 on the basis of the
measured values of the concentrations of the absorptive gas
and the first low absorption gas GA and the control
information supplied from the main control system 18.

In this embodiment, the basic operation is performed as
follows in order to extrude the residual air in the gas-tight
unit 8 after assembling the apparatus or before running the
apparatus. That is, the valve V2 is closed, and the valve V3

is opened. The residual air in the gas-tight unit 8, which
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is preferable to use the gas which has a characteristic of drfal AN 2004
pressur e-dependent change and a characteristic of snall '

t enper at ur e- dependent change of the refractive index, in order to
optically stabilize the optical path. Further, it 1is preferable to use the
gas which has a large coefficient of thermal conductivity and which has a

| ow nol ecui@rdiedight ged Nth¥beyh Ot hé heosOeht Pg 85 afdt&P the, opdical system
(lens, mrror). The nost preferred gas, which satisfies both of the

requi remend sschrd\@d i byn ©0é Ngas r 3§61 8666 BUEHa aShd89p AR¢ 9@ Jamear e al so
appropriate. However, the rare gas such as heliumis expensive. Therefore,

the consunpié fadfs@pbBy Ufs @E¥EY UPSAOfbdRE H8Sconblmiled SESAUSERLHY) t he
continuous flow as escri bed above, is not preferred, because the running

cost is Iﬂfﬁ@@é@%oﬁg@@éﬁar%aﬂé hetﬁelfem@@afyé&%eﬁer@em% théhis
enbodi ment. That is, the gas supply is firstly performed 33 16 JAN 2004~

with the cheafupsi cslfliﬁttﬂlew;@@sewﬁﬁ Ofin 9858 Gled Pbd {1 L0EP ofaSiyd

di scharge alnost all of the abSorptive gas In the gas-tight un|¥ 8. After

that, the gas SUPHhYhieisyl 1£PEMss OandhEps M|Wl%t£§%$@c@|w for mance

second | ow absorption gas B (rare gas, desirably um to t he

interior ofgcdiif @F@réx&ﬂ@iet‘nli%ﬁtv‘bégnt? r@éel%@% e%l ntéht'.) du!’e,

even when nitrogen remains I n an order severa ter t substitution
W th the rgre.9ass ﬁﬁ@.exposure light flux is not badly affected t her eby,
because the absorption by nitrogen is small with respect to the exposure

light beam As for the type of the low absorption gas for performing
the substitution for the interior of the gas-tight unit 8, it
.is preferable to use the gas which has a characteristic of
small pressure-dependent change and a characteristic of small
temperature-dependent change of the refractive index, in
order to optically stabilize the optical path. Further, it
is preferable to use the gas which has a large coefficient of
thermal conductivity and which has a low molecular weight, in
view of the cooling effect on the optical system (lens,
mirror). The most preferred gas, which satisfies both of the
requirements, is helium. Other rare gases such as neon and
argon are also appropriate. However, the rare gas such as
helium is expensive. Therefore, the consumption of a large
amovunt of the gas, which is caused by the continuous flow as
described above, is not preferred, because the running cost
is increased.

Accordingly, the following system is adopted in this

embodiment. That is, the gas supply is firstly performed
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Therefore, it is possible to greatly econonize the anmpunt d?ﬁ 3§§ 8% t he
expensive rare gas which is required to perform the substitution wth the
rare gas. It is possible to greatly reduce the cost for the gas in the
wor ki ng operation. Specifically, the followi ng nethod is avail able. At
first, in step 201 shown in Fig. 5, the valves V9, V11, V12, V1, V3 shown

in Fig. 2.8 epRNeheapnprlibe ¥ahies 1¥Oap¥brp¥donag@schasediteogunpl y the
first low absorption gas GA to the interior of the gas-tight unit 8. The

routine pr %26% 13 5o e?@InRis ta a3129F ahaMlibebrkeveogagnihathen of the
absorptive gas such as oxXygen and steam neasured by the "cont-;(--atration

met er 11Ag§%~%%§h®%%&h%n, a pedet eyt NeGhe \éﬁlsu%u%-l{( figr sexaepka, td ppm

in step 2 valve V9 is closed, and the valve V10 is-opened to switch

the gas tqphe LAYLH RN RGN YerForflandae s@ednt 9Bk WBsbrPtiont he
second |o3?§%§8§ tgthﬁgas GA ?ﬁé&%ﬁgégg. f%% sgpply of the 34r 61JAN 2004

second | 0WBP%R Ria2e 928 Cels3 R MAddi! ith 'Fi91r ghledudleraaicest rati on

of the fi | 'Ow ‘absor pt1 on gas asured’in step 204 is not nore than

an all owatyh%t ‘(j%ls‘if?:i @Bgncb%xmhea:}%e\i%r@hg%s_ Aricgort%iigg ockgr@as in

the gas-tig unit | S Substituted wmth 't second | ow absorption gas GB

at a hi gh conc te[?a&{i%gg@lepa@%&ﬁlg p}g@%%e o(?cfde&h%fe)é%%'f%ﬁ ol i ghlerPeam

passi ng through e opti e gas-tight unit is maintained to
2o IS AR R e P 7, RIS U SRt o
not badly affected thereby, because the absorption by
nitrogen is small with respect to the exposure light beam.
Therefore, it is possible to greatly economize the amount of
use of the expensive rare gas which is required to perform
the substitution with the rare gas. It is possible to
greatly reduce the cost for the gas in the working operation.
Specifically, the following method is available. At
first, in step 201 shown in Fig. 5, the valves V9, V11, V12,
Vv1l, V3 shown in Fig. 2 are opened, and the valves V10, V7, V2
are closed to supply the first low absorption gas GA to the
- interior of the gas-tight unit 8. The routine proceeds to
step 203 at a stage at which the concentration of the
absorptive gas such as oxygen and steam measured by the
concentration meter 11A is not more than a predetermined
value DAl (for example, 5 ppm) in step 202. The valve V9 is
closed, and the valve V10 is opened to switch the gas to be

supplied to the interior of the gas-tight unit 8 to the

second low absorption gas GA (rare gas). The supply of the
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absorption gas GA after the supply of the second |ow absofgtiaN 8 GB, no
speci al inconvenience arises even when several % of the first |ow
absorption gas GA remains. Therefore, it is also possible to conplete the
supply of the second | ow absorption gas GB by nmanagi ng only the supply
time. Wen only the supply tinme is managed as descri bed above, the

structure 9écéhe ﬁ&@aéﬁgéﬁpiﬁbﬁi%?%iééfﬁb AeeELSeed Idnt 51 WHecessSiatyal hat
the concentration nmeters 11A, 11 possess the function to nmeasure the

concentratQRcOht t€ionh | 661t hOVE BRSOr I b RS tHon | dad hen GRS Wed hien gas
substitution based on the gas supply as described above, a | ong period of

time is reguigeslyifs SR £ASESthAn Msled1 IQyaiiid ivd AR IDad oyedr t he resi dual
concentration of the absorptive gas. In order to solve such a problem a

ot hod [5 ks, YR ebhea | ) Wi Gl LRI T [Ofe @ls e GRS-dASNtidi L 8 s

firstly evac e in vacuum when 35 16 JAN 2004 the gas substitution is

performed, E{I? § NEs | QYL AP0 PLA AP BRSEn S s eEhd S1GP U WSS FHES St Pas U

course, in this case, It I's necessary that each of the gas-tight units

(gas-ti ghtagnétﬁi%l% cgncgﬁﬁ{f%% a0fh& h@f@l‘?émftthé "{fe Sxfsure

projection optic system PL, wat er stage chamber 6) has & strong
abon e TR Sk ERGLABOARRGHI L SHELLR PR LF chelaran L
out sl de. AgnfESET 1 00fla AROY Fnod "o MBL Mfn | N W €14 N gRS, SRDSLAfLELRD 1
per f or med after per f'orm ng the evacuatl%n in

is performed in step 205.

As for the residual concentration of the first low
absorption gas GA after the supply of the second low
absorption gas GB, no special inconvenience arises even when
several % of the first low absorption gas GA remains.
Therefore, it is also possible to complete the supply of the
second low absorption gas GB by managing only the supply
time. When only the supply time is managed as described
above, the structure of the apparatus is simplified, because
it is unnecessary that the concentration meters 11A, 11B
possess the function to measure the concentration of the
first low absorption gas GA.

In the case of the gas substitution based on the gas
supply as described above, a long period of time is required
in some cases in order to sufficiently lower the residual
concentration of the absorptive gas. 1In order to solve such

a problem, a method is also available, in which the interior

of the gas-tight unit 8 is firstly evacuate in vacuum when
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vacuum has such a nmerit that the required time is short 4MdJAN 2868 enough
to require a small anpbunt of the |ow absorption gas as well. However, the
following fear may arise. That 1is, the release gas containing inmpurities
is generated from various structural nenbers in the gas-tight unit 8
during the process of the vacuum evacuation for the interior of the gas-

tight uniteife Joe S056F ALedi AP | BdLH ARNE! SadP LHIe ﬁ&%f%rﬂlérhegas

opti cal nenber” such as the lens and the nlrror and cloudy substances are

f d | he;
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. p%ﬁ? £f é:‘féfer? it Op | Ca'lféféleg% é’é“é’t‘?a( | Caqf Jactyral 6??

avoi d any Specl in or

Exe rzﬁe&fﬁﬁ%%%@nfeﬁczﬁs S e
pressure |61eé‘péaerg ‘ggu([l lﬂ{l] ét tl?gf Oﬁ%rééaé&abo %h%{%gﬁ&go 1reductl on is

Pl (Pl is apprOX|na 100 hPa),
t he val ves \g shomlnlw in Lt 19e 2 are,closed, and the valves V12, VI,

V3 are Openedj?Q)erlé/press outside.

As described above, the method, in which the gas
substitution is performed after performing the evacuation in
vacuum, has such a merit that the required time is short and
it is enough to require a small amount of the low absorption
gas as well. However, the following fear may arise. That
is, the release gas containing impurities is generated from
various structural members in the gas-tight unit 8 during the
process of the vacuum evacuation for the interior of the gas-
tight unit 8. The generated impurities adhere to the surface
of the optical member such as the lens and the mirror, and
cloudy substances are formed on the surface of the optical
member. Consequently, the transmittance of the exposure
light beam is lowered.

Acco.uingly, in this embodiment, the following method is
adopted for the operation to perform the gas substitution in
a short period of time. That is, the pressure in the gas-
tight unit 8, which is obtained by the first reduction of

pressure, is kept within a range of low vacuum of such an
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operate the gas aspirator 7 disposed on the extension of thd!ss e\AHcHEégi ng
piping 9C. In order to inprove the gas- aspirating ability in this

situation and suppress, for exanple, any oil em ssion froman aspiration
mechanismin the gas aspirator 7, a vacuum punp (dry punp) may be further
installed in the vicinity of the valve V3 on the piping 9C to reduce the

th
pressure Ry ysing gdt o/ : umrq%x %agﬁdgg%ﬁ R figugreasuring the

gas pressure in the gas-tig an arbitrary position

in the pip lngnn{tyé}rgtt@ v, s Lght is in the
pi pi ng rang}"?lng rom t e gas-ti ga‘r\?tealud‘reuat\{ljy2 E%Oglt gcglal%\;fte t%lré, Og)I%ILt(:t‘ﬁt he
inside of the gas-tight unit 8. The pressure, which is neasured by the

pressure gauge 19, is supplied to the control unit 17. The control unit 17

I h ' ' he b
controls the PSRN LAINEL 11 oAl 6 ARSI ERL L O Dast
enbodi nent st_t{gﬁﬁgluq{ BSHINLE, I thaq?gc%%: nqﬁrg H__Iyél % | %2(: %r}g@icé %pl cted

by a sollélpoly i'he shown 5% the ‘horizon axi s
pressure. AR Fd aéé*idﬁ %ﬂ%l’ S?l%t“e Vfﬁ#gte's?ﬁ'ra Sl 05 23 %i‘i s
Feduct | on B oA e TS Gt h i dE e o d TG e o
Nterthde 4‘%&"&3?‘32% @ﬁdve%a%xf”ess“r% Yool vt oy e 12
about 900 hPa to 1100 hPa), the valves V7, V11, V2 shown in
Fig. 2 are closed, and the valves V12, V1, V3 are opened to
operate the gas aspirator 7 disposed on the extension of the
discharging piping 9C. In order to improve the gas-
aspirating ability in this situation and suppress, for
example, any oil emission from an aspiration mechanism in the
gas aspirator 7, a vacuum pump (dry pump) may be further
installed in the vicinity of the valve V3 on the piping 9C to
reduce the pressure by using this vacuum pump. A pressure
gauge 19 for measuring the gas preésufe in the gas-tight unit
8 is installed at an arbitrary position in the piping ranging
from the valve V12 to the gas-tight unit 8, in the piping
ranging from the gas-tight unit 8 to the valve V1, or at the
inside of the gyas-tight unit 8. The pressure, which is
measured by the pressure gauge 19, is supplied to the control
unit 17. The control unit 17 controls the pressure reduction

and the pressure application on the basis of the measured

value of the gas pressure.
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pressure reduction. The predetermni ned gas pressure P2 is a3} BouANatiitim gas
pressure of such an extent that no release gas 1is generated from various
structural nenbers, the numerical value of which is about 50 Pa to 10 kPa.
Subsequently, the routine proceeds to step 212 shown in Fig. 5 At the
point of tinme t2 shown in Fig. 4, the valve V3 shown in Fig. 2 is closed,

and the valve M0 (0% Cibdithertle t1l sVl R0 reP§ReEnlO gadRREYhtNE | OW
absorption gas GB (gr GA) toe?ie intexﬁgr%%% fhe gas-tigh?%unigﬁB. The

interior ofitdhe gasd-gifedist d%giﬁ:itfé.d hgd awsbhihh%ollg\e{on%lisq&%i QRoGAs

until a gas pressure P3, ich gher “than the gas pressure r2, is

bt ai ned. HGi97S 40f SIRAFS 4 5 dhe GRTRARS S RdiehpueryEhan the

gas pressure ter ‘i nt'eri or gas-ti unit has t he gas

P i.nt _of. t . e s \Y th |
Uns"ar el ot taiortcn S, T ek B Aae il ceio The™pRe 150 S00s

absor pt 1 VG 8%urd) P LEP kS RURSAMIE Wl iREL! Orrld dr2oalideed odiiieliBgy of

not steps are repeated mtinmes as predeter m ned nunber of times

(m s an i 98 9oL Less e dhan 2pahd Mot Whyld'h SOl TR0phg. |1 the

nunber of ~repetition doés not arrive a hé routine returns to

211. The val ve V3.is aqQal t. th Qi_nt t4 t. reduce the
pressure i4rf taﬁléi gé‘se-ﬁ g%{}’%%r% Wﬁ%ﬁﬁe%gs?@ergroginseﬁ re'B‘illg’ﬂﬂ( :)tgllentg%%f time
t5). After_that, the .i.nter..or, of t.hepg%%-tg ht unit 8 is

filled w S rIelovr%\’/ %télgg%lrzeéfqa(?ﬁ glagéltupl)lql&: t&n@rgralsVe ressure P3 fromthe
poi nt of predetermined gas pressure P2 at the point of time tl. After
that, the valve V3 shown in Fig. 2 is closed to stop the
pressure reduction. The predetermined éas pressure P2 is a
low vacuum gas pressure of such an extent that no release gas
is generated from various structural members, the numerical
value of which is about 50 Pa to 10 kPa.

Subsequently, the routine proceeds to step 212 shown in
Fig. 5. At the point of time t2 shown in Fig. 4, the valve
v3 shown in Fig. 2 is closed, and the valve V10 (or V9) and
the valve V11 are opened to supply the low absorption gas GB
(or GA) to the interior of the gas-tight unit 8. The
interior of the gas-tight unit 8 is filled with the low
absorption gas until a gas pressure P3, which is higher than
the gas pressure 72, is obtained. The gas pressure P3 is a
gas pressure which is lower than the gas pressure Pl. After
the interior of the gas-tight unit 8 has the gas pressure P3

at the point of time t3, the valve V10 (or V9) and the valve

V1l are closed to complete the filling operation with the
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time t6 to the point of time t7. After that, in this enbodi nehg, JANepl4211,
212 are repeatedly executed fromthe point of tine t8 to a point of tine
exceedi ng t10. Subsequently, the routine proceeds to step 214. The
interior of the gas-tight unit 8 is finally filled with the | ow absorption
gas GB (or GA) until the initial gas pressure Pl is obtained. As a result,

the interipopbcide gas 't'ﬁﬁ‘ts%&%tzl% haghddrpu s tHassw e iRl @ judedol nt

of time tlIl, and the gas substi i'on cones to end. After that, the

exposur e 'v?h@@t‘ié:?ré@dné@ St&ps 245, Usualdve ré;seAtsecﬂe@ltrﬁtése ddhat the gas
pressure P1l, at which the exposure is finally performed, is the
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the wvacu region, when a |ight beam mhlch has a wavel ength

short er th@faa h hat Qﬁdtrne—% 12588 is | Smbi5erhése § he 1 £X08s Uid Ohge beam it
is desirabl'e to Set a gas pressure 39 16 JAN 2004 sllghtly  ower than the
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system it possi bl e to avoi e release gas fromthe
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IS not ce t I gh vacu ot her In the case of the
%h&
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obt ai ned, ‘any d%sorpséve gas remalns t unit However, in
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interior of the gas-tight unit 8 is filled with the low
absorption gas up to the gas pressure P3 from the point of
time t6é to the point of time t7.

After that, in this embodiment, steps 211, 212 are
repeatedly executed from the point of time t8 to a point of
time exceeding tl10. Subsequently, the routine proceeds to
step 214. The interior of the gas-tight unit 8 is finally
filled with the low absorption gas GB (or GA) until the
initial gas pressure Pl is obtained. As a result, the
interior of the gas-tight unit 8 has the gas pressure Pl at

L the point of time tll, and the gas substitution comes to end.
After that, the exposure is performed in step 215. Usually,
it is desirable that the gas pressure P1l, at which the
exposure is finally performed, is the atmospheric pressure
(approximately 1 atm.). However, even in the case of the
vacuum ultraviolet region, when a light beam, which has a

wavelength shorter than that of the F, laser, is used as the

exposure light beam, it is desirable to set a gas pressure
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mth power of the gas pressure ratio (= P2/P3) (exponenti atildh JN t2684
nunber of repeated tines) by repeating, mtines, the pressure reduction to
the gas pressure P2 and the filling operation with the | ow absorption gas
to the gas pressure P3 which is higher than the gas pressure P2. In the
enbodi nent descri bed above, the concentration neters 11A, 11B for the

resi dual gap; @he1YSEweP Fhdh Lne Mol HEe FANCGHEAFON RIS felld 11B

i ncl ude the sénsor sections such as the oxygen concentration neters and

the steam j¢9% gﬂ%%aéﬁggﬁéﬁﬁ§ﬁsb Seie @fsthe sensor sections do not endure

the pressure r tion to thelr structures. For exanple, each of the
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concentration neter ase on the zirconli a system has a st
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gas-tight unit 8. However, in this embodiment, the residual
concentration of the absorptive gas can be reduced with the
m-th power of the gas pressure ratio (= P2/P3)
{exponentiation of the number of repeated times) by
repeating, m times, the pressure reduction to the gas
pressure P2 and the filling operation with the low absorption
gas to the gas pressure P3 which is higher than the gas
pressure P2.

In the embodiment described above, the concentration
meters 11A, 11B for the residual gas are used in Fig. 2iAand
the concentration meters 11A, 11B include the sensor sections
such as the oxygen concentration meters and the steam
concentration meters. Some of the sensor sections do not
endure the pressure reduction due to their structures. For
example, each of the oxygen concentration meter based on the
polarograph system and the oxygen concentration meter based

on the zirconia system has a structure which cannot endure

the pressure reduction. Accordingly, when the operation for
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Fig. 3, two swtching type valves V13, V14, which are opera]édJﬁHd@méthé
control of the control unit 17, are provided between a piping 113 for the
inflow gas and a piping 116 for the outflow gas. one of the pipings

bet ween the both valves V13, V14 is designated as "nmain fl ow passage 114",
and the other piping is designated as "subsidiary flow passage 115". The
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Fig. 3 shows a method of installation in such a case.
L In the concentration meter 11A for the residual gas shown in
Fig. 3, two switching type valves V13, V14, which are
operated under the contrcl of the control unit 17, are
provided between a piping 113 for the inflow gas and a piping
116 for the outflow gas. One of the pipings between the both
‘ Valves V13, V14 is designated as "main flow passage 114", and
the other piping is designated as "subsidiary flow passage
115". The sensor section 112 for the residual gas, which
includes the oxygen concentration meter, the steam
concentration meter, and the nitrogen concentration meter, is
installed on the subsidiary flow passage 115.
In this arrangement, when the pressure reduction is
performed upon the gas substitution, the switching type
valves V13, V14 are operated so that the main flow passage
114 is communicated with the inflow piping 113 and the

outflow piping 116, and the subsidiary flow passage 115 1is

shut off from the inflow piping 113 and the outflow piping
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exposed to a~“high concentration of residual gas, then the §bﬁséﬁNs[m'ion
112 for the residual gas may be occasionally broken (for exanple, in the
case of the oxygen sensor based on the yell ow phosphorous |ight em ssion
systen), or the sensitivity may be occasionally deteriorated (for exanple,
in the case of the oxygen concentration neter based on the polarograph

system andyjhe Ooxygen; §one é\témmwﬁefw@sq : Zs%t{ng,eég %ﬁ%}tasﬁastye% em,

dependi ng on the type of the sensor ction res gas.
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appropriatfngfo${ﬁbgfgoéot€§ éggqégﬁh{négit 8 shown in Fig. 2.

When the sensor section 112 for the residual gas is
exposed to a high concentration of residual gas, then the
sensor section 112 for the residual gas may be occasionally
broken (for example, in the case of the oxygen sensor based
on the yellow phosphorous light emission system), or the
sensitivity may be occasionally deteriorated (for example, in
the case of the oxygen concentration meter based on the
polarograph system and the oxygen concentration meter based
on the zirconia system), depending on the type of the sensor
section 112 for the residual gas. Accordingly, even in the
case of the apparatus based on the system in which the
pressure reduction process is not performed, i.e., the gas
substitution is performed only by supplying the gas, it is
desirable for the arrangement of the concentration meter 11A
for the residual gas that the sensor section 112 for the
residual gas is capable of being separated from the main flow

passage 114, as in the example shown in Fig. 3. Accordingly,
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the optical path for the exposure |ight beam However, the Trear g %ngs
expensi ve, and hence the foll ow ng procedure can be adopted That 1S, the
substitution is performed with the rare gas such as heliumfor only t he
gas-tight unit which especially affects the performance, of the respective
gas- tight units in the exposure apparatus which require the gas

substitutiofe (9ASsthghto NS &’etéms]_ey%féﬁ éfa&?emi\ﬂ%ty Ifﬁm arrel 5

of projection optical system PL, and st age

substi tuti 9poigede  FRIEEdMEA ﬁ@e@&emg 9@&\1 @a g S £ MU I not

affect the perforfmance so nuch. For exanple stitution 1s pertorned

with heliy {%lfn Oéﬁﬁ@%ﬂﬁﬂ@iél?roffrégfdﬁi—n%tésllp@t; 19# SSé)[{S(;]peSeCHJ%I?Ct i on

optical syst ecause the inage I on ormance is greatly

af fect ed tpfﬁef&byh%hg%sc presi Stg,_e r %fégﬁa#lse% ne%’? Oé}hé hfasgas caused

by the fluctuation ure an he v enperature,

and by t he l?lﬁsig'l%l ﬁN?ZOOf’t "€ p%]f:ef&:e @%gfg& éhﬁtﬁfﬁﬁxf@mer

caused by | on of he expgosure 1 mever

iﬂffghﬁglt Ing t‘ﬁ?y%eam t%l ng %\én@ %’k’b an ésé g ?fsahcﬁf unlef %@4&012 ror
surt ound, et koh 17 £8% e BLL g S50 e%'g s L O
DSt 8 PP Pl O R950 COE ohe gl stage ohante
| mage fornatloqu described above, the rare gas, which is represented
- by helium, is most appropriate as the gas to be charged into
the optical path for the exposure light beam. Howe;er, the
rare gas 1is expensive, and hence the following procedure can
be adopted. That is, the substitution is performed with the
rare gas such as helium for only the gas-tight unit which
especially affects the performance, of the respective'gas-
tight units in the exposure apparatus which require the gas
substitution (gas-tight units 2, 3, reticle stage chamber 4,
lens barrel 5 of projection optical system PL, and wafer
stage chamber 6). The substitution is performed with cheap
nitrogen for the unit which does not affect the performance
so much. For example, the substitution is performed with
helium for the interior of the lens barrel 5 of the
projection optical system PL, because the image formation
performance is greatly affected therein by the change of the

refractive index of the gas caused by the fluctuation of the

pressure and the variation of the temperature, and by the
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optical path is short, and the influence of fluctuation is scarfoglJAN 2004
exerted. However, it is preferable to performthe substitution with the
rare gas such as helium in order to avoid any bad influence of the
fluctuation of the pressure and the fluctuation of the tenperature on the
result of measurement performed by the unillustrated interferoneter for

measuring {her0sd td ONehd N drjfe MO BNt e S DEARGY ©adidd Qﬂﬁﬂzﬂé used

as the first |ow absorption gas GA, and the rare gas is used as

second | oV RNSIGEDLA P Hath SRy flMBNE 1§ JHY 1RETP! G10,REN, Wil ch s 8 gas
having a relatively |arge ref)i active |gfndex and a | ow co€fficient of

ther, -al camméafﬁa/nﬁ@lrar cf cg%% rc%geid‘sﬁﬁ %é@;%é m! ow

absor ption gas GA gas exanpl'e | um or er than
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.can start exposure operation Wwever-, he I mp gas IS

contlnuou e e surface of the structura
menber Scl[HKe gasﬁ%tég defesa%e%eogr aggé}n%l e, fromthe surface of the
nmet al , t he surﬁfecesgﬁsfh t’hﬁ: rﬁnun?t he%I[% reors & q_[ tnhﬁlsogbes& rate f f or

el ectronlc part’s |rrpur
reticle stage chamber 4 and the wafer stage chamber 6,

because the optical path length of the image formation
optical path is short, and the influence of fluctuation is
scarcely exerted. However, it is preferable to perform the
substitution with the rare gas such as helium, in order to
avoid any bad influence of the fluctuation of the pressure
and the f;uctuation of the temperature on the result of
measurementrperformed by the unillustrated interferometer for
measuring the position.

In the embodiment described above, nitrogen is used as
the first low absorption gas GA, and the rare gas is used as
the second low absorption gas GB. However, for example,
argon, which is a gas having a relatively large refractive
index and a low coefficient of theirmal conductivity among the
rare gases, may be used as the first low absorption gas GA,
and a rare dgas (for example, helium or neon) other than the
above may be used as the second low absorption gas GB.

When the concentration of the absorptive gas in the gas-
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gas is extremely minute as conpared with a case in which the J&M 2004
evacuation is perforned. The gas on the optical path in the gas-tight unit
8 is polluted with the inpurity gas, and the transmttance of the exposure
light beamis gradually |owered. Accordingly, in order to continuously
remove the irrpurity as descri bed above, it is necessary to nake

circul atiopy ﬂg +d&e dimHd Moot 193 QN tild& Uid cal path. The
gas, which |%m%upp I ed rdh1 e piping 9AO 9B as éggcrlbed above, may be

conti nuous%ﬁéecﬁé@é’rxﬂﬂﬁe& he, pas uﬁ%aﬂmé@'ﬁ@i rtﬂ&?x%%g%urast y. However,

if such a I's adopt ed, e running cost 1s In -sed, because a

| arge amynt o :fbé&]ea}%aw?e S?ﬂ%gsﬁn%gb}' zﬂ%é’ of EH® élﬁ‘@ N9 ght

enbodi ment;, explanation W ani smftor

| at t f h
o1 ULt e L2 LS 0 enoe g o f i eptiind a‘ﬂ&%&aﬁ\i Via
the gas ngg %HQPtlghéo 5%&§g \Q%ifgﬂuded in the gas flow passage

shown in a nec nlsn1t e Used for the gas circul ation. The

rechan sm w1 | e, gl a m?g ugpgf Ly gabel o8OI cpnRatualon o

~the absorptive gas in t he arrives a ue o not nore
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the gas atgggL Id@n?@ éhFﬁggseiéﬁgEe r]JJ:'rom the surface of the metal,
the surfaces of the lens and the mirror, and the substrate

iiﬁ for electronic parts), although the amount of the impurity

gas 1is extremely minute as compared with a case in which the
vacuum evacuation is performed. The gas on the optical path
in the gas-tight unit 8 is polluted with the impurity gas,
and the transmittance of the exposure light beam is gradually
lowered.

Accordingly, in order to continuously remove the
impurity as described above, it is necessary to make
circulation while removing the impurity of the gas on the
optical path. The gas, which is supplied from the pipin;hQA,
9B as described above, may be continuously used for the gas
supply to maintain the gas purity. However, if such a method
is adopted, the running cost is increased, because a large
amount of the gas is consumed. Accordingly, in the following
embodiment, explanation will be made for a mechanism for
making circulation while maintaining the gas purity of the

gas in the gas-tight unit 8.
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The gas, which is discharged fromthe gas-tight unit 8, passes tRrfoubftlV t2684
concentration neter 11A for the residual gas and the valve V2, and the gas
is pressurized by the gas feed punp 12. Dust or the like is renmoved from
the gas with the dustproof filter 13 such as an HEPA filter (high
efficiency particulate air-filter) or a ULPA filter (ultra IOM/penetration

air-filter) AEL hhBlanili, 038108 PURLLL OfolV R DS RN GAI (] Igies 14 for

renovi ng chem ca st ances suc anmonl a-r enobvl nNg and an

organi c mMlersal r@:glﬁ {4 e EOPRPSEd, 9T 4 nd Plg @(afrg'tene %a(@”ifoswa”d

metal oxi e po en an Steam are renove rders ~ of ppm

respectiv &mgafn ngzgafgeg r%l%urou h ﬁtlht? gé]eungse(al gl!,|theé’ 14, by
nmeans of t orp i Ve gas- T anfng Bl et u ng a s ean}renDV|ng
filter and X renDV| fil conpos of net de o i ke.
After tha?gg %ey%gg%%n rati n Oqle%ﬁ%nll’%lgl‘ﬁl JLrj%%s eckeldn bci/ tiehlgl 46 16
JAN 2004 entration neter 11B for the residual- gas The gas, which has

passed throud% t he concentration neter 11B, passes t hrough t he vaIve V7,
and the gas |s ture ntr t he tenperat

control | er Iiﬁo ecttfrﬁ%tég?‘%én 5%1 l‘b%s%s ‘F\r%‘f@‘#l?%v‘?/aq Wt eand the
AL SR %Eﬂ#%%.%%igé:f%%o#%.q*c‘e‘%é“ﬁf&aaé‘ erf;:;“pzﬂz
Lo Ll UMY LS00, L LLer Of She. B egenty, | MOT ! o, a3, v,
V8 are closed, and the valves V2, V7 are opened to start the
circulation of the gas at the inside of the gas-tight unit 8.
The gas, which is discharged from the gas-tight unit 8,
passes through the concentration meter 11A for the residual
gas and the valve V2, and the gas is pressurized by the gas
feed pump 12. Dust or the like is removed from the gas with
the dustproof filter 13 such as an HEPA filter (high
efficiency particulate air-filter) or a ULPA filter (ultra
low penetration air-filter). After that, the gas is purified
by the chemical filter 14 for removing chemical substances,
such as an ammonia-removing filter and an organic matter-
removing filter composed of, for example, ceramics and metal
oxide powder. Oxygen and steam are removed to be in orders
of ppm respectively from the gas having passed through the
chemical filter 14, by means of the absorptive gas-removing
filter 15 including a steam-removing filter and an oxygen-
removing filter composed of metal oxide or the like. After

that, the concentration of the residual gas is checked by the
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upstream fromthe chenical filter 14 including the“organic mattetfr by Rom
filter, because it is feared that ‘any oil -may be rel eased fromthe gas feed
punmp 12 for pressurizing the gas. The chemcal filter 14 is installed
upstream fromthe absorptive gas-renoving filter 15, because it is feared
that oxygen or the |ike may be generated fromthe chemcal filter

Ci'roul &t e”@rrgérffgﬁ%&’ﬁg%é’r%*%%B oo FhE beReaRaE Ny ohﬂﬁésﬁcﬁp‘% dﬁ
above. | A g5 Bh8s8HPLREo oLy 0BRe BN ben Ol 2603 9RdL LE O A hpa sl Ul 2t Tng gas

to the gas ar ge tu correspon noun gas may be
I h 9 t
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h f V2 f he 47 16
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filters i order per e internal as C ul atj.on by
connectrnggf% %%%e%rg%u Pn%ﬁe % n%i?b a?% {5339 ?gﬁ? tﬁ# t% tRe
srnultaneou ﬁ? t he, c féron of gas, su strtutr n for, the

t

gas-ti ght % uPét 3r§°TB%?e? g%gl? f%%gﬁ LA ERE at i ng

h I bst t th the | b Th
b1 pi ngs. OATS S@@E@%ﬁﬁ%ﬁ%{ﬁ#iﬂ? B VB ctbRRrPLive ot FRRSRIE th BT 7 pi ng
(connected to the pi ng 9C).installed wth tPe val ve_V constrtute t he
equi pnent ?%§r%?&g$ e’ impurity-removing filter of t prese

invention.

In this embodiment, the gas feed pump 12 is arranged
upstgeam from the chemical filter 14 including the organic
matter-removing filter, because it is feared that any oil may
be released from the gas feed pump 12 for pressurizing the
gas. The chemical filter 14 is installed upstream from the
absorptive gas-removing filter 15, because it is feared that
oxygen or the like may be generated from the chemical filter
14 (organic matter-removing filter}.

It is not necessarily indispensable to circulate all of
the gas in 100 % in the gas circulation as described above.
A certain amount of gas may be discharged from the |
circulating gas to the gas discharge tube 9C, and a
corresponding amount of gas may be replenished from the
pipings 9A, 9B.

A large amount of gas is also present at the inside of
the gas-circulating mechanism as described above (mechanism

ranging from the valve V2 via the gas feed pump 12 to the
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the gas in the gas-circulating mechani sm However, ‘the met hod T or JANeZ2@f4s
substitution in the gas-circulating mechanismcan be perforned in
accordance with a variety of nethods equivalent to that used for the gas
substitution for the interior of the gas-tight unit 8 described above, if
it 1is recognized that the valves V5, V6, V4, V8, V7 correspond to the
val ves V9, Vi VB 10204 CHRSGHE V6t Yoad NI S0 OfEna s et 2 | i Sl ARl | On
for the ne‘{%ﬁ/%geis %m’tted%/g?t s a so&%e%?raﬂe t ata%lﬁ&g structure of the
concentr at j er he: resij I ' Lyal t of the
P OFL € ﬁ% Phrd he; f estgua tcgz;geff%ﬁfﬂutﬁ(é If_ﬂ'éefxge_.l T‘%"Zé

concentration neter or the residual shown 1n Fig. gas
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and the adjustne e projec XpOsSure€ apparatus are conpl eted, for

e neh . . | . Ce!
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when 48 L roj ecti on exposure apparatu ronis

porf or m t Re Y cRREGt FRFTNR LR e S bant ¥ Tt narber 6 and
the mi nt cRaReeetsy B cHie O R CORE Fe o ey L SCH AR TR B hals for ki ng
[ Cwni ch T SPERE oTat 6 I ke PR 1 ST arp O RRkERE Yy aci on when
the gas SUbStit%ﬁéogiéfnégtfifuggqgoéﬁgcégg to the wvalves V5, V6, and

the discharging piping (connected to the piping 9C) installed
with the valve V8 constitute the equipment for substituting

the gas in the gas-circulating mechanism. However, the

method for the gas substitution in the gas-circulating

mechanism can be performed in accordance with a variety of
ﬁethods equivalent to that used for the gas substitution for

the interior of the gas-tight unit 8 described above, if it

is recognized that the valves v5, v6, v4, V8, ff correspond

to the valves V9, V10, V11, V3, V2 respectively. Therefore,
detailed explanation for the method is omitted.

It is also desirable that the structure of the
concentration meter 11B for the residual gas is equivalent to
that of the concentration meter 11A for the residual gas
shown in Fig. 3.

The gas substitution as described above is required not
only when the assembling and the adjustment of the projection

exposure apparatus are completed, for example, in the

semiconductor production factory but also, for example, when
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respective gas-tight units (gas-tight units 2, 3 to wafer sﬂﬁge‘p@héﬁ%’er 6)
for the purpose of maintenance, is |[imted <as far as possible so that the
restoration (gas re- substitution) is sufficiently conpleted in a short
period of tinme. That is, with reference to Fig. 2, when the maintenance
is perfornmed for the internal conponents in the gas-tight wunit 8 (beam

t chi id BV showy, i u i ]&ﬁﬁi I
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(gas-circula tlng nechanls here ore reqU|re

restorati cg}(‘ﬂlse erq:ar{ii lI? oagdse(} q:eceesrﬁl%rr}éet q: eerrIeQr.r I.t]ﬁ.'l.nyl E;[teenance
for the gas- C|rc a |ng mechani sm 11 some cases in case, for
exanpl e, Qg? v7 are cl osed during the nalntenance to avoid any
i nvasi on t anlna |ng air into the gas-tight unit 8. Thus, it is

possible to Shql.ctceoq_‘dlngel q:qur qalilrltbroe J_II]:eOnrt tahcﬁa rtesStaOnr %[rroanngement in
which the space, into which the external air (air) makes
invasion when the gas substitution is interrupted for the
respecéiﬁe gas-tight units (gas-tight units 2, 3 to wafer
stage chamber 6) for the purpose of maintenance, is limited
as far as possible so that the restoration (gas re-
substitution) is sufficiently completed in a short period of
time.

That is, with reference to Fig. 2, when the maintenance
is performed for the internal components in the gas-tight
unit 8 (beam matching unit BMU shown in Fit. 1 to wafer stage
system WST), the valves V12, V1 in the gas supply tube Si and
the gas discharge tube Se for connecting the gas substitution
unit S and the gas-tight unit 8 are closed so that the air,
which flows into the gas-tight unit 8 during the maintenance,
does not flows into the gas substitution unit S. When the
maintenance is completed, the gas-tight unit 8 is subjected
to the gas substitution in accordance with the same method as

that used for the gas substitution described above.

49



Al ternatively, valves and pipings for supplying and dischardigg/amedow
absorption gas may be installed at positions anong the gas feed punp 12
and the various filters 13, 14, 15 in the gas-circul ati ng mechani sm so
that the respective parts may be subjected to the gas substitution in an
i ndependent manner. Accordingly, it is also possible to further shorten

th t i i i s gt f
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absorptionsggft%ﬁe&he apparatus may be inversely |owered by continuing the
circulation o € gas as described 50 1t JAN 2604 above. Accordingly, it
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meter, an pl UL LNCSOPS eSS 8! Oy "B els 1 8n TOE SR A M Dge [R5 OL Y

into the gas-tight unit 8. Thus, it is possible to shorten

the time required for the restoration.

Alternatively, valves and pipings for supplying and

discharging the low absorption gas may be installed at

positions among the gas feed pump 12 and the various filters

13, 14, 15 in the gas-circulating mechanism so that the

respective parts may be subjected to the gas substitution in

an independent manner. Accordingly, it is also possible to

further shorten the restoration time upon the maintenance or

the exchange of parts.

Another feature will be described below. In the factory

in which the projection exposure apparatus is installed, if

the electric power supply is cut off, if the supply of the

low absorption gas is stopped, if the purity of the low

absorption gas is lowered, or if any disaster such as

earthquake takes place, then it is feared that the purity of

the low absorption gas in the apparatus may be inversely

lowered by continuing the circulation of the gas as described
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and an earthquake recorder. It is needless to say that the vallvgs)desa8e4 bed
in the foregoing enbodi nent are opened/closed automatically in all cases
on the basis of the coormand fromthe control unit 17 of the exposure
apparatus, and the operation sequence for each of the valves is al so based
on the programof the main control system 18. In the exposure apparatus of
t he enbodi descri bed above, it is necessary that the gas in the space
including the optical path is substituted with the | ow absorption gas so

that the resid cSPRNEE, )éati@nlgfdéé‘fﬁfe?r{’ﬁéé’e 1S, 1§ﬂ"é¥ha]‘f" o% )([gsen is

not nmore than a ou sev ppm~ AcCcor it s necessar t he

concent rat g, of 4 N, AbS0K AL Ve, I3 SHER, 35, QXYEEN, CONAL nethl 4 N ow

absor ption " gas be' used 1% suppr esse an a ppm
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AN 2004 fa ory pilpfihg attory 1n xp Sur e
appar at us |nstalled oes _not satis f.or n condltlon it is
necessary RS %‘F"r gé %&?}fg‘f}?% fh%"ﬁe%%’r}’ cggagh &?ygen-rem)vi ng
filter and,a st nnv:n ilter bet n_the factor i ng. and_t he

i pi ngs- RS RRTETE Tt 14 EmRE R e, Frob i [ e Rt ftbove,
for exanphﬁﬂqt e Iar er HQ%@SUﬁ{aCG area of the. structura naterl in the

gas-ti ght F00 | LR RE | Higete Yﬁ§rﬂﬂﬂﬁﬁoQﬁr?ﬁﬂ?ﬂnﬁiﬁpbf €r

l'i ght - absorblqgiﬁybsta ce.is. Therefore, it
1 trated power source monltor, a pressure gauge

installed for each of the pipings 9A, 9B, a flow meter, an
gt impurity concentration meter, a fire alarm in the factory,
and an earthquake recorder.

It is needless to say that the valves described in the
foregoing embodiment are opened/closed automatically in all
cases on the basis of the command from the control unit 17 of
the exposure apparatus, and the operation sequence for each
of the valves is also based on the program of the main
control system 18.

In the exposure apparatus of the embodiment described
above, it is necessary that the gas in the space including
the optical path is substituted with the low absorption gas
so that the residual concentration of the absorptive gas such
as oxygen is not more than about several ppm. Accordingly,
it is necessary that the concentration of the absorptive gas
such as oxygen contained in the low absorption gas to be used
is suppressed to be not more than about 1 ppm. Therefore,

when the low absorption gas, which is supplied via the
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recomrended that the optical path space is designed so that 1o Jhth@0d
structure is provided in order to decrease the surface area. For the sane
reason, it is preferable that the surface roughness of the structural
material is reduced by performng the polishing by nmeans of a nethod
including the nechanical polishing, the electrolytic polishing, the
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the optic I.n the enbodi ment described above, when the anount
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suppressed befare fecting the counterneas re i ncl udin for
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far as gas-tight unit 8 is, the larger the number of molecules of
adhered light-absorbing substance is. Therefore, it is
recommended that the optical path space is designed so that
no fine structure is provided in order to decrease the
surface area. For the same reason, it is preferable that the
surface roughness of the structural material is reduced bf
performing the polishing by means of a method including the
mechanical polishing, the electrolytic polishing, the
buffing, the chemical polishing, and GBB (Glass Bead
Blasting). After applying the treatment as described above,
an artifice may be applied to reduce the amount of the
release gas from the surface of the structural material by
previously washing the surface of the structural material
before the exposure of the circuit pattern in accordance with
a technique including, for example, the ultrasonic washing,
the spray of fluid such as clean dry air, and the wvacuum
heating degassing (baking).

It is also known that the light-absorbing substance such
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possible, and the utilization of materials which generate .{g¢ssaNebeRmse
gas, the effect of the present invention is obtained nore remarkably in
the sane manner as in the treatnent agai nst water nol ecul es descri bed
above. it is desirable that each of the casing (alternatively a

cylindrical nenber) for constructing those ranging fromthe gas-tight unit
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supplyingathe hel"um-gas or ke $ ormed o _ _
gerer 8¢5 (eI MSTR 8l T 00010 50 03 1ol ag, (o
ot 1 af | uo PSS TFRen & 1 e PR ok SBERIFENE. Davtiaey Orachy! COrayP e ERED) - or
hat t he CRAE-or 1Pha s RETPALEs ] SBESARRRA FreY YIRS THE SRR eT ¢
D1 and GoRE FERGE) O Cheadr SN RS ey oS 1 RO d Pni R TR B Y

the sam SHERTES S SELAARI Iy €L TR RS Gl AaNOTe BEEE  bod above, t he
i nat (O GG, S AL - i A7 IHALom o e LA AT TP E
optical elenments fqr construgcting the prgsjeeacfion optical syste PLtrﬁaé/ be

formed as HOXgIAPRdfol ddiEd addestve, the membey (for example,

O-ring), and the electric wire-coating substance containing
hydrocarbon and halide in the optical path space as far as
possible, and the utilization of materials which generate
.less release gas, the effect of the present invention is
obtained more remarkably in the same manner as in the
treatment against water molecules described above.

It is desirable that each of the casing (alternatively a
cylindrical member) for constructing those ranging from the
gas-tight unit 2 to the wafer stage chamber 6 shown in Fig. 1
and the pipings for supplying the helium gas or the like is
formed of a material which generates the minimum amount of
impurity gas (release gas) including, for example, stainless
steel (the inside thereof may be further oxidized to form
chromium oxide or the like) and various polymers such as
those of tetrafluoroethylene, tetrafluoroethyléne-
terfluoro(alkyl vinyl ether), or tetrafluorcethylene-
hexafluoropropene copolymer.

Further, it is desirable that the cable or the like for
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chanbers (corresponding to gas-tight chanbers) respectively.1fhgaRagisupply
tube Si and the gas discharge tube Se fromthe gas substitution unit may
be provided for each of the lens chanbers to performthe substitution with
the | ow absorption gas for each of the |ens chanbers in an i ndependent
manner. The concentration of the |ight-absorbing substance nmay be nmanaged

wth mutugl ]y - different all end rati for t ~tight unit 3
for surr oﬁsﬁl | r%‘d”tr’ﬁ;e tﬁ l?mer?gtvﬁ?n%oop{ |’c;#012f§%2%]1%u[tghg\?\lmegﬁ§f ilgrlet 1, the

reticle stage chanber,. 4, the.space at_the . nsi f | e rel, 5 of
the proj é“c%ﬁ‘c?ﬁ’lg’& i(cfa d se;;{sa&m r% L,c;&aencf The lsep}gg'%bdgtavr\letdgﬁtht %St "“%ﬁ?j gLélt I on

optical systemZP nd the wafer 61 (\wafer.. st er ' i
pr ocedur e,eatqi"e qﬁLgtﬁ’ie eﬁﬁsdﬂﬂsngls SUBS eané"’eltrﬁrla;a/agg“eat%a}lﬁage&’hsﬁ t#eé?lregtal%se
stage chamher 4 and _the fer. stage chamher 6 with | I bl .
concent r at'i on T HHJHE} é’\r%’Btar?fal i peurcloﬁrcéﬁsra‘triec}% %r %Q% M % of
54 1 6 "JAN 2004 the gas-fight..unjt .3 and the projection optical system PL,
because tﬁ@lrfeeﬂaa"eers?afgé:{#a‘?%d APEBHFthe wafer stage chanber 6 are

provi ded with the vabl.e mechagni sns_suych, as the stages. The l.aser

i nt er f er omet er Ifrbrtrﬁ%‘ea@m‘? Ef‘%e ‘%?fs‘?rt]r%ﬁfi cﬁi’ovteﬁe tg}ea é’a\csespﬁjo‘?ﬁwaeeedlfor
each of the reticle stage chanber. 4 = and the wafer stage chamer 6. In such
an arrang 1 tH %bf GRS RIS HRF Ic&ﬁs}ﬁ%ﬁﬁﬂ%%s is
changed in the  optical path for the nmeasuring |ight. beam of the |aser

nterf er ot e e h it it S ST AHeL S BPML b igh- 1 OF the

plurality of optical elements for constructing the projection

optical system PL may be formed as tightly enclosed lens
chambers (corresponding to gas-tight chambers) respec%i%ely.
The gas supply tube Si and the gas discharge tube Se from the
gas substitution unit may be provided for each of the lens
chambers to perform the substitution with the low absorption
gas for each of the lens chambers in an independent manner.
The concentration of the light-absorbing substance may
be managed with mutually different allowable concentrations
for the gas-tight unit 3 for surrounding the illumination
optical system ILU shown in Fig. 1, the reticle stage chamber
4, the space at the inside of the lens barrel 5 of the
projection optical system PL, and the space between the
projection optical system PL and the wafer 61 (wafer stage
chamber 61). In this procedure, the light-absorbing
substance may be managed in the reticle stage chamber 4 and
the wafer stage chamber 6 with an allowable concentration

higher than an allowable concentration for the interior of
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fluctuation of the optical path. Accordingly, it is desiralflg JAQt2084
concentration sensor for the |ow absorption- gas is arranged in the optical
path to manage the concentration of the | ow absorption gas in the vicinity
of the optical path on the basis of an obtai ned neasured value. It is
clear that the present invention is not limted to the projection exposure

appar at us, i 1iS npl4 f ml.e, appar at us
o the pr et Sl bR L A R o o R B erem
I'n the emyodingry i ve t e t] i d for the
proj ection optl cal&ﬁgéﬁébﬁoa&%e%r%éé Zn'?ldeﬂc:zgi%esé@srﬁeéjm%é%%%

cat a- .di Optd’ﬂa\(,f%bséis t6e n ypl.(bia%ilﬁseecfj Jfﬂh ’éhhee e rx?d (%Lcet imor?:h tjjs?r?sl s§1¥§1t Y PL.
Especi al | vy, en a cata- dioptric system I'ch 1 ncludes a refracting

system anq:r}ev\gstareé‘l ecting mrrors having apertures in the vicinity of the
optical axi's” res ¢t vely, is used for the projection optical 55 1 6 JAN

fzg)f)éeldsi;st em PL,Thaes %issecl o§q:de ipe Jcﬁlgez%gesg oPajt entsﬁpl i qﬁ_}é Qn E;NQC.. nl%f”,70143
y the presen aprplllrtarﬁ -SX er]i)j_fecli IO %4 S>Ps°t elmlﬂ_ can be
ol Tact i ng S SRS ThaPSALET (i MR (e WA he TG SEBRE ch gas
o Lhe PR 0% Sl ELElbla P el TR S on iy Lhe
2’2;;? atmj)sl qt}ﬁ—:' h?)écg%% iool‘fI t%re leg(tp aaq;sioorq_jt i-|<-3hne arsoj iesC tcihoarll'lgeex Oisnu r’t:%e

optical path fof the measuring light beam of the laser

interferometer, the change possibly causes a factor of

fluctuation of the optical path. Accordingly, it is

desirable that a concentration sensor for the low absocorption

gas is arranged in the optical path to manage the

concentration of the low absorption gas in the vicinity of

the optical path on the basis of an obtained measured value.

It is clear that the present invention is not limited to
the projection exposure apparatus, which is also applicable,
for example, to an exposure apparatus of the proximity system
and an exposure apparatus of the contact system.

In the embodiment described above, the refracting system
is used for the projection optical system PL. However, a
reflecting system or a cata-dioptric system may be used for
the projection optical system PL. Especially, when a cata-
dioptric system, which includes a refracting system and two

reflecting mirrors having apertures in the vicinity of the

optical axis respectively, is used for the projection optical
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descri bed above is assenbled by adjusting the ill U nation opt gcdhNsgfem
and the projection optical system and connecting the respective
constitutive elenents electrically, nmechanically, or optically. Further,
as shown in Fig. 1, the gas-tight unit 2, the gas-tight unit 3, the
reticle stage chanber 4, and the wafer stage chanber 6 are assenbled to

SUT T OUNd. t1R RAAIBTRLENG e B Jhepiddamaalionontical respt Y@tem I LU,

the reticle stage system RST, and st age ectlveI{,
and the intgr fy rQj eghj o { System P
is all omeg’oteg@felﬁ ftlhrl%d %i tl gt?q!essteglttg Fg)hﬁcc%rn%ént H {bﬁ%gé&qﬁ for I
exanpl e, ti re .ass Ie quently,
thengas s%’gﬁ y tub I nﬁ({' —qulﬂtaoc% %21 Saass aldl%sc rggc l?“ol%}gr Sen are
odiiibee e St %g?ﬁlt%%é %1 '{rhe Scf?raé%% f%'sg ‘are connect ed

cor r espondi‘rig gas- tlght uni

{0 the gasSihSt LN 100, WA S3.50,15 420 S0 iP5

system f or Uting t e gas cont a| i ng ance
vvlththel t ssenhl.ed Itlst|r bl e that_.th
oper ati on ?1\,& %bcge(}:)l%c#ce 0r &9 $ E%facT Fired BFES éﬁ‘ r@%‘rﬁ KRR %ﬁ?él

torors toof She PO TIC il h“sl SERED S Bl Dt #)?;l o glr e "
d t h et ween
fﬁgclen?(grr{t%ggzxcg ﬁ%émtllr}fa &&l&%al‘ﬁl B’aé‘@yb\g{]e tclhé‘ %%é@iﬁ& tr%\lgtslhé’q nt er nal

.be
space is %&5éﬂ%10n.

The projection exposure apparatus in the embodiment
described above is assembled by adjusting the illumination
optical system and the projection optical system, and
connecting the respective constitutive elements electrically,
mechanically, or optically. Further, as shown in Fig{ 1, the
gas-tight unit 2, the gas-tight unit 3, the reticle stage
chamber 4, and the wafer stage chamber 6 are assembled to
surround the beam matching unit BMU, the illumination optical
system ILU, the reticle stage system RST, and the wafer stage
system WST respectively, and the interior of the lens barrel
5 of the projection optical system PL is allowed to be in the
gas-tight state. Concurrently therewith, for example, the
gas substitution units S2 to S6 are assembled. Subsequently,
the gas supply tubes Sin (n = 2 to 6) and the gas discharge
tubes Sen are connected between the gas substitution units S2
to S6 and the corresponding gas-tight units. The pipings 9A,

9B, 9Cl1, 9C2 are connected to the gas substitution units 82
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hi gher than the pressure in the external state so that the iqfd gwnohogshe

gas fromthe external space into the internal space is suppr gged and t he
gas outflows to the external space fromthe internal space. The wafer, for
whi ch the exposure has been perfornmed as described above, is subjected to,
for exanple, the developnment step, the pattern formation step, the bonding

step, and dneepackaqidig AR, AGRP PN £t QWS t34#GRA%he gas

sem conductor el enent is produced. Further, the present -invention is not

limted t%éﬂtediﬁfiq@cﬁﬂeoqi%fhﬁ_@%soﬁgﬂn@o%%%&%rn Vii¢% MY i s al so

applicable, for exanple, to the p uction of display elenents such as

|1 Qui d cr il dicapl i, Rl Pl 4aima Jighlgus, cang Lhich i1 m

magneti c proj ection exposure apparatus of the enbodi nent

descri bed AR AN P iSO A 4 300 ISR e Bhe . Bnd 1§ IAN 20

4 a nask, ich’i's used for “an exposure dpparatus for producing a device

to produc%rﬁ&e@h%o\r}hc%ﬂﬁ]e(}ratq%@ m%rna%%.l i ke, is produced with an

exposur e appar at us uses, for exanple, the far ultraviolet |ight beam

(DV 11 ght ‘beaih, or. £ae NGUUT Al L) Gy, Lahte Bl VW gl bean)

The present invéntio S -“al so appli ~a reduction “projection
cxposure WAL W PG ST AOTA Hibe AT i,
beam as arlniéelr'ﬂgln%%ia% alnidgqthebee%{@écr%ralt hsepa%X ,Osol“llrr % state in which
any gas flows between the internal space aﬁd the external
space but the pressure in the internal space is set to be
higher than the pressure in the external state so that the
inflow of the gas from the external space into the internal
space is suppressed and the gas outflows to the external
space from the internal space.

The wafer, for which the exposure has been performed as
described above, is subjected to, for example, the
development step, the pattern formation step, the bonding
step, and the packaging step. Accordingly, a device such as
a semiconductor element is produced. Further, the present
invention is not limited to the production of the
semiconductor device, which is also applicable, for example,
to the production of display elements such as liquid crystal
display elements and plasma displays, and thin film magnetic
heads.

The projection exposure apparatus of the embodiment

described above can be also preferably used when a reticle or
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Further, it is also allowable to use a high harmonic  wave wAikWAYN Zﬂﬁ‘r |
obt ai ned such that a single wavel ength taser in ‘the infrared region or the
visible region, which is oscillated froma DFB sem conductor |aser or a
fiber laser as an illumnation |ight beamfor the exposure, is anplified
with a fiber anplifier doped with, for exanple, erbium (Er) (or both of

er bi um and, i G iy YD) ud | ANEL, Doy MAKELLTGENL CATNETRIOM, IR, £

ultraviolet |ight beam by using | near optic crystal. exanple,

assumng Waled 6 Apcilddid.on wel Soaf ol e qele el deser |
ot oxi el i ehd i Srmt Al WD Panpte,
ot a ned. QU Al BSMNITd Ythrt C WABEL O VL AL S
naving anpraa e et B On g S pedllof Tre F 1 aser i
descr i bed above MR I IR ot 14155 e DS o SRR 2
orosent | AR Gr St Pl S, IR o ReARRLAS Wie & Gl U ot Thpanese
poci 11 CatTEan A Ui e A et VAR (22 QU I kB por at ed

beam or the vacuum ultraviolet light beam as an illumination

light beam for the exposure.

Further, it is also allowable to use a high harmonic

wave which is obtained such that a single wavelength laser in

the infrared region or the visible region, which is

oscillated from a DFB semiconductor laser or a fiber laser as

an illumination light beam for the exposure, is amplified

with a fiber amplifier doped with, for example, erbium (Er)

(or both of erbium and ytterbium (Yb)), followed by

wavelength conversion into an ultraviolet light beam by using

nonlinear optical crystal. For example, assuming that the

oscillation wavelength of the single wavelength laser is
within a range of 1.544 to 1.553 pm, an 8-fold high harmonic

wave within a range of 193 to 194 nm, i.e., an ultraviolet
light beam having approximately the same wavelength as that
of the ArF excimer laser is obtained. O©On the other hand,

assuming that the oscillation wavelength is within a range of

1.57 to 1.58 um, a 10-fold high harmonic wave within a range
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herein exactly as they are. | NDUSTRI AL APPLI CABI LI TY ACCOFdIﬂ@ J@Ngmg4f|rst
exposure nethod of the present invention, when the gas in the space
including at least a part of the optical path for the exposure |ight beam
is substituted with the gas through which the exposure light beamis
transmtted, it is possible to decrease the release gas or the like

gener ated cﬁfom’th@asymomdlﬁgé of af g1 6PR¢ Lol et NEI QL ©esam thdwimpssi bl e to
performthe substitution in a stabl e manner. Therefore, especially in the

exposure  ARPRGLimst ¥ Chh&1Sesmé Neaté DB PR Nai Nt A My et engklyi fs the
vacuum ul travi ol et region, the space |nc?ud|ng the optical path can be

efficiently,sypsddtuted with the low absorption gas. It is possible to
suppress the absorption of 59 16 JAN 2004 the exposure |ight beam Thus, it

i s possible to pid dhresstf f{GTERLIORVEE Kbt [ DEn EXDPSLS Cehé WHbAeATRtSs

According to the second exposure nethod of the present |nvent|on Tor

exanpl e, '&eéérﬂ?é&'e%@véo x@ﬁf&ﬁ%ﬁ%tﬁé grﬂpwies Oin gas |n tlﬂée £0Endi gh

performance second gas by previously substituting t space

i ncludi ng J Nen s OP4 '195"1#1%& Jgtsﬂé’ﬁttéqévféf’ﬁ& ﬁx&hg@ﬂe GRM Vb h%gélgr%tf.iéft gas,

and then performng t trtution wt e second”gas. ore, it is

possible tahdAfieer10E: LUNOE NonE G5telafit! {iflni 20n! Ner éf‘bséi)g U on.

According to the exposure appar at he presen i'nvent 1 oh 'S

possi bl e to,catsy, Qs LHE &f§5§3§@fgﬁ$?oga§gnese Patent Application No.
11-209870 filed on July 23, 1999 including the specification,

claims, drawings, and abstract are cited and incorporated

herein exactly as they are.
INDUSTRIAT, APPLICABILITY

According to the first exposure method of the present
invention, when the gas in the space including at least a
part of the optical path for the exposure light beam is
substituted with the gas through which the exposure light
beam is transmitted, it is possible to decrease the release
gas or the like generated from the surroundings of the space.
Therefore, it is possible to perform the substitution in a
stable manner. Therefore, especially in the exposure
apparatus which uses the light beam having a wavelength in
the vacuum ultraviolet region, the space including the
optical path can be efficiently substituted with the low

absorption gas. It is possible to suppress the absorption of
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‘the present invention as described above easily or efficiepglys Ag?ﬂrdlng
to the nmethod for producing the device of the present |nvent|on

possi ble to produce the device provided with an extrenely fine circuit
pattern by using the exposure |ight beam having an extrenely short

wavel ength. Further, it is possible to maintain the high intensity of the

exposure lighteheam r ThergoNeart he PGPS ifddTIRVed akd) JAN

2094 CLAIMS 1. An exposure method for i1 unlnatlng a first object with an
exposure |d i Deait g, SXRASI vk .gR6A0Nd ﬁgg t he exposure |ight
beam havi ng passed through a pattern on the rst object t he exposure

met hod conpri sifg:oltd iy 186 &M QUMK P SRR W ISt HRE! t a part
of an opti cal patﬁ}fagn%he exposure |ght beam an flf#?ng t? tight

encl osed Sﬁﬁ?é%ﬁ’!&xh %cg@%gam ugh ﬂhﬂ&g)c}éﬁ}%pocw cfedfe%@te t?;?ﬁamdrrﬁnunt
transnmitted, until a gas sure approximate to a first gas pressure is

bt d, qﬁﬁgt
Breglsﬂ(rae r%lfcc?lnstdﬁﬁsq}?loql Bbf C|Hnlg}91a %@sﬁ%@eﬂ%% Sf';lgcgog‘lsdhmq%n ?ﬂ'e tightly
I d Has;
Ieg\(/:\e?s_teha the fi rs‘% %as ;}Efess e |s tal neq%{ee #%‘dae Sﬁ1 [ ngq?ep g?sure
Suppl ying e A dot f Ml 1l 'és%)r MG SBLIAPIRR A W Ahd HiGEU A e gas

pressure b first gas r second gas press
obt ai ned. and then performing the substitution with the second gas.

Therefore, it 1is possible to reduce the running cost required
for the gas substitution.

According to the exposure apparatus of the present
invention, it is possible to carry out the exposure method of
the present invention as described above easily or
efficiently.

According to the method for producing the device of the
present invention, it is possible to produce the device
provided with an extremely fine circuit pattern by using the
exposure 1light beam having an extremely short wavelength.
Further, it is possible to maintain the high intensity of the

exposure light beam. Therefore, the throughput is improved.
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2. The exposure nethod according to claim1, wherein: the exposure |ight
beamis a |ight beam having a wavel ength of 200 nmto 100 ning anél PfE gas
is nitrogen gas or rare gas; and the first gas pressure is within a range
of 900 hPa to 61 1 6 JAN 2 0104 1100 hPa, and the second gas pressure is
within a range of 50 Pa to 10 kPa. . 3. An exposure nethod for illum nating
a first object wth an exposure |ight beam and exposing a second obj ect
wth themgppsure |ight beam having passed through a pattern on the first
obj ect, the exposure nethod conprising: tightly enclosing a space which

i ncl udes at |east p f_a tical path for the expasure |jght beam

t he exposurel'neth%g %&%Pﬁgfec%ﬁ%EPgiﬁgF &HEFP§Pa%988 8f%§68§t9#3?Fﬁg t he
tightly enclosed s ace with a first t hrough which the exposure |ight

beamis ‘"FrEhsh t& %%%%}érﬁ%ﬁm%}%ﬁ SIS GRIRG T ¢ e

tightly enclosed space with a second gas through which the exposure |ight
beam i s tih$rraHE e tHoledsnah deyise mp shigd ughf fopatiem ot gas. 4.
The exposure nethod according to claim3, wherein: the exposure |ight beam
is a |ightheddamtavitnge e wiel engtdsiofe 260 o tcen0d simg :and a
transmttance of the second gas with respect to the exposure |light beamis
better than tthahtdfy ehelbisisly gaspace which includes at least a part
of an optical path for the exposure light beam; and
filling the tightly enclosed space with a gas through
which the exposure light beam is transmitted, until a gas
pressure approximate to a first gas pressure is obtained, by
alternately repeating, a plurality of times:
a pressure-reducing step of reducing a pressure of a gas
in the tightly enclosed space until a gas pressure
approximate to a second gas pressure lower than the first gas
pressure is obtained; and
a fiiling step of supplying the gas to the tightly

enclosed space until an intermediate gas pressure between the

first gas pressure and the second gas pressure is obtained.

2. The exposure method according to claim 1, wherein:

the exposure light beam is a light beam having a
wavelength of 200 nm to 100 nm, and the gas is nitrogen gas
or rare gas; and

the first gas pressure is within a range of 900 hPa to
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62 1 6 JAN 2004 5. An exposure apparatus for illum nating a_{hrﬁﬁ. ody, ect
with an exposure |ight beam and exposing a second object w Q é%éosure
| i ght beam havi ng passed through a pattern on the first object, the
exposure apparatus conprising: a gas-tight chanber which tightly encl oses
a space including at least a part of an optical path for the exposure

| i ght beam and a gas supply unit which supplies a gas through which the

exposur e 11t REamS dHAMUdPhad Pdhe Jas: ;o %hg{gr?]lgr , SRl n:

the gas supply unit has an inmpurity-renoving filter i1nclu
| i ght - absgqy bg(pgl(gq%%{ enmoving filter which renoves at |east one of oxygen
and steamcontained 1'n the gas. 6. The exposure apparatus according to
~claimb5, wherein: the inpurity-renoving filter further includes a dust-
collecting filter which renoves dust contained in the gas, and an organic
matter-renmoving filter which renoves organic matter contained in the gas;
and the dust “col | eéfy RFPPENESr nefthedofganiid lvadnat inenaviiagstt phieet and
the |ight-absorbing gas-renoving filter are arranged in this order in a
di rect i orvigfh farpxifosure dasihtterns anN 2904 1Ay Ehe emaqpals uihbe eaytp ariatus
according to claim§6,
the exposure light beam having passed through a pattern on
the first object, the exposure method comprising:
tightly enclosing a space which includes at least a part
of an optical path for the exposure light beam, the exposure
method further comprising:
a first step of substituting the tightly enclosed space
with a first gas through which the exposure light beam is
transmitted; and
a subsequent second step of substituting the tightly
enclosed space with a second gas through which the exposure

light beam is transmitted, the second gas being different

from the first gas.

4. The exposure method according to claim 3, wherein:

the exposure light beam is a light beam having a
wavelength of 200 nm to 100 nm; and

a transmittance of the second gas with respect to the

exposure light beam is better than that of the first gas.
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wherein: the gas supply unit includes a gas feed unit which fengHi&ﬁﬁrgas
into the gas-tight chanber, and a tenperature- adjusting mecHdhni th
controls tenperature of the gas; and the gas feed unit, the
inmpurity-renoving filter, and the tenperature-adjusting nmechanismare
arranged in this order in the direction of the flow of the gas. 8. An
exposure apparatus for illumnating a first object wth an exposure |ight

beam and exposi g arsespndu:abiech iy e SRgRUrE laht, hegmphavi ng

passed through a pattern on th rst objéct, ure apparat us
conpri sing;. ~t.0 ght chanber I tightl ncl oses a space jncl uding
at | east ncgojpe:??%gjféﬂagg}bpei}fpcoasiurpeaml%ﬁg:r k%ef%é“ e%ﬁgselﬁpeosﬁqgglﬁ Sn?é:é’rﬂ& a gas

supply unit. which supplies a gas thrqugh which the exposure light beamis
transm t t% gv‘"fq%t“b“'ffheﬁb%s%? re driffferPea g idhddaitsest it WS & i ng

unit which nmeasures a concentration of a residual gas remaining in the
space i n RHeegatt it Therberbl etio 64el SRIANIECRPR@aT adpEni ng/ ¢l osi ng
mechani sm whi ch opens/cl oses a passage for the gas between the space in
t he gas-t¢gmrichamer and the gas concentration-measuring unit. 9. The
exposure apparatus according to claimS§,

a gas-tight chamber which tightly encloses a space
including at least a part of an optical path for the exposure
light beam; and

a gas supply unit which supplies a gas through which the
exposure light beam is transmitted, into the gas-tight
chamber, wherein:

the gas supply unit has an impurity-removing filter

including a light-absorbing gas-removing filter which removes

at least one of oxygen and steam contained in the gas.

6. The exposure apparatus according to claim 5,
wherein:

the impurity-removing filter further includes a dust-
collecting filter which removes dust contained in the gas,
and an organic matter-removing filter which removes organic
matter contained in the gas; and

the dust-collecting filter, the organic matter-removing
filter, and the light-absorbing gas-removing filter are

arranged in this order in a direction of flow of the gas.
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wherein the gas concentration-nmeasuring unit neasures the concentration of
at | east one of oxygen and steam 10. An exposure apparatus'EBrJAN 2004
illumnating a first object with an exposure |ight.beam and exposing a
second object with the exposure |ight beam having passed through a
pattern on the first object, the exposure apparatus conprising: a
gas-tight chanber which tightly encloses a space including at |east a part

of an 0pti cal pat NThQr kB eXBOSEE rakl Gt RNk 3 9BScsuppl ¥ uni t which

supplies a gas through iC

the gas-t}

e

exposure i ght Beami's trandnmitted, into
iShanber; an openabl e/ cl osabl e cutoff valve which is provided

in a supply passage for the gas to be supplied by the gas supply unit;

and a control

in case of ndilt SFEnCEPPY LR

uni t which close% the_cutoff valve in case of A energency and

eXPGLUrES épﬁéﬁafﬁ§gt8n§Foﬁh?ﬁ€ ga%asy of

the gas to the gas-tight chanber. 65 '16 JAN 20P4 11. An exposure

appar at uS¥or939 1 idHh &hiehgas it dmar wiatsl &n terpes@teiieight beam and
exposing a second object with the exposure |ight beam having passed

t hr ough a&dpsttierh mehand s rdtl dhbjasgtt rallse texpeswrte rap per dthegs gasonpri si ng:
a gas-tight chanber which tightly encloses a space

and

the gas feed unit, the impurity-removing filter, and the

temperature-adjusting mechanism are arranged in this order in

the direction of the flow of the gas.

8.

An exposure apparatus for illuminating a first

object with an exposure light beam and exposing a second

object with the exposure light beam having passed through a

pattern on the first object, the exposure apparatus

comprising:

a gas-tight chamber which tightly encloses a space

including at least a part of an optical path for the exposure

light beam;

a gas supply unit which supplies a gas through which the

exposure light beam is transmitted, into the gas-tight

chamber;

a gas concentration-measuring unit which measures a

concentration of a residual gas remaining in the space in the

gas-tight chamber; and
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including at least a part of an optical path for the exposure [RigghtaNoeam
and a gas supply unit which supplies a gas through which the exposure
light beamis transmtted, into the gas-tight chanber until a gas pressure
approximate to a first gas pressure is obtained, wherein: the gas supply

uni t includesrd dyeassiy R1IRAMY M cHBGRANLSNMIGR NoAUCes <2 1038 sRREESUr €
of a gas in the gas- tight chanber to a second gas pressure that is’| ower

d
than the rdJ rigte it BIESALE Lk Tldddg TBGRANAMANGGEN Bl ot g pas-

ti ght chanber w he gas un ninte € gas pressure ween t he
first gas ,pressure and thq:second as, pressure is obtained, and a control

unit whi ch contt ot & THE Hesdtirs? 9 g nechani sm and the filling
mechani sm so that the reduction of the gas pressure and the filling with
the gas are repeated a plurality of tines. 12. An exposure apparatus for
illumnating a first object with an exposure |light beam and exposing a
second obje&- wit Fhchex@oseser @ppiaght Useamdvaviing passédimhBeugh a 66 16 J
A N 2004 pattern on the first object, the exposure apparatus conprising: a
gas-t i ghtwlchanibertivhi e tdaghtdnt mernicl osess @ wspiace urinc lmedisng-eat dheast a part
of an optical path for the exposure [|ight beam a first gas supply unit
whi ch suppriesmtrdiict ghst thvaughnhich d:heyaxpasursddnght beamis
transmtted, into
10. An exposure apparatus for illuminating a first
object with an exposure light beam and exposing a second
cbject with the exposure light beam having passed through a
pattern on the first object, the exposure apparatus
comprising:
a gas-tight chamber which tightly encloses a space
including at least a part of an optical path for the exposure
light beam;
a gas supply unit which supplies a gas through which the
exposure light beam is transmitted, into the gas-tight
chamber;
an openable/closable cutoff valve which is provided in a
supply passage for the gas to be supplied by the gas supply
unit; and
a control unit which closes the cutoff valve in case of
emergency and in case of maintenance for the exposure

apparatus to stop the supply of the gas to the gas-tight

chamber.
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the gas-tight chanber; a second gas supply unit which suppliquQL@@%®&? gas
which is different fromthe first gas and through which the exposure“light
beamis transmtted, into the gas-tight chanber; and an adjusting unit
whi ch adjusts anobunts of the supply of the gases to be supplied by the

first and seqand gas eupRlsYireUBihairakds He e4posuhetapRakatryssaccording to
claim12, wherein the adjusting units drives the first "gas supply unit to

Supply {18 fddisty 835 diiM' A IAST ANt CHATHAL AR LIPN dNG A uSting
ply econd @

unit drives the second gas sup It to supplythe as into the
gas-tight gl t hod for, rog¥cin a .device, c rising_the
step of t¥ smfﬁﬁ%%ﬁ%%%ﬁt&%% T Wﬂﬁ&?%ﬁ?@%@q%
exposure ”E¢§°d as fined inéggy one of clains 1 to 4. 67 16 JAN 2004 15.
A net hod ¥or-prodifti e I RIS g tsansferring a
device pattern onto a workpiece by using the exposure apparatus as defined
in any o8I ddi9% 5 to 13. 16. A nmethod for produci ng an exposure
apparatus for illumnating a first object with an exposure |ight beam and
exposi ng a seécamddhijgddt clamyetrh erhaxaho S tlivy leth eamshav ispg cepassed
through a pattern on the first object, the production nethod conprising
assenbl i ngicluding at least a part of an optical path for the exposure

light beam; and

a gas supply unit which supplies a gas through which the

exposure light beam is transmitted, into the gas-tight

chamber until a gas pressure approximate to a first gas

pressure is obtained, wherein:

the gas supply unit includes a pressure-reducing

mechanism which reduces a gas pressure of a gas in the gas-

tight chamber to a second gas pressure that is lower than the

first gas pressure, a filling mechanism which fills the gas-

tight chamber with the gas until an intermediate gas pressure

between the first gas pressure and the second gas pressure is

obtained, and a control unit which controls the pressure-

reducing mechanism and the filling mechanism so that the

reduction of the gas pressure and the filling with the gas

are repeated a plurality of times.

12. An exposure apparatus for illuminating a first
object with an exposure light beam and exposing a second

object with the exposure light beam having passed through a
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a gas-tight chanber which tightly encloses a space including hg Uggsp{m@
part of an optical path for the exposure |I|ight beam and a gas supply ‘unit
whi ch supplies a gas through which the exposure light beamis transmtted,
the gas supply unit having an inpurity-renoving filter including a |ight-
absor bi ngpgasarenmyitig ffilied jsdt r emyeslsdeasdpefs oxygen and
steam contained in the gas. 17. A nethod for producing an exposure

appar at Uscdidrididgimnating a first object with an exposure |ight beam and
exposi ng a second object with the exposure |ight beam having passed

t hrough a pat X h%eé:fi I §te 008G, tj% roducti on _ nmethad conpri sing
assenbl i ng: 8%‘%% %&lﬁt 0042 Qeéfs-thﬁg:hht tc 21%;0 re\ﬂ(ﬁlc?ﬁetsi 6htspﬁcgncl oses a
space incﬁc%ji at Ieitast acaﬁart of an optical path for the exposure |ight
beam a gas s‘iifg%ﬁ/ niteWH ¢h Rétidpl Tt Y 4 R Wi e & XRagYFsuUr e
| i ght bea)zrin,L i.ls transmtted; a gas concentration-neasuring unit which
measur es 2 9oh&A#t T ati on of a residual gas remaining in the space in the
gas-tight chanber; and an openi ng/cl osi ng mechani sm whi ch opens/cl oses a
passage for thefigeat masvenwprnlic wpdcevhich moipgesidd ghtficksmisers and  t he
gas concentration-nmeasuring unit. 18. A method for produci ng an exposure
appar at ustHmrugh IWwhundhnatlienges:addust lohjectbernt h an expesiwted, ghttdeam and
the gas-tight chamber;
a second gas supply unit which supplies a second gas
which is different from the first gas and through which the
exposure light beam is transmitted, into the gas-tight
chamber; and
an adjusting unit which adjusts amounts of the supply of

the gases to be supplied by the first and second gas supply

units.

13. The exposure apparatus according to claim 12,
wherein the adjusting units drives the first gas supply unit
to supply the first gas into the gas-tight chamber, and then
the adjusting unit drives the second gas supply unit to

supply the second gas into the gas-tight chamber.

14. A method for producing a device, comprising the
step of transferring a device pattern onto a workpiece by

using the exposure method as defined in any one of claims 1

to 4.
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exposi ng a second object with the exposure |ight beam havi ng 1@aggwd
through a pattern on the first object, the production nethod conprlsghg
assenbling: a gas-tight chanber which tightly encloses a space i ncluding
at least a part of an optical path for the exposure |ight beam a gas
supply unit which supplies a gas through which the exposure |light beamis
transmtted, into the gas-tight chanber; an openabl e/cl osabl e cutoff valve

whi ch i s pxovisded ian @+ hSWP Y g€ nfor theigas by the
gas supply wunit; and 69 1 6 JA 2004 ghgonF%oﬁ%%nlgg glﬁgcloggg t he

cutoff v e Gase, e d ca e of_ maj nt enance f r t he
exposureage/ pa{lfat us tsggesli%gﬁ ﬂaquééfpgc%y St e goanstcio e Fas=5

chanber. 19. A thod f or_ produci an exposure apparatus for |Ilun1nat|ng
a first objdd %he%ﬁ)s AP e f;'ﬁt? d HpFh e SdcSidias ect

W th theliéPosure li ght beam having passed through a pattern on the first
obj ect, t lottuction et hod conpri sing assenbling: a gas-tight chanber
which tightly encloses a space including at |east a part of an opti cal
path for the exposure |ight beam and a gas supply unit which supplies a
gas through which the exposure |ight beamis transmtted, into the
gas-tight uniltt. A method for producing an exposure apparatus for

ililuminating a first object with an exposure light beam and
exposing a second object with the exposure light beam having
passed through a pattern on the first object, the production
method comprising assembling:

a gas-tight chamber which tightly encloses a space
including at least a part of an optical path for the exposure
light beam; and

a gas supply unit which supplies a gas through which the
exposure light beam is transmitted, the gas supply unit
having an impurity-removing filter including a light-
absorbing gas-removing filter which removes at least one of

oxygen and steam contained in the gas.

17. A method for producing an exposure apparatus for
illuminating a first object with an exposure light beam and
exposing a second object with the exposure light beam having
passed through a pattern on the first object, the production

method comprising assembling:
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until a gas pressure approximate to a first gas pressure is ob?ﬁidéﬂ,zwﬁe
gas supply unit including a pressure-reducing nechani sm which reduces a
gas pressure of a gas in the gas- tight chanber to a second gas pressure
that is lower than the first gas pressure, a filling nmechanismwhich fills
the gas- tight gharberhtwidhadtee gas damtiilgran v rireyledisate sgagsepr essur e
between the first gas pressure and the second gas pressure is obtained,
and a contm®luditid i Xdecond redse tdhe &1 rRauci g rechanimand the

filling nmechanismso that the 70 16 JAN 2004 reduction of the gas pressure
and the fijdingmbh the gas are repeated a plurality of times. 20. A
nmet hod for produci ng an exposure apparatus for illumnating a first object

wi th an exposure.l] am.and .exposi ng a second ohj.ect with the exposure
| i ght beam ha\L/gl( n%aJlé g%ﬁspsée)lﬁ/t nrlgcug"hhla&ba%lipgcr Th 1 KRS | st é”g}l,cq‘t Pfj“ep
producti on -nethoqkﬁﬁﬂgrisin . assenbling: a gas-tight chanber which tightly
encl oses W RpatE FF" at® I RS 697 of an optical path for the

exposure light beam a first gas supply unit which supplies a first gas }
t hrough whi ci? 1376 SPEEUE G gR TISERAL IR raddnivhied, measoreshe gas-ti ght
chanber; a second gas supply unit which supplies a second gas which is
di f f er entcadnern it fon 0if gasremidivdr oxagh mnacintrive irexpes weadd ght deam i s
transmtted, into the gas-tight chanber; and

gas—-tight chamber; and

an opening/closing mechanism which opens/closes a passage
for the gas between the space in the gas-tight chamber and

the gas concentration-measuring unit.

18, A method for producing an exposure apparatus for
illuminating a first object with an exposure light beam and
exposing a second object with the exposure light beam having
passed through a pattern on the first object, the production
method comprising assembling:

a gas-tight chamber which tightly encloses a space
including at least a part of an optical path for the exposure
light beam;

a gas supply unit which supplies a gas through which the
exposure light beam is transmitted, into the gas-tight
chambexr;

an openable/closable cutoff valve which is provided in a
supply passage for the gas to be supplied by the gas supply

unit; and
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an adj usting unit which adjusts amounts of the supply of the bisddNt 3Me
supplied by the first and second gas supply wunits. 21. A nethod for
produci ng a device, conprising the step of transferring a device pattern
onto a workpiece by wusing the exposure nethod as defined in claim3. 71 1
6 JAN 2004 22. A nethod for producing a device, conprising the step of
transferring a device pattern onto a workpi ece by using the exposure

appar at us as gdefdfradhi nGhaiRi8n 23R MHod fore Produsi ng 2 devisge,

conprising the step of transferring a deV|ce pattern onto a workpi ece by

using the apparat S 24. A nethod for
produci ng a gjew 1:)}a co?rlpr?|ésj‘$sneg ﬂeﬂ(é{ ep of° ?faonrsgtererl ngfos%few ce pattern
onto a morﬁp 2Ge, usi the ex sure appar at us as defined in claim11.
25. A netth aa]? spr SYUTT Or% hyeH Si%y e tha &t nsferring a

devi ce pattern onto a workpi ece by using t he exposure apparatus as defi ned
in clai m#PTEEL . EXPOSI NG METHOD AND APPARATUS ABSTRACT When a gas on at

| east a part of an optical path for an exposure |ight beamis substituted
with a gas through which the exposure light beamis transmtted,, an
exposure nmethod makes it possible to performthe substitution stably at

| ess 19. A method for producing an exposure apparatus for

illuminating a first object with an exposure light beam and
exposing a second object with the exposure light beam having
passed through a pattern on the first object, the production
method comprising assembling:

a gas—tight chamber which tightly encloses a space
including at least a part of an optical path for the exposure
light beam; and

a gas supply unit which supplies a gas through which the
exposure light beam is transmitted, into the gas-tight unit
until a gas pressure approximate to a first gas pressure is
obtained, the gas supply unit including a pressure-reducing
mechanism which reduces a gas pressure of a gas in the gas-
tight chamber to a second gas pressure that is lower than the
first gas pressure, a filling mechanism which fills the gas-
tight chamber with the gas until an intermediate gas pressure
between the first gas pressure and the second gas pressure is
obtained, and a control unit which controls the pressure-

reducing mechanism and the filling mechanism so that the
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runni ng cost. The gas, which is contained in a gas-tight uni§ (8N fgh
surroundi ng, for exanple, a beammatching unit, an illum nation optical
system a reticle stage system a projection optical system or a wafer
stage system of an exposure apparatus, is substituted with a | ow

absor pti ore@ast i G £ GBle tdUHYahe e 448 @xPosireidd ahteiPaas igas

transmtted, by using a gas substitution unit (S). During this process, a

step of: r%cﬁg&g%q%ﬁgﬁgyt@%'p the gas-tight unit (8) until a
first gas pressure |ower than the atnospheric pressure is obtained by
using a gas aspirator (7), and a step of filling the interior of the
gas-tight unit (8) with the | ow absorption gas (GA, GB) until an

gas pressure and the

i nternmedi ate .gas press re%ii)%tvment e first
at nospheri c r%‘béssur% TN & He PHE T HYR AR FHPOPHEIARRFRAE diftber of
tinmes. Supsequently, the interior of the gas-tight unit (8) is filled with
the | ow ajo]stfClbW%Wr@%sa igst @yt ivith g giresre ldeitodemm end t he
atnospheric pressure is obtained. (Figure 2)
exposing a second object with the exposure light beam having
passed through a pattern on the first object, the production
method comprising assembling:

a gas-tight chamber which tightly encloses a space
including at least a part of an optical path for the exposure
light beam;

a first gas supply unit which supplies a first gas ,
through which the exposure light beam is transmitted, into
the gas-tight chamber;

a second gas supply unit which supplies a second gas
which is different from the first gas and through which the
exposure light beam is transmitted, into the gas-tight
chamber; and

an adjusting unit which adjusts amounts of the supply of

the gases to be supplied by the first and second gas supply

units.

21. A method for producing a device, comprising the
step of transferring a device pattern ontc a workpiece by

using the exposure method as defined in claim 3.
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22. A method for producing a device,
step of transferring a device pattern onto

using the exposure apparatus as defined in

23. A method for producing a device,
step of transferring a device pattern onto

using the exposure apparatus as defined in

24. A method for producing a device,
step of transferring a device pattern onto

using the exposure apparatus as defined in
25. A method for producing a device,

step of transferring a device pattern onto

using the exposure apparatus as defined in
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comprising the
a workpiece by

claim 8.

comprising the
a workpiece by

claim 10.

comprising the
a workpiece by

claim 11.

comprising the
a workpiece by

claim 12.
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EXPOSING METHOD AND APPARATUS

ABSTRACT

When a gas on at least a part of an optical path for an
exposure light beam is substituted with a gas through which
the exposure light beam is transmitted, an exposure method
makes it possible to perform the substitution stébly at less
running cost. The yas, which 1is contained in a gas-tight
unit (8) for surrounding, for example, a beam matching unit,
an illumination optical system, a reticle stage system, a
projection optical system, or a wafer stage system of an
exposure apparatus, is substituted with a low absorption gas
{(GA, GB) through which the exposure light beam is
transmitted, by using a gas substitution unit (S). During
this process, a step of reducing the pressuré of the gas in
the gas-tight unit (8) until a first gas pressure lower than
the atmospheric pressure is obtained by using a gas aspirator
(7), and a step of filling the interior of the gas-tight unit
(8) with the low absSorption gas (GA, GB) until an
intermediate gas pressure between the first gas pressure and
the atmospheric pressure is obtained are repeated a
predetermined number of times. Subsequently, the interior of
the gas-tight unit (8) is filled with the low absorption gas
(GA, GB) until a gas pressure approximate to the atmospheric

pressure 1s obtained.

(Figure 2)
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