EXPOSI NG METHOD AND APPARATUS TECHNI CAL FI ELD The present 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,
| mage pi ckup elenents (for exanple, CCD), liquid crystal displays, plasnma
di spl ays, and thin fil m mad@E¥ROSING MREHOD AN ARRRARATNS usi ng t he
| it hography technique. The present invention is preferably used especially
when a vacuum wultraviolet |ight beam (VUV Iight bean) is used as an
exposure |ight beam BACKGROUND ART In order to enhance the resolution in
response to the realization of fiTRCERNICAL tBIEEhe 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 like is produced. At present,
the KrF exci ner Thes pregevvelmrentioR48eTafes storamicexpesute nsehliod Homeéver ,
the ArF excinmer |aser (wavel ength: 193 nn), which has the shorter
wavel engt h dm éxposiace apparatavs ot@tbe egsed), in stls nwisép afor herdnsferring- -
- - stage of practical use. Projection exposure apparatuses have been also
suggest ed, avmask ysetidmn expos Ua esubgttatbessudinvasiga waféorwkeen wvavel engt h
in the vacuumultraviolet region, i.e.,

device, which includes, for example, semiconductor integrated

circuits, image pickup elements (for example, CCD), liquid
crystal displays, plasma displays, and thin film magnetic
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

Iﬁ 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 ArF
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 including, for
exanple, the F2 | aser (wavel ength: 157 nm and the Ar2 | aser (wavel ength:
126 nm each having the shorter wavelength. In the case of the ordinary
optical glass, the transmttance is |owered for the exposure |ight beam
having the wavel ength of not nore than about 180 nm as described above.
The opti calstegerdfipragtitak asde (REQjSOriomeeXpeInEe taPRAXPEIRSS Mavider
and the substrate for the reticle as a transm ssive type photomask, is
limted, fdreexaise suggesfied: which usepdie vexposuee |eam | having,
and crystals of fluorite (CaF2), magnesiumfluoride (MgF2), and lithium
fluoride (la Bhoruen heaveleng@)(pmmhse Ivgmumelahtrmmhalsegmn\avm%ngt h
of not nore than about 200 nmas in the vacuum ultraviolet region, is also
absor bed exin ereraveiergtly bdmd ofxaoripimoréytham ajeubak®@ mm, oxygen,
steam and hydrocarbon (hereinafter referred to as "absorptive gas").
Ther ef ore, irdaudienplEyr iexaspheccssary, flasexx\gavelleagtihe 1&7e mage and
concentration in the optical path is suppressed to be approximately in an
order of pprhe Aacoddiseyl | wawedenigitd: 126U mm )uldacdy ihalving itdiet shearbers used
as the exposure light beam it is necessary that the optical path for the
exposure |wayrgldregirthi s substantially in vacuum or the gas containing 2
t he absorptive gas such as oxygen on the optical path is substituted with
a gas which caushs tles scades ospttlos. oxtibmary hepeixtal egbpss catheat h for t he
exposure light beamis

transmittance is lowered for the exposure light beam having

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 a transmiséive type photomask, is limited, for example, to
quartz glass doped with, for example, fluorine, and cfystals
of fluorite (CaF,), 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-reducing
chanber (preparatory chanber) for exchanging the photomask and the wafer
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 tinme to exchange, the photonask and
the waf er, ¥heAhsonptive EagcTHARAS | FXYIER RP/LHPRE @PTifRrl cRpbluie step.

Accordingly, consideration wll be nade bel ow for the case in which the
gas on the swWpatitutedtwithhra tgrs alpiehireansemt Lo nabsorpptent ut@hien t h
t he gas which causes | ess absorption, i.e., the gas through which the

exposure |ithe entire optieahipath fon the expeswrethighpt opeami bd exposure
apparatus which uses, as the exposure |ight beam the |ight beam having
the wavel esupstartimllypie vackumbolt ISnecessNY | ¥O t preovide uan
ultraviolet region as described above, it is necessary that the
pr edet er mi reesgur el edut ng athambex h( prepasatesy ebhambper) oforis used for
the refractive optical nenber and the substrate for the reticle, and the
gas on the eythamdipatthé sphoudmask vard the Iwafer gafonhéxémpbescbetagse
absorption, in order to suppress the absorption of the exposure |ight beam
on the optitte libtasy eHathe hehdtghask | amd nblne et ransphoat nkine ofior heheaf er .
However, for exanple, if the residual 3 concentration of the absorptive gas
i n the gas wafeheaopthesdubgpatatexoedis exposedtarei ardangedainzebevaline,
for exanple, due to the contam nation of the gas on the optical path with
For this reason, it takes a long period of time to exchange
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 wvacuum
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 the 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 due to the
generation of the rel ease 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 abdmmgentiationioe thechserptive dasininnthecgaspen cthe pepbiea)y be
varied by the time-dependent change of the residual concentration of the -
absor pti ve paith @xdgedsya predetexinined bueinal ized feabpei cEOr paxamplee
exposure energy on the wafer may becone unstable, and any uneven

i | | umi nanceduerdyo deiveircontamibnatpeos we thetgason hehet éptitahdpath withti on
to the gas substitution for the optical path, there have been suggested a
met hod i n wie cdxtémnaghsa{f ovhsxtangbeorbs t thgeexposure el jobl , bedmpugh

whi ch the vacuumultraviolet |ight beam as the exposure light beamis
transm tt edue stal tlevegenerzbhon nebushg fébeasergasecvenbhimbngstberi ng the
exposure, and a nethod in which the nmechanismfor tightly enclosing the
opti cal patdbsdrptieve pyag echich abeposhs ethepexpdssre slaghbweeamp fave
pressure resistance, and the gas is charged after the interior in the

opti cal patdxample evioms| yhevinnet evalh oficthen lémsebarrel ncohbactihng of
the nethod in which the gas is allowed to 4 continuously flow as in the
former net haikh ttise fopt bvahgpathcotiveni €he cesposese dhatgy sont tRegwafes
allowed to flow for a long period of time, the anbunt of consunption of

t he (substrate to be exposed) is remarkably lowered. It is also

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 absorptivé gas or by any
uneven 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. Especially, an
expensi ve 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 i's once in vacuumto fil
the interior wwth the gas through which the exposure |ight beamis
transmtt ed¢odtinueusy |Gawraspithdde tharmes IRgEhRA pridie RMARI  That

is, any inmpurity, which absorbs the exposure |ight beam is_released from
t he consti tindonvenitendelaniges he Thats I rdie gas te alkawed theflpii cal
system during the process in which the pressure is reduced to vacuum and
t he surfacd®mwfa thang Ipericathdf Heing r rdre arowyt |af prsumptien obuthe y,
Even when the gas substitution is perforned without performng the vacuum
evacuat i on,gagnyis ripgreasest, tans [the rumhing ¢est adsoinexeased he surface of
the constitutive material, is released to sone extent in a state (steady
state) in Espgcitdie y ntaay ienpensive |gak éudh tase hekiumrimigisedhfeh the
exposure light beamis transmtted after the conpletion of the gas

substi t ut i gyas Fdrhe hwnnisas st tfors the qurohesssion yexposwne | appasdtus enove

the inmpurity by successively circulating (substituting) the gas in the

opti cal patis gfreatdnedaiarernsestl rate after the conpletion of 5 the gas

substitution. Taking the foregoing viewoints into consideration, a first

obj ect of the priaseite icasntobrthes nethpdvinevleirh the interior of the
optical path is once in vacuum to fill the interior with the
gas through which the exposure light beam is transmitted 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 the
completion of the gas substitution. For this reason, it is
also ﬁecessary to continuously remove the impurity by

successively circulating (substituting) the gas in the

optical path at a predetermined rate after the completion of



exposure method which nmakes it possible to perform substitution in a
stabl e 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
ht beamis transmtted. A second object of the present invention is to

lig
pro

vide an exposure nethod which nakes it possible to perform

substi t ut i dtheatgdsesibanidivtgiarost when a gas on at |least a part of optical

h for an exposure light beamis substituted with a gas through which

t he exposure |i §akinsarmhe sfaregsing twikwpo intis dinty) exansiderat iowesent

ention is to provide an exposure apparatus which makes it possible to

carry out thiestexiograte afettiel mesEvc rinbehttionyeisay Iprevidd faci ent | y,

a nmethod for producing the exposure apparatus. A fourth object of the

present i nexpgasure metthget owhdzh anakes hicd gass ivleluod eefalewi ce, which

es it possible to produce the device at a high illumnation efficiently
consequdrdt jtwwtian himgha tdrahilg meannisr uéhery a hmexposat eleast hadpast

cri bed above. DI SCLOSURE OF THE INVENTION 6 A first exposure nethod

accordi ng tof tdptimas@eth i forerdn expesircke sl ightarbeam absirsulnset hiodt édr

umnating a first object (41) with an exposure |ight beam and exposi ng

pat
i nv
and
mak
and
des
il
a

pat

second ahitdrta (dals thrdudghewiedqlvsthe déxpiduiee sl diaty i eampass ed
tern on the first object; the exposure nethod
transmitted.

t hrough a

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

is transmitted.

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 exposure

method as described above.

DISCLOSURE OF THE INVENTION



conprising tightly enclosing a space (BMJ to WST) which includes at |east
a part of an optical path for the exposure |light 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 (P1l) is obtained, by alternately repeating, a plurality of tines,
a pressure-redud niistepexposwor dieighed Fpeardirg ok ath@sPresene tightly
encl osed space until a gas pressure approximate to a second gas_ pressure
(P2) |ower ineentiomr resgidesyain prsexpesuxe ghethoddionntl buminathagsaep of
supplying the predeterm ned gas to the tightly enclosed space wuntil an

i nt er nedi at®lxgts ghiscur 4l P3yithetarcexpdeure rbightisbean cardrexpegiingea
second gas pressure is obtained. According to the present invention as

defi ned abosegondeobjress(fk) retihitige sexposude t hbght | béay bavpnarpassed
repeated, for exanple, twce or nore, wthout bringing about the high
vacuum f or thsowgt ondpajisen ess utlze RAtcot dobjegt ; t bee spgpesuraméthéd| | ed
with the gas at a high purity through which the exposure |ight beam which
i s conposeccaniprisingxahghely aendlosingeanspace n(BMU wae eN@RYtWwhid¢hnot nore
than 200 nm is transmtted. During this process, the interior of the
space 7 is imtludesn &t gheasicuanpatttef dheoptica]l pakhafonnthefexpesure

rel ease gas containing any inpurity generated, for exanple, fromwall
menber s forlidiet dpeane; | andlefCikhimg. the tighblpi éhelosed sspatg pethoam t he
substitution for the gas in the space. In this case, the first gas pressure
(P1l) is, fopredetermined gas through which the exposure light beam is

transmitted, until a gas pressure approximate to a first gas
pressure (Pl) 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 pressure 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., approxinately 1 atm

(at nospheric

pressure). The second gas pressure (P2) is, for exanple, wthin 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 method according to the present invention

resi des in i nodpobura wikghodaewrm stated ndfhewetorer stheppmeunt 40f theh an

exposure |ight beam and exposing a second object (61) with the exposure

i ght

exposure nethod conprising tightly enclosing a space (BMJ to

bearmelkeasgy gasseentainind anpaimprrity gererated, obpecexampke,

WST) whi ch

i ncl udes atfremsvall peembers abonpthe aspaee his olecreasedposli eisiphssbelhen

t he exposure nethod further

conprising a first step of substituting the

tightly enctossthbEpaperfwrh théisubsyisuthonufdr vbhehgaseirxpbeuspate ght

beam i

s transmtted; and a subsequent second step of substituting the

tightly encl osedimptitis wcase a skeohirgtsgasrpogdswheéchPl) hesexposure |ight

beamis transmtted,

the second gas being different fromthe first gas.

Accor di ng texdnyeley e3@0thPaveoat 1 b0 asPalef i ned, abpproximhtelyhk gtm.in t he
space is substituted with the gas through 8 which the exposure |ight beam
IS transm t(@dnosphesipossessere] 0 dRire esseondegasvpnessires¢P2) isg ferond

gas. Therefore, the running cost can be reduced by using, for exanple, the

second gas etampbas whtihini & nange copehti pa tbdahOtkrafi isé., gas but which
has a better transmttance with respect to the

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

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 exposﬁre 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.

According to the present invention as defined above,

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



exposure |light beamas conpared with the first gas. In still another
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 exposing a second object (61) with the
exposure |ight beam having passed through a pattern on the first object;

t he exposurdhipparhe wexpesipre slight kean is ghxarsmbbleed( 21 ols)pods thle
tightly encloses a space (BMJto WST) including at |east a part of an
optical patte fdgcrense eidppsameunt vf weanef dblte sseeend sy UhhereBPrep S6)
whi ch supplies a predeterm ned gas through which the exposure |ight beam
i s transm tthel rumning ezost ointhe yeducedhby cheines ; fonhexanple hethas
supply unit has an inpurity-renmoving filter including a |ight-absorbing
gas-r enovi repdond eyag 1) ahgas whiclovis moré caxpensivefthaygehe afiirsteam
contained in the predeterm ned gas. The exposure apparatus is used to
circul at e tdes dast iwhicihehamsa thagtitex hordmsmit tancpewith nrespete to the
substitution for the gas by using, for exanple, the exposure nethod as
descri bed axpesuriechightndbeamids i coppased|weith tie nfirst agasi gh purity

state of the gas in the gas-tight chanber. 9 in still another aspect, a
second exposur e hppsit il Lisanciclver daspetcd, t aef jrets eexposweat apparatuses i n an
exposure apparatus for illumnating a first object with an exposure 1|ight

beam and exgosirdiirg Stas otrite o esénwi 1véneienx ppessides | ighan berposavreng

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 unit (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
includiﬂg 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 in

the gas—tiéht 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 chanber (2 to 6)
which tightly encl oses a space (BMJ to WST) 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; a gas

concent r at i on- ndas @tidgl @anatiem Aspgttch aletInd KPR MPRATHHIDf a
predeterm ned residual gas renmaining in the space in the gas-tight

chanber ; arcardipsnity/He prepentecinveniqy/iesidey ishiah SFRIBVES oses a
passage for the gas between the space in the gas-tight chanber and the gas
concent r at iappamasas i for udiiumitetoiny iy firstheokieehdrikdp csurexppparet us as
defined above, for exanple, when the gas pressure in the space is |owered
in order t disyhtthdregen tdnel geepoisindea syemmd tdlejepts . with the exposure
concentration-measuring unit can be protected by closing the

openi ng/ cl dsiight ressmarheasning paapeedittthrdighyas parioem ren itte fisestri ng uni t
fromthe space. Therefore, when the exposure nethod of the present

i nvent i on ddsiedte dlsboaxposumarappakratug ,comp s joug sa bfas +oightabdlyameesur e

the gas concentration in the gas-tight chanber. 10 In still another
aspect, a t{2 rub epashirch apipghitaly senaclbesksli argspace hEBNU elseWST vent i on
resides in an exposure apparatus for illumnating a first object with an

exposure limgdiudiaameandleagiosa neprt sef caml bl Bedl wath t firer ebipo sexposhirght

beam havi ng passed through a pattern on the first
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 és 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, when 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 chanber (2 to 6)
which tightly encl oses a space (BMJ to WST) including at |east a part of
an optical path for the exposure |ight beam a gas supply unit (S2 ta 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 osablin chicf} angthexn \Aspeat]) aWihird eXxpesuRAEPPAratesippl y
passage for the predeterm ned gas to be supplied by the gas supply unit;
and a cont ragicamding 1 18 peessnt|ineentidre xesilds \in \an | expeseref
energency and in case of rmaintenance for the exposure apparatus to stop

t he suppl y agpandimspriseetickInimioth sy t firsyabjechtwitnderexpeswrei ng to
t he exposure apparatus as defined above, the interior of the gas-tight
chanber carliwght ibdaal and rexpws iges 4 sexgid whpéct with ekdpesexposupdt beam
Is transmtted, in a short period of tine by closing the cutoff valve in
case of endriggric\beam hawvimpgmssedrainteangince, pattitexnusn nghe hEiesternal air
into the gas-tight chanber to perform predeterm ned operation, and then
openi ng t heolksjdayf tisd expomire apmEardtous, comprisipyssidgas-tigkt fchambety
carry out the exposure nethod of the present invention. 11 In stil

anot her aspertto & ¥ atiidh exipgistlye exppbosésisa sysaxoe d{ BiU t oo tET pr esent
i nvention resides in an exposure apparatus for illumnating a first object

with an expaminslindg git et ancpaxtpast non copteieall pdilecfom the t &epesposur e

| i ght beam havi ng passed through a pattern on the first
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
méintenance 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 through which .
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 operation, and
then opening the cutoff valve again. Therefore, it is

possible to efficiently carry out the exposure method of the

present invention.

11



obj ect; the exposure apparatus conprising a gas-tight chanber which
tightly encl oses a space including at |east a part of an optical path for
t he exposure |light beam and a gas supply unit which supplies a
predet erm ned gas through which the exposure light beamis transmtted, to
interior of the gas- tight chamber until a gas pressure approxinmate to a
first gas pressinstislbmnrother aspeetn a heowskth SeAROSuLEei AppICATURS A
pressure-reduci ng nechani sm whi ch reduces a gas pressure of a gas in the
gas-ti ght cieometing to st rpresentrinventiomares tdes olmran herxpeswre i r st
gas pressure, a filling mechanismwhich fills the interior of the
gas-tight cippixatus tfoxr hbllyninkt g aeliixst cbjedt amitintan nexpesergas
pressure between the first gas pressure and the second gas pressure is
obt ai ned, akight deram dindiréxpaking xsecand obfept cgith cthe cexposure
mechani smand the filling nmechanismso that the reduction of the gas
pressure andighie Bedn ihayimg hpddwsed prlackmigh na neat gesn aor tlepebiesit a
plurality of times. In still another aspect, a fifth exposure apparatus
accordi ng tabjdrt pridees gxposent | appa st ke scompris Bxqp os ugas - aglat ad hiambor
illumnating a first object with an exposure |ight beam and exposing a

second obj ediiah tthidhiel yexeamsloses 12 spade becbudivg nat phesasd 4 hparighof
a.pattern on the first object; the exposure apparatus conprising a

gas-tight chmandericaihipdthifdt | yhensiposasre bigite beamhpdand atgasastpplpart

of an optical path for the exposure light beam a first gas supply unit

whi ch supplurest aviicistsussl iew caghredetdrmiwed 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 apparatus

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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exposure light 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 |light beamis
transmitted, to the interior of the gas-tight chanber; and an adjusting
unit which adjusts anounts of the supply of the gasses to be supplied by

the first bighidesn hpging passemi throqye 3 ipatteny eechhe Eipdsure

met hods of the present invention can be carried out by using the fourth
and fifth xRS LR RFRISIZES IRRIEIEVS FYNPYHSERY |2 gadtheghtisphamben
met hod for producing a device according to the present invention resides
in a met hodwhigh pighftly repalerss o, spae@rincheding ateheasttaaparerefng a
device pattern onto a workpi ece (61) by using the exposure nethod of the
present i namtophical tprtlxbortke gxpesure bight heeampsanfirstegason. Wen
the exposure nethod of the present invention is used, then the
transm tt arsupply ttrit ophichl sypphi¢srat htrekpoasirehtroggh webohithe
mai ntai ned to be high, and the illum nance (exposure energy) of the
exposure |éxpresimean byht Heeawr kpi bransmivbed; astoeinter ber hofhthe Tgas ef or e,
t he throughput of the exposure step is inproved, 13 and it is possible to
produce t hetgvi cchanbene &isgpcondirgas hsupply nusit | whacht sepphiesca, a
met hod for producing the first exposure apparatus according to the present
i nventi on sepnribsgas whiah hibsl diof ferentucfnom abhexpisst egappandt tbréwgh
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.

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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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 production nmethod conprising assenbling, in a
predeterm ned positional relationship, a gas-tight chanber which tightly
encl oses a space including at |east a part of an optical path for the
exposure |iapd Yeals possiblesteupprduemitherdenieepptitie shighedet er ni ned
gas through which the exposure light beamis transmtted, the gas supply
uni t havi ngcharoughpnt i y-renoving filter including a |ight-absorbing
gas-renoving filter which renoves at |east one of oxygen and steam
cont ai ned i n t heln psetkl candthelr @spedh, sainethodt fer prxpdecing bhehod for
produci ng the second exposure apparatus according to the present invention
resi des in fimst hexpdsurerapparagusnnecpoding bppbhatpresent invemtibani ng a
first object with an exposure |ight beam and exposing a second object with
t he exposureedidgd Imaanmetvhod feasprodudingghnexposere appahatasrfor

obj ect; the production method conprising assenbling, in a predeterm ned
positional ilkhiminanitg pa Higss-objbct chibbean waxpdsturghl ightnbéameand
space including at |least a part of an optical path for the 14 exposure

i ght beamexpgsing uppsgcomd towfiect wilppl thks exppsedet ightebegmnshavinggh
whi ch the exposure light beamis transmtted; a gas

concent r at ipassedstiragghing tpabtein omashe efisstovbiect pttba production
predeterm ned residual gas remaining in the space in the gas-tight

chanber; amkethod 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 fhrough 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 objéct 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
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openi ng/ cl osi ng nmechani sm whi ch opens/cl oses a passage for the gas between
the space in the gas-tight chanber and the gas concentration-neasuring

unit. In still another aspect, a nmethod for producing the third exposure
apparatus according to the present invention resides in a nethod for
produci ng an exposure apparatus for illumnating a first object with an

exposure | iepposimen lhight heawi iy gesaupplybinet wiich tsuprkiRsre |ight
beam having passed through a pattern on the first object; the production
met hod conpredetemsiged|dan, thrpouglprvhicele rithe rpru e okitght rkeam i bhshi P,
a gas-tight chanber which tightly encloses a space including at |least a

part of an tEnsmityed;h & qgas eoneenuakon+rgasweiny wnifaswlighly unit
which supplies a predeternined gas through which the exposure |ight beam
is transnineasiirem poraetcdbisemnl ef cutpfédetexmined ahes sdugpl oyasled in a
supply passage for the predeterm ned gas to be supplied by the gas supply
unit; and a:emmtnxng uim ttheispace | s eshe hgastt iflit wehambeéen; camd an
energency and in case of rmaintenance for the exposure apparatus to stop
t he suppl y afen iy qrestiaice mectsah ims whni¢lheopess (¢Idpdes hmnpassadge Sorl |
anot her aspect, a nmethod for producing the 15 fourth exposure apparatus
accordi ng tthed agprisserden nuentspace riosi tes gas-at hghvh ochdmbepramdcting an
exposure apparatus for illumnating a first object with an exposure |ight
beam and eyg®orentasEcnivh-aigaEnirimg hanite. exposure | i ght beam havi ng
passed through a pattern on the first object; the production
In still another aspect, a method for producing the
third 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 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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met hod 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
whi ch supplies a predeterm ned gas through which the exposure |ight beam
Is transmtted, to interior of the gas-tight unit until a gas pressure
appr oxi mat £qurth féexpasuprs JpRIALYS acomdinge o tthe presenpplyvention

i ncludi ng a pressure-reduci ng mechani smwhich reduces a gas pressure of a
gas in the mesidesyhin ghamdihod ofor proedugiingsaprexpeswre Rppaxatesefox han
the first gas pressure, a filling mechanismwhich fills the interior of
the gas-tiiglitumiratbiong va tHirsie gl ekt eriimeth gexpesure hight nbeameandt e
gas pressure between the first gas pressure and the second gas pressure is
obt ai ned, @&wpasimta deaond alfjedt witth rithe exwosurssuight dueam ngaving
mechani smand the filling nechanismso that the reduction of the gas
pressure arphdded thidiugly avipdttdren prdeierfinstd oedect g thpgareduation
plurality of tines. In still another aspect, a nmethod for producing the
fifth expomethappomiris bog assenpling heiprageredetermined posstiesaln a
met hod for produci ng an exposure apparatus for 16 illumnating a first

obj ect w t hrelateiqreshie, |a gds-bebkghtancharbeo silnicla siglvtlty odtperdses ta t he

exposure |ight beam having passed through a pattern on the first object;

t he productspatce niddiod Doyt Slewstass gedntt ngf am Gpipicalktpath nfolr polset i onal

rel ati onship, a gas-tight chanber which tightly encl oses a
exposure light beam; and a gas supply unit which supplies a
predetermined gas through which the exposure light 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-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 method for producing the

fifth exposure apparatus according to the present invention

resides in a method for producing an exposure apparatué for
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space including at |least a part of an optical path for the exposure |ight
beam a first gas supply unit which supplies a first gas through which the
exposure light 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 1light beamis

transm ttedilhwnineting e iDirsif olpecfaswitlyan efposmere bightrbeanuandng
unit which adjusts anounts of the supply of the gasses to be supplied by
the first axposioond sgeosdppjeciniwisth BRhEFeXXSORI Tl B O GaiE IDRAVMYIGS

Fig. 1 shows a schematic arrangenent illustrating a projection exposure
appar at us tpasmediseirouglarn e@npdzn yon erlbe df estt @b jedre; prles eproduekeinonon.
Fig. 2 shows an arrangenent illustrating a representative gas substitution

unit S of tnstteod oompi is ing). adseamisl ngprirespooedet eppinedhposimiond8l Fig.
3 shows an exenplary arrangenent of a concentration neter 11A (or a
concentr at ixslaricisHify) & hgas-tlighti chamberiwhich shibgist by sémt Posés change
of the gas 17 pressure in the gas-tight unit when the pressure-reducing
step and t hspdce | imglwdpg vat Lédst | @vpabis csptamnopebscal epatkptat ethéen t he
enbodi mnent of the present invention. Fig. 5 shows a flow chart
i 11 ustrati ngkpdeng@sl sglstbéarj o £Dpet agaonsipply henfaswhight supplies ahe
enbodi ment of the present invention. BEST MODE FOR CARRYI NG QUT THE
| NVENTI ON first gas through which the 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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An exenpl ary preferred enbodi nent of the present invention wll be
expl ai ned below with reference to the drawings. In this enbodi nent, the
present invention is applied to a case in which the exposure is perforned
wWith a projection exposure apparatus which uses, as an exposure |ight
beam a light beam having a wavel ength of not nore than 200 nm i.e.,

al i ght bearpwg¢ssire ain tehe upas-shight Iynit e@@meﬂhaspaewmemwmm et

| i ght beam (VUV light beamj. Fig. 1 shows a schematic arrangenent

i |l ustrati rstemeandrhectibhing putep ovippathe ubowf abspxpehtwdjasnare Wt h
reference to Fig. 1, the F2 |aser (fluorine laser) having an oscillation
wavel engt h wépddiiedinin sthes eeintacd tmerix pof utlke | ppyésentsoimeentiiorone®dg, 5hose
usabl e as the exposure |light beam 1 include |ight sources for generating
ot her vacuwhaws ravilbdwtcharightl besimsatimyg thetdas Ks@bsaseutidmypt on di ner
| aser) having a wavel ength of 146 nmand the Ar2 |aser (argon dinmer

| aser) havioppratibwel ot thefgdf6t hghtasumit | imsthéecembghinéntao frobhe wave
generator for the YAG |l aser and the high harnonic wave generator for the
sem conductpresarsterinvent bogwosure | i ght beamIL, 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 nmatching
unit BMJ and an illum nation opti.cal system|LU The exposure |ight beam

I L, which has passed BES@UgIODEhEOR €ARRYINEL OUMOIMRE INVERTIONON | mage of a
pattern on the reticle 41 on a wafer 61 as a substrate to be exposed, via
a

An exemplary preferred embodiment of the present
invention will be explained below with reference 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 other vacuum 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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projection optical systemPL. The reticle 41 and the wafer 61 correspond
to the first object and the second object of the present invention. The
foll owi ng description will be nmade assumng that the Z axis extends in
parallel to the optical axis AX of the projection optical systemPL, the X
axis extends in parallel to the plane of paper of Fig. 1 in a _plane

per pendi culharmaniharavendenerakPr oL the sYA&tkarer 3rd peeiki®hriy to the
pl ane of paper of Fig. 1. At first, in the beammatching unit BMJ, the
exposure |hapmomvkawave fgensrator xkor kke | semicerdieon rsers aABng a
relay lens 21, an optical path-bending mrror 22, a relay lens 23, and a
rel ay | ens exgosme thighixgeram eIl ; grhigjeabs |compesed reftan sbtragiolet
illumnation optical systemILU In the illumnation optical system|LU,

t he exposurkasemtbedmaas |dn éxprsune beam genehibed ufirom Bie cexpesuneo a
fly's eye lens 31 as an optical integrator (honogenizer). An aperture

di aphragm (Bightapdowmgre B2 Diluminatésin noetbrleyst emsia m@skrvaagadbeama
light-exit plane of the fly's eye lens 31. A rod lens nay be used in place
of the fly'matesteingnsniy. Biheamd pas ui Elunihat bemnopticahi systbes Ph¥sed

t hrough the aperture diaphragm32, arrives at a field diaphragm (reticle
blind) 36 Vike cexpdsayre ehisgliBs, beam ol j celhigiat inadepals sed nthrough 3dheand a
relay | ens 35. The exposure light beamIL, which has passed through the
field di aphrelgie3s,41 ) | formst@sredwetien i hegdlofia patbedenserthens 37, an
optical path-bending mrror 38, and a condenser |ens 39. The beam mat chi ng
unit reticle 41 on a wafer 61 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 péper of Fig. 1.

At first, in the beam matching unit BMU, the exposure
light beam IL from the exposure light source 1 passes along 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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BMU and.the illum nation optical system | LU described 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
ti ghtness, each of which has predeterm ned pressure resistance, and each
of which has a box-shaped configuration. The reticle 41 is held on a
reticle sta@jEramged aeanslighit-exit axbane o f t e vBLylsn eye rkens odil . The
reticle stage 42 is placed so that the reticle stage 42 is continuously
novabl e (cdsblkends maswrke mged nin Iplaceliofcthenfints feyellens idvabl e in
the X direction, the Y direction, and the direction of rotation on a
reticle base 43.Thheexpasurenkight hémm Xl ndeiclorhas codssed threogh ovhand
the angles of rotation about the three axes of the reticle stage 42 are
measur ed byapentunstdiaphrigned2 merivesnet caa sfidld diaphresdm afestielécl e
stage-driving systemcontrols the operation of the reticle stage 42 on the
basi s of obldingdbd 3B wnismsarszlap| Lexss 318, camtopt idcal gateh +eendimg | mEerds om
an unillustrated main control system which collectively controls the
operation ¢4 4 lender irelagpplbens B5. A Th i edtposirgel iginstissa3N,. ) Swhich
constructed by the reticle stage 42 and the reticle base 43. The reticle
st age syst drasRPassed duaragh vithd £idlnk-dhsglachgret36€) ei Shagen stheebetie 4
conposed of partition walls having high gas tightness so that the reticle
stage syst areti®lle 91 sdateddndenddre ker=rin) @i ropfival reitielivesd Beg
chanmber 4 can be also referred to as "third

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 confiquration.

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 (qapable 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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gas-tight unit 4". The wafer 61 is exposed to an inmge obt ai ned by reduci ng

a pattern in an illumnation area on the reticle 41 at a projection
magni fication 0 (3 is, for exanple, 1/4, 1/5, or 1/6) via the projection
optical systemPL with the exposure |ight beamIL which has passed through

the reticle 41. The projection optical system PL conprises |ens systens
51, 52, S3eadsundd cralues andmprtiol tinfoxmateion rsmpphiedi ficomfan he
reticle 41 along the optical axis AX. A photoresist (photosensitive
mat eri al ) iwniphistacthived meimedentgil Systenafleiclslcoblectivkly hepatrols
substrate conposed of, for exanple, sem conductor (for exanple, silicon)
or SO (siltlmmoperatimsulek orie dikipe cipparatuspt ixatesicliensBiges
accommodated in alens barrel 5 which has high gas tightness and whi ch has
hi gh presswsystasiRSRNCe constuctad i by ithe hrethibche cseageoh2 apdi theé system
PL is isolated fromthe external air. The Ilens barrel 5 can be al so
referred t aatsidieowdde gbk-t iTHie Pdtimle "stada syetah RST hbsmdecovareedaf er 61
is held on a wafer hol der 62 by nmeans of, for exanple, the vacuum
attracti on.witlhe isde+rshapetbrréic ke fstage oarhambef e4 compese3. ofhe waf er
stage 63 is placed on an unillustrated wafer base so that the wafer stage
63 i s contipaetist yomowell = Haowihed leigh gasnoligiginess dédbethati thet reviabd
novable in the X direction and the Y direction in a stepping manner. The
posi tions istdde s¢ysithm R3T ois alsbldied fiiomcthenedbernd® aigl esThé
rotation
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 § (B 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 SOI (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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about the three axes (yaw ng anount, pitching anount, and rolling anmount)
of the wafer stage 63 are neasured by wunillustrated |aser interferoneters.
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
i nformati on supplied fromthe unillustrated main control system Further,
the wafer sumife" 63 focuses the surface of the wafer 61 with respect to the
i mage plane of the projection optical system PL on the basis of a neasured
~val ue . obt ai ned @y the withéxshard edthetwibensétehscheldhenvwafeafest age
system WST is constructed, for exanple, by the wafer holder 62, the wafer
stage 63, dmildér xfky mears (abi fohoexdmpldee thecvacuumeatisachio®T s
covered with a box- shaped wafer stage chanmber 6 conposed of partition
wal | s haviThe hrgfegdsoldeht §2shs shixedton he wafer stage 6€3yst ehh®\BFafer
I solated fromthe external air. The wafer stage chanber 6 can be al so
referred tostesge {63 t bs gabatedhon uam tudill @t Eatedgwaber ekpssuse, that the
operation for scanning one shot area on the wafer 61 in the X direction at
a const ant waftocstagR\E3 (I repnesendssinempvabret (capakbbeai 6fcatanning) t he
projection optical systemPL) in synchronization with the scanning of the
reticle 41 im the X directiom and ancwalsienin vkéoXi dyr&Etriandahdethperati on
for noving the wafer 61 in a stepping nanner to nove the next shot area to
t he scanni nfiirediatidn phsi 4 | Svepptng epzaher. i N"The cpositiiensi ih the Xt ep- and-
scan system All of the shot areas on the wafer 61 are

direction and the Y direction and the angles of rotation

about the three axes (yawing amount, pitching amount, and
rolling amount) of the wafer étage 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 to the image plane of the
projection optical system PL on the basis 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-.

22



subj ected to the exposure. The projection exposure apparatus of this
enbodi nent i s based on the scanni ng 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. \Wen the |ight beamin the vacuum ultraviol et
region i s used Dwrindgiethspexpesure ghthecoperation| foxrhscarniodi prat shot

i s necessary that the substance which has a |arge absorptance (i.e., has a
| ow transnmiaremcd) vhe lwatepeel in the Rxdbrcerelionightapeemstanti e., the
"absorptive gas" such as oxygen, steam and hydrocarbon-based gas is

excl uded fresdédetppivael(f pRipressty Al lpro fdtt iU jniyr iaTi caies1 I
apparatus of this enbodinent is provided with a gas supply unit for

suppl yi ng, +{&® n%fnﬁ%éd%&@{%@iﬁlet%gsseﬁgﬁﬂsOfﬂ%%xg,@oﬁbéa\%&ﬂsm | £gét

beamIL is tra ng alo sorptance wth respect

to the |ighte oé ot halaafaymlﬁ'uayﬁotﬁée %g&l%ﬁgcfgc\?vﬁ:ﬂa&t@énéﬁ&‘?{r?d

to as "l ow 23 absorption gas’ Those usa sorption gas in

this enbodigpiteifeivile 406 SRe CGhLete 188" FofdRoving: the b FOHE1 975 4N2)
%Yu I ng hel ?, ?ﬁg$ ?&r?,

and rare gases In Ium neon , argon krypton (Kr),

xenon (Xe), s@é%{/ﬁr%%hﬁ%% o f’g@% end35ex ML il | SrEQTPESERe Oéc{ﬁi‘ﬁ%fgé H or e

i nert gases, e us ow absorptron gas. A gas supply ani sm
o TR ol oM B ol 4 o RACALETSAEE 180 Copynd?
apparatus  goap system. 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
is 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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of this enbodi nent, the second gas-tight unit 3, the reticle stage chanber
4, the lens barrel 5 of the projection optical systemPL, and the wafer
stage chanber 6 are installed in a certain clean roomin a sem conductor
production factory. The exposure light source 1 and a | ower part of the
first gas-tight unit 2 are installed in a machine room di sposed under the
fl oor of tHPIVERELIDOFASH i rERogRuSIRLR A% nbe LowvrPsPBPtiRRMcIEi BB a
first | ow absorption gas GA through which the |ight beamin the vacuum

ul travi ol etthig)i embodimentningliude thedse-catbed yaertogrge L{mdtr shown) for
generating a second | ow absorption gas G which is different fromthe
first |ow absoreyenrgags(i) and wareugasss dnalmding el ivanrhHe) ,t meomcuum
ultraviolet region is transnmtted are installed in the machine room The
first |ow a%®)ptaxgon gbadr A kryptor ERcpndxeénon ab¥e) ptand yadomB(Rng.
supplied to gas substitution units S2, S3, S4, S5, S6 via a first piping
9A and a sexamixed piag), SFhick pistcompgsedhef ghwo subsmoret inerk4gasess S2,
S3, S4, S5, S6 are connected, via gas supply tubes Sin and gas di scharge
tubes Sen (may etws&d,as cthéeldwralbsoypsiongpasunit 2 for surrounding the
beam matching unit BMJ, the second gas-tight unit 3 for surrounding the
illumnation opigas syppkynmnedhanibsmrefithes seémgedihenbewilll f pow be
surrounding the reticle stage system RST, the lens barrel 5 for

sur roundi ngexpika jmex ectWibboh opefexéncg stenr Yy, hndan heppeafparstafethaanber
6 for surrounding the wafer stage system WST respectively. The gas

substi tuti ofixst tgasS2tightSounit 2 of the projection exposure apparatus

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
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 units S2, S3, S4, S5, S6 via a first piping

9A and a second piping 9B respectively. The gas substitution
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substitute the gas in the corresponding gas-tight units (gas- tight unit 2
to waf er stage chanber 6) respectively. In this enbodi nent, 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 refractive indexes of the respective gases described above
(val ues wi tunitesfebt 3% t9e 5756 aare eonfettess. vig tgaR) SuppRy : tube90297
Neon (Ne): 1.000067 Helium (He): 1.000035 The coefficients of thernmal
conduct i vi tSimfandaag etigchange gaskes afen (1 oF €2 4o &) | ove. the tfbgeh: 2. 40
Neon: 4.65 Helium 14.22 As appreciated fromthe above, the refractive
i ndex of 2fasdsigevomit Gv &drs sytreunding Ghe rbean geatching neierBMGan
that of the first | ow absorption gas GA (nitrogen), and the anount of
vari ati on dfhe leegafd gasvieightdexni 3 hEos eswrcbunding bshe pt 1 bumimat 3 wi t h
respect to, for exanple, any variation of atnospheric pressure is also
smal | er t haptiwal cfystem ILU stthewethboletstaggashambehkridore, the
second | ow absorption gas GB i s advant ageous, for exanple, in that the
i mage f or neumrowithirey ttthe stetcbcéd 4 ttegeroysioen RSDptthral lesy shanr®l &r e
stabilized. Further, the second | ow absorption

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 S6
substitute the gas in the corresponding 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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gas GB 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 circunstances, the second | ow absorption gas GBBis  nore

expensi ve tihke s9ro8d kv | RFARGBIGR i4AS B (Rare T9RS§ bf bF SN hleF dehano
reduce the running cost for the exposure apparatus, it is desirable to
reduce t he HEturRt dthe cbiRiptewakForpleler g% FRHWRBEERFRRbn 3od Hpe
Accordingly, for exanple, a first operation nethod may be available as
foll ows. Tremount ahevankapion ref they refeaehivenindex @f i therseeeond| 1gw
supplied to the portion in which the internal space has the |large vol une
but the ineagksorptinnigas (FRrattrrespect ske, QY aexamplel, t 2RY cHyriathorh,
such as the first gas-tight unit 2, the second gas-tight unit 3, the
reticle stay atrospheric pressurecierakso@mnahbebethars that € thgh
per f ormance second | ow absorption gas G is principally supplied to the
portion in fsth ow abserption sypas GRloesThexrefoye, t bhe | segendolewe so nuch
but it is necessary to maintain the high image formation characteristics
t herei n, salfscarptinn igasréBrisfadrantageouparfetr Sxafiplee pnofhkati bhe
optical system PL. Accordingly, it is possible to obtain the high inmge
formati on egeciomatics clalacbepisebss nof tbke rpnojegttostoptical
Al ternatively, for exanple, a second operation nethod
system PL are stabilized. Further, the second low absorption
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 to 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 internal gas is
firstly substituted with the cheap first |ow absorption gas GAin all of
or any one of the gas-tight units 2, 3, the reticle stage chanber 4, the

| ens barrel 5 of the projection optical systemPL, and the wafer stage
chanber 6. After that, the substitution is perfornmed with the high

per f or manceb secBiel high dprofernanceasecmnd | low hrkserpkiorvgas GBehSt he
first |ow absorption gas GA remains to sone extent, the transmttance of

t he exposurRringipablyinsuppltedcte cely partiencintweiehythahintesral it is
unnecessary to perform the substitution with the second | ow absorption gas
GA extrensinace rdees ynolnchaveli viag ylarge | vobame i #0 enuch dewt ekt eist he anount
of use of the second | ow absorption gas GB as conpared with a case in

whi ch the snéessaxy oboimapatdbnrehle high imageeformatibenabsorption gas GB
fromthe beginning. It is possible to obtain the high inmage formation

char act er i sthasacter tssippreserein: heuchnas ngheotntervoFuof hthe lens
alternatively, for exanple, a third operation nethod nay be avail abl e as
follows. THarrel 5hef shésproiedtionsopeit¢al neyistemhPh. gadcobrdingllyby

m xing, at a predetermned rate, the cheap first | ow absorption gas GA and
t he hi gh pett oisreposes Slebonco | ot atxs otlpe | biglyatméadfpe | fomhatddn or any one of
the gas-tight units 2, 3, the reticle stage chanber 4, the lens barrel 5
of the projcdrantepistits swisiken sihpressiingethaf sunsingecobtivber 6. Even
in the case of this nethod, it is possible to obtain, for exanple,
relatively Alternatively, for example, a second operation method

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 whil e suppressing the anount of
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 diBwrherddbiexranivels, gier sexanrpler 7. thived epera@sionhni ch
i s discharged by the gas aspirator 7, is discharged via a piping 9D, for
exanpl e, tdnethpdoray gpeavaplibalnte (adtfehbews - i iThak tenithdduct or factory
in which the projection exposure apparatus of this enbodinent is
i nstal | ed, sbsthitutien digtpecfermed| witibsa agresobraiined by keixing, rabtoaed.
In order to effectively utilize the | ow absorption gas, the | ow absorption
gas havi ng predefepuined rakg, behe epheap efifsbnlokecabsercion sghsr G&dahg
the gas aspirator 7, and the | ow absorption gas separated as described
above nmay behe diighaper foxmange psecend AlowBabso2Bt ienisgas heB skpaahl edf | ow
-absorption gas. Especially, the |l ow absorption gas to be reused may be
suppl i ed t ox reny ednelef thagpastabngizt dnibs 2 he3 patke sébielehstodge 6, and
the high purity |ow absorption gas, which is supplied fromthe first or
second gas chambex descthdelemddvarrehys bef stippl peojéotite ophabeal ghystiamt s
2, 3 and the lens barrel 5 of the projection optical system PL.
Accor di ngl yBL t hend wrhe nea berst sttage behambet hér | Bven ciln thel ¢cdsei of etlisy of
t he exposure |ight beam can be nmaintained 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 substitution 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 substapces 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

28



Next, wth reference to Fig. 2, explanation will be nmade for detailed
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
arbi traril ywengsecthel separated gkew AAbserptionrgami t SEscial s, vhe | lde
expl ai ned. The gas-tight unit (any one of the gas-tight unit 2 to the

waf er st ageaksenpeion)gas dro e creused mpy kesuppliedted stherfethebeby t he
gas substitution unit S, is designated as "gas-tight unit 8". Fig. 2 shows
t he gas sulstaget¢hamber t4 JAxhdtheawaker stage chimnbdr cos rasdobiie nigigh
thereto. Wth reference to Fig. 2, the gas-tight unit 8, which includes a
part of thewpttiyalow mhsofptiohegaxpoghich | ighsupehied nfxdm phej £irson
exposure apparatus, is connected to the gas substitution unit S via the
gas suppl y aubsecindmghs sowease diesdatiped talbhevee may hbofs@Splbed hto stiade
of, for exanple, special stainless steel. The gas-tight unit 8 has the
gas-ti ght Sjasstight amilesc2; bk dandbdve. léhsisireeél Hfof hehé ogprapeot pon on
gas, which is supplied fromthe gas supply tube Si, is discharged through
t he gas di suptarapel tsystehe. Phal escofi®inglly , whe hraieing peosb| eanl vsabl e

respectively, are installed at internediate positions of the gas supply
tube S andutithegaslatreacddy gend tilbe Setermditfy rof , théeerposugenEbghofbédie
gas substitution unit S '

can be maintained to be high.

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
S2 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 Si and the gas discharge tube Se each of
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wi |l be explained, while explaining the basic operation to be perforned
when the gas in the gas-tight unit 8 is substituted. That is, the |ow
absorption gases GA, GB, which are supplied to the pipings 9A 9B fromthe
unillustrated gas sources, arrives at an inflow port of a tenperature
controller 16 via openable/closable val ves V9, V10 respectively and via a
conmon openddiall cisogsie afal o/ examplks), @peatal tﬂatdmlp e otrebn JEke GA
the | ow absorption gas GB, or a mxed gas thereof can be supplied to the
t enper at ur gasedyitghdi it 68 thasgahe rgps+eight \atmaaterel avrdestribedt he
openi ng/ cl osi ng operation of the valves V9, V10. Wen the valve V11 is
cl osed, it dbove.so Aomsitblall et thew ﬁhﬂ:myptiﬁn tgas | owr il okt i on gases
GA, @B fromthe pipings 9A, 9B. A piping, which is installed wi th another
openabl e/ clsoggidl ieed viatome Bk das supplyprinsee it ois htischdogedorhredgh he
tenperature controller 16. In this situation, when the valve 30 V7 is
cl osed, andhehgasaldisschérye \thibearSe opaiekies HEl2 1 HElL, [winicbsaret i on gas,
which is tenperature-controlled to have a predeterm ned tenperature by the
t enper at ur epEoEble fadiodihl e irespaaptivwel t 0 die indEalbed dt t hetepsedigbe
unit 8 via an outflow port and the gas supply tube Si. Wen the air
remains in pd:atglams ightthmidasl satpphe tuisgisSmiand thengaseddschangehe
gas-tight unit 8 is extruded in accordance with the inflow of the | ow
absorption tgdse iIS8.0 the gas-tight unit 8, and the air is discharged to an
I nfl ow

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 pipiﬁgs 9A, 9B from the unillustrated gas
sources, arrives at an inflow port of a temperature
controller 16 via openable/closable valves V9, V10
respectively and via a common openable/closable valve V11.
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, V10. 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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port of a concentration nmeter 11A for the residual gas via the.gas

di scharge tube Se. Pipings, which are installed wth openable/cl osable

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
connect ed tW tife glesedpiand dgrhe valves Nsthd gt REDigperpdc then the
(corresponding to the pipings 9Cl, 9C2 shown in Fig. 1). The gas feed punp
12 i s conndavedhsorptpiqn s gk disy temperatieer2ori e bked| o \have a3
and the piping installed with the valve V7 via a dustproof filter 13, a
cheni cal fipnestetiermined dipmpenatureydy rdwiemperatwre 1ontFelker 16,
concentration neter 11B for the residual gas. The piping, which is

install ed id tduppldedite tigs inteniorxfdhe gas-treghtismitit®rviavarn the
di scharging piping 9C. A piping, which is installed with an

openabl e/ closaillaw \ponte and e gad suppkettube Shn inflow port of the gas
feed punp 12. This piping is connected to 31 the pipings 9A, 9B via

openabl e/ cl osablwhem|tles afy; nénainsspoctihel gas-Babghfunite goatcebheati on
nmeters 11A, 11B is a sensor constructed by conbining, for exanple, an
oxygen coresyinmaingn tiegre rthench i hygricdeetgas{oight devitpod nis rexordded my
be used) as a concentration nmeter for steam Each of the concentration
meters 11A inl Hecowadarnes witth cidee eimiflxdw anf ofhe t hew addssopt ien ggss (imto
exanpl e, oxygen and steamin this enbodinent) in the gas passing through

t he interi athed ggssefight unit 8, and the air is discharged to an inflow

port of a concentration meter 11A for the residual gas via
the gas discharge tube Se. Pipings, which are installed with
openable/closable valves V2, V3, are connected to an outflow
port of the concentration 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 V3, is
connected to the gas aspirator 7 via a discharging piping 9C
(corresponding to the pipings 9Cl, 9C2 shown in Fig. 1). The
gas feed pump 12 is connected to a piping 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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Results of the nmeasurenent are supplied to a control unit 17 conposed of a
m croconputer. However, in this enbodinent, the substitution is perforned
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
al so i ncor pehaitpibping® ¥cIBfviacopendelefeatosrbkhetealves N5, 1‘1%. The
control unit 17 controls the opening/closing operation for the valves V1

to V12 on trespectivelythe neasured val ues of the concentrations of the
absorptive gas and the first |ow absorption gas GA and the control
i nformati on supdachi ¢f cvhe heomeemt cahion| meyerenl 18, 1hBt h$ saesensdnent ,
the basic operation is performed as follows in order to extrude the
resi dual aiconstrwetedsby igpnbining, 8farf t exampbeban ngxygenappar at us or
before running the apparatus. That is, the valve V2 is closed, and the
val ve V3 iconpemechtidm mesexuand aa rhygrometens(or gatdemi posnt whecorgeri s
di scharged through the concentration nmeter 11A, is discharged by the gas
aspirator 7may e hesed pi g & Conbemtratironasetseppigr asteamcr i Badhabbvehes
continued for several mnutes to several hours, the residual concentration
of the resxcheéntarationthetges-113htl1lBihedsurspethal tynoénbxyyion afid
st eam havi ng i ntense absorption with respect to the vacuum ultraviolet
| i ght beamtlwn dlesoxpeies dasbefon exampleperoxygepnandssteamt hn thpe of the
| ow absorption gas for performng
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 11Aa,
11B. The control unit 17 controls the opening/closing
operation for the valves V1 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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the substitution for the interior of the gas-tight unit 8, it 1is
preferable to use the gas which has a characteristic of snal
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 whi ch his dischaegedcthrcughtthé cohecenbratbeguseterty1Andishi ch has a
| ow nol ecul ar weight, in view of the cooling effect on the optical system
_(lens, nmrdisgdhafigped nibpt the efas raspijpatonh? chiszathef pépingt Cof When
requirenents, is helium Oher rare gases such as neon and argon are al so
appropri at ethéloges esypply asrdegesibedhabsvehisi cont ineedefierveevehalef or e,
the consunption of a |arge anount of the gas, which is caused by the
continuous mimtes toesevebal howve, thenoéspdedkrcencehtratsent b€ theni ng
cost is increased. Accordingly, the following systemis adopted in this
enbodi nent . rdsiduak, aiheinashsugasytighti unity8peespecidl1B3o8i bRygen cheap
price first |ow absorption gas GA (nitrogen gas) to discharge al nost al

of the abscapdiseegashavindpeinyenséi ghsonptioB. wiitherespatt tbethes supply
Is swtched to the supply with the high performance second | ow absorption
gas GB (rareag@asm dksraebdbYebelignt beahi tantbe loweredrtofbet ha gas-ti ght
unit 8 with the rare gas. In this procedure, even when nitrogen remains in
an order ofosdeeret ppmiter the substitution with the rare gas, the
exposure light flux is not badly affected thereby, because the absorption
by : 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
amount 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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nitrogen is small with respect to the exposure light beam Therefore, it
Is possible to greatly econom ze the anount 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 nethod is available. At first, in step 201
shown in Fi%ith thecheapdarice fanst\iow akgorpBiamogms i A F(gitroger
opened, and the valves V10, V7, V2 are closed to supply the first |ow
absor pti on 9%) 0 tdigehargearainest All mef gehe taperphive sgaghénrobei ne
proceeds to step 203 at a stage at which the concentration of the

absor pti ve 9pS-Gilght Janbky@en Afestehat nebhergads bsupply tensehtched obo
meter 11A is not nore than a predeterm ned value DAl (for exanple, 5 ppn

in step 20Zhearupply avith j the chigh penfernarce aseecond 0190w apsoxptionsw tch
the gas to be supplied to the interior of the gas-tight unit 8 to the
second | ow Gk @7t (XA @AGA desiwakiy ) helliam s uppl §ibl the Bateetondof ow
absorption gas GB is continued until the residual concentration of the
first | ow drgas-dhiqhts WiteSiswithl the xare gosl. | sSimothisrprodedurs,
al l onabl e value DA2 (for exanple, several % . Accordingly, the gas in the
gas-tight ewgn when nidentremains imeancooder | ofv sdweral i ®nafsr GBhe at
a . high concentration. The transm ttance of the exposure |ight beam
passi ng t hrankgtitietiogn iwkth pahd rare hgpagjasthe gekposmie Biglst nBlut alsed to
be high. In this state, the exposure is perforned in step 205.
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,
V1l, 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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As for the residual concentration of the first |ow absorption gas GA after
the supply of the second | ow absorption gas (B, no special inconvenience
ari ses even when several % of the first |ow absorption gas GA renains.
Therefore, it is also possible to conplete the supply of the second | ow
absorption gas GB by managing only the supply tine. Wen only the supply
time i s maeggendslaesabsoeptichoyas Gheisteerntineedfuntibl dppervestdual
sinplified, because it is unnecessary that the concentration neters 11A,
11B possesendentrakionof ccheabirst t ew cabveerptton oga®fGA hreasured inw
absorption gas GA. In the case of the gas substitution based on the gas
supply as desep 24 Bhovet moYerthaeramdabliowabike i valweuA2d(foén sone cases
in order to sufficiently lower the residual concentration of the
absor pti ve ggemuple), sekeerab $pl veicembdingly obtlken gas ni holde | gasdt-sibght
avai lable, in which the interior of the gas-tight unit 8 is firstly
evacuat e i mndc B1msvhsarbS8hi titeed)asi shibshe t secomd | lowealhsonedioangas heBl ow
absorption gas GA, G is charged thereto. O course, in this case, it is
necessary tdiata deigh cfondentgest iomht Tine tsr4{m=msit tainte uof t She 2exBosueei cl e
stage chanber 4, lens barrel 5 of projection optical system PL, and wafer
st age chantieigh®) beemm gpadsinmg tlstowgh utlse capabda]l opatindin i tige t fes dt it ence
in pressure between the vacuum at the inside and the approxinate
at nospher i arpirtess uise wd iriteei wed stolcbe Asiglescrimeth bboseaté hethet éxposute
whi ch. t he gas

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 11aA, 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. In 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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substitution is perfornmed after performng the evacuation in vacuum has
such a nerit that the required tine is short and it is enough to require a
smal | amount of the | ow absorption gas as well. However, the foll ow ng
fear may arise. That 1is, the release gas containing inpurities is
generated from various structural nmenbers in the gas-tight unit 8 during

the procedi®fgashSuhiiilim el vkt irprformede and deherlef abroxpision | gas
unit 8. The generated inpurities adhere to the surface of the optical
menber sucllas Ghddg ahargef tthenatoor Ohmpuxseudin siibtd Ak, akle ¥9rned
on the surface of the optical nenber. Consequentlil, the transmttance of
t he exposumecdssgny Bdwah ieachvl dthe gaspridighft yinits t (gas gt nemitst he
following nethod is adopted for the operation to performthe gas
substituti @ iy retivde sfadedhdmhéemel, Thens iarreke pret prejéctior gas-
tight unit 8, which is obtained by the first reduction of pressure, is
kept wi t hi PpticalgsystdmPlvaandnwifendtage 3thambent6  Hes ro sttemge gas
is generated fromvarious structural nenbers to avoid any pollution of the
optical netmict@eecidpatile \of iendunliong tthe etfiutEeréncerios pressure he
gas-tight unit 8 to a predeterm ned pressure P2 (P2 is lower than P1) in
step 211 slmwhwaen Rhp wmassuminghdainditee gndsshe eapprodienaes-ti ght unit
8 before starting the pressure reduction is P1 (Pl is approximately 1
atm, i.e. atRbspheri prehtdat cHd Muttdfde. t he val ves V7, VII, V2 shown
I n
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.

Accordingly, in this émbodiment, 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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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 inprove the gas- aspirating ability in this situation and
suppress, for exanple, any oil em ssion froman aspirati on nechanismin
the gas aspirator 7, a vacuum punp (dry punp) nmay be further installed in
t he V|C|n|t§xt#ntrﬁh@%1m@ xBlense hgasi ¥ ngenerated r foo evaniopB essure by
using this vacuum punp. A pressure gauge 19 for nmeasuring the gas pressure
in the gas-stuetural menbers ree aAvetd sanyrpalbitieryopotheioptical he
piping ranging fromthe valve V12 to the gas-tight unit 8, in the piping
rangi ng fromember gas-tight unit 8 to the valve V1, or at the inside of the
gas-tight unit B. The pressure, which is nmneasured by the pressure gauge
19, is supplied Spechbicahty ol in upirden 7to Thedeoat the pnéssurecibntthés t he
pressure reduction and the pressure application on the basis of the
measured \gastet bht haniass presa upredgerminéed spredsuirecP? , (PRheigatower
pressure in the gas-tight wunit 8 is changed as depicted by a solid
pol ygonal |then shibywninistép 21U, showti in Bigt h® assumbdng athaki thendi cat es
the elapsed tine t, and the vertical-axis indicates the gas pressure P in
t he gas-ti gitessute 8in THiee pgassuight aunit i 8nbeforst spaPiingsthéapressatet he
point of time tO shown in Fig. 4, and the pressure reduction is perforned
until the gesdugtimsuie i (Pl his gasproxyhhately B atmi yei.at,the is
predeterm ned gas pressure P2 at the point of time t1. After

about 900 hPa to 1100 hPa), the valves V7, V11, V2 shown 1n

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. 1In order to improve the gas-
aspiraﬁing 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 pressure 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 gas-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.

37



that, the valve V3 shown in Fig. 2 is closed to stop the pressure
reduction. The predeterm ned gas pressure P2 is a |ow vacuum gas pressure
of such an extent that no release gas is generated fromvarious structural
menbers, 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

poi nt of tine t2IBHeNES | emppdiment; hehe ga® pPressweRninntheggas-tightosed,
and the val ve V10 (or V9) and the valve Vii are ened to supply the | ow
absor pti on @Rkt 3B 18 ophapged cas epheeed oby or sqmblgasowgmabnlmg shipen
interior of the gas-tight unit 8 is filled with the |ow absorption gas
until a gasiprBsguré. PIAInwRiah 45 thghkerizental hexiasipdicates Hae is
obtained. The gas pressure P3 is a gas pressure which is |lower than the
gas pressureldgseditime theandteheéoverticalk awistinhicabés Bheéagashe gas
pressure P3 at the point of tine t3, the valve V10 (or V9) and the val ve
Vi1l are cIcpxgssmredhpimtEheh@a$+tighg anit ali onThet pressusd neduchione
gas. In step 213 subsequent thereto, it is judged whether or not steps
211, 212 arinrsipemt2il nis i srearted aat pteeepeint nefl nimeet0oshownesn(Migs an
integer of not less than 2, and m= 3 in this enbodinent). If the nunber
of repetit4pmudbeshagiressuve meductionmeis operbermed unntil otkéegas211l. The
valve V3 is opened again at the point of tine t4 to reduce the pressure in
t he gas-ti gitessure 8 tinttlkre ggas-pight uriP28 (porivesnfatitket5). After
that, in step 212, the interior of the gas-tight unit 8 is filled with the
| ow 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 gas 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 wvalve 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 P2, 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, fhe valve V10 (or V9) and the valve

V11l are closed to complete the filling operation with the
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absorption gas up to the gas pressure P3 fromthe point of tinme t6 to the
point of tinme t7. After that, in this enbodi nent, steps 211, 212 are
repeatedly executed fromthe point of tine t8 to a point of time exceeding
t 10. 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 iab3oEptijee gatssufR Fuep s2bbtaupeequent sthesete, ikels| Hudgedr
of the gas-tight unit 8 has the gas pressure P1 at the point of tine t11,
and the gaswhefher (@ »et covers t 6l bnd212 arerrepeatedya gk@@%u@% as
performed in step 215. Usually, it is desirable that the gas pressure P1,
at whi ch t eredefpesuired snymbper | 9f peimes ntm, 1$ sap hinkeges ppErnetplessure
(approximately 1 atm). However, even in the case of the vacuum
ul travi ol etthagi2n, andiam & 3 i it thisnembddihent}. a Ihatkeengnbeshoft er t han
that of the F2 laser, is used as the exposure light beam it is desirable
to set a gacepekitbior d%es|nghtayriveeat tmhanthécrovnhinphreturpsetgusbepi n
order to avoid any absorption by the gas. In this system it is possible
to avoi d t halenefhe i vnlvefVs his repened ggsinrain the poirtnaf timectdrbod
menbers, because the pressure in the gas-tight unit 8 is not reduce to
t he hi gh vacedwce Grhe hpressmre himdthe ngasetigbt ohith® tortbBeugasreducti on
performed until the | ow vacuum (gas pressure P2) is obtained, any
absorptive praesswerai P33 (poime ofjasimeghb ) uni AfBer Hohater 1ni stepi 212, the
enbodi ment, the residual

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 t6 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 t10. Subsequently, the routine proceeds to
step 214. The interior of the gas-tight unit 8 is finally
filled with the 1ow-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
the point of time tl1ll, and the gas substitution comes to end.
After that, the exposure is performed in step 215. Usually,
it is desirable that the gas pressure Pl, 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 ﬁsed as the

exposure light beam, it is desirable to set a gas pressure
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concentration of the absorptive gas can be reduced with the mth power of
the gas pressure ratio (= P2/P3) (exponentiation of the nunber of repeated
times) 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 ment
descri bed #bbh@htlnelavwricclamtitn atRespheniq puassyee, tie exderub® gas
are used in Fig. 2, and the concentration neters 11A, 11B include the
sensor sect3whd ankaksoxplelex ket rgdsirati on meters and the steam
concentration nmeters. Sone of the sensor sections do not endure the
pressure reduct i¥h Hhiks taystems 1k rigtpessibIwrto exeepd ethesgenerat hen
oxygen concentration neter based on the pol arograph system and the oxygen
concent r at i%h the areleasel dam frem Ahecinteryal estiecteral membexs whi ch
cannot endure the pressure reduction. Accordingly, when the operation for
40 per f or niherauae (e prrssune i bn the gastt lghfurit p@risrmogredee to
pressure reduction process as in steps 211 to 214 shown in Fig. 5, and
when t he cdiwerdtigh ivacumer On thewitder viiamd, tie ke soase eof i tive Whi ch
does not endure the pressure reduction, then it is necessary that the
sensor sectprgssifre tredwsncentpert famedtwtil Ahes lowtwadwan afgas posi tion
capabl e of being separated fromthe main fl ow passage of the gas flow
passage by pmessung P73 prisexabipimed vamesabsorpt ves hgas remeiiodinfthe
installation in such a case.

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)
(exponentiatibn 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. 2, and
the concentration meters 11A, 11B include the_sensor sections
such as the oxygén 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 systém 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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In the concentration nmeter 11A for the residual gas shown in Fig. 3, two
switching type valves V13, V14, which are operated under the 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 between the both
val ves V13, V14 is designated as "nmin flow passage 114", and the other

pi ping i s dENipEay dehe gasi Mmbetitybippats grecutsd afier eeEEPrBiRgi on
112 for the residual gas, which includes the oxygen concentration neter,
the steam Wwhquessurerreduetiomre¢rssias ojerseprehltl ab9 ol heskown| s
installed on the subsidiary fl ow passage 115. In this arrangenent, when the
pressure redudion §s apbivhemethe oncert xpcicumeterntisrprovidedi vithng
type valves V13, V14 are operated so that the main flow passage 114 is
comuni cat éehevigsénsdre sedtim pipich ddess amet téerduxet thevwpespsure 116, and
the subsidiary flow passage 115 is shut off fromthe inflow piping 113 and
t he outf| owegdysttnipnil then ifhats i secessaxy bshal arlye fsens@prussegeidnSof s
separated fromthe main flow passage 114 so that the sensor section 112
for the redinkiatonmentaipiayanteer TN idecipseabled at calypesbnionft er

conpl etion of the gas substitution, the swtching type valves V13, V14 are

oper at ed scaaputile hef lsetrsg Bepardtady froos agee Inidin sf bovmpas saqge dofv thet he
inflow piping 113 and the outflow piping 116 to neasure the concentration

of the resighmlflme gadsnyetby anemss of), t fier gesampé ) owabged r om t he
gas-tight unit 8 showmn in Fig. 2.

Fig. 3 shows a method of installation in such a case.

In the concentration meter 11A for the residual gas shown in
Fig. 3, two switching type valves V13, V14, which are
operated under the 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 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 is

shut off from the inflow piping 113 and the outflow piping
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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

resi dual gas nay 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 thelbkygePhabntent il i pbsbd barpafhbew opaspage pblar byragparsytedm and
t he oxygen concentration neter based on the zirconia systen), depending on
the type offxome thederin sbkewopags@ge ol 14 heorehatubhe gaensarceedthonyllaven
in the case of the apparatus based on the systemin which the pressure
reducti on pfoecche i xesipdupbrdas niel, preeentediefnom thebpréssuren is
performed only by supplying the gas, it is desirable for the arrangenent
of the conceeducitiem. nedtten iIgompbetior oEstheagagasubsbituhionentbe
section 112 for the residual gas is capable of being separated fromthe
mai n flow $wkbelytng IypasvalvesieVbXanplé ahewwpéeénated. sq. thatothengly, 42
t he breakage or the deterioration of the sensitivity can be avoided, which
woul d be otswhsidbacyubko hyassege nIldHwisfcommeunicgbed onitht thei bnf bdw
residual gas into the sensor section 112 for the residual gas at the early
stage of theipfsg blbsdand uthenoutflow pibpengrkiéradlmeasupeovhde a '
structure in which only the subsidiary flow passage 115 of the sensor
secti on llZdmrentmatben dufll tigasresidiel sgasr talesgrpubyecgas) in the gas
substitution by neans of supply of the gas. As described above, the rare
gas, whi ch irsflepireseftan the gas-tight unit 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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by helium is nbst appropriate as the gas to be charged into the optical
path for the exposure |ight beam However, the rare gas is expensive, and
hence the follow ng procedure can be adopted. That is, the substitution is
performed with the rare gas such as heliumfor only the gas-tight unit
which especially affects the performance, of the respective gas- tight
units in tﬁéx%m#@q%mrm@ﬁm%wmwm eof Heheagengibivityit¢am be
(gas-tight units 2, 3, reticle stage chanber 4, lens barrel 5 of

proj ecti on aynided, W%Wﬂlﬁrﬁﬁv@t@rwsﬁgg@a%m ehe imElewibefithei on
is performed with cheap nitrogen for the unit which does not affect the
per f or mancéhigh eertentat tomnpf ereshdualipbgast intorthe gpenrser npechion
heliumfor the interior of the lens barrel 5 of the projection optical
system PL, bizafer the residudbrgasian therearhynseage gf cbheygasfect ed
therein by the change of the refractive index of the gas caused by the
fluctuati orsubbstitut pomssufe bmdnore preferabbe ofo tprovideeaastrectane by
the 43 increase of the tenperature of the | ens nmenber caused by the

absor pti on i whichk xpokyreheé i spbs hdbary Holew epassage FlHsoft theosensgrbe
performed with nitrogen for the gas-tight wunit 2 for surrounding the beam
mat chi ng urseciBih ahtl2 t fier thes-regiduahi gas ¢an bersepadabgly hseubjected
illumnation optical systemILU, because these gas-tight units are

i nsensi ti vetd csubdiei tutt iomricy msanescf i sepphpove. tHaéegasbstituti on may be
performed with nitrogen for the reticle stage chanber 4 and the wafer
stage chanber 6,As 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. However, the
rare gas is 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 éf 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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because the optical path length of the inmage formation optical path is
short, and the influence of fluctuation is scarcely 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 neasurenent
perfornmed bingreassmiof uche dtenperaturerofcike Ions memberieruse’d Pvstheon.
In the enbodi nent descri bed above, nitrogen is used as the first |ow
absor pt i on akeprpt iemdf Hehe expogire slight beami hcHewewew, | Bl absor pti on
gas GB. However, for exanple, argon, which is a gas having a rel ativel
| ar ge refr ssubswititidyx mayl ke | per tooted cvieh m‘-trmmfotohﬂ%cga%t;lggﬁong
the rare gases, nmay be used as the first |ow absorption gas GA, and a
rare gas (funiex2anfdre, syrtounding rehe)beamanatdling henitbde aeg bheused as
the second | ow absorption gas GB. Wen the concentration of the absorptive
gas in the ges-tight iwmit uhi foB surrewsding athal ikl whinatiowmrepthaalt he
predeterm ned val ue in accordance with the process as described above,
then the trsysten tHilte hécabse cipesergas+ghghbeanits anerinsensitive to
stabilized, and the exposure apparatus can start the exposure operation.
However, t hehe nfldenamsas sdesoent ived uabgvgenerated (rel eased) fromthe
surface of the structural nmenber in the gas-tight unit 8 (for exanple,
fromthe surfacerld ddiestetwt ion tiwey she fperfonhed eitknsitnogéheforrthe,
and the substrate

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 fluctuation of the temperature on the result of
measurement performed by the unillustrated interferometer for
measuring the position.

In the embodiment described above, nitrogén 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 thermal conductivity among the
rare gases, may be used as the first low absorption gas GA,
and a rare gas (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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for electronic parts), although the anount of the inpurity gas is
extrenmely mnute as conpared 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 inpurity gas, and the transmttance of the exposure light beamis
gradual l'y lowered. Accordingly, in order to continuously remove the
i mpurity astigghferumid &boueives at acscabeargf trotdakere cihany| the on while
removing the inpurity of the gas on the optical path. The gas, which is
suppl i ed froredetemined) wiue 9B aAaceedandrR vl viche nprotRsS o038 i nuousl y
used for the gas supply to nmaintain the gas purity. However, if such a
met hod i s delptideed takovennihen coye tsanseitbarce dEcthecexpésuge 1ibghtint
of the gas is consuned. Accordingly, in the follow ng enbodinent,
expl anat i orbean | iseimmcevdédrand necdiail szed prandratdie exposutat apparatue
mai ntai ning the gas purity of the gas in the gas-tight unit 8 45 The
mechani sm cdn chtamngdse fexposumee vopexatfowi a the gas feed punp 12 to the
valve V7 included in the gas flow passage shown in Fig. 2, is a nmechanism
to be used for tHmwewss, cihe ulmpuxity Tdes nbs heontsimuouslpegenqatatedd i n
detail below After the concentration of the absorptive gas in the
gas-tight unteléased) vEromitlee vealrfacé obttherstibatutrdk: memeset &n nthed
val ue, the valves V9, V10, Vi1, V3, V4, V5, V6, V8 are closed, and the
val ves V2, gas-ariglopaneik t® cfer texdmple, from the surface of the metal,
the surfaces of the lens and the mirror, and the substrate
for electronic parts), although the amount of the impurity
gas is 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 piping 9A,
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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circulation of the gas at the inside of the gas-tight unit 8.  The gas,
which is discharged fromthe gas-tight unit 8, passes through the
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 parti®he arechanisn} twhichrrangesfromtehe (valve V2 owipebkerati on
air-filter). After that, the gas is purified by the chemcal filter 14 for
renovi ng claat cieed pymmnktesto the wakbverVaniaeledednbyi btiye f gas eflewd an
organic matter- renoving filter conposed of, for exanple, ceram cs and
met al  oxi dragsRAgRrshavy gin Bigl- s2 eabs aa onechavisintto ee i wsed dfos thé ppm
respectively fromthe gas having passed through the chemcal filter 14, by
means of tgasassiorgnlatcioms- rBmevmechanisn evillb hecéxplained simadetaibvi ng
filter and an oxygen- renoving filter conposed of netal oxide or the |ike.
After thathekdw. concentration of the residual gas is checked by the 46
concentration neter 11B for the residual gas. The gas, which has passed
t hrough t he condefterattihe comeentidad; iqgrassesthe halosoppt ive vghs eiv7thand t he
gas is subjected to tenperature control by the tenperature controller 16.
After that gasheigids yasse® dtriveph dthea wad e \U2, n@ndndie esni shéed to
the ogas-tight unit S. The conponents, which range fromthe dustproof
filter 13 tpredetetsiored iwel wms-teoralved iV 2rvIid, VEDy respond, tws} hes,
I mpurity-renoving filter of the present invention.

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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In this enbodi nent, the gas feed punp 12 is arranged upstreamfromthe
chemcal filter 14 including the organic matter-renoving filter, because
it is feared that any oil nmay be released fromthe gas feed punp 12.for
pressurizing the gas. The chemical filter 14 is installed upstream from
the absorptive gas-renoving filter 15, because it is feared that oxygen
or the |ikecongenpergehen meter r bhBt fer chkei residual egasi4 Thegadse which
matter-renoving filter). It is not necessarily indispensable to circulate
all of thehamspassadotbhsough hehgagoncentration meterstiBbepassese. A
certain amount of gas may be discharged fromthe circulating gas to the
gas di scharthroupk o walve Viorardpbhei ggs abpusmbjected beytemperature
repl eni shed fromthe pipings 9A, 9B. A large amount of gas is al so present
at ‘the insicenfol thye Ybe-témperatung cechnolleraté dessftérdthabyethe
(mechanism ranging fromthe valve V2 via the gas feed punp 12 to the 47
val ve V7). das$ spassesotimrowdh gble atabve b2 psand the gasi bsisfedi toethe
Therefore, in order to performthe internal gas «circulation by connecting
t he gas- ci rgasstigiyt mecitnd sm The ¢tmpoments ghvhicht r8ngenfirbmnthesly with
the conpletion of the gas substitution for the gas-tight unit 8, it is
necessary tdwestpieofiafilver hk3 gbs-the cabsdorpyivecyas+semosingl Shlpeevibysly
substituted with the | ow absorption gas. The pipings 9A, 9B connected to
t he val ves afirréfpomddto t tiee dimpilni gy Agemoping fibbeecoEdthe phesenpi ng 90)
install ed

invention.

In this embodiment, the gas feed pump 12 is arranged
upstream 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 féared 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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with the valve V8 constitute the equi pnent for substituting the gas in the
gas-circul ati ng mechanism However, the nethod for the gas substitution in
the gas-circulating nechanismcan be perfornmed in accordance with a
variety of nmethods equivalent to that used for the gas substitution for
the interior of the gas-tight unit 8 described above, if it is recognized
t hat the vavadee \Ww7) V6, A\harge amquebrebsgasdalse remainsvis the vapiows],
V3, V2 respectively. Therefore, detailed explanation for the nethod is
onmitted. |tfikterse dBkerefrre:hin ordestiecpertorr the imberealraason
meter 11B for the residual gas is equivalent to that of the concentration
meter 11A feircwbatien doyl coarecthngnthe Fag-circuhating mephanismi be as
descri bed above is required not only when the assenbling and the
adj ust rent dietgrsptighttunit 8xpivwltangpuslby eibthectbenpbwpbetiénrof
exanple, in the sem conductor production factory but also, for exanple,
when 48 t heherogascsubsit tkpbion efappthat gas+hight kangt oPperati ds is
restored after the mai ntenance. Especially, it is frequently necessary to
per f or m t henecessarmanckat othehgas nierthbe gast+bircubitingtmgehahasbeis6 and
the interior of the reticle stage chanber 4. The early restoration after
t he mai nt enebse pseviotskyesybstpontedtwibhotberlow absanptithegast wor ki ng
rate of the apparatus. Accordingly, this enbodi nent adopts an arrangenent
in which the spBke, pipingsh9a) 9Becenmheched tortleai valwesev5, 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
methods 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, V7 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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I nvasi on when the gas substitution is interrupted for the respective
gas-tight units (gas-tight units 2, 3 to wafer stage chanber 6) for the
pur pose of mmintenance, is |limted as far as possible so that the
restoration (gas re- substitution) is sufficiently conpleted in a short
period of time. That is, with reference to Fig. 2, when the nmintenance
S perforrm%h¢cFrQ]@Pth@%rﬂépo%@ﬁﬁo%EBQEatﬂsth@ @@Ek%ﬁﬁh?PeHﬁF%OB {Beam
mat ching unit BMJ shown in Fit. 1 to wafer stage stem WET), the val ves
V12, V1 in ¥erteped sabbey the ansinbepaneae gﬁ%PG‘F%@lvﬂaYgel‘t: ube Seequently
connectlng the gas substitution wunit S and the gas tight unit 8 are closed
so that theneg¢essayhitd peviermnthetnaigbenangat foni thg interngorhef the
mai nt enance, does not flows into the gas substitution unit S. Wen the
mai nt enanceﬂaﬁenosfpa@e echamber gasand ghheubntesiorx sfibkbhet cetictet sbageas
substitution in accordance with the sanme nethod as that used for the gas
substi t uti orhamserided Ehevearlyp resvedahidy, aftersthesmapnbtenanaeoid t he
inflow of the air into the gas substitution unit S (gas-circulating
mechani sn) .exThemelyr Bppeheant nénrepdéer etof enhaneertheoneti working rate
shortened. It is also necessary to performthe maintenance for the
gas-ci rcul aof ngheeapparatus n sone cases. Also in such a case, for exanple
the valves V2, V7 are closed during the nmaintenance to avoid any invasion
of the contam nac¢errdingly nt thiscembedimght adopt®. afhasrangemenpoini bl e
to shorten

which the space, into which the external air (air) makes

invasion when the gas substitution is interrupted for the
respective 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.
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the tinme required for the restoration. Alternatively, valves and pipings
for supplying and discharging the | ow absorption gas may be installed at
positions anong the gas feed punp 12 and the various filters 13, 14, 15 in
the gas-circul ating nmechanismso that the respective parts may be
subjected to the gas substitution in an independent manner. Accordingly,
it is al sojmmandinglny Iurimeosthiblernte vordtthet inhlew ef upem abe
mai nt enance or the exchange of parts. Another feature will be described
bel ow. | n tintg dherges isubgt ttntien et | grexpbecnbatipparmeckanism) .
installed, if the electric power supply is cut off, if the supply of the
| ow absor ptTherefere s theppbte réquirepuior ythe réstovaticmsbs ption gas is
| owered, or if any disaster such as earthquake takes place, then it is
feared thatshdretenediy of the | ow absorption gas in the apparatus may be
inversely |owered by continuing the circulation of the gas as described 50
above. Accordint yis ialsec nesessdtye tdgber frerm ntlre medinenascentdosehei n
each of the sections by closing, for exanple, the valves V12, V1, V2, V4,
V7, V8 in gyaschriormwldt ong wmedhamism ot usome ceasés { heAbser Jensycasa
descri bed above. Specifically, it is recomended to provide a nechani smfor
cl osi ng eactasH, tfor \extamgsle ) doopealteV2y tW dre ckosgd edurimg the
uni |l lustrated power source nonitor, a pressure gauge installed for each of
t he pipi ngm@ihtdBnee floveveidranyninvasion of the contaminating air

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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I mpurity concentration neter, a fire alarmin the factory, and an

eart hquake recorder. It is needless to say that the val ves described in the
f oregoi ng enbodi ment are opened/cl osed automatically in all cases on the
basis of the command fromthe control unit 17 of the exposure apparatus,
and the operation sequence for each of the valves is also based on the
program of abvemin control system 18. In the exposure apparatus of the
enbodi ment described above, it is necessary that the gas in the space
including the dseeedinmtyy, it simsdesinaklei that Hehe oiptesrabigadm §8s  so
that the residual concentration of the absorptive gas such as oxygen is
not nore tienckiosed beweach 9britherestliors by ¢losingecteseyamphe, t bhe
concentration of the absorptive gas such as oxygen contained in the | ow
absor pti on wpkves B2 usel, V3, sUbprEts i t n synohropizathom whblit theppm
Therefore, when the | ow absorption gas, which is supplied via the 51
factory pi poegprrende dhicthe yemergéncyh asmedesoreed oaboexposure appar at us
is installed, does not satisfy the foregoing condition, it is necessary to
install a gpeciiicdllyg itniis scedommendedxygaproehde i agnécharismnfion st eam
renoving filter between the factory piping and the pipings 9A 9B for

suppl yi ng tdlosiasy each hef crlve draknes dis cecodperabbor, with, eRanpéramphe,

| arger the surface area of the structural nmaterial in the gas-tight unit 8
I's, the | argerunikElusttetedfpomtecsdescefmonitor, a pressure gauge

installed for each of the pipings 9A, 9B, a flow meter, an
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 operétion 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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adhered |ight-absorbing substance is. Therefore, it is recomended 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 by performng the polishing by means of a method including the
mechani cal FREYQRY igiPing thckheofgeteryolnswhigh the prejierhiont he
chem cal polishing, and GBB (d ass Bead Blasting). After applying the
treat nent BXPRSRFE RPPIBRVES 1aningtalled, ndgepenoppsatisfy theuce t he
anount of the release gas fromthe surface of the structural material by
previ ousl y TREeIOENg RORGIELRR, 0itt i@ Becesaryl tonivstall aecfase the
exposure of the circuit pattern in accordance with a technique including,
for exanpl PUXhEying renbhisuelsas ngn oxyeempremoving| fiiitencandsacsbeandry
air, and the vacuum heating degassing (baking). It is also known that the
| i ght - absorbemev tad st bliter shetwesr the hjaicteny bphpingd anditkei pipiéhgased,
for exanple, fromthe adhesive, the seal nenber (for exanple, the Oring),
and the el%®%irIB fby esepplyingsthetgase existing in the optical path
space. In the enbodi nent described above, when the anmobunt of generation of
t he |i ght - absor bimgthebenbodinest f desenibped| djove upHorserampré prehand by
effecting the counterneasure including, for exanple, the exclusion of the
i nstal | ati ochaxder the suwofpte, ardée afihebe vetrodeusahl matebeal (inrtheanpl e,
the Ovring), and the electric wire-coating substance contai ning

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 by
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 vacuum
heating degassing (baking).

It is also known that the light-absorbing substance such
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hydr ocarbon and halide in the optical path space as far as possible, and
the utilization of materials which generate |ess release 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 described above. It is desirable
that each of the casing (alternatively a cylindrical nmenber) for
constructi mf thydeceanseRgand ohalkde iasrelgasedni for evampbeyafremsthge
chanber 6 shown in Fig. 1 and the pipings for supplying the heliumgas or
the |ike isadheshve, othe seakbriembeni cfogepsample, t hbenPnring) anandt the
impurity gas_(release gas) including, for exanple, stainless steel (the
i nsi de t hereb#chHeic felrgrepetingi substancef existing oimubhexopbicaltbathi ke)
and various polyners such as those of tetrafl uoroethyl ene,
tetrafl uor o338 enclntthe| embod eyt desgrikedcabover whenatheoameuhy| efie-
hexaf | uor opr opene copolynmer. Further, it is desirable that the cable or the
like for GS¥erepptiomet hthel btghteapsorhbingosukbsbante, is ofuhdanentahly
mechani sm (for exanple, the reticle blind and the stage) in each of the
casi ngs i s suppressed hbafoxekand| byhefegeingatkes courtermeasaranount of
the inmpurity gas (release gas) in the sane manner as descri bed above. In
t he enbodi nemtluding; bEer aéxanple hethpoexslusiorenf the phstallayioh of,
optical elenments for constructing the illum nation optical system|LU
shown in Fifer lexamphe, pheradhesivé, ophe cabaklmemivés {Horcexanple] i tet he
proj ection

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 manﬁer as in the
treatment against water molecules described above.

It is desirabie 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, tetfafluoroethylene—
terfluoro(alkyl vinyl ether), or tetrafluoroethylene-
hexafluoropropene copolymer.

Further, it is desirable that the cable or the like for
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optical systemPL may be fornmed as tightly enclosed | ens chanbers
(corresponding to gas-tight chanbers) respectively. The gas supply tube S
and the gas discharge tube Se fromthe gas substitution unit may be
provi ded for each of the lens chanbers to performthe substitution with
the | ow absorption gas for each of the lens chanbers in an independent
manner . TheSURMEEINYT athe rebRCEREC | PoWer abEe¥ exelest becehesgrivinganaged
with nutually different allowable concentrations for the gas-tight unit 3
for surrourReRARKRN | (for example , obhe ceet igke dpd ind) amdvibhe nsFage) 1int he
reticle stage chanber 4, the space at the inside of the lens barrel 5 of
the proj ec?a®h obtikelcasingsn 18 ceated Heithaz ondeenbeh wvhich pgepecates
optical system PL and the wafer 61 (wafer stage chanber 61). In this
procedure, the migimumbaeewiheE sust imper ity das ntrebealse ngasp imtthée
stage chanber 4 and the wafer stage chanber 6 with an all owabl e
concent r at isame mapnrer tasrdescruibedadbdeveoncentration for the interior of
54 the gas-tight unit 3 and the projection optical systemPL, because the
reticle stage chamtighe Zenbedimentadescsibed albdreepethé spaces dvétwden t h
t he novabl e nmechani sns such as the stages. The laser interferoneter for
measuri ng tthe kitalitpfof tdwt btabhecelangmios i fod donserncdt Digttitereticl e
stage chanmber 4 and the wafer stage chanber 6. In such an arrangenent,
when the cidnlosminadtiam aptidel | sys tdms oI 1Y | sinowmsin SFidpanyest i thé he
optical path for the neasuring |ight beam of the |aser

plurality of optical elements for constructing the projection

optical system PL may be formed as tightly enclosed lens
chambers (corresponding to gas-tight chambers) respectively.
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). 1In 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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interferoneter, the change possibly causes a factor of fluctuation of the
optical path. Accordingly, it is desirable that a concentration sensor for
the | ow absorption gas is arranged in the optical path to nanage the
concentration of the | ow absorption gas in the vicinity of the optical
path on the basis of an obtained nmeasured value. It is clear that the
present inidie igas+ightt ynit t:and thepxpigetionropikiealrayshemrehus,
which is also applicable, for exanple, to an exposure apparatus of the
proxi mty derause arhe aretehpls sagppehankrr of amd thatwatexystage In the
enbodi ment descri bed above, the refracting system is used for the
proj ecti on pmker 6\aterprdvidedovith the redvakle mechanismersech as
cata-dioptric systemnmay be used for the projection optical system PL.
Especi al | y,thvhestagest a- dioptric system which includes a refracting
systemand two reflecting mrrors having apertures in the vicinity of the
optical axis respextliassy, internfacbnietrer hfoprmeasur mg ophe cpds BEicyso£m PL,
as disclosed in Japanese Patent Application No. 10-370143 filed by the
present appihieasitage hiss prywedednfompactal of yshenrdtichs deagenshamisoérds as
a normal cylinder type in the same manner as in the refracting system
Ther ef or e, dre théstafier istrage tdhaniset oby abEwrpico nagasrfangehdwet | Ntlken or
can be efficiently perforned. The nagnification of the projection optical
system i s riulie Iconideacktat idre of echetiown abgurpt Dan i gas i cliamded ben 1tke
magni ficati on or expansi.on.

optical path for 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 absorption
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 eprsure 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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The projection exposure apparatus in the enbodi nent described above is
assenbl ed by adjusting the illumnnation optical systemand the projection
optical system and connecting the respective constitutive el enents
electrically, nechanically, 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 waf er siysfenr Ribers cliselesednin cfapaneserPatent t Mppbieat hor cleng unit
BMU, the illum nation optical systemILU, the reticle stage system RST
and the wafkr-31Qs3 £ikedndy\BThe cpyresent capplicrnt hethatpropecbionhe | ens
barrel 5 of the projection optical systemPL is allowed to be in the
gas-ti ght sipitimalCosyster ikl \camdrevonstiwrtedanpl &, notwal gegl $oderit uti on
units S2 to S6 are assenbl ed. Subsequently, the gas supply tubes Sin (n =
2 to 6) anccype iyasthie ssdme grannebess Sbm the refmactinlgbsysken. t he gas
substitution units 82 to S6 and the corresponding gas-tight units. The
pi pi ngs 9A Thé&fefdxd, G2 swlestiotuweddrdvith tbire ghow salbsorpuionngasi ferS2 56
to S6. Accordingly, the systemfor substituting the gas containing the
| i ght - absorthengistdasiamnosani bd ¢fitidbent hpspepformedas The anagnbf bdationi s
desirable that the operation in this procedure is perfornmed in a clean
roomin wofhhdepteipet bdnrept scabnsgetem The hoghlinitad| bsethspace in
the present invention refers to a state in which any gas does not flow
bet ween t heredudteiom masgeiticadiome whieh nady dpack, x anagnif btationwbirch
any gas flows between the internal space and the external

expansion.

The projection exposure apparatus in the embodiment
described above is assembled by adjusting the illumination
optical system and the projection opticai 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, 9C1l, 9C2 are connected to the gas substitution units S2
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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 fromthe
external space into the internal space is suppressed and the gas outfl ows
to the external space fromthe internal space. The wafer, for which the
exposure has been perfornmed as described above, is subjected to, for
exanpl e, tHeo Stevelkprerdingly, the systemnféorsuwhsbiteting the dasdi ng
step, and the packagi ng step. Accordingly, a device such as a
sen conducteontAmieng the plighiceabsdxbihgrsubsanreseith theehowon i s not
limted. to the production of the sem conductor device, which is also
appl i cabl e,absorpixtomw|gas i® asseqbbedict i Do ¥ despralylel enantsheuch as
liquid crystal display elenments and plasma displays, and thin film
magneti c heeelsatikre jn ojleis | procegoser Bs gpeaf eimesd ofn t éec bedmdroewnt in
descri bed above can be also preferably used when a reticle or 57 a mask,
whi ch i s uséilidiortlee Eenyperaturgpbs aharsaded. produci ng a device to produce
a sem conductor elenent or the like, is produced with an exposure
appar at us whi ch Tleestidiorlyexemplesed -$pacé ain uthe pyresett | 1 ghénbbem ( DUV
i ght bean) or the vacuum wultraviolet Iight beam (VUV |ight bean). The
present inussfers te @l statepin cablieh tany dasiudded motpr b ewt botwesnoshee
apparatus based on the step-and-stitch system which uses, for exanple, the
far ul travitgriahgpadeaandrtidcextterngl Wpicy) cdeta | sEdte bermRscAN
i 1lum nation

any gas flows between the internal space and 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
developmenf 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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| ight beamfor the exposure. Further, it is also allowable to use a high
harnoni c. wave which is obtained such that a single wavel ength |laser in
the infrared region or the visible region, which is oscillated froma DFB
seni conductor laser or a fiber laser as an illumnation |ight beamfor the
exposure, is anplified wth a fiber anplifier doped with, for exanple,
erbi um (Er)a nfaskpowlhichh ¢ bised afer yan eexpeosnyabapparatusweer pproducing
wavel engt h conversion into an ultraviolet |ight beam by using nonlinear
opti cal cryatd¢evicertexpnpdece agssembconfactoncelenent|ori thewhikeéenysh of
the single wavelength laser is wthin a range of 1.544 to 1.553 tm an
8-fol d hi grphedueed cwitivan vexposure rapperatug oghich 1ggesm for cexample,
ultraviolet |ight beam having approxi nately the sane wavel ength as that
of the ArF ehxeifar bWhseaviclebt highkt. b&amt (U%t héghhabeam) assubhagvataumt he
oscillation wavelength is wthin a range of 1.57 to 1.58 m a 10-fold high
har noni ¢ wavktraviohet liagye B8amf (WEV 1ibghit8beam)i.e., an ultraviol et
| i ght beam having approxinmately the same wavel ength as that of the F2
| aser is obtainehe pghesgnesinventientisnalsonapplicabkd to aheedubbilonent s
descri bed above, which nmay be enbodies in other various forms wthin a
range w t hoptto jlevt bbn nexposure happasatos basedtonl thehataptandsstischf the
present invention. Further, all of the contents of disclosure of Japanese
Pat ent ApplsystemnwiNbch ddefp9830 éxdmplen theéyfas, ul®pP@vioretudlighthe
speci fication,

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 um, 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. 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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clainms, draw ngs, and abstract are cited and incorporated herein exactly
as they are. | NDUSTRI AL APPLI CABI LI TY According to the first exposure

nmet hod of the present invention, when the gas in the space including at

| east a part of the optical path for the exposure |ight beamis
substituted wth the gas through which the exposure light beamis
transmttedfil5>7 steokss bhm, t b. @ecranselthavielebsbighbsbeamt havinge
generated fromthe surroundi ngs of the space. Therefore, it is possible to
per f or m t heappexinateby the asame sbdvehengbh. aghthat opE, thepEcildder iis t he
exposure apparatus which uses the |ight beam having a wavel ength in the
vacuum ul t relvt@aimeds egi on, the space including the optical path can be
efficiently substituted with the |ow absorption gas. It is possible to
suppress the absthetpoesent Sinvémt topoisrroti Yimibednto Thhe, embodimentsi bl e
to obtain sufficient power of the exposure |light beam According to the
second expcieserileedoabovet ehprkseay béenembodbes iorothenplreriotsi forms
possi ble to decrease the anmount of consunption of the high performance
second gas withjm exi vandgg witbhout udeviatberggfisomnthbegigticeri eskadthglt he
optical path for the exposure light beamw th the first gas, and then

per f or m ng ¢heracbetisticonofi thetpresenvningestiodbhereiotheritald péssible
to reduce the running cost required for the gas substitution. According to
t he exposurthepperténtss obftdbsplesené of Japanese 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.

INDUSTRIAL 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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invention, it is possible to carry out the exposure nethod of the present
i nvention as described above easily or efficiently. According to the

met hod for producing the device of the present invention, it is possible
to produce the device provided with an extrenely fine circuit pattern by
using the exposure |ight beam having an extrenely short wavel engt h.
Further, itthe expeswie lightibeamn tTeusi ghtiis cpessibbe theobbaxposure

| i ght beam Therefore, the throughput is inproved. 60 CLAIMS 1. An
exposur e neswodicdient |pawenef nghe expesund| bightilbeamn exposure |ight beam
and exposing a second object with the exposure |ight beam having passed
through a patterdceording f¢ rthe obgeend exposupesuethodtdbdthenpresenty:
tightly enclosing a space which includes at |least a part of an optical
path for thinexpobon e foghexdmphbe, aid is|posgibbe toghetyeasel thedanpant
with a predeterm ned gas through which the exposure |ight beamis
transmttedf consumptijas @f csherkighperfomantce sed¢ondtggsisbpressure i s
obtained, by alternately repeating, a plurality of times: a

pressur e- r guitevimpslypsubst tcucimg thergssuir tiie aspacse imclb@inggthéy
encl osed space until a gas pressure approxinmate to a second gas pressure
| ower than dpieidal gpatgastopress iexposuodt higled; beand with| thagfitep gas,
supplying the predeterm ned gas to the tightly enclosed space until an

i nt er nedi atandjashen gsexrferming the substitution with the second gas.

Therefore, it is 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 light 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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between the first gas pressure and the second gas pressure is obtained. 2.
The exposure nmethod according to claiml1l, wherein: the exposure |ight beam
is a light beam having a wavelength of 200 nmto 100 nm and the
predetermned gas is nitrogen gas or rare gas; and the first gas pressure

is wthin a range of 900 hPa to 61 I I"I"l iiiiiiiiil" INL MS 1100 hPa,
“and the second gas pressure is within &l®dM§e of 50 Pa to 10 kPa. 3. An
exposure nmethod for illumnating a first object wth an exposure |ight

beam and exposing a second object with the exposure |ight beam havi ng
passed through a pattern on the first object, the exposure nmethod
conprising: tightiy chelexpogure dgpelkthodnfen ihkumbpating|@afirgtpakjecti an
optical path for the exposure |ight beam the exposure nethod further
conpri si ng:withiantexpesund Lidht i beam nnd hexpoghng ya epeterddobpact wikkhh a
first gas through which the exposure Iight beamis transmtted; and a
subsequent the @xpeswpe ol ighbshéamthaingepasspd | Yhrewghozcpatpare onth a
second gas through which the exposure [light beamis transnmitted, the
second gas the niixkt fehpect, ftlven exposurstmebhod 4comMprisipysur e nmet hod
according to claim3, wherein: the exposure |light beamis a |ight beam
havi ng a tightly enclosing a space which includes at least a part
of an optical path for the exposure light beam; and
filling the tightly enclosed space with a predetermined
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 filling step of supplying the predetermined 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 predetermined gas is
nitrogen gas or rare gas; and

the first gas pressure is within a range of 900 hPa to
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wavel ength of 200 nmto 100 nm and a transmttance of the second gas with
respect to the exposure light beamis better than that of the first gas.
5. An exposure apparatus for illumnating a first object with an exposure
| i ght beam and exposing a second 62 !lI1I!IWI'li S object with the exposure
| i ght beam havi ng passed through a_pattern on the first object, the
exposure apbbf@tkRa, camrike ngecend gas i preseweabEs WhERENt aghangeenE| B8es
a space including at least a part of an optical path for the exposure
| i ght beamParieP al @akP&uppl y unit which supplies a predetern ned gas
t hrough which the exposure light beamis transmtted, into the gas-tight
chanber, wherein: the gas supply unit has an inpurity-renoving filter
including a |ight-absorbing gas-renmoving filter which removes at |east one
of oxygen and stdam chmtexpesure meehodr tort bihumtnating 8. fiheteqbiscte
apparatus according to claim5, wherein: the inpurity-renmoving filter
further incrithksam exposucrellight npedm| arnd ekpesingnavescandtobjecthi within
the predeterm ned gas, and an organic matter-renoving filter which
renoves or geme cexposere cbiwhit neeam nhaviengrpaesed nthroughas; pabhtern 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.

5. An exposure apparatus for illuminating a first

object with an exposure light beam and exposing a second

.
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the dust-collecting filter, the organic matter-renoving filter, and the
| i ght - absorbi ng gas-renoving filter are arranged in this order in a
direction of flow of the predetermined gas. 111111 T1illl-Vill 11111 IN *
CLMS 63 7. The exposure apparatus according to claim®6, wherein: the
gas supply unit includes a gas feed unit which feeds the predeterm ned gas
into the gaebieghtwitanbee expesaret bhght dpean- hayingi paspedhbhrenghhach
controls tenperature of the predeterm ned gas; and the gas feed unit, the
i npurity-repatiegniontiehe fhdst h@bjetétrpetheueiep@elimgtapgan@’cham smare
arranged in this order in the direction of the flow of the predeterm ned
gas. .8. An ecmpsisingpparatus for illumnating a first object with an
exposure |ight beam and exposing a second object with the exposure |ight
beam havi ng pass&dgasrbight achapberrwhiboht hightlytenbleses ahspageosure
apparatus conprising: a gas-tight chanber which tightly encl oses a space
i ncl udi ng ain¢kading parleastam partcaf aatbptibcal hpathpbenrthel eghosbeam
a gas supply unit which supplies a predeterm ned gas through which the
exposure | ighghbdamams amdnsnitted, into the gas-tight chanber;
a gas supply unit which supplies a predetermined 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

predetermined 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
predetermined gas, and an organic matter-removing filter
which removes organic matter contained in the predetermined
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

predetermined gas.

* C L M S *
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a gas concentration-nmeasuring unit which neasures a concentration of a
predeterm ned residual gas remaining in the space in the gas-tight
chanber; and an openi ng/cl osi ng nechani sm whi ch opens/cl oses a passage for
t he gas between the space in the gas-tight 64 | 1111111 11121121 L1111 1111
[1 111l * CL NS chanber and the gas concentrati on-neasuring unit. 9. The
exposure appar atlis acERf ce¥pPsere| appaptusmreeerding gasclaim 6,
concentration-neasuring unit neasures the concentration of at |east one of
oxygen and VReE®ANN0. An exposure apparatus for illumnating a first
object with an exposure |ight beam and exposing a second object with the
exposure |ight Bdendasisupphyseit hinciides pgasrfeed wmbt fvhich obeeds
t he exposure apparatus conprising: a gas-tight chamber which tightly
encl oses a Hpadwredeksrmined ayas einto sthpmrgasft ighopthambepatdnd oa t he
exposure |ight beam a gas supply unit which supplies a predeterm ned gas
t hr ough whitemperataradingting mechanisn rdnseh t¢eut rols otemper giasrée i ght
chanber; an openabl e/ cl osabl e cutoff valve which is provided in a supply
passage f orthehenedateminedtdams dand be supplied by the gas supply unit;
and a control unit which closes the cutoff valve in case of energency and
in case of nmai ntthearges fiwed hnBxpdshe eimpurity-removing filter, and the
temperature-adjusting mechanism are arranged in this order in

the direction of the flow of the predetermined 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 predetermined 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 predetermined residual gas remaining in
the space in the gas-tight chamber; and

an opening/closing mechanism which opens/closes a

passage for the gas between the space in the gas-tight
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apparatus to stop the supply of the predeterm ned gas to the gas-tight
chanber. 11. An exposure apparatus for illumnating a first 65 11111111
111111 FLErE Lrrer rE 1l 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-ti ght cthemher indthe gas cangenseat torperasuring Uiy at | east a part
of an optical path for the exposure |ight beam and a gas supply unit

whi ch supplies a predeternm ned gas through which the exposure |ight beam
Is transmtted, into the gas-tight chanber until a gas pressure

approxi mate to #. firghe REPIsESS ARPaAKAULS aAccerdingred claie §as supply
unit includes a pressure-reducing mnechanismwhich reduces a gas pressure
of a gas i whdmeigasthe igas admrdntrdivien-seeasur g s easunes thel ower
than the first gas pressure, a filling nmechanismwhich fills the gas-

ti ght chantmnceentrdatiopreticiterirasd ops efitoxygen amd esteaimat e gas
pressure between the first gas pressure and the second gas pressure is
obt ai ned, and a control unit which controls the pressure-reducing

mechani smand the filling nechanismso that the reduction of the gas
pressure and thel0Ji |An nexpeddre hepparaeder fiom el Dasi rateing peaf Erst
plurality of tinmes. 12. An exposure apparatus for illumnating 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 predetermined gas
thréugh which the exposure light beam is transmitted, into
the gas-tight chamber;

an bpenable/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.

11. An exposure apparatus for illuminating a first
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object with an exposure |ight beam and exposing a second object with the
exposure |ight beam having passed through a 66 | 1M1 iy i 1111 11
1l Mpattern on the first object, the exposure apparatus conprising:. a
gas-tight chanber which tightly encloses a space including at |east a part
of an optical path for the exposure |ight beam a first gas supply unit
whi ch supplokiect fWith FJueXpefWiRhlightrPear VP REIPLSIRGHR %%%Ehﬁlgs
transmtted, into the gas-tight chanber; a second gas supply unit which
suppl i es a Geirgld Wkth We cexpeswre fbight heam haeing rrasged BREOUHR cigh
which the exposure light beamis transmtted, into the gas-tight chanber;

and an adj patteruren e chizel ehiechouthe SXpPesRre PPPJratust he gasses to
be supplied by the first and second gas supply wunits. 13. The exposure
appar at us avempriisndd claim 12, wherein the adjusting units drives the
first gas supply unit to supply the first gas into the gas-tight chanber,
and then the ad} uzas-igight tchiambvers wivick ecbghit fnserchbpses uai space supply
the second gas into the gas-tight chanber. 14. A method for producing a
devi ce, conimekiding et keagpt i paxinsdfran nepticikel i pathaforrbhenexpasure
wor kpi ece by using the exposure nethod as defined in any one of clains 1

light beam; and

a gas supply unit which supplies a predetermined 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 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.

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

° RN O R VA
* C L M s *



to 4. 1L reeerrrerer ettt rrrr 67 * CL MS 15 A nethod for
produci ng a device, conprising the step of transferring a device pattern
onto a workpiece by using the exposure apparatus as defined in any one of
claimts 5 to 13. 16. A nethod for produci ng an exposure apparatus for
illumnating a first object with an exposure |ight beam and exposing a
second obj RAtHR¥M eMmethepbitst PPIPEt hebA® HEXPASUTrPaBBRATAEM®UgGh a pattern
on the first object, the production nethod conprising assenbling, in a
predet er m reRMPHEEIRGhal relationship: a gas-tight chanber which tightly
encl oses a space including at least a part of an optical path for the
exposure |ight deg@as-bhaht ghambeppvhichi tightly euphrses a ppadet er ni ned
gas through which the exposure |ight beamis transmtted, the gas supply
uni t havi ngiegludpugiay-teastyi agpartief ancoptiegl apathgherabber ekpgsure
gas-renoving filter which removes at |east one of oxygen and steam
cont ai ned ihighie beampt ermi ned gas. 17. A nethod for producing an exposure
apparatus for illumnating a first object with an exposure |ight beam and
exposi ng a secomd bhfsttgastsuppby eupibtuvkithgsuppbies haviihystpgased
through a pattern on the first object, the production nethod conprising
assenbl i ng, throwghrebickr thacexposuréohight 6Beam 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 gasses 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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1111111211212112121211212 11 101 relationship: a gas-tight chanber which
tightly encl oses a space including at |east a part of an optical path for
t he exposure |ight beam a gas supply unit which supplies a predeterm ned
gas through which the exposure |light beamis transmtted; a gas
concentration-neasuring unit which neasures a concentration of a
predeterm ned 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
the gas between lhe shawethoedtfer gpxodughng ahdewere ancomprigieg the
concentration-nmeasuring unit. 18. A nethod for producing an exposure
appar at us fstrepiof upirars fexringia sievbfecpatiern apntxpasweekpiehe bypam and
exposi ng a second object with the exposure |ight beam having passed
t hrough a pisirg rth exposurgtappiratystase gebHinedi tm amptdne cdHnplasnsmg
assenbling, in a predeterm ned positional relationship: a gas-tight
chanber whiZhteibhhily encl oses a space including at |east a part of an
optical path for the exposure |ight beam a gas supply unit which supplies
a predeterm ned gas through which the exposure light beamis transmtted,
into the gas-tight chanber; an openabl e/cl osabl e cutoff valve which is
provided in a 6916.|!AImdthdd | féot prdducingladlexpddure 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; 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.

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, in a predetermined positional
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L MS supply passage for the predeterm ned gas to be supplied by the gas
supply unit; and a control unit which closes the cutoff valve in case of
energency and in case of nmintenance for the exposure apparatus to stop
the supply of the predeterm ned gas to the gas-tight chanmber. 19. A nmethod
for producing an exposure apparatus for illumnating a first object with
an exposur er¢lamiomeiPind exposing a second object with the exposure

| i ght beam having passed through a pattern on the first object, the

production net RWIWTHEIRE ngh high thohtly cerelbesefed BPACE| onal
relationship: a gas-tight chamber which tightly encloses a space including
at | east a paeludingnabpleast papart vftae erbocalkepathghor bbhey espdsargas
supply unit which supplies a predeterm ned gas through which the exposure
| i ght beamlight dpeamited, into the gas-tight unit until a gas pressure
approximate to a first gas pressure is obtained, the gas supply unit
including a prezsyas-sepply mgniechaitknsepplies caupredetgumipedsgase of a
gas in the gas-tight chanber to a second gas pressure that is |ower than
the first gebrqualyswhich atli¢| ¢xposwee hbibghn bedu chs f tragsmikteds-ti ght
chanber with the predeterm ned gas wuntil an internedi ate gas pressure
between the firsa gms conessurat bom-néasseingdunis whiskuneassrebtai ned,
and a 70 1L err rererr rrr rEN 11111

concentration of a predetermined residual gas remaining in

the space in the 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, 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, into
the gas-tight chamber;

an openable/closable cutoff valve which is provided in a
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M S control unit which controls the pressure-reducing nechanism and the

filling nmechani smso that the reduction of the gas pressure and the
filling with the predeterm ned gas are repeated a plurality of tines. 20.
A nmet hod for produci ng an exposure apparatus for illumnating a first

object with an exposure |ight beam and exposing a second object with the
exposur e | isyippliepassadgeagiopsthe dpredetepminedigas ritorbe reupplbed dvy ect |
the production method conprising assenbling, in a predeterm ned positional
rel ati onshitthe gapssuppiy whitbeandvhi ch tightly encl oses a space including
at least a part of an optical path for the exposure |ight beam a first
gas supply unit argarntmebpinits which stleges the cowtofihi vhlvécimxpaseref
light beamis transmtted, into the gas-tight chanber; a second gas supply
uni t whi ch engapjenssy aarskciomccaee oflmainienaid¢ efentthe cexpdsufer st gas and
t hrough which the exposure |ight beamis transmtted, into the gas-tight

chanber; arapparadjsisto stopi thevhswgbphylj oft shamuedat efmimed syl o othet he
gasses to be supplied by the first and second gas supply wunits. 1111
- 11111 || |ldds-tdlght chamber.

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 paftern 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; and

a gas supply unit which supplies a predetermined 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 mechénism 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 predetermined gas
until an intermediate gas pressure between the first gas

pressure and the second gas pressure is obtained, and a
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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.

20. A method for producing an exposure apparatus for
illuminating a first objeét with an exposure light beam and
exposing a second object with thg 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 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 gasses to be supplied by the first and second gas supply

units.
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