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APPARATUS FOR MANUFACTURI NG DEVI CES, AND METHOD OF MANUFACTURI NG EXPi

- APPARATUSES Technol ogi cal Field The present inven, to an
exposure apparatus, an apparatus for manufacturi nm%wmﬁwﬁ]m d a nethod of
manuf act uri ng exposure apparatuses, which are enp ransferring a
mask pattern onto a substrate in a Iithography proces§*f®%f producing

m crodevi ces such as, for exanple, sem conductor elements, |iquid crystal
di spl ay el epRRisy tlwqﬁgw FrimIn Vf@géi ARD the
i ke, and areée pr(a[gera Iy err'gpgy‘ggﬁ en eﬁggsure g}r‘\‘t In the gl traviol et

when exposur e |1 gnMarHBRCop MBNTEACT G R ale AT aRATOSR o '™

wavel ength of 200 nmor |ess, is enployed. Background Art In exposure
apparatuses such as steppers or the |ike which are enpl oyed, for exanple,
in the manufacture of sem conductor devices, in order to provide an
increase in the degree of integratiTachnologicallidddess of the sem conduct or
devices, an increase in resolution is particularly necessary. This

resolution is eqﬁemesahlmvmleﬁmatwfeadn éxpobir€ apfarahs Afi appRarus b exposure
light, so that conventionally the wavel engths of the exposure Ilght vvere

progressiv T

changed fr glrzﬁ¥l P%Q&E’ﬁlﬁ%@glclcs Q‘?‘Le Vi ogbq?%%’gn%ﬁl@érl%&e pg%t[p%sg vvave engt h
436 am to |,I ne in the ultraviolet ba wavel, 365 nm,, and
ocent |y, - RPPIORA it ERsEeIEag & migk PUTR PRI GORTSA S HORIEN L BRE o 01
MAY 2002 2 cone to be enployed. Additionally) presently) ArF exci mer | aser
light (wavetasinging ndio®davipss sugh bs Jor exampin, s¢mieppdustayickemas, igypidanystadr 2 | aser
i ght (wavel ength 126 am are being considered for use. Furthernore, in
convent i ondisphéyreidmdntd, irpggeibiyupr ctaments, lor tliih €ilmaragnétic halds oheheilikg, and are

wavel engths of 13 nm 11 nm or 7 nm which are in the so-called extrene

ul travi ol et, dfbyQm WIRAE Ao r@ﬁgn% &x%%l&ﬂx&it{&\ba)ha%g atwh%iteggmqfé

X-rays having a wav Iength of approx tely 1 am has been cons
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declines. In exposure apparatuses which enploy ArF exciner |aser | |ght, for
exanple, the majority of the gas in the optical path of the exposure |ight

is replaced by nitrogen, so that the so-called nitrogen purge is conduct ed.
Furthernore, at wavel ength Background Art

In exposure apparatuses such as steppers or the like which are employed, for
example, in the manufacture of semiconductor devices, in order to provide an increase in the
degree of integration or minuteness of the semiconductor devices, an increase in resolution
is particularly necessary. This resolution is essentially proportional to the wavelength of the
exposure light, so that conventionally the wavelengths of the exposure lighi were
progressively shortened. That is to say, the exposure light employed changed from the g
line in the visible band of mercury lamps (wavelength 436 nm) to the i line in the ultraviolet

band (wavelength 365 nm), and recently, KrF excimer laser light (wavelength 248 nm) has
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bands of |ess than approximately that of the FZ | aser, absorption occurs
even with nitrogen. In this case, if the region of nitrogen passagg 1iMA/2200?
-extrenmely narrow regi on, the anount of absorption is slight, and no
obstacle is presented to exposure; however, with a long optical path, the
anount of light is reduced, and proper anmounts of exposure can not be
obtai ned. Wen light in a wavel ength band shorter than the wavel ength of
the ArF exciner l|aser (less than approximately 190 nn) and particularly

25 5 SRR ARG e, BB TRt
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provi de a vacuum 01 MAY 200 3 On the other hand, when the exposure |ight
passes an ¢dnsideredfor use. durihemnoreyistconyentiongltX-ray litbogaphit reseasehs theause benses
and mrrors, within a projection optical system then there is absorption
of the healigithavigy weweleRgHe o003 nfiill1 aig 6ENnm, ahickedre in B eo-chlled expiemeal

el ements experience thermal expansion as a result of the heat energy

absor bed i i fx—ﬁ‘ 7 addCar @g,aj(j bl o Jlaa=AgY

char acteri@%’%@?ﬁéwva&sr C azgg?l n rrgg%igfl cat@gh#ﬂ%ﬂgggﬁggﬂ?{tsﬁcﬂagp zfcement,
or the like. In arder to .prevent this degradation in inage formation

char act eri‘é’?‘f"&?ﬂ&bﬂ&é’rﬁ‘(ﬁ”&?&ﬁ{%?%E‘?sebﬁ?gg?n? "354)'rrent was conducted, in

whi ch tenperature controlling gases were caused to flow in predeterm ned
spacxs between Hewsees, whenwarkecngth bands,of less thagrapproximately thatiof ArE gxcimgr f aces
of mrrors or the like were subjected to air cooling or |iquid cooling.

' Recent | y, lasergjuhatasreorday, tha wecwnins oltraminie berdi(VIVh of apprexitmatety 2QCxim lor {oss,0f
the image formati on characteristic, so that an even higher |evel of

treat ment irg efrpitiiictl S4bstption 0BEUS &S a Fedult BF the\Wx§E¢h iAWY ait,'a8d 0BBHY is PfodiBed, . As

descri bed above, 'in exposure apparatuses, when exposure light in a

wavel engt h L ARPLOX] TRt Ny At .
desirabl e ?@Eﬁ q?%i“‘ggg dgéilﬁqgeﬂnééipérg&f ;!lﬁ%’?{tf' #g%%%%qs%@ﬁ%%ﬁ%%h%gigc t’wi th
a gas havipg an absorption ratio snaller than nitrogen, or, that this be
made a vactfE & majqpty ot 522 48 theOptica d’aweofafw’sméurﬁdasa% srgplageddye
optical path is nmade into a vacuum the manufacturing costs of the exposure
appar at us hitrogerase thas the sorcalled nistagnp purgo fis canduetrg oEunthermpreaptwarslangth | nes.
Furthernore, in the exposure apparatus, it is desired that the heat energy
of the exposids ef lesgtiian hpprorimatellyfthatiof tie B 1esehabsdrption ddtusy elen with nitrogen.

si mul t aneously address these problens, a gas nay be supplied to the

mej ority Ofy thiRQaQDif thékegiart br fifr R W drfetietily naMive fogilds tHeSiml gt 6 and
has a high 01 MAY 2006 4 trang%ﬁ?iﬁgtey and ﬁas yglcl)od t her mal econducti vity
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of inert gas, havin 0Qqd. thermal conducti vi t and which is noreqver
stabl e i gpath, tge amgugt oc%qlgiltxesre uccg, an(g proper am\tl)antso exposure can not be obtained.

When light in a wavelength band shorter than the wavelength of the ArF excimer laser (less
than approximgtely 190 nm) and particularly when light in the wavelength band of less than
approximately the wavelength of the Fz laser, is employed, then it is necessary either to
replace the majority of gas of the optical path of the light with another gas which allows

transmission-of light (an inert gas other than nitrogen), or to provide a vacuum.



helium (He). However, heliumis present in the earth's crust and in hqﬁQW2M7
at nosphere at an extrenely lowrate, and is high in cost, so that as”t

- amount thereof used increases, the operational cost of the exposure
apparatus rise greatly, and this is undesirable. Furthernore) because
heliumhas a ow atom c weight, it tends to | eak fromthe gaps in the cover
and the like which enclose the optical pagh of the exposure apparatus, and
this presents a problemin that if heliumis sinply circulated within the

cover, the anou f L essi yvely..decr S...ln. vi.ew Qf these
points, the pr e?@n‘gc Pﬂ'\? & h#ﬁd ﬁJhﬁgghcad}péﬁu% ngt&ag%?igpé%‘}m’%u?ﬂ %&cal;sygtrs?m or
exposure apparatus and a,apparatus, fpr manyfacturi ng devi ces which, .in the
case i n vihPRFeh Cl5TEDHa G JoTsPo P TRUFACS iR B PPV OPYical S¥stera IR 5t
thermal conductivity is supplied to at least a portion of an optical path
of an ex posmnoeptb:wggyc bess engrgy py theseoptiaghelpments @s wehaMWhenghe optical elemeniy t he
anount of this gas which is enployed. Furthernore, as described above, in

the exposuesperieey thbtifial ewpaisichasasusitt of thdhedd andrpP absoydah eigivay,Qhis leads
approximately 200 nmor less is enployed, if the optical path of the

exposure I'cgjgﬁ' YaTald i ; sl Lo d Eﬁ%? Rndfaatt e
maj ority o# t edc%gta ?}:na atfhﬂﬁﬂ?ﬁtcﬁgﬁgtgg%%dd%%éﬁsg%ﬁt ﬁ]ﬁﬁg&%géﬁ?lgm ng good
transmttivi.ty,.(such as nitr.qQgen or.the likel.. Furthernore, evyen where the
wever engt AL AGAAGEmeR oD sOT o Bt RSpvaif s fedpdbiin B onel SFmaloR
transmttivity, it,is desirable that the optical path of the exposure |ight
be repl aceeharRqteristic; ¢onysntionallywagts heat treatment wagsondpesed,3n whichgpmperatusm wi t h
this, because the exposure apparatus is usually stored within a box shaped
chanber havimpligmgghses weregdausmsiste flomdini predetetminddspeces Botteen hoansgsp sad thesidag of
reticles or wafers or the like in a highly precise manner in the exposure

appar at us, st a8Flefiyes o fe refr sifffiabdy JTRMEGRY dr thélikOWeleGhbjdcted & 'dr Sodling @
surface in the manner of an air bearing w thout contact, is provided. For

this reasofiy,; £ i iﬁ:}:?e@x ¥ 0 d air
sprayed al g%‘g\e?ﬁghﬁg%i %%&)s‘gf’fraéue eagsst?agg%ﬁ%@%g&;&gﬁg@éﬁ@%g{mp{]@gi r

m xes with.the gas havin 00d transmttivi.t such_as nitrogen, or the

" Ke: of v 1fARs SORRaHoR shrRcfiiSte 5o B g s Biglir Sved Bt E¥eny i fespiredwich
caused in that the transmttivity with respect to the exposure |ight

progr essi vESped & thiswaste hegtdnsatmeat as wellni t ti vity decreases in this manner,
the illumnation intensity on the wafer decreases, so that in order to

obt ai n t he propés dasaribet abbves ipoposure apparatasescwhasenpositre lighnigtaheavelength
exposure period, and thus the throughput of the exposure process declines

in an undegiddedt BpiB¥HRgcly 190/ rh ©f 193¢ B eniployed it mﬁmsﬁpﬂe@ HfSthe nfhjority
addition to the stage system equipnent 'is provided for conducting

Gangor that T BUEIBRUESE JoBBLA IR o es bl el SRR Al o niedled” |
pr asent  nUEAE) Bhe Eizade s uFABEY i muisn B laPeis e 2 he Hajorky of e

optical path is made into a vacuum, the manufacturing costs of the exposure apparatus

increase, an_c_l {h_e throughput of the exposure apparatus declines. Furthermore, in the
ciposurc apparatus, it is desired that the heat energy of the exposure light be more
efficiently exhausted.

In order to simultaneously address these problems, a gas may be supplied to the

majority of the optical path of the exposure light, which gas is inert and has a high



exposure apparatus which, in the case in which a predeterm ned gas qﬁ%kﬁﬁZ@z
high transmttivity is supplied to at | east a portion of the optical

- of an exposure energy beam (exposure light), is capable of guiding this
exposure energy beamto the substrate which is the object ofxxposure such
as a wafer or the like with a high use efficiency. 01 MAY 2002 6

Furt hernore, when conducting various expasure experinments by neans of a

proj ecti on exposure apparatus having a conparatively large field size using

an exci ”Ertréx%ﬁﬁ{t'vht.g%% g%@gﬁgcwfﬁﬂﬁéﬁﬁh 11518&19}96 s,ldt}a?%%@rafdiim@ \Jlllﬁ%ﬁjt, .

phenomenon, 1n [ e applitation o um nat1 on in
an ultraviol et, wavel eng_~ ban for exanpl e 5Q.n . less fa KrF
exposur e eﬁ“&e‘ﬁ@% F%?Epgﬁélw ﬁﬁnqﬁoq{ﬁgv ugﬁ'aﬁ’h rpgﬁ mEﬁg“Fg’r\!( H}gg{n%na.iﬁl_s t&f( 8%%7% r

| aser having a wavel ength of 193 nm or the like), the transmttivity or
ref | ect i vithis tpe ohiack gas bawing.geadshernab cordystivifg 2hdWBich 4 MOFOVETRableit ¢ o

el enments (for exanple) thin filnms such as reflection prevention filns or
the |ike) hdlium (He)h#Hawevpr belium iopresentiin thy sarthis crustiapd initheatrmospherg.at an  has
been made cl ear that this phenonmenon of the dynam c fluctuation of

transmi tti gitfenelplowdRitd) aR@ iscHigllin s, BE tak ¥s the afhouMtBeresf sed idtPeaosy| theal
el ements within the projection optical system but also with respect to the

optical el hcl j 1 I st

Pl urm mat 1 S isiabbt 6 efSosie ok BFebuh, IRENL KA, BdBermore,

i ght transm ssion system which conveys the illumnation Light emtted from
b P Tgnt oo Rt E O GHIBie P ALHIE 190 tepal s dhe 83ps it B conerad e
illumnation optical systemw thin the exposure apparatus itself. In the
present spkls wﬁ!@btcn@}nsq the optiealppth| of theemposure apnaratus, ang thivpresenty 3 problephia

| ight transm ssion system Such a phenonmenon is thought to be produced when
i mpur i ti esthevifiheliureds sitriply cirduleedywithinahe cover, tthoamouny af helomm pirogrdssikey
present in spaces within the projection optical path or the

i1lum nati gdrdabéd, cal -path, nol ecul es of organic matter generated by filler
materi al or adhesives used to affix the optical elenents to the barrel, or

inpurities (for AR I e ydr Of.: her
subst ances whi cﬁees(icat % gnrcsgvﬁéﬁfsr Fﬂérﬁ?%sgh ‘%ﬁ‘*‘:égr?? §%@n‘g’r’%?gh§9#g; g?g'rﬂoﬁ{edc%ner
wal | of the barrel (the cpated surface for preventing reflection or , 0 ~
MAY 2002 7°’EH?§“’FiaR33’?t“éP%8 8 8PRATHHIE EPT SpAU e rdgricesWhich,dn dha ¢ase in whichant s,
or eater into the illumnation optical ﬁ)at.h (float). As a result, a serious
probl em i sgasdasing a high ransmiltivityr(tnesthand haping/gapd thesmabeanductivityds supplied to
projection optical systemor illumnation optical systemcan vary greatly
W thin a carpst aporionyfahoptica) pathat aafexposure eneigy bram(exitsertlight), drbeagabies ent
invention to provide a projection exposure apparatus

of controlling the amount of this gas which is employed.

Furthermore, as described above, in the exposure apparatus, when exposure light
having a wavelength of approximately 200 nm or less is employed, if the optical path of the
exposure light i_s not made into a vacuum, it is necessary to replace the majority of the
optical path of the exposure light with a gas having good transmittivity (such as nitrogen or
the like). Furthermore, even where the wavelength is within a range of 250 - 200 nm, in
order to obtain good transmittivity, it is desirable that the optical path of the exposure light

be replaced with nitrogen or the like.



whi ch supports optical elenents such as |lenses or reflection mrrors ?iz&w%m
| i ke which conprise the projection optical systemor illum nation opti
-systemw t hout the use of adhesives or fillers. DI SCLOSURE OF THE | NVENTI ON
The exposure apparatus in accordance with the present invention is, in an
exposure apparatus having an illum nation system (3, 11,13, 14,17-19) for
applying an exposure energy beamto a mask formng a pattern for transfer,
and a stage system (20-24) which positi ons a substrate to which the nask

pattern is to bg transferred. .a.gas. s %rch
suppl i es a gas ﬁ'a% §°‘b°“n‘f“§‘h“1’%£ﬁ%ﬁ‘r‘?ﬁr% E{g/&?@%%}ag@sxégguatll&%% 3&( fure
ener gy beam and havi ng good therpal , onduct Vi to at,le ortion of
t he opti caPO’f)%l"taﬂ"Q)Fh@%& r 8ayag gped °<§ R tg cepguct @’EWE‘PE“‘%B rat us
(33 - 37) 41, 42) which recovers at Ieast a portion of the gas dispersed
after bei ng:tislsppt waters or thadikoixt a bighlyprediscomantes ineths e3posureapparpush e stags r om
the gas supply apparatus, are provided. In accordance with this present

i nvention, syaeedus Which inbyaaER iDdcdb@ed glofy @ guite duifadesia thy Manwer 6 afaipor t i on
of the gas supplred to the optical path, 1t is possr ble to control the

anmount Ve ,ﬂegq, i onal
costs decrease \kﬁen tﬁmﬂ;m 8| gohl gh%:al;hg%gegso 9‘?}' g’?&)f&@%@g%m e of
the gas is heli Lumis safe apd ha h trans ity even
when exposEH’Bfolyf‘g]ﬁﬁ ﬁmgrﬁgew(gp@x ﬂo%ﬁ’& %‘fd%fgﬁth °6‘F“?“é °§‘§° 8yed,
and because the thermal conductjvity thereof is high, being approxi mtely 6
times that austthif 3iF Bixes Wisipthe gasbaving,gqod Jrapsmittyity,ispeh asanitsagen ar dhe like, gfthe o
el enent is high. Furthernore, where the gas recovery apparatus recovers,

f or exanpl eptidabpathmwf thesgxposure ligit, sdthata problem iscapsed in ttiaethmranﬂpmivait)ewmne

hel i um by processing the oxygen present in the m xed gas using an oxygen

adsor bi ng pap&t khe e@ﬁdsuwngmrwogrmmlﬁd&m SPhéntak uhmmhwmldemasebm um

may be recovered. Al ternatlvely, by cooling the m xed gas to fhe

Femer at ur by Ohalhd s iflamafi ol SURY bl thc iR ol Bl eSO AR e |

is easily poss o' recover on renarns |n a gase

state. Furthernore, IS deslrabl e that 't recover r S be
orol oyed | RRBTATOTLOE FREPSnttis PacssSBm (AR dhe PHRRUIE REECS, B0 SHSANE of
this, the equipnent costs of the gas recovery apparat us are reduced

Fur t her mor throughphtofithe expashes praeess denlingsin anaindesirable mgnnene gas recovery
apparatus be recirculated to the optical path of the exposure energy beam
via at | east a Pporthértiord,3d thedXposire apparaysss irsadaiition taplastagd systefn, eqdipmentrie,
the gas supply apparatus has, as one exanple, a concentration neter (44)

‘;Oga ge asur priidedSorEhiuttingfositmingast vivtiiod Relafi608? the Gike aSing &z Othereks aiXshem

danger that this air generated by this equipment will cause a decrease in the transmittivity of
the exposure light.

In view of these points, the present invention has as an object thereof to provide an
exposure apparatus which, in the case in which a predetermined gas having a high
transmittivity is supplied to at least a portion of the optical path of an cxbosurc energy beam
(exposure light), is capable of guiding this exposure energy beam to the substrate which is

the object of exposure such as a wafer or the like with a high use efficiency.



source (46) with the gas sealed therein in a gaseous state or in a liﬂg&iﬂﬂ
state, and control units (43, 45, 48) which suppl enent the gas suppli 2002
. fromthe gas recovery apparatus wth 01 MAY 2002 9 gas fromthe gas
source (46) in accordance with the results of the neasurenent of the
concentration neter. These control units supply gas fromthe gas source
when the density of the gas neasured by tde concentrati on neter becones
| ower than a predeterm ned allowable |evel. By nmeans of this, the gas
wi thin the gas | S . I I S supply
apparatus is pr%‘&ﬁ{(fglgo%ﬁn’ %‘ﬁ% g@g %ﬁ\“gf%%sugé;%#gﬁé’%%&éﬂs%gﬂgée (46)
whi ch conducts .the liquid storage or high pressure_storage.of gas, a
conver si orPTaISHHPHERROSHAG APRATAMS E‘gwgg #1fa ”§Y3§§° bf dmﬁplsmg@ggﬂtpgm‘dégscr
w thin the gas source to a gaseous state, and an adjusting apparatus (43)
which r egdﬁéﬂ seurchdhe prepent inventorsdiscqyereda pavebpheppmeres; i whieht biemgans ofour ce
prior to its supply to the exposure apparatus. By neans of this it~ is
possi bl e tee application bfilwmisativarlighoin ditrgeislet waaelemg | bamsdoef; for ekamplecd50or e,
it is desirable that the gas recovery apparatus store the recovered gas in

a i quefi &g QF 163t BIKAF BF09rR ckEinEr 143Y¥r HRASSa Wavdlfigth of 348 fin RASSASH &cliffer

store a |large anount of 'the gas in a small” space. Furthernore, the device

or ovi dedt vE PAVRE & hatRIcpRrRt R AR B . e BBy R YRR 3

' d ith t [ tiaop, d [ t hi

ol G ol 1 'y GFicB 08 EHE Oh g rcrls OF 1S AR lemepis R eFIgPISe Egimicsich as
patterns on:tdo a substratwi cktl1 ilii;hie obj ect of eXchSall”e in-an overl appi ng
manner, prrofiectiongprenention &lshs exthe like w%smjwompu, systcmmanigsk of gas
enpl oyed can be controll ed. The exposure apparatus in accordance with the
present i nds@ainicatly) ¥t I8 bespmades cleaithatrthis phendmenoniof therdynamécsfluctuaiol of R)
with a predeternm ned energy beam and transfers the pattern formed in this
mask to a SURSEEINE cinbe gieRhéd AbtIndiay v Hesitct RAnEbHHIGI ARRRAR Wthin (R MAY
2002 10 ( 123, 11_25,%) \\A/g?%h conduct s p?edet er%dned op%r ations ??)%lgl!u”hgni ng,
brovi ded. Ao SR G MBSt dnahd SRSl Ryerls SRR o
| east a poréttip%ggof tlhe oig%iegh%upat, hqtggggg%;gosurqew@ﬁer qQy gg}gm%&ndqﬁa gas
of the sarR®?d CTHECIYGhaY jadn CIH ppRatesgpe reficie e gas
controlled drive apparatus. In accordance with this invention, the gas
whi ch i s ewxithinshelgithmnsmissiogagsterowhich tanveyk the dlumipaticn light emitthdi fram ai s a
ga$ of the sane type as the second gas havi ng good

light source positioned beneath the floor of the clean room to the illumination optical system

within the exposure apparatus itself. In the present specification the term illumination
optical system includes the light transmission system.

Such a phenomenon is thought to be produced when impurities contained within the
gas (air, nitrc_)gc_n gas, or the like) present in spaces within the projection optical path or the
illumination‘optical path, molecules of organic matter generated by filler material or
adhesives used to affix the optical elements to the barrel, or impurities (for example, water
molecules, hydrocarbon molecules, or other substances which scatter the illumination light)

generated from the inner wall of the barrel (the coated surface for preventing reflection or



transmttivity with respect to the exposure energy beam so that the 01 MAY 2001
concentration of the second gas supplied to the optical path of the

- exposure energy beam progressively decreases. Accordingly, the progressive
decrease in the transmttivity with respect to the exposure energy beamis
elimnated, and it is possible to guide the exposure energy beamto the
substrate with a high ef F~ciency of use. bn this case, an exanple of this
gas-controll ed drive apparatus is a stage apparatus (123) which nmakes

contact w : [ ' : 5}9‘%5 i 0AS
type cyli né%’rﬁ%g’p%ygg@s@“%%eg&vﬁlﬁﬁagﬁfoégﬁg% at ?3%3'%1 at oérrrqnﬁ? %%% erfagﬂogyi ng
gas as a portign of th hock sarbin terial. The, exposure. aratus is
nornal |y cORYS Ré@‘ %o?ﬁi %‘sé’ rﬁﬂ'ﬁegﬁﬁ'ﬂ%‘ﬁ%é{@mé? causeq 1y a@ﬁ’e nﬁgg"?%f’ra type
other than the second gas is emtted fromthe gas-controlled-drive

appar at us r¢ftectividy|afitbe praipetiongpticalesysiepaar ilemingtion opticabsystem eanvarygreathanber
progressively decreases; however, in accordance with the present invention
a decr ease within i eompanatively shart periasf ofithee.exposure energy beamwithin the
chanber is prevented. Furthe~rnore, when the exposure energy beamis

ul traviol et |ightiskaa\cbjedt 6f the pedsemghvention &bproRitle @'projeéison dxpesure hppaFatus
desirable that the second gas be nitrogen (NZ) or 01 MAY 2002 11 helium

esi rabl e t ha ond_ga ogen (N2) or 2002 11 hel i un
e ongt bR iERbes SHRGPolRnt BNTE Ehuck ok i udi AP g ORANEn e
The | ke wePRPRER R erseriai ARl pineton SPAL vl BPORIBR Bl ~

Furthernore, when the exposure energy beamis ultraviolet |ight having a

wavel engt hadfespegonfilless. | ess, it is desirable that the second gas be

hel ium Heliumhas high transmttivity with respect to |ight of such short
wavel engt hs, and additionally has particularly good thermal conductivity,

so that its ability to cool the optical elenents and the like is high.

Furthernore, when, as an examSELYSURE OFTFREINVENTION200 am or less, ArF

excimer |aser light having a wavel ength of 193 nmis enployed as the
exposure energy N . ] Si.n
cats-dioptric s;@? gg#’?sgpég?%ag{;géd,ﬁ Cﬂbﬁ%a%%ylglﬁéﬁﬁ }rlﬁ“%’%n%rs%‘gc gﬁﬂg i?ais“ a?’ec%g?s'ﬁrceas es
than a refractive system. and the distan e n lenses i.s greater, so
that Lt s eReeShViRpaR B ENmata netem Co LBt h gt 19 30 PRIviR S sARORITE
pressure. By purging the interior of the projection optical system

conpri si ngeaergnbeand iop mask ferming apeitarn fordransier, ant a stage system (Uha4)ddhietb| y

smal | er degree of change in the index of refraction in response to changes
in air prepssitiens 4 subsampas which the idask patieog &5to bee trahsfegded; 2igas sugply dppatabsl t he
anmount of fluctuation in the image form ng characteristics at a | ow | evel .
Fur t her nor e31 Whess)WIScle ¥ippHes € gedBdving PRZHafisrAftivity viith fspéct f3‘RERkSosuft
wavel engt h%Withl n)a ranglgﬂ%f apgpr oxXi rrgat e‘?g]tlo nm‘?&yrl nm ?éhen exan%fsgs of

the second gas. 8L n ah hAAG gBa ekl BonkNin Al 185! £3550i8h Se BHRRE Bun!

t he di st ances

the exposure energy beam, and a gas recovery apparatus (33 - 37, 41, 42) which recovers at
least a portion of the gas dispersed after being supplied to the optical path of the exposure
energy beam from the gas supply apparatus, are provided.

In accordance with this present invention, because it is possible to recover and reuse

(recycle) a partion of the gas supplied to the optical path, it is possible to control the amount



'anDunt of attenuation can be kept at a |ow | evel. 01 MAY 2002 12 The
exposure apparatus (projection exposure apparatus) of the present ip&HnMMbHM
-is provided with an illum nation optical systemwhich applies illum nation
light froman illumnation |light source to a mask and which has a plurality
of optical elenents (9A 9B, 11...(109A, 109B, 111...)) which are supported
by support mer tiers, and with a prOjectEon optical system (PL) which
projects the image of a pattern on a mask (original plate) onto an exposed
substrate “pich system i ravided with.a plurality of. opfical.elenents
’ nglh e g s 3

(L201, L26% .@ﬁ#@lﬂ@rﬁ ‘ﬁﬁWe °89°‘§B%&?@F?s ?ﬁbéf's‘.” o] i‘V" al |
the optical elenents described about arc supported on the support nenbers

h ical el d i bed ab d h nmb
usi ng pre$8Stat t achnent mechani sms wit hout enpl oyi ng adhesi ve, and thereby,
t he objects described above are obtained. Furthernore, an exanple of this
press- at t achmerln this casznarsexamplaof the gasis hickigm (He)L ) Heliume isssaft anid haha bighi s
affixed to the inner circunferencial part of the support nenber (251), and

the ot her Rasmifivithedn vt 6surg BEf thed Waveidngth Wend ©f 156 hrvtiledk ipart of
the optical elenent (L201, L202) at the other end. Furthernore, another

prical e - e S ono« i |
T ahnent TP AP AR Rl A0 Hethal LBEARAV AP Helocl g, STt Sp RIS

attachnment rs a screw part a

ci rcunf er enci part. of uppor. t er.(252), and Crew ri 263) is
cer owabl y TR et mtreep (N, B eBRloe FFEEY Winréspfonep R omlieR sicagent ik

optical elements (L203 - L205). Furthernore, an exposure apparatus

(proj ection exposheEnQIp Where the)gas fecorery apparatus fgcovers far examplhhelivment i on i s
provided with an illum nation optical system (232) which has a plurality of
optical eldispersed i @@4ijr, RASposRible to.spparateithe Isliug by proegssing ehesexygér firesent in

whi ch bundle a pluzality of rod | enses (L260) and which applies

i I'1um nat i mbsxedtpas Lsiagaa Bxygdn'bidcringGRattridl dnd<dBlifEthe #idgeh SorhaTARK, as
well as with a projection optical system which 01 MAY 2(%02 I3 is provided
with a pl | . L t ‘ I [ upported
by supportll éﬁél%%r%ﬁlgﬁﬁh\%\ﬁ?%F1°%§%F£c§g£+%§;ﬁiyﬁlgé%g% %&%\gﬁ er éécgm% mask
(original plate) onto an expqsure substrate. . Then, by bundling a plyrality
of 1 od | enCRBerEboe) il s DAIHRURE e e AP IF ot postn oe B |
adhesi ve, the objects described above are achieved. Furthernore, in a

manuf act ur¢aeyehenly sie ebiumewhich remainpips gaseNsStatsy accor dance with the
present invention, a supply pipe for supplying a gas which reduces
attenuati on i n Runhernqresit isadesirabigthabthangas recovery eppatatus be emplagediih @oimeronwhi ch
seals, in an essentially airtight manner, at |east a portion of the optical

path of t R@texpRsalit of Ekodire ABAA htuSRT By hesR\6e this, Rhed@uifhénl cHREOMBE gasat
| east a portion of the gas supplied to the gas chanber 'is connected to at

| east one . g%@ﬁp%@ﬁnfsm%ﬁc&nd a housing in which the gas chanber is

di sposed. € recovery pipe is connected to a renoval apparatus which
removes

Furthermore, it is desirable that the gas recovered by the gas recovery apparatus be
recirculated to the optical path of the exposure energy beam via at least a portion (31, 43) of
the gas supply apparatus,

Furthermore, the gas supply apparatus has, as one example, a concentration meter
(44) for measuring the density of the gas supplied from the gas recovery system, a gas
source (46) with the gas sealed therein in a gaseous state or in a liquid state, and control

units (43, 45, 48) which supplement the gas supplied from the gas recovery apparatus with



inmpurities fromthe recovered gas, and the renoval apparatus and the supply
pi pe arc connected. Furthernore, the optical elenents which the exp8§$&g
- energy beam passes are assenbled in the exposure apparatus by being“fi d00z
to support nenbers w thout the use of adhesive. Furthernore, a gas control
type drive apparatus which enploys a gas having optical characteristics
which are essentially the same as those o the gas which is disposed in the
exposure apparatus, and a supply source for this gas, are connected. In

accordance with this inventi a rtiaqn.o ' 0 e
optical pat#lS R lg& gg{%&ﬁ@ﬁf@,ﬁ‘:&gﬁ?@d" ity @8%‘3&‘3?@%%‘?@&8 1tlt| stt"%cossi bl e
to control the amgunt of this gas which is enployed, and it is thus

possi bl ¢ GOBGRIEHORMElSh. THesRS ORI SURRIK B3 from Lhe. a8 SOFSS uihep dhelensity of
reduction of operational costs. 01 MAY 2002 14 In this section disclosing
t he i nvent itheigashhedsured jbly ahersorickmtration urdter ecomes lowepthas arpredetermincid@ablowable

di agrans of the enbodinents of the invention are enployed in order to
facilitate ey hadi BOthe tHe s RiBEPhe ghiivifdd i9 Rot Wdedastefullyhe present
invention is not ' limted to these enbodinents of the invention. BRI EF

DESCRI PTI ON OF WA‘E{F ' ' p@,@d‘@ﬁ \\G%

proj ection expo-sliiljlrﬁtlal appar a Lgak?vlﬁnppgyé%%ﬂagpéﬁscié‘ﬁwt a Iﬁaé?ﬁ%%@h%f the ie,ﬂ
present invention erein a rtiqn h been r.enpved ich shows a
portion of Z2RHEOYTES (4 w(?ﬁhc‘ﬁ’Pgﬁ%%fWi}%ﬁf%?ﬁ? ar HER, PISERr %Yﬁméf of E® fi t r ogen
circul ati on apparat us. gl;i g;re 21s tﬁ ﬁg&gn&ti Chith:r uct ur al V-tﬁ\év,tihqn whi ch a
portion hasoBessioR appAFals Which s the gapay pressure gafcWl BB FPBICE on
apparatus and the nitrogen circul ati on apparatus in this enbodi nent. Figure
3 is a schaouatgaseons statef andodn atljesyingapparatnb (43) whigioreguletes tixdempeatureanttr ed i n
cross sectional view, showing a plurality of projection exposure

appar at usegresifredf She s Srone thc b E6LT8Y Frior t3 M8 shipPly o the eRpdtfetippariizp Bynent
of the present invention. Figure 4 is a schematic structural view in which

a portion . &S}% i j I LW A nodi fication
of the projec ?gﬁ&éﬁo ursgggﬁggﬁggzagf%h@#P\étﬁggo%%?#e%cgf t he present
i nvention. Figur is a.schematic structural viewi ich.a_portion has
been render ed irf'e GRROTELLE 1S ’,ratgﬁmeh’ﬁg?f‘ué”BYw&R?%Hgggﬁggﬂf%oﬁﬂﬁ‘ggﬁ’ﬂses
and helium supply apparatus of an exanple of the third enbodi nent of the
present i nadiftueied or high pressysy forgp 2By means of this, it is possible to store a large amount of

the gas in a small space.

Furthermore, the device manufacturing apparatus in accordance with the present
invention is provided with a plurality of exposure apparatuses, including exposure
apparatuses in accordance with the present invention, and using this plurality of exposure
apparatuses, transfers a plurality of device patterns onto a substrate which is the object of
exposure in fan_ovcrlapping manner, producing microdevices. In this case, as well, the
amount of gas employed can be controlled.

The exposure apparatus in accordance with the present invention is an exposure
apparatus which illuminates a mask (R) with a predetermined energy beam, and transfers the

pattern formed in this mask to a substrate (W), wherein a gas-controlled drive apparatus



Figure 6 is a cross sectional view of the main parts of the wafer st%aemhgz
Figure 5 as viewed fromthe X direction. Figure 7 shows the concept i 00z
.case in which the I enses of the projection optical system are supported by
flat springs. Figure 8 is a detailed view of the press-attachnent nechani sm
enploying flat springs. Figure 9 is a perspective view showing the details
of the fly eye leas. Figure 10A is a topyyiew of the fly eye lens, while
Figure 10Bis a front view thereof) and Figure 10Cis a side viewthereof.

EVMBODI MENT i, hbel ow, first enbodinent.of the.pr.esent i.nvention wil
oxpl al ned (P 250 BpisTdonduct piir EEaiRes Raeatdt (OFABHAR - BhreBd ihiacs, &
application of the present invention to a proj ection exposure apparatus
for sem cdhlike)singa firsegasdaneantiolisroyidec apd g §650nFE8%8a%188 89| i ed to the
majority of the optical path of the exposure light. Figure 1 shows the

out | i ne oftranfmitdvityistsupplieaf§ totahkagtragyostion of the pptical pathaf theer extposure Endrgy s
enbodi nent and a portion of the heliumcircul ati on apparatus, while Figure

2 shows t hRaQuidd ilgaqu_‘f thd'€mFd fyp& he'the sédonki p8s [§miploved!as e fidshias of ele gas?

circulation apparatus; In Figures 1 and 2, a proj ‘ection exposure apparatus
is di spos%gn%ﬁctaid}?‘ﬁe hgaglsr oomon a floor FI of a certain floor of a

sem conductor nanufactaring plant, and a heliumcircul ati on appar at us,

whi ch supplies heliumgas to the projection exposure apparatys on the upper
floor and furt HBARRF Neithctpis W%@’('J\?b'r © Epyalsn 1s ?’Q‘al‘?rg‘ijg;‘% &% hin a
machi ne chanber (utility space) 01 MAY 2002 16 on a floor F2 of a | ower
f1 oor. | n cohirellegdrivetapparapisds driven isfaiges of the same typeas thei speond gas having good
particulate material and to be a source of vibration is installed on a

di f f er ent tfanofittivitypwith hedpecito iy expokre cpergy bedm, 0 thatptlissconeemyaton af the i S
installed, and thereby, it is possible to maintain the degree of

ol ean! i nesgodidat BudiiRadd BRbpiRABali ot hb ¥pdsiR dikly Yebin o @URRRIY decreases.

apparatus 1S | ed at an‘extrenely hidgh level 7and it 1I's possible to

reduce the, effect.s of vibratiaon with respect.t.o.the proj i,ONn _exposure
appar at us 16°% n%?é’t‘ﬁ%ﬁﬁqgg;cﬁs’c‘)'\‘fv 122 H?eel t?‘@%\gnbtégl& gr?tpirasf#gtgﬁahcﬁxgg Measily)
so that the helium.circul ation _appara%kjs of,theﬁ\ﬁnresent enbgdi ment may be
posi t i onedNgEeY Ream s elimmatrg, aqd\it is RQgeibie tg guide theexnosure saegy Bram tq ths,
exposure apparatus is installed. Furthernore, the supply apparatus

descri bed shbsteitewish @high efficiencyef #88l i um circul ati on apparatus is di sposed
on floor F2, while the recovery apparatus is disposed on floor FI or a

hi gher floor, dndhik@adelarsexsmypleof this gis-cohittolied drive apparatils ¥ a Stagedpiparatisus may
be di sposed on differing floors. First, on the floor FI in the clean room

in Figure d53)a,0eK maRePeshtfR ¥ththé Buitid Sl ce §6lth¢i f8rmy b4 @H &Qrih% Oysténd, Aas

platforns 2A"and 2B and a F2 laser " light source 3 (oscrllatio

Q

type cylinder apparatus, or a vibration isolation platform (125A) employing gas as a portion
of the shock absorbing material. The exposure apparatus is normally contained within a box
shaped chamber so that when a gas of a type other than the second gas is emitted from the
gas-controlled-drive apparatus the transmittivity of the exposure energy beam within the
chamber progressively decreases; however, in accordance with the present invention a
decrease in the transmittivity of the exposure energy beam within the chamber is prevented.
Furthermore, when the exposure energy beam is ultraviolet light having a

wavelength of 250 nm or less, then it is desirable that the second gas be nitrogen (N3) or



wavel ength 157 nm, as an exposure |ight source, a beam matching unit (ﬁNLJ}
4 containing a novable mrror for positionally nmatching the optical Fpak AY 1002
bet ween the exposure main parts, and a pipe 5 which is fornmed from an
optically insulating material and through the interior of which the

exposure |ight passes, are installed within case 1. Furthernore, next to
case 1, an environnent chanber 7 which ifg box-shaped and has good
airtightness is installed, and a fixed platform24 is installed within this

envi ronnent,.ch r. 7. via,vibrati i sol.at.j.o i ch
serve to %815%2%}3 bllnaqair% lq,rr ﬁﬂ&t (Iﬂg Q‘#’%@Mh I@%@chlﬂ @S@%é@gﬁgggﬁ@%
unit 26 is installe n fixed platform24., Furthernore 01 Y 2002 17
o Ubehanbels BOR0H0 88 T s RPIIHLG It HERISY It Cast PTRESR| FRRITRAE: Heks Er
extends fromw thin cast 1 to the interior of environment chanber 7 is

i nst al | ed areninertf sosthatfogging materialger the ikerwjilbnotibe generated on|the surfage phthe opt i cal
systemis stored within subchanber 6. The Fz | aser light source 3 may be

di sposed @ptiédleldnw floor F2. ~ In this cast, the surface area taken up
by the projection exposure apparatus (the foot print) within the clean room

on 11001 Fl camkelftuceln @P Srhdsulenlfhs Helinds bl il HEp¢ HSiRd Cts Of

vibration to exposure nmain unit rnmore, when a | aser

i ght (wavel engt a r KrE exciner, | aser |ight vel engt.h 248.n or
X ays or waeleneb.t 200 B olesseh s GosimbR nas Biecondla ot Heiidan, PRl el nigd
(exposure~light), as well, when heliumor the like is supplied to at |east
a porti ont@RSRIEViBHWitk zespecite light afisuch-shosiwavelengths andadditionaliehas, esent
invention may be applied. Furthernore, the exposure main unit 26 of the
present epboiduladytgobs tiermabeumdnctivitypssthatits dbjlity to taol thexeptichleglemerss and thnd
scan type, as explained hereinbel ow, however, it is of course the case that

the presefke ighight FeRhdFOrE) SviRBPAsl ik It dffth@waveIsiptGf Z00RDS bf Rsd, WaE, for
exanple, a step and repeat type, is enployed. First, when exposure is

conduct ed Lohet. pul gt el Vi N nm

whi ch ser&’é@ﬂlacg i#h@Y@gggglﬂgg% 5‘5’ g@rﬁftl %gﬁ’ffrs 3%"?‘?’(\(@@@@%8@&“?{%% source 3
W t hin cage 1 travel s-t.hrough the interiqr of BNJ 4. and Rhoe 5 ang eaches
the subch&ftfRrans 2 PIRISSHPR ARTSL FYSESm COMIPTRg 8 3 1dIRPIIiR FySteny is GRPIQYE -d-&%ses

t hrough a beam form ng optical systemconprising |ight reducer 8 as a |jght
at t enuat ofcatarfioptein syssers hanfewanlonses than a gafactive sysism, @ad the distgnce petweens 11.

An illum nation system aperture stop system 12 for variously altering the

i 11 um nat ilensecis rpri¢aterpststhasit il mpresesceptible he effecisof faictwatiohs infatmbsphesie | ens

11. 01 MAY 2002 18 The ultraviolet pulse light IL which is emtted from

the fly eygsh@as Bypursidlg BRSERFior of the projection optical system comprising a cata-dioptric

system with helium, which has a considerably smaller degree of change in the index of
refraction in response to changes in air pressure, in comparison with nitrogen, it is possible
to control the amount of fluctuation in the image forming characteristics at a low level.

Furthermore, when the exposure energy beam is an X-ray (for example, a
wavelength within a range of approximately 10 nm - 1 nm) then examples of the second gas
are nitrogen or helium. Even when X-rays are employed, if the distances are short, the

amount of attenuation can be kept at a low level.



t hrough a predeterm ned aperture diaphragmin the aperture stop systetm M‘Y 200
passes a reflection mrror 13 and a condenser |ens system 14 and is
-inputted into a fined illumnation field diaphragm (fixed blind) 15A having
a slit shaped openin within a reticle blind nmechanism 16. Furthernore, a
novabl e blind 15B which serves to change the width in the scanning

direction in the illumnation field regia2 is disposed within reticle blind
mechani sm 16 separately fromfixed blind 15A, and by neans of thi S noveabl e

the reticl e st Sééﬁ%*ﬁ%““‘ AR lon O, 4o ‘{‘“EPFP@%&% i
f th | e d. Th I ligh h
Formoa | n aresidsd i g dAgmEKEss: ontdg) %ﬁteﬁ%%sh Bl b

mechani sm 16 passes_image formng |ens stem 17, ref | ection mrror 18 and
mai n condeildumination lightsouree 10a mask and w has a plumlity af eptical clements §94498, s it
shaped illum nation region on the circuit pattern of reticle R In the
present enedi(1094,,100B£1En2)) eviiichoare sipported by supportines ebers, apd peith™ projeptiorsi ng
light insulating material to the main condenser systenms 19 is contained

wi thin subgpa&?@ $stéim ( Bnﬂwﬁiéhtph'@%f@ﬁﬁ,miaﬁ@oﬁ@?ﬁ@rﬁéxpﬂﬁahﬂdﬂﬁﬁl pR&d)lonf arPi pe

S to the output surface of the F2 | aser Ilg source 3 is airtight, and

comuni cat %g%c\@cﬁ Qi diGreS Wi %t}:{i& i pRdA o gr 43 551§ da]f)“&{ chPJlfmeJl? gas

(He) which S a specl fle nperature conttolled
is supplied_fro p0|ntsfr mthe hellum0|r paratus into the
space wit hilf04u h‘hﬁ‘ﬁ‘tﬁé‘? sypReFigd Yé‘l‘RPr?np}FﬁEE“%lﬁd éii’bﬁé)fa&pﬂpb‘@dﬁ ‘Héﬁ i um
has a i ow nol ecul ar weight and is susceptible to | eaking, so that a portion
of the hel idesaribhd ebovesre seppoyted on kks suppord membbrsivsinggress-attachsrens mechanismsct s
in the space 7a in the vicinity of the ceiling of the environment chanber
7. 01 MAWiRULerdplopingudhegivd, and-thgreby, the objects destribed sbue @reoobtaiged.al ve V11
is provided in pipe 31, and by controlling the opening and closing of the

openi ng and cl o3i,Rflesdr¥ an\ekhmple SFARis] P Plss-atachBiEnfRechahishSisRARR sty (261),
swi tch armng the supply and cuft off of the heliumgas to the projection

V13
o1005U1 © RRELE UPunRRLLALDN By S G AcPS nopen.ﬂﬁ:a% s E1°
I V 14 d b h b th t t d th
val o V 4 3 L R Ssteh P, Bl Lo e Spnce el ep L (e

provided in branch pipe 31b in the space between it and the illum nation
optical systesmnf ufdhbaBrat Ge otherender nore, the tenperature controll ed
hel i um gas having a prespccified purity or greater is supplied into case 1)

whi ch cont ai ns tFuethErndrasioter gXdmpsie Bf this preiuitablivhent Mmeckarism iOéresh whiehch
pi pe 31c of pipe 31 (see Figure 2) and opening and closing valve V12. Then,

by i ndependgRihbieAnatiméht ¥¢brdhAel bda si&w g&ﬁ awﬁc@&%e Rt Eﬂcdﬁ’éel\eﬁéxai‘/ﬂ&
V15 by neans of the control system45 in Figure 2, it 1s possible to supply

hel i um gas €

(illum nat |°(|§n%cosp ? E%ﬁang ags(rgl(')e] eﬁéé @ggi)g'? Frggr?ﬁgfgw%n%ﬂ@ﬁﬁ?@?{eﬁﬁm
basi s of uItravloIe oul e li cir ern within the
i|luninati @thr@gF%&amcr PF"EPEHR qpélc?ll'-"ﬁ] %@é@g 023‘53 dhe slit shaped
exposure region of the resist |layer on a wafer Wvia projection optical
system PL This é%umism@c,rmnpnsurs appasatus (preicction expesugsapparatus) in accordance

with the présent invention is provided with an illumination optical system (232) which has a
plurality of optical elements (204, 205, 206...) containing fly eye lenses (11, 111) which
bundle a plurality of rod lenses (1.260) and which applies illumination light from an

illumination light source (201) to a mask, as well as with a projection optical system which



region within a plurality of shot regions on the wafer. The proj ectiod‘n
optical systemPL in the present enbodinent is a dioptric system 1 MAY 2002
- (refraction systen); however, since the glass which is able to transmt
ultraviolet light having this type of short wavelength is |imted, the proj
ection optical system PL nmay be nade a cats-dioptric systemor a reflection
systemso as to increase the transn‘ittivi y of the ultraviolet pulse |ight
IL in the projection optical system 01 Y 2002 20 PL. In the follow ng,
a Z axis is obtained which is parallel to L cal .axis AX of e
proj ect i onis pAvies) with a pliralisy of g F|l°H‘°Bﬁsed\£&p&%gn3i"€H? ?’cﬁlﬁpmﬁ'&agyaxi s, a
X axis wll be established which is parallel to the paper surface of Figure
1, and a Ysuprom memberhandexhigh pioj¢ntaitbaimage ofn pattemconis masla(oniginal plate) apter
surface of Figure 1. At this time, reticle Ris supported by vacuumon tire
reticle st#@gepdbure sulshtrat! iTHes, Bt muwling)a phirdlitg of ranMiendes €L.260) asing a stppuirt
velocity in the X direction (the scanning direction) on reticlc base 21,

and is i n%@h}aﬁg @0ARIthdut BR GRRARA SdiRkive! the BbjelR WRLERDEE abdveladiCachicved.

direction e Y direction, and the rotational” direction. The two

di nensi onal positi,on of reticle stage 2 reticle R) an [ i onal

angl e t her eof :#Lg{b(?gﬂ{”rcoﬂ o)A i *Wégggﬁﬁ'%ﬁmgﬁf%’?&mﬁﬁ? g&%gtimgcepi ct ed
inthe figure, which js provided with a |aser interferoneter. On the, other
hand, waf evitihepreseahinvertipny g sunply, pipe £or SURRLYIRg a:92s W gheredyees atienpatipn inyaf or
hol der 22 is affixed to the wafer stage 23, while the wafer stage 23 is
posi t i onedtheexpdsere éneegy heiant it commeRted tq a gasictfambers whiph sedls,doap essestiallye f ocus
position of wafer W(the position in the Z axis) in an auto focus manner,

and contr oliftighbfadfé| & 16dst b PettioRJF iR bptiesl path 6fhe ExpiiBuictesyyibeticardia Waf er
Winto agreenment with the i mage pl ane of the projection optical system PL,

and condu %éo&tcﬁegﬁg Qf?txgdr;'x& Silikaks 2 ﬁgﬁ'&l}%g tﬂﬁ)&’g%,ﬁ%l%’ ﬁlcltglafcm& getion,

and stepping i Irectio nsi onal” position of

waf er stage 23 fer an he rotationgl .angle.ther are,contr.ol |l ed by
means of - scaanreptd Bt fvas] o it che paecebenzin 3 BHPDE A MBI he BHSURREEIR G whi oh
is provided with a laser interferoneter. During scanning exposure, reticle
R i s scanndspased.aThen, #s regovsty Ripe isconnectad 1 agemowli apparais which rgmovest
direction) with respect to the illumnation area of the ultraviolet pulse

| i ght IL, imparities froincthe revgeer2d gasaand the retnoval appdratus bed treistpply pipearevaf er W
is scanned in the . X direction (or in 01 MAY 2002 21 the + X direction)
at a speedcophectd. FuiRiRore, the dptital RIccnesd WRich tROsXpbiuie bhdfy béadipdsedsi 3¢ € R

onto wafer V~, with respect to the exposure region and via the wafer stage

23. Furthey di gﬁ%gg h;’{)g%g ;%5‘1& j
t enper at yrég%%ﬁfrofihtgg§ﬁe I ur gas 2 Vi rxf; a éﬁ?&a’gg %Hgtmagrggé&go‘w%@gﬁﬁggfco%f or
greater | ®a gg%.l ﬁjrtﬁe?mtc)pc? a gas control type drive apparatus which employs a gas having

optical characteristics which are essentially the same as those of the gas which is disposed in
the exposure apparatus, and a supply source for this gas, are connected.

In accordance with this invention, a portion of the gas supplied to the optical path
may be recovered and reused (recycled) so that it is possible to control the amount of this
gas which is employed, and it is thus possible to construct an exposure apparatus which

makes possible a reduction of operational costs.



entirety of the space within the barrel of the projection optical syﬁtem%
of the present enbodi nent (the space between the plurality of |ens 1"MAY 7002
-elements), fromthe heliumcirculation apparatus in the |ower floor and via
branch pi pe 31b of pipe 31 and opening and cl osing valve V14. The helium

| eaki ng fromthe bagel of the projection optical systemPL rises and
collects in the space 7a in the vicinityjef the ceiling of the environnent
chanber 7. Furthernore, in the present enbodi nent, tenperature and pressure

| ed ni . : . ' i ' i
el nt ained a " AR5 s8R o Flosipa i Bl @&g%?ﬁ@%?f %”-*‘ﬁ‘ﬁ{ﬁ?? ‘Ia%,@ﬁwf”:m -
[ ti t 33-40, 82:87, 8 f, [ in. A, t
Che. | nt or RBYRPoHBAtRE AL SaRisRonty oy s SpTepom e HPlayd dherdRl 1 apiftyas

circulating in the interior of the environnment chanber 7 is recaovered in

pi pe 33 viuaderstandiog ofi tiecpresentinvertinng howeyar, thy presentinveptips is ot ligted don
surface of the environnent chanber 7 and via pipe 95 which is connected to
the side shestagdodimdntcofahyinveni@nt chanber 7, and the recovered nitrogen
gas is returned to the nitrogen circul ati on apparatus as descri bed

her ei nbel ov~t. An opening and closing valve V19 is provided in the pipe 95.
In this way, in the present enbodi nent, helium gas which has a

transmttivity with resp i | as well, is
supplied to the optical %@!ﬁ@%@%ﬁ?‘iﬁw@%&ﬁﬂ@%m [1'J fromthe
out put surface of the FZ |aser light source 3 o ,the main condenser |ens
system 19, as \ﬁégqf°&§5§6°§°ﬁ@%ﬁwgwﬂ NiePHOT S PIRJSELION $XPISYHISARPATRS ¥ | ght | L
wi thin the 0 ' MAY 200Z 22 projection optical system PL Furthernore) the
spaces fr ercarbancenvith zfirstimode of therpreseptineentivd, whereina prirtionehasfbeen cémievede of
the projection optical systemPL, and fromthe output surface of the proj
ection optwhiel sHoyslasoritén bPthk Melis ciraglation appatatvdndra poridreoftie ittogen Wi t h

nitrogen gas, which does not have very good transmttivity with respect to

| i ght of - however, the optical path which passes through
this ni trécg'glﬁlqg%rgﬁngﬁzé%renel y short, so that there is little absorption as

a result of the.nitragen gas.. Nitrogen. gas has a higher transmttivity with
respect to Iigfrﬂg‘ﬁﬁéilg©SMIsgﬂﬁPﬁ?W°§'}ﬁ“ﬁ%ﬁqﬁﬂ@@gﬁsaﬁﬁiﬁ’t"d@ﬂ’éﬁd@l y 200 nm
- 150 nmin conparison with standard au (which is chiefly oxygen), and

ni trogen @§hawing the mainparisof the kpdivgheirmwationgpparatus apdhths itregensgcelption j t i s
cheap in conparison with heliumgas, so that superior cost perfornmance can
be obt ai negpararme imtHis ergbodimast. i s used in the short optical path portion.
Accordingly, the ultraviolet pulse light IL which is emtted fromthe F2

laser |ight sowigge3 i§ & 8eHasmticRBusral afagra invehieh aPbAiondHas B¥&N réhderéd BN
transmttivity (efficiency of use), so that it is possible to reduce the

cxPOSUT e RECS QRN \cRPE LR bl Bl cbiesh BORAIRLES i oo
conduct | Vi L b SRR TR SLe LIRS oot Btaggen, o that the

ultraviolet pulse light IL at the optical elements within the F2 | aser
| i ght source 3 Figure 4dpe sehematic structural view in which a portion has been rendered in cross

sectional view, showing a modification of the projection exposure apparatus of the first
embodiment of the present invention.

Figure 5 is a schematic structural view in which a portion has been rendered in cross
section, showing the projection exposure apparatuses and helium supply apparatus of an

example of the third embodiment of the present invention.



elements within the illumnation optical system and the optical elenenbs
within the projection optical systemPL is efficiently transmtted to, "' MAY 2002
-respectively, the case 1, the cover of the subchanber 6, and the barrel of

the projection optical systemPL via the heliumgas. Furthernore; the heat
energy of this case 1, the cover of the subchanber 6, and the barrel of the
proj ection optical systentPL is efficieggly exhausted to the exterior,

such as | ower floors, 01 MAY 2002 23 or i ke, by tenperature controlled

air wwthin the ¢l ean room or re contro o thin
the envi ronmntfléﬂ%léraef"ssﬁéﬁwﬁ @arrnlpaaéts H‘H"’é}# séﬁé %\‘
optical elenents of the illum nation opt| cal system and the projection
optical sysewed fromcths odiremtiont ai ned at a very low level, and it is possible
to control degradation and i nage formati on characteri stl cs at a mni num

| evel . Furt her nBigere 7 tovwesthe nonaspt inibmcpse imwhich thenldnses of thegirojactianmptiod]
heliumin response to changes in air pressure is very small, so that the
amount of GRRROSeIsBppdHRdibydRX springsef raction within, for exanple, the
projection’optical systemPL is extrenely small and for this reason, a

S
well) it is pos a Id.5ti CS.
Next, the heli ufngﬁ arescfuslq1 oirydg)f)%é?g@@ﬁes Wﬁé% er%cc %Sﬁgﬂé be
explalned in detail. In the interior of the environnment chanber 7, the

hel i um whi PFP¥aks out of the subchanber 6 and the helium which | eaks out
of the projection optical systemPL rises, since it is lighter than
nitrogen, and cBighesecd is a perspectivpeiew shqwmthm@emiscofmﬂyeyc lens ceiling.

Here, the gas within the space 7a is a mxed gas in which are mxed, in
addi ti on to hel Figote T0A {scowp viewlofithe fiyteye kenenwisilesFiptive 19Nka@maevibwahueéfer 7
fromthe outside. In the present enbodi nent a pipe 33 is connected to the
space 7a finpiphe 10t iSaiskle Wéwith@edtnvi ronment chanber 7, and this pipe 33
is connected to the helitun circulation apparatus on the | ower fl oor
through a hole which.is provided in floor FI. Furthernore, case 1 is
connected to pipe 33 via pipe 92, and an opening and closing valve V 16 is
provided in pipe 92. Furthernore, e subchag&g 6 which contains the
illum nation optical system and th in the projection optical
system PL to which heliumis supplied, are connected to pipe 33 via,
respectively, pﬂmmmmwwmmmmﬁmwmim@th imventiongwilldxpladned with MAY 2002
24 V 17 and V 18, respectively, are provided in pipes 93 and 94.

Accor di ngl pferéneeitd ?meememd 2. Theeambodiment i€ ko applitatibieofhe pteeenmdnﬁd:m@mg
val ves V16) V17, and V18 using the control system 45 shown in Figure 2, it

i s possi bl o}eQan?Eﬂy&ﬁr Hémsqaﬁseﬁﬂ&;tﬂu&opgeﬁ%%\ﬁa&%t\ﬁ{erﬁﬁ h@lﬁftﬁ ?% i€s or

the like fromat |east a desired one of the follow ag: the case

supplied to the majority of the optical path of the exposure light.

Figure 1 shows the outline of the structure of the projection exposure apparatus of
this embodiment and a portion of the helium circulation apparatus, while Figure 2 shows the
outline of the-structure of the main parts of this helium circulation apparatus; in Figures 1
and 2, a projection exposure apparatus is disposed within a clean room on a floor F1 of a
certain floor of a semiconductor manufacturing plant, and a helium circulation apparatus,
which supplies helium gas to the projection exposure apparatus on the upper floor and

furthermore conducts recovery thereof, is installed within a machine chamber (utility space)



subchanber 6, and the projection optical systemPL Furthernore, a sugii@q 2
type punp (or fan) 34 is disposed in the pipe 33 in the bottomsurfa J&U
-of floor FI, and the m xed gas sucked fromthe interior of the space 7a and
the case 1 by pipe 33 and punp 34 is sent to the heliumcircul ation
apparatus of the lower Icvcl. Then, the m xed gas which is passed through
punp 34 reaches the dust collecting and nfg sture renoving apparatus 35, and
here, in order to avoid |ater clogging of the adiabatic conpression cooling

, the fi icul ' . . That_
oy Pn qudh Al RSB GeT 3 kv AL RhealabiSudile WM R g W 7, O
HEPA filter (high effici ticulate air filt ULPA filt

(1l tra | owPBBHIs AL ooy oF piopiandsiosild A8 ARfsat ioer FPRet o

fromwhich particulate matter or noisture has been renoved by the dust

col | ect i ng oarnwhih thetprojsctiemexposure apparatus issnstalleda sadthenchy,dui§ipopsiple t@6 and
reaches inpurity renoval apparatus 80, and here, inpurities (contam nates)
ot her t han mdfifairCthk degresaf eleariinessivitliin the cledy rebimeid which the projectidn @Rposare
removed. The inpurities renoved here are substances which precipitate onto

the surfac %Epg}gmg hgejlneml'b&ﬂd aneéx%‘éﬁmﬁingi levEandat is ?B?sribll: rDfu@ME Efects of €

illum nati optical systemor the projection optical system PL and cause
foggi ng, or .substances ich float .within the optical th of, the exposure
| oht " and VARERO A6 SespEtl B e piiRbrish ExfioRnk ArbRit fen SXfemhefl o lfud b
intensity) or illumnation 01 MAY 2002 25 intensity distribution or the
li ke of the il Jislive gasis Gght and|risss easilys sorthatithae haliymeeirquintiop gpparatus o heem
PL, or arc substances which precipitate onto the surface of the wafer W
(resist) ampdeseatusebaliinontraty bnpositionet et phighen fioar tepahafloerin sdhichl thpi ng
processing. An activated carbon filter (for exanple, the G gazobe (trade

name) prodygéidctivh Mpobiire @pparavay js instalied. Zuethetnsort, thé Qippbf appafatdstdescribedbi ni ng
t hese, may be enployed as the inpurity renoval apparatus 80 of the present

enbodi nent . BEEGP Svifki St il %i&?b J S hoxane
(substanceshc AV ng gv@lfm%actﬁg‘ll% ééfgﬁlgﬁogﬁiJ ogrl Sl agzég%éf?igﬁgg’ta‘g%@e{gghavi ng
a Si-N chain as an axi ssl). whi CE ar gﬁsen . 'tﬂi n the environnent, chanber
7, the il | JFROYED RS it dispasedon,floo Pﬁéhtﬁ\g'si eqr; #d 1p,Hhus way pags.efthe p) )
may be renoved. Here, the substance known as_"ring formsiloxane", having a
Si - O chai n hgbumrirgulation appasetus mayhe disposedeongiffering@eors.i s contained in
silicon system adhesi ves, sealing agents, paints, and the |ike, which are
enpl oyed i n pr ojHrst,iomthe fiposkEl m the plramtoonem Figurd 1y\a bbx shapedeass ddeinsfallpear s,
this is released as out gas. Ring formsiloxane is easily deposited on the

surfaces ofvid VibRdtionasiatidnislagorafit ZAAARS2D andPF) fadér IPhC§BARGS (os@N&esn OF the
| i ke), and oxidizes when it cones into contact wwth ultraviolet light, so

that it becomefendfh 374an)4SAE BJoS%e 11} soiPcE! 2 BELm Bhdniify Y (BMES4 Sontilg® 2!

el enent s.

a movable mirror for positionally matching the optical path between the exposure main
parts, and a pipe 5, which is formed from an optically insulating material and through the
interior of v?hif:h the exposure light passes, are installed within case 1. Furthermore, next to
case 1, an environment chamber 7 which is box-shaped and has good airtightness is
installed, and a fixed platform 24 is installed within this environment chamber 7 via
vibration isolation platforms 25A and 25B which serve to reduce vibration from the floor on

floor F1, and exposure main unit 26 is installed on fixed platform 24. Furthermore, a



Furt her nore, hexanet hyl di sil azane (hereinbelow referred to as "HVDS"),
which is enployed as a preprocessing agent in resist coating process@s, MAYSI(0?
-a silazane. HVDS i s changed (hydrolyzed) into the substance silanol when it
reacts with water. Silanol is easily deposited on.the surfaces of I|ight
sensitive substrates or optical elenents or the Like, and oxidizes when it
cones into contact with ultraviolet lighjs formng an Si Oz-system foggi ng
01 MAY 2002 26 substance on the surfaces of the optical elenents. Silazane
generates a ni.a_as .a result .of .the hydrolysis SGr . ve: n such
amoni a i ss“g]f;r%%tﬁf %t“gﬁ%tf ﬁ@rthaﬁugptpS?gﬂg ,°x€éﬂgs gﬁﬁfpé%cegg&g‘f&c ot “95}% ement s
are even nore Iikele/ to_be.fo%ged,. The organic materials (for exanple,
hydr ocar bowihingasechiodhe injeriorat cavirenmanth shamher dp nsificd fea aeE Bt s
of the illum nation optical systemor the projection optical system PL or
the |i ke ahemajarikenf thevliutination hptical systam is, starad withinsubchember€d i nt o t he
hel i um gas; however, these hydrocarbons are al so renoved by the inpurity

renoval appar atTige BQader lightesoRf@ Sohy BERigpdseE bh thelowehR6GFF2 ; Inithis csse e t he
case that only the silicon systemorganic nmaterials descri bed above are

T,y AN A e N B S b o Dttt
ouLgas5es ol oy Tt BhESL ol Moy SRATOREL 6B

renoval apparatus 80 in_the present enbodi nent. Even if ammoni umions or
sul furic £XPESYTORRIMWNItER | j ke which float within the clean roomenter into
t he environnment chanber 7, these ions are also renoved by the inpurity
renoval appar atkisth8fimoreuwhéres AnF excimmer laker ligheGeaveleagthd92 mm)or KrFextimenr i t y
removal apparatus 80 is provided at the downstream si de of the dust

col | ecti onaghfighivalelefgth @48 itl) R X AHya b ithe ike alRBMDIOYed ds thSexpR¥ureeaégpe
provi ded at the upstream side of the dust collection and noi sture renoval

appar at us i , ili-erl. RA 1] L wW.thig the
dust coll eB;:% I o@ﬁ%%h;eﬁééhﬁ h%/gcg’e‘yr%é\;gtféﬂggﬁ%{tg% {dgé lrsf%p#}eed'r%r\%é{eieésgiatp\a&@&w&t h the
activated carbon filter within the ippuri renoyal apparajus. The m xed
gas passi rr_ée PH‘:‘%@?{LPE&‘% HBAFITE ;?éﬁrshg&gr’ the przse wgewpn_rlea%ﬁ%ww -
refrlgeratélrll_g*apparq%;us 37 via %apéé&&nd &e’ge,bt hi s éaé cooled to the

t enper at ur TTNPIqu§hg CXPFBranaIn presngé pmbodimgntis tSCRNDiRg ENPOSYE On
cooling. By neans of this, the nitrogen and air conponents are |iquefied,
and it is w@psifordxampld, bateptand Sepatypé, @s eXylained berembéiowt howéven/it istuf cburgeief | ed
air conponents containing nitrogen. The air conponents conprising chiefly
' Cyl nder 55 Rt e ibclicd af B bnpiiRh 2@ a3inRind tpostie B, fpecover e
di sposed t {.n i , h as nitrogen and the |ike which
arc vapor i%%%?ehatsﬁggggir%pﬁggwggg%ﬁlc’%&ej&r eused (recycled). The helium which

is present in the formof a gas within the refrigeratin
P lplrst, when exposurgJ ?s conducted, an uﬁrav?olet p%‘iase light ﬁ, having a wavelength

of 157 nm which serves as the exposure light emitted from the F; laser light source 3 within
case 1 travels through the interior of BMU 4 and pipe 5 and reaches the subchamber 6. In
subchamber 6, the ultraviolet pulse light IL passes through a beam forming optical system
comprising light reducer 8 as a light attenuator and lens systems 9A and 9B, and is applied
to fly eye lens 11. An illumination system aperture stop system 12 for variously altering the

illumination conditions is disposed at the plane of exit of fly eye lens 11.



apparatus 37 of Figure 1 is sent to the first inflow port of the m xi ng and
tenperature adjustnent apparatus 43 in Figure 2 via pipe 41 and a sucli &AY 200
- punmp (or fan) 42 which is disposed therein. In Figure 2, highly pure helium
gas is supplied fromcylinder 46, which is filled with highly pure helium
gas at high pressure, to the second inflow port of m xing and tenperature
adj ustnent apparatus 43 via pipe 47 and jgpeni ng and cl osing val ve 48.
Li quefied heliummay be stored within cylinder 46. Furthernore, a helium

concentration . for qn i r [4i t he
hel i um wi t hi n fﬁ%‘%“%’é‘é{% R“ﬁg‘f%%h‘mgﬂh@q? Rl bl ¢ %ﬁy&%ﬂﬁ’é‘@“
refrigerating apparatus 37.in Figyre 1 passes is provided in, the vicinity
of the i nf HEARESA Bregipiemingd BRrrture draphiasitin tircarsAue SOR Y GEL 1 2Pa8sS s  mont
apparatus 43, and the neasurenment data thereof are supplied to the control
syst em 45 wifiectiorcmigser Feanda candpusee kens vysésm d# end isrinpurteddntodfixed illymination
recovered helium neasured by the helium concentration neter 44 reaches a

predet er m field dapheagh(Bxddbifid) 15 Ahacingiarsiit sifaped opend® within reficle blisdii ng and
cl osi ng val ve 48, and adds highly pure heliumfromthe cylinder 46 into the

m xi ng ang@%ﬁw %%gdéma%%om&aﬁlﬁ;mﬁhicﬁq&m emu;%a_ th¥3dth i e

hel i um Z002 concentration as neaswcd by the helium
concentration neter 4 4. exceeds fhe | ue system 45
Shut s tho. SRBRFBAIERAOLIEE Apmoarue B SR B sidhobed wild BRIk bl 27

cl osing valve 48 is _shut even when, the osyre operation is t. _pei
conduct ed meEh3nRsmh 6 SFRATIE g Besy LU TRty BB LA BOYVeRBIR PG a, 2
concxntration in place of the helium concentration nmeter, and to close the
openi ng antkdetiay mghe aiovemsst siioke int the scsnpipgdiregtion of tha rétiple stageaand@ bel ow
an allowable level. Furthernore, m xing and tenperature regul ator apparatus

43 first ntedastidmia the Gadbrof thdldht blocked bandafithyneticle R, ayd dchiteed.46 Wi thin a
predet erm ned pressure range and controls the tenperature and humdity at a

predet er mi ned | Q'Yl@!l.x%t?/a@?oéa%gi e IGRES FRRA Y ARCRAD B e b TR PHAT

presswe, and humd rum circul ati’on "apparatus of the

present enbpdi nen rises.fr dust. coal l.ect.i on _and, nolL st ure rennval
Dopar at us. 350e geifls PR s, 26 REReiminge SGTing lonS BINEY (2 4B Seuiof FRARE 16 o,
pi pe 31 passes through an openi nq provided in the floor F| of the upper

| evel and Arch@Riscanderser leas syptan il §yangrilluminates ahan eqahintensily a skt shapady punp
(or fan) 32 is installed in the mddle of pipe 31 at the bottom surface

si de of fl| dbhmmikbtiendgiom cmthe cincpibpadterd afsieticie Ra | Indhé firgsans enbodima et thetspadee
upper surface side of floor FlI. Then, the heliumgas which is placed within

a predet er FoRfifle RLEHUS Shirface dNPfhe 5 domristhglightl fisBlatihg BfdterANEARE fridid QJAdedser
greator, and the tenperature, pressure, and humdity whereof are controlled

at predet egdu v, . ] ' ' :
s Buppl | ed eI Reghiiid iy SebcRpke TR BialicEmar e child b aleThil ol
to the int gf f)i%g 5% tttnchoeutgllxjt%%%cng) oefr thg on {asérmeghp gocv).{rgccg {soari]rtight, and communicates

with the space within subchamber 6. Furthermore, helium gas (He) which has a specified
purity or greater and is temperature controlled is supplied from two points from the helium
circulation apparatus into the space within subchamber 6 via branch pipes 31a and 31b of
pipe 31. Helium has a low molecular weight and is susceptible to leaking, so that a portion
of the helium which naturally leaks out of subchamber 6 rises and collects in the space 7a in

the vicinity of the ceiling of the environment chamber 7.



exposure apparatus on floor FI of Figure 1, to the interior of the

proj ection optical systemPL, and the interior of case 1, via branch pijgedAY 2007
-31la, 31b, and 31c of pipe 31. 01 MAY 2002 29 Furthernore, in Figure 2, an
impurity concentration neter 90 which detects the concentration of
inmpurities (including the silicon systemorganic materials described above
and the |like) which enter into the heliui@gas isinstalled in pipe 31 at

t he upstream of the opening and closing valve V 11 (the side of punp 32),
and based on the val ues nreasured, contraol system 45 conducts, t he openi ng
and cl osi ng of ApEWgindrgure2oan %WW@%HY”YR{S’%“&’N@F“%&% g)]t’ﬁﬁd
supply and cut off of helium When the inpurity concentration as neasured
by the i npnyrdontyrolingdkmopeningandralosing ofthe opé¢ningansaiesing valveoV &hiby conttahed

al l owabl e |l evel, then opening and cl osing valve V11 cl oses and the supply
of hel i umsygeinhss, Rriﬁ?@ﬁilil@fb SN etichga B Applyteind cut 6fflof tefhelingh, gak € thexanpl e,
t he exchange of the filter of the inpurity renoval apparatus 80 of Figure 1

the exc | ] m _ i
ciroulati SLOgas RSty it "RebRARKR FRul, w Spéfl B2 GGl W VB I L
| osi I Vol ol i d d |y .of heli ' Lni.tiated,.and

The. opent Mo o erdhyber viel s 31 and W Roifefiboiit kil SBlnerdifipe ™"

heliumis circulated. Then, at a point in tipe at which, as_an exanple, the
i mpurity dBRCEMiPLIItiR the spage Refwesn Bangdtheprpicgion ppticalsystem Bl whileane | evel |
t he opening and cl osing val ves V16 - V18 are closed. Furthernore, when the
concent r atdpeningfant elosimg valve!W 15 isipeovidedcin branch pipe 3ibtin threspace, betweent ihand

proj ection optical system PL reaches, respectively, predetermnm ned val ues,
openi ng ange fluashfthnvepticaSsyMei(subctambef6)e Fartbe@idit, the mpeRtRe cot¥biled USI N
the light detector (not depicted in the figure) provided in the wafer stage

e e e S G
e b T o e Bk b R8s 1D ke 2 gy

MAY 2002 30 results of this detection, the exposure of wafer Wis

i ni ti at ed.opeRingjagg elosmgvalvecbhakhea, by indapendentiyopening and glosing thyf opening
recovered helium described above, it is also possible to exchange the

cyl i nder \ahiclosingrvwabes Wil 2st Wi Eby meansafithe eshtiobbystem 45 iy Figepe @) itiinpossibld toe
cylinder 50 in Figure 3 described herei nbelow) wth another c~ finder, and

to incr ea%ﬁﬂﬁl?%eﬁhh'higtay it 8f Radt oat desifedRStiafion QRANE sabdHambEAE (ilibihatignd t o
supply the heliumof high purity within cylinder 46 to environment chanber

7. Further reul ] G . Al | er 90 may be installed at a
position ocx[‘Bﬁ(Ea‘r9 Styﬁgﬁy\%\#ét ﬁﬁoﬁ&?ﬁg%{l%glsg%ﬁgg that it nmay be installed within
pi pe 41 or pipe .36 at a pojnt.downstream from.the inpuri, removal
Bobar atus. 80. R theda 0B SIRYIAIEn HiPo BBk Lo e Giieus PBfeE ot e A ipation
apparatus of the present enbodi ment is started up, or when the work is
rest art ed regipe of eticterly ipidlnmirptest onjo thepsliy shaped expasnreirpgion pfjthe resist dayenop of
the projection optical systemPL is initiated, or after this is

wafer W via projection optical system PL. This exposure region is positioned on one shot

region within a plurality of shot regions on the wafer. The projection optical system PL in
the present embodiment is a dioptric system (refraction system); however, since the glass
which is able to transmit ultraviolet light having this type of short wavelength is limited, the
projection optical system PL may be made a cata-dioptric system or a reflection system so as

to increase the transmittivity of the ultraviolet pulse light IL in the projection optical system



conpl eted, the opening and closing valve V11 in pipe 31 is closed by E}MYZ%Z
control systemd45 in Figure 2, and in the state in which the opening

-closing valves V16 - V18 of pipes 92 94 in Figure 1 are opened, the gas
within the case 1, the subchanber 6, and the projection optical system PL
(heliumor the like) is suctioned out by punp 34. At this tine, so that the
m xed gas within the upper space 7a of eaqironnent chanber 7 does not flow
into the pipe 33, an opening and cl osi ng“val ve (not depicted in the figure)
provided in the vicinity of the inf]ow port of pipe 33 should | osed.
After thi sPLt Hethg SRlWigehég axisdsphigingd, ig/parallc) tq the °§‘|36§e§§ °§H&f t he
opening and closing valve VI1 is opened, and heliumis thus supplied to
case 1, suprofestibeoptical system P anst in@rplanstfetnendicylar tnthpiZ axis, @ Xnwis wilhbe
interior parts thereofseach a predeterm ned helium concentration value, the
cor r espondésedblisiswhigh dparali«) 36 thg papérsarfacé of Figurd/1lindar ¥ akisowiticbei n or der
and once all the opening and cl osing 01 MAY 2002 31 valves V 12 - V 15
have been &k&ﬁe&d WEcH §s ﬁ/crgeddiéu?’ar% &%e%g?@ﬁrﬁemi elihis, it is possible

toinitiate the exposure operation of r W or To initiate the
preparatory ope L Ons the . nol LGt | fl hel i um
concxntration rré?é‘?ss{']%ﬁ’ap :i‘g R s%o?@ﬁ?» 9:‘1’ %ﬁﬁ@p@@ﬁ% ga#p%tg“ahgg[ u‘\%mkt hi n
the case 1, the subchanber 6, and projection opiigal systemPL, and control
syst em 45 {85400 Madranoysableaya P@rképﬁ& laﬁh@%é%ﬁeﬁ'go% YPRRRR GIeRAOPLs v
12 - V15 based on the output fromthese concentration neters. At _this tine,
until the dreteticihbesm2brandas installedisa #scto basapable af slight-moreamants intbe Xhe

proj ection optical systemPL, respectively, reach permtted val ues) or

until the diecgen tiONCERctiah, ad therotdtionaltiifediidd. EThetMoltimensibiedl pusitid6f
oscillation of the FZ laser light source 3, that is to say) the exposure of

t he wafer e S5 (o1 3t HoRaCdhyie 1B eE U  d
parti cul ar%é\{l%l'g?%é%bt( elE?ﬁI{)uérélvdrgét fb(gin opt | ?‘aclrtgsyste?n % conggr?gear grtl:gnuioé) and
the projecti.on optical .system PL. and between th oj.ection_optical system
L and + heiamapeh s SPLasSRS (e malR whieh SE RO Rl B i Bimelehy o
oxygen concentration neter are djisposed, and furthernore, the_ output of

t hese concent r aPR & ofBerhandpyafepV is5upRaFied by yagumon thevafpehalder 22, apdthe i ped
above and the oscillation of the F2 laser |ight source 3 may be controll ed.
Fur t her norwafenhader 2i%is laffixedrto tclonwafiet staged 23, whille therwafer $tages23 ispositibnedron case
1, subchanber 6, and the projection optical systemPL, for exanple, the

hel i um conmelﬂmwfaia@famﬂz_mhiTrhctMcrrstég'ee_stcb@ufowmcifaais poxitio B Rlafer Y0 ¢ bel ow a
predet erm ned val ue during the operation of the projection optical

appar at us, ,dsfenaR Gk ﬁq_xﬁz% & 886 Bkuy Rlalfs, Mdl cont?ols W @oﬂﬂ&fh"aﬂo&;%g.a?ﬁl ium

is supplied. At this ti wthin the projection optic system PL) in
particul ar, so as naot tq cha he pressute. .between, t he tical.ele ts,
Phe. 1§ ow. rorite G Sl sfelelc iplo erdehieht Ve i nde? B 36 B8 niifecof B
m xi ng and tenperature adjustnent apparatus 43 or the l'me L.

system PL, and conducts the constant velocity scanning of wafer W in the X direction, and

stepping in the X and Y directions. The two dimensional position of wafer stage 23 (wafer
W) and the rotational angle thereof are controlled by means of a drive control unit which is
not depictccf in the figure and which is provided with a laser interferometer. During
scanning exposure, reticle R is scanned at a velocity of Vr in the + X direction (or in the - X
direction) with respect to the illumination area of the ultraviolet pulse light IL, via reticle

stage 20, and synchronously therewith, this wafer W is scanned in the - X direction (or in



0O ~ MAY 20e' 32 32 or the like is adjusted. This is so as to prevent 01 MAY 2007
changes in the inmage form ng characteristics of the projection optical
-system PL as a result of changes in pressure, and to prevent changes in the
illumnpation intensity at the reticle Ror the wafer W or changes in the
distribution thereof. Al though not depicted in the figure) pressure sensors
are disposed within the illumnation optigal system (subchanber 6) and the
projection optical systemPL, and control system 45 controls the flow rate
and pressure of he helium e val ues . msasu hese.
pressure seRsERS "%L?tﬁwgﬁg’gﬁgk’g% 15885 Projegti ?‘gcﬁ\‘:@/" é"lf?t’ﬁ&l ¢ Be
di sposed within the illum nation optical system and projection optical
system PL, cataiwafsr W), with rospecteto theeeknposusd region and i theowafer stage 2%enper at ure or
hum dity of the heliumgas may be precisely controlled. In this way, in the

present enbodi mfirthefrhiére)idjthe sdnye Mhnrienas telinhteriooefsubehiapibeed, tempeatre f | ow
into the majority of the optical path of the exposure light (ultraviol et

pul se | i ghteohird 1 heifdmn éHs(Haeﬁlg'a edetdifithtdeon Batiifatibyl 8r g:%até} Is%ﬁ% Led"t6 @Rver ed
via the upper space 7a of the environnment chanber 7 fromthe case 1,

bchanb 33
¢ ; E hZhh&r '°?Hf ['?%%*F ?fgﬁ*lﬁﬁgééh%a i R%?J“MEPBP%%‘@?&? b?ﬁt%}“’? Oﬁ%"gkﬁﬁ?a
of high cos ium 0 can pe reduce ogsi bl e to increase the
tr ans?ri tti Fmep %\‘M"E’H rrp ng BI*B'S%P&CH @lﬁlp"n o the hel,nggggcx?lﬁ%on

cooling efficiency of the optlcal elenonts, and it is also possible to
reduce t he appaatusiimthedowernflesr anf ¥iahranchqipe !l teafipipei3 bandopening and closinghe
enbodi ment descri bed above, a cylinder (corresponding, for exanple) to the

cylinder 5Gable Wi4UTle kelilasieskibg erofifthe bakéll ol e projectidmoptitd] $y8RaVPL eifes ki UM
may be provided between the refrigerating apparatus 37 and the m xi ng and

tenperatur g, ﬁgété‘ﬁ%tgg ce 74 it tMchEQ*oftﬁ@c@lﬁH Bﬁwé%néﬁo%xﬁ'cﬂﬁﬁ r]7 In this

case, in or er to Ieto store arge ano nts t he I um shoul d be

conpressed usin LesSSR Q0.1 atrm and sto in the
oyl nder By modteERngg B et Pebintnl s eRRRRCInE e po0Rd
approxi mately 1/100th to 1/ 200t h. Furthernore, the heI i,um may be liquefied
by nmeans ofm'aogtmcﬁaé{Nér the #E04p1 qf@xagewwdom whigh isimaintaingd at o exiremsly
means of |iquefaction, the volume of the heliummay be reduced to

appr oxi mat by ld_\/cm@swpplw fomhehitiogemhcighilationapparesis €38-40, 82-8(, 89, and theilike)i s
manner i s reused, for exanple, when it is returned to state of

appr oxi mat gh ¥ i&Wer fiddTRS teh@riof bfeenvRBaERICHARDEIETVia pHRBSAThRn/ 188 Hitfogeh gas
expansion, so that it is necessary to enploy heating tenperature managenent

using a heactu%{xlaﬁfx H‘&c lihtEfor ﬂﬁé&ﬁ/ fngnt I&_;aﬁi'bfaiﬂs é&%?edflﬂg edéf’d r%é‘l-.:gﬂaﬂ& a

constant pr essure I's desirab provi urthernore, an o

cl osing valy oz &rzaét,[%ghc?cr e ngrc) ENGe B8R4 S8R gﬁacocfnv%rggmgﬁtéhm%bcrnfjand

t enper at ur

via pipe 95 which is connected to the side surface of the environment chamber 7, and the
recovered nitrogen gas is returned to the nitrogen circulation apparatus as described
hereinbelow. An opening and closing valve V19 is provided in the pipe 95.

In this way, in the present embodiment, helium gas \_which has a transmittivity with
respect to light of 190 nm or less, as well, is supplied to the optical path of the ultraviolet
pulse light IE from the output surface of the F; laser light source 3 to the main condenser

lens system 19, as well as to the optical path of the ultraviolet pulse light IL within the



apparatus 43 (the side of punp 42), and the anount of helium obtained friawmy 207
the cylinder which stores the recovered heliumnay be regul ated, or the
-openi ng and closing of the flow path (pipe 41) may be controlled. By
enpl oying this opening and cl osi ng val ve together with the opening and
closing valve 48 of the pipe 47) it is possible to nore easily conduct the
regul ation of the concentration of heliumsent to pipe 31. In the
enbodi ment descri bed above, the heliumgas is supplied in such a manner as

to flow through.the..ngjorit f=the i gal . j X
however) i HI‘H?‘Q@P qu;@dv 2 %‘ﬂg E‘h&%&ﬁﬁf'g’?’s{’ E%E%p?ﬁ tgg:ﬁ?aﬁg%an% l%dosg%em

i ncrease the cooling efficiency of the reticle sta 20 .and t.he wafer _st age
23, hel | umig4a trejatseotdngifence of ths RIAEcioR PRcRl SYSTCRT Fle S0FERER Lie QpfPlL Sirface
environment chanber 7. In this case, as well, the majority of the helium
may be recof thequpjestion dptical $ystermBLsaithe surfacanfitbe wafer 3\ sresupplies wiginnitrogerp 1
MAY ZOG 34 Furthernore, in the enbodi nent described about, the helium
recovered lgys, Wiicidods hot BRE Ve Beddaratismithivity s/ithréspesta lightieof 18 nins oresss d

wi th highly pure helium however, when the concentration (purity) of the
recover ed | | s of i or Sl ; 031 Lt Wi be
i npossi bl erpltS lg'cgézf’pilhgloybg}é\énl&% gh:\ggxc%zﬁg& g%ﬁr%%@éﬁ%g%g%‘rﬁgﬂ%ﬁoﬁg to
t he project, on. osure apparatus to allowable ranges. 1n such.cases, the
ecover ed MY i5fta oREPHtRtAs aTerul of W puroBe ey NGER sas bat E BishST, i ¢
thereof may be increased at a separate regeneration facility, and the

hi ghl y pur &aRERitiYHYWVith respess|tp Hght baving pyaysle B rﬂesettrf}épam@ﬂy&m
exposure apparatus. In the projection exposure apparatus of Figure 1, using
t he openi ngmantbhrosn nomparispesvith standard/aik Gyhikk s aieflyeoxygen)l andl rfitrogdnegh} is
within the case 1, the subchanber 6, and the proj ection optical system PL;

however, i prdsBit iR 1£5€ BinofHEs 9l thERidospheftD ko thatit isCehedy inddbniHAPS6PWitE heFum
provi ded, so that in the state in which the opening and cl osing val ves V16

- V18 are ] ' i ; Sdhoft!
and the pr %%3??%%%%@25{’ H?ﬁé@%%& e‘”ng‘T;;P‘@gﬁ?gh"é’E?ﬁ g%ﬁg?@gﬁ’sﬁ?carﬁoﬁ
supply may be carried.out while requlating fhe fl ate.af the heliym

AL or mat T v epyest PRl aie o fekre Bt Bt flaints! s e ey B mlieediim M
flow rate whil e keeping the opening and cl osing valves V11l - V18 open.

Usi ng the |1§t=ﬂeshtﬁevmg,remesg§é acr ofiwvafen Wsat 3 oyemml) bigh\frapsmiftivityeed not
be provided. At this tinme, _based on the values neasured by pressure
sensor s ( ndeffidiepcyofuse), sotthat iff is gossit)le po reducketiie expdsire, period (scanning Exyposatee
illum nation optical systemand the projection optical systemPL, the flow

rate and prpeasdYMdaid pobbleitd thpdasé R thRupkpl: dfitielexpekur@prob@scontrol | ed so

as to maintain the interior pressure at a constant val ue. 01 MAY ZOrw

L)
=

-

Furthermore, helium has a thermal conductivity which is approximately six times
that of nitrogen, so that the heat energy which is built up as a result of the application of the
ultraviolet pulse light IL at the optical elements within the F; laser light source 3, the optical
elements within the illumination optical system and the optical elements within the
projection optical syst;:m PL is efficiently transmitted to, respectively, the case 1, the cover
of the subchamber 6, and the barrel of the projection optical system PL via the helium gas.
Furthermore; the heat energy of this case 1, the cover of the subchamber 6, and the barrel of

the projection optical system PL is efficiently exhausted to the exterior, such as lower floors,



35 Here, when the heliumis constantly supplied as described above, tgq MAY 2002
openi ng and cl osing valve V11 closes at the point in time at which th

- predetermned permtted value of the inpurity concentration neasured by the
inmpurity concentration neter is reached; however, at this tine, the main
control system (not depicted in the Figure) which controls the operations

of the entire projection exposure apparagys confirns the operation in the

mai n part of the exposure apparatus, and when, for exanple, the exposure

process of__t. fer 1S i LQar Rl t HEScofudiidect i ve
So as to d’élthgg’ %@’%85}3?“33{? ?8%&@%82% ."(IE,\E °oap%[r21"| ’%’gﬁ‘a‘%@gﬁg@ ng va b’gh | 1
(closing) until the,conpl etion of the exposure prqcessi.ng, Wth res t to
Lhe cont r SHegraEenY4In e cariehmens chambents Acspulingly, he piscly e Shife
permtted value of the inpurity concentration) the main control system may
cl ose t he opieslicirmentsiofthe diiymination,eptizah system ans the projectige pptcal systesy Bbsamient
waf er exposure process and nmay initiate operations which reduce the

i mpurity eemesintainetia0n vl low levehrandds ie possitsiel to/edntrel degratiation alikinageove.
Furthernore, taking into account the adm xture of inpurities as described

above in %&%ﬁ@ﬁ%ﬁaﬁcﬁﬁm&i 418 Hhinirhiin WAL Firthef6featkEd Gndolft SFehhapd ikl n t he

case 1, the subchanber 6, and the projection optical systemPL,” or in order
to circulate the heliu the case 1 uhcha r.fi. a e] i

opt | cal s ulEAtaE Ao A5 R B8 Fipotse 1 HEMBET By rpssB s 11T B bR
the recovered heliumcan be cleaned so as achi eve good purity (purified),
the adni xt@amoanbef ¢hapgs in the index of refraction, within, for examplsethe PrRIFRIPR oticalhe st at e
is such that the inpurities arc essentially not generated within the

i |l unm nat ispstcmRL saktremslyesmablrandifoy thist rieanonogstwelk it is pessibie RUmaintagmstable i s not
necessary to provide these pipes 92 - 94 (and opening and cl osing val ves
V16 - V18)imageé foriiatioh theactesties.ng and cl osi ng val ves V11- V15 al so need 0
~ Mav zoo 36 not be provided. In this case, heliumleaks out fromthe case

1) the subcha%t’t ke‘ﬁ@ﬁh&x Qﬁc&ﬁ%&%&rﬂa%us%%&%ﬂ Shb&iftent will BeBplaiifeld! UM

may be supplie er const ant en nee or at regular 1ntervals)
so as to replenish,the heli and to i,ntain,the | i um. cangent Lon at a
er m t o 0PER: B tsereeSr ot 5 ARpmsbaei el 7, BE beffim WRGHFAS Mt 8 he" 5

| aser |ight source 3 and the BMJ 4 were contained in case 1 of Figure 1;
however ,  tsHechamben 6 aad therhelivmcwhich Jeaks optnfiths proiection aptical sysieq Blapstsat el'y
fromthe FZ laser light source 3, and helium may be supplied respectively
to the FZsimsaétislighter thaowitreges, anuccollects kn the lspaceiZagn thatvicihityof thersgilinghe F2

| aser light source 3 and this housing may be nmechanically connected, and a
gl ass pl atigeréBie P& WitBinitBESp200 78 b mb@dgad itwhich aferthixed,dh additien ohdliamer as
a dividing plate between the two. Next, the nitrogen circul ati on apparatus

of the PIGafientiRAS WREL We%slth@@n hith \afhmibr 9o the ob@idehe present
t, n (’ N2

enbodi nen trogen gas I's supplied wthin the environnent

In the present embodiment a pipe 33 is connected to the space 7a from the exterior of
the environment chamber 7, and this pipe 33 is connected to the helium circulation
apparatus on the lower floor through a hole which is provided in floor F1. Furthermore,
case 1 is connected to pipe 33 via pipe 92, and an opening and closing valve V16 is
provided in pipe 92. Furthermore, the subchamber 6 which contains the illumination optical
system, and the space within the projection optical system PL to which helium is supplied,

are connected to pipe 33 via, respectively, pipes 93 and 94, and opening and closing valves



chanber 7 of Figure 1 via the pipe 88 of Figure 2, and nitrogen is

recovered fromthe environment chanber 7 via pipes 95 and 33, so thal 1iMAY 2002
-other words, nitrogen is circulated within the environnent chanber 7. The
nitrogen which is separated fromthe heliumand the |ike by the
refrigerating apparatus 37 of Figure 1 is suctioned away by punp 39 and
passes through pipe 38 and is recovered igy cylinder 40 of Figure 2.
Furthernore, the nitrogen within the cylinder 40 is suctioned by punp 83

and passes ou i.pe 81 and is nt.to er [ st kn

appar at us o6 AEUHE PRl reBrRBeh if Dt D T Alehlindll PV ihdebiadenty
nitrogen concentration, meter, or oxygen conceg}rati on neter, ,82 which
measur es t IRPCRISE B Closingdbe epening ing-Yalves ¥ k65 ¥ 17 ARG Y 1t vping thacorirglng
apparatus 86 is provided, and the val ues neasured 01 MAY 2002 37 by this
concent r at isgstemetSeshowndn Figupd 2 dtlistpossible te vacoverheiymtgascaorBaininganganicmatter
nitrogen concentration as nmeasured by the concentration neter 82 reaches a
predet er m re partldd@r the lkeCfodth lableagt\isdesifediéneiieinstollbe dppthgicase Bnke cl osi ng
val ve V22 of the pipe 85 connecting the nitrogen cylinder 84 and the

t enper at ur | : diSiof BbtiSH Lpg highly pure nitrogen from
cylinder 8 ?%1%2’%5‘?%@5%?&3&& hg ap aarﬂzlit g"s 86. On the other hand, when

the nitrogen concentration is at the predet i ned val .ue, or. ahgve, th
cont ol syat em ASTEHorS: T RE bynsBiFR /OB of LdingaLiJuchind 38 15 theltefiom,
state. Wien the nitrogen concentration nmeasured by the concentration neter
82 is extr snepse sidmof flgns Flpand thg mixed gassurked fram the inteniosgfithe space da apd thad a
flow of nitrogen fromonly the nitrogen cylinder 84 nay be sent to fhe
t enper at ur eased] big pipe@3anP puaiplBst i8S Sent Tinthe, helitmarcirchlation apparptus afahe bater &vebn
as neasured by the concentration nmeter 82 reaches a permtted value (a

val ue smal IBien! the mikéPgdavatdieh Rrpikstadhroagh!furlp 34 rédeRés tROAYsE tolldctifg @€ni Ng
and cl osing val ve V21 may be opened. Furthernore, tenperature adjusting

appar at us AN Qﬂﬁdh i [ o from
the nitr Og%ﬁo@ﬁcﬁﬁg}ggﬁgﬁgn E{:S?r%f ro s&%’ﬁggf%ﬁge%‘%?ﬂrg %r g%géﬁslgg)rf ([aH,c Jgﬁ%ﬁﬂc

hum dity thereof at predeterm ned Jevels,. and supplies thi.s nitrog as
avi ng. SontPEIPFESSIor SRR RS, [ 06 pRniculafininnans mpicire & ioveR s TR E R
passes through floor FI. A blowi ng punp (or fan) 87 is provided in the

bot t om si déa%un dugtcolectingsnd npyistpre remowingppagaws Bhdonexampitsa HEPA filist i ed to
the interior of the environnment chanber 7 by this punp 87 via the branch

pi pes 88a dghigh&Bficiedcypapicubifie ait filter)or an ULPRA filteri{uitiajiew pSaetiationair filter)dgen
gas in the di Fection of the optical path of the exposure |ight between the

proj ection ppsied! system PL and the wafer W while branch pipe 88b bl ows
nitrogen gas in the direction of the 01 MAY 2002

Furthermore, the mixed gas from which particulate matter or moisture has been

—+

)

-~

removed by the dust collecting and moisture removing apparatus 35 passes through pipe 36
and reaches impurity removal apparatus 80, and here, impurities (contaminates) other than
particulate matter or moisture contained in the mixed gas arc removed. The impurities
removed here are substances which precipitate onto the surfaces of the optical elements of
the F; laser light source 3, the illumination optical system or the projection optical system
PL and cause fogging, or substances which float within the optical path of the exposure light

and which cause fluctuations in the transmittivity (illumination intensity) or illumination



38 optical path of the exposure Light between the subchanber 6 and the
proj ection optical systemPL (thc space above and bel ow the reticle H1MAY 2002
- Furthernore, an opening and closing valve V23 is provided in pipe 88 at the
side of the upper surface of floor FI, and an inpurity concentration neter

89 which detects the concentration of inpurities (including the silicon
systemorganic materials or the |ike descy bed above) which are m xed into
the nitrogen is provided in the pipe 88 at the upstream side of the opening

and cl osing_valve,. V2 t he si 0, .8 n. \We i ri . .
concent r at MYRESAY qﬁ!ﬁ@‘lf&é’a‘”ﬂ@c E‘ﬁ? %ff tihg‘)r%1 Linme @oeo%ggﬂts&g?pocﬁ%?@ccggn ptcal
above predeterm _ned all owable |evels, then control_system4 gses .th
openi ng andYLem$ilngr 35 sylstaness Whishipreqipitate,entg éﬁ?d“ﬁfaﬁél"éfgf W&S‘é ﬁl’t(g;s{sﬁtang
proj ection exposure apparatus, and the exchange of the filter of inpurity
renoval appassatdefor@dtionsin thpatisieimage aftendryeloping pxbeessingt i vel y, t he
recovered nitrogen may be sent out of the nitrogen circul ati on apparatus
together w th t i dotivatet ichdon fiffet (or éxaitple, tHGipasobe{gaddthnsd) psodiged By ve V23
(and the opening and cl osing val ves V24 and V25) is opened, and the supply
of nitrogerg;d d d [ 1 agl V. ppe 95 in
SNt cB@??lﬁS?hﬁgeoﬁﬁ@ﬁR&?d? a’Iﬂteﬁgﬁn& &' l@%ghx,%lam% %/m%f[%ygé adthe

Figure 1 iS open rtrogen is circulate I's confirmed

that the inpurity concentrati i.s | ower than.an al]owed val.ue, .t he opening
and cl osi ndPRUtySemoya) appargius 8l of the present crabodimepr: By mieans of i) silicon sysiern
concentration within the environment chanber 7 reaches a_ predeterm ned

val ue, t he impeifissgustnas HlozennGubsiances haying aﬁu%&w@nmﬁgegwww cl osed.
Then using a light detector (not depicted in the figure) provided at wafer
stage 23, tdubstanemssiavingia\Sitly chdin afien axis), ehichane present stithiny/the enviRinnjemt t he
illumnation intensity on wafer W is detected, and furthernore, the

i 1'1'um nat i @Rarhbérem tetitumidhtiolOtiddd Systef), dtithd ﬁr'ofvéiibﬁJB tfdal §yRtent PE, MaPbe Vaf er
Wis detected, and based on these detection val ues, IE’he exposure of the

waf er Wi sr&%‘;eidat ed. In the enbodi nent described above, when the nitrogen
concentration wthin the environnent chanber 7 reaches a predeterm ned

val ue, the supply of nitrogen is halfed, and, the opening_and closing valve
V23" Cor the. val FEECABESURIRIGEIOu A T8 O HIRGO BRTRBE S ST 5 B
respectively, of the pipe 88 (or the branch pipes 88a and 88b) and the pipe
95 are cl o¥dch igeee phths silpgangs.rip sortainedinsiliconystom aghesiyas, seaingagantsonrent
chanber 7 drops bel ow the predeterm ned val ue, the opening and cl osi ng

val ve V23 (paints, hd thpdikienwhizhdrecémpiopgl inarojectiod4pasutle Appayatusey, dnd withethed and
ni trogen supplied. Furthernore, in place of the filter exchange or the

di scharge @hsshfeofl RaRY HieR relehde@ A€ Bulifis C Rifderdra BN Lane id'6asAly GEpHERED GV the
storing the recovered nitrogen may be exchanged wi th anot her cylinder, and

and Che by GRTS=gar LERteRUC RSEREL o tp Bl R el PRETNES Tl Gfhintd Y

supplied to.th . . . . . . .
PP when ?t comes into contact with ultraviolet light, so that it becomes an Si0,-system fogging

substance on the surfaces of optical elements.

Furthermore, hexamethyldisilazane (hereinbelow referred to as “HMDS”), which is
employed a$ a preprocessing agent in resist coating procésscs, is a silazane. HMDS is
changed (hydrolyzed) into the substance silanol when it reacts with water. Silanol is easily
deposited on-the surfaces of light sensitive substrates or optical elements or the like, and

oxidizes when it comes into contact with ultraviolet light, forming an Si0,-system fogging



envi ronment chanber 7. Furthernore, the inmpurity concentration nmeter 89 MM002
be di sposed at a position other than within the pipe 88, so that for
-exanple, it may be disposed within pipe 81 or within pipe 36 at a position
downstream fromthe inpurity renoval apparatus 80. In particular, with the
latter distribution, it is no |onger necessary to provide the inpurity
concentration neter 90 described above; $hat is to say, the heliumsupply
appar atus and nltrogen supply apparatus may conmonl y enploy a single

i mpurity copcentrat ter Furt.h mre hou i s not.depicted in
o' T | gur SUbSa e RIbE Rutasi B bf PH ?wlf EDtaIes BBTARIA AT St o1
may be provided wthin environnent chanber , .and control system 45 may

control t ithe bysrplysis desribed aBoveg whe néwmm@oan@mmcwa vtk siloxane, the ppy

2002 40 V25 based on the outputs of these concentration neters so that the
ni trogen corfassstof aptical elimdntsnare beeremuorerlikelyetotbedbggeder 7 does not drop bel ow
a predetermned permtted value. Furthernore, tenperature sensors, pressure

sensors, and hurleCtrg¥ni6 Batdiats (forUxafpR), ﬁydadcwoﬁszwmdhwe aepoaitawh@eosed
wi t hin the envi ronrrent chanber 7, and based on the neasured val ues of the

sensors, t ls X
pressure, t]?f @ ﬁ)@#ﬁ%g%}?f%g}gé}rﬁgghgf %%&Wsﬁﬂég?%{r?ggngt%g ?31 usting
apparatus 86 a hellke msu tain at_an ess ntially
feed val usHY iﬁ@rﬂeﬁrp@m rpkidqrty & Rt & B nment
chanmber 7. In the present enbodl ment, in F| gure , an exhaust port of a
first brahehumigss; 188‘6#"61', thasp &ydrgcarbors agp slse demovedthy the impurity restoval oj ect i on

optical system PL and wafer W and nitrogen flows to the space between the

proj ect i orppiraive B0 if Yisd Fre3cnt eriboditnat. VIEUrthermdére G id de the! dage thpddy tHel¥ilicdgcond
branch pipe 88b of the pipe 88 further branches in two, and one exhaust

port i's dispagnesgldic iferikicdcairdbeaiBbVPRE geaRSIRR RlscRRs (MndRds b i Ikef

whil e the 0Ot her exhaust port is positioned between the reticle R and t

Cl osing vargBeydeRdteTihiipnenc fr A0 Aoty %%**a@aé%qm%p@ s

within the enviro nt chanb to constan blow njtrogen from
branch pi ﬁégaé%‘éog%‘xmgqr QSHF?"SHE';"WY“?’%“%Q ez 7y bptdhesp Plasticizes gen
havi ng a high degree of purity in a prioritized nmanner between the

i |1 um nat iapd flapzei retardanyssare als cemoeddyrthe npurity yemowal appargiusofinttheopresant i cal
system PL, and between the projection optical systemPL and the wafer W so

t hat even enfbodiifeni Bve grantAosiemtibad draslfetit Beid iddyeor &/ likeORBER flosthaitie the/
decreases as a result of opening this chanber during the exchange of

reticles RiQh r¥6h@hteintd tiEinviBimeaihiibeON tRésetxé}E SRS AOVRRBY B! 0N, 11
is possible to rapidly initiate an exposure ~ MAY 2002 41
impurity removal apparatus 80. Furthermore, in the present embodiment, the impurity
removal apparatus 80 is provided at the downstream side of the dust collection and moisture
removal apparatus 35; however, this may also be provided at the upstream side of the dust
collection and moisture removal apparatus 35, or alternatively, the HEPA filter or ULPA
filter within the dust éollcction and moisture removal apparatus may be made unitary with
the activated carbon filter within the impurity removal apparatus.

The mixed gas passing through the impurity removal apparatus 80 reaches the

refrigerating apparatus 37 via pipe 36 and here, this is cooled to the temperature of liquid



operation or a preparatory operation, so that it is possible to restr(¢tMAY 2007
the decline in throughput to the m ni num possi ble period. Furthernore, in
conparison with the cast in which nitrogen is circulated by sinply
connecting pipe 88 to the environment chanber 7 w thout providing branch
pi pes 88a and 88b, it is possible to reduce the anmount of nitrogen
enpl oyed. Furthernore, it is possible togreatly reduce the deposition of
scattered particles (particulate matter), generated fromthe wafer W

(resist surface). during.illumnation.wtf expos .| i ght n he

proj ect i onnﬁ‘iﬂgF%QY a%@%mprfsgmcggggg.ogy H’I’gmoﬁtﬁ‘éa‘:hg&%oﬁgﬂ%’gd osest to
the wafer side). Wen_ nitrogen js circulated within {h‘Fhe envi nrreg;)m(/:&panber
7, the contempeneats are liquefirdeandit is 2SIMPIRMAerie sEPIBtIhe 83F0US é&“h % h
the nitrogen, so that it is possible to inprove the cleanliness within the
envi r onmentiquéfiediair componnnts icentpining-mitrogen dllicraintompokents pemspiising cificfly

envi ronnent chanber 7 was nade a nitrogen atnosphere; however, air from

whi ch i npukjtidgs ghg\mlgbswme feffiptating SppRiahisAT droreedverédineylihdetdamper
ea a

7, and as descri ove, nitrogen nay be supplied between the

illum nati ' . ' ' [ S

bet ween ¢ hobsres vEHipE A8 RETHRAetyBE Bl 30 AlpRll thtin™ fhi S chlopolits |
these two spaces.may be.gi ven njtrogen at.no eres. At, this tinme, helium
may be supﬁ‘?‘i%é’d ni“ﬁ°é|“é’88%i'ﬂ&ﬁ Ykﬁbé?ﬁvagﬁazﬁd?igg’e&@adgﬁ?ax bereused, | onger
necessary to provide a nitrogen circul ation apparatus, so that, for
exanpl e,  t frecyeiad)uberhsliure whighpisipsesentdn threfornn of 8 gaswithini the refrgasatinghy
connecting pipe 31 with branch pipes 88a and 88b. Furthernore, chemcally
cl ean dry appardtha87 offFiguteuliscienttoahe ikt mflowems?) offthomixihg afd teimperatgani c
materials described above have been renoved nay be enployed as the air
which is syfpkinfdt igpatdies £ Fipl@Ndia pipaH1Qind & suctibhlputnpSlok &) 42 Which is

particularly effective for projecti on éxposure apparatuses ich enploy a
ArF '~ 1dl\/AYe§8"~c.42 excimer | aser as the exposure light source, and in
this case, “hPPY %‘ﬂ' lf‘?‘ay be supplied to the case 1, the subchanbcr 6, and

the projection optical_systemPL, or alternatively) nitrogen may be .
supplied to theltEgare2, lighly paredishium-g2s & supplicgirom cylindey A6, which, i filled with,
the projection optical systemPL. Furthernore, in the present enbodi nent)

ni trogen ( bighhwepurahlium gahat High pressuse, o thel seeandtinflow poit iof sriking and temipsrature
envi ronnment chanber 7; however) dependi ng on the wavel ength band of the
exposur e i abjustrivat hﬂmdtﬁghﬁ vialpipep£T &id openingahd elosing vaive 48hiLidquefied Béliugh cal | y
clean (the dry air described above) nay solely be supplied to the interior

of the envigfonRiredRRRRESyIAder4Y, F¥thERhGre, d helhffodibRRfbE miReralgpot h i s

approximately 190 nmor greater, the interior of the environnment chanber 7

may be giv . al e, A 2 | k he
circulati o%ﬁ%gggbﬁgé%w&g%‘owék’%@%&h? 3%’?“0’? %M&Z’%l\%é@ﬁ y&éh\t\lﬂ% ch
was supplied.to the case 1, the subchanber 6, %_nd the projection optical
syst em PL, hgliyp yecovered by thg refrigrratingappamatns 37/ dp Figueol Basseigls PrRYIRdyin She,
supplied to the

vicinity of the inflow port with respect to the mixing and temperature adjustment apparatus

43, and the measurement data thereof are supplied to the control system 45 which comprises
a computer. When the concentration of the recovered helium measured by the helium
concentration meter 44 reaches a predetermined allowable level, the control system 45
opens the opening and closing valve 48, and adds highly pure helium from the cylinder 46

into the mixing and temperature adjustment apparatus 43. Additionally, when the helium



envi ronment chanber 7 may be provided, and the environnent chanber 7 a)I

the dry air circul ati on apparatus nmay be connected sol ely by neans ofl W’Semz
- 95 without interposing a pipe 33. Furthernore, in the sanme way as the

hel ium circul ati on apparatus descri bed above, the recovered nitrogen may be
conpressed using a conpressor to 100 - 200 atnospheres, or alternatively,
this may be liquefied using a |liquefter ggmploying a turbine or the |ike and
stored in cylinder 40. The opening and closing val ves V24 and V25 which are

provided in,_ respectivel a i ke ihle to
supply ni t@Bﬁ'@ﬁraBBHﬁW%q{%ab%’f &%ﬁgﬁgmﬁ%@g@%ﬁ%@ﬁgﬁém‘égﬁk um&lﬁgﬁ ‘?‘gér'\&%pt i cal
system and {he projection optical system PL, .or. 1 Y..2002 43 bhet ween
the projec ‘t?n&b'rrfpnga\t syStrm & shsts ‘QHGPW%?DW°SA?&IV§M%‘F‘| 'nf‘!‘%ﬁ&@ﬂmi gm

si mul taneously supplied to both El aces, the opening and closing valves V24
and V25 newpdningtang glgsingwalivect8 isghutisxemwhen the exposureppesation ienetdingent |
nitrogen is caused to fl ow between the illum nation optical system and the
proj ect i orcop@idted! It $¢/sdseitid o, entpiol Hsinweravhich pétegte teioxpgerndoneertrativs irepladd
and the wafer W however, the environnent chanber 7 may sinply be connected
to the pi i yi-dd i d%ﬁg%ra %@@@4 e

ni trogen 3% ﬁ@cﬁ%ﬁuﬁ%&%&ﬁﬁnﬂb? é%ﬁf\}icéri%%ntgﬁ?p c eS:l eac esglgﬁ& the
predet er mi ned val ue or. reat er, ,the afenibgé(;]ﬁarld cl osing val ve V23 may be

cl osed. FUPYEH} FAcEntratignds gLortelaw gy allawablele¥ely o "of the branch pipes 88a
and 88b, nitrogen may be supplied at a predetermined flow rate while the
openi ng and cl ddirthgrmene, mixing andiemperature reguinter Apparatys 43 firstmigentiday t hus be
caused to circulate in the environnent chanber 7. In this cast, it is not
parti cul arrtgovesddeiiamywith hplium ftom cHindenptinvithin arpedsitermiineg pressuregang2aindnd
V19. Furthernore, in the present enbodi nent, the majority of the

i Il um nat i @AtroRthe Rimpey4i6re MndREmidi}i a2 b Peshieteimined 1&eDadtbgtippliestthe Rélfhnd
portion of subchanberp%G was di sposed vv:pt%kiljl n the envi ronmagt chanber 7;

however, tihe: ' f fahan L8|pO WE
envir onnenl{}gg%argr?%g?h# er?te %r@,"@ﬁ%&f@ﬁd I'sS po g‘?e %#uégt? 'oqﬁggﬂ‘%ggﬁ?'ﬂ%ﬁm
recovery ratio, _of. heliumleaki.n romt he.subchanmber .6. FEurthernore, .in
O der 1 APBESSEG i PIEHRE AEPPUERLEARIS oM RLOLBI 134 gSEfRyemoval
subchanber 6 which is disposed outside the environnent chanber 7, the
subchanberapgaBtus3Sde mixinganditemparatire adinsiipg ppparaius 43 cFurtheamens, pipe 31
predet er m ned housi ng, and another inflow port of pipe 33 nmay be connected
to the uppessesaitrough at bpanifgprovidgd in the TlobiAN1 3DMBE ufgerfevel bt reackes into thiehe
present enbodi nent, only a single gas (nitrogen or helium was

interior of the clean room, and a blowing pump (or fan) 32 is installed in the middle of pipe

31 at the bottom surface side of floor F1 and an opening and closing valve V11 is provided

at the upper surface side of floor F1. Then, the helium gas which is placed within a
predetermined pressure range, is at a predetermined concentration or greater, and the
temperature, pressure, and humidity whereof are controlied at predetermined levels by
mixing and temperature adjusting apparatus 43, is supplied to pipe 31, and then, while being .
blown by pump 32, is supplied to the interior of the subchamber 6 of the projection

exposure apparatus on floor F1 of Figure 1, to the interior of the projection optical system

PL, and the interior of case 1, via branch pipes 31a, 31b, and 31c of pipe 31.



supplied to the case 1, subchanber 6) and the projection optical SySt @m MAY 2002
Pl,, respectively; however, it is also possible to supply a gas consi sting
-of a mxture of nitrogen and helium at predeterm ned proportions. In this
case, the pipe 88 of the nitrogen circul ati on apparatus nmay be connected to
the pipe 31 of the heliumcircul ati on apparatus at the downstream side of
the opening and closing valve W The m xeg gas is not restricted to a
conbi nati on of nitrogen and helium neon, hydrogen, or the |like may be

conbi ned. Furth [ he ga u I i Bk may

al so be the m x?a‘gg%rzmdés‘{%ﬁﬁ%iaﬁg@%ﬁi&“@%ﬁ}ééﬁ&emﬁ?@#%@ t he
present invention wl] be explained with, reference to Figur . JIhi,s

B bodi rent CPRCEBITBSHOLFTFSHORLIPAIRS e SIGoR R BRC BRaB s EiPeR AR Sy o
apparatuses is recovered by a single heliumrecovery apparatus; in Figure
3, the par tasd twrlike3 pthichi enterintotthmbelivnmgssi i instadled impige 31 at the gpsteaam ofcthe i cal
reference nunbers, and a detail ed description thereof is omtted. The pipes
92 - 94 Vmbﬁbhiﬁ@ﬁﬁtﬁﬁlbsih@@al@&&ﬂﬂ(the&ﬁd&ﬂﬁiﬁbﬁmﬁ, arii kst @ the ivalues miehdured,
system PL shown in Figures 1 and 2 with the pipe 33, respectively, and the

pi pe 95, %ﬁﬁ%%??%%%&ﬁ&t?ﬂx\éio‘b?gﬂgﬁé? gn'sagﬂg%f oﬁe%ﬁ@oﬁ%ﬂ@\’l &6 ifot

depicted int gure. Figure 3 ectlo Vi ew show ng a

plurality o roject.ion _exposure rat us and .a si.ngl e _heli.umrecovery
Poparat us. Sthebeeh i Alpgly BRA Hhar RN Rintc Wes Mt ipBHRESotkirabF ko
chanbers 7A, 7B, .and 7C are di sposed on floor Fl, and exposure main units

i denti cal mseasyred By thedmparitipcancentration aneter 96 ig in excessnfa predetermined allowahlen of
t he environnment chanbers 7A, 7B, and 7C, and exposure |ight sources which
are not dejévet,elkn opehing ahi glosingaratvedV Spcloses and thed supplyof hxliuxh to thelgedjectiongas
having a predeterm ned purity or 01 MAY 2002 45 greater is supplied to
envi r onmentexposaridfiparafifd is €8 offiusl, £z dxample? tH%Q-behﬁﬂ%S ePile)filRP BRI impuy t he

e.

| ower floor which is not depicted in the figur hen, the m xed gas of

hel i um ni i j i ied i t

7A, 7B and%%&fa{l‘gg@ﬂ%g?? 8@%&%& ?'rf% y e %‘Fcﬁ%é‘hgwﬁwée&cei |nh§1"mc')§s e g
interior th ree nd is.supplied via pi 33A,..33B nd C 1.0 the .common
bl pe. 40, PG s s cuizceifaBion Spwara Roies yaf thg nphuffeg, Alier i, aPeriSge) <
to the heliumrecovery apparatus on floor F2 of the |ower |evel. A suction
punp 34 i s apgslosingaalvierV ﬁdﬁﬁaweﬁliqyé theosupply of helivmtis rrinjtiated,cand dhe opesing and.

In the heliumrecovery apparatus of the |lower level, the m xed gas of

hel i um ni closggvahaesV12i-rvVi&ofigured are apenedand heliyne isdGrealated: [Wheaattai ppint punp
34 travel s through the dust collecting and noi sture renovi ng apparatus 35,

the inpuri ty tifREPWRAIchoBPA dlakipld hishurite coticBRraton 3§ fbun8 eSbEs 2 18¢el below
refrigerating apparatus 37, and the nitrogen liquefied at the refrigerating

appar at us . i BRI Ctle XL bAFBbs A0 vallBey 16 VRN WIERd! Fullflmlgrguet | ed

by the refrigerating apparatus S or exanpl € under conpr éssi on

at high pressures) in the cylinder .50 for storjng.,the heliu ia pipe 41
and s gct ipoﬁviﬁar%e %@_ccn[tﬁélop é% belél}% Jvithin the case 1, the s%bchamber 6, and the pched[t)lon

pet(

optical system PL reaches, respectively, predetermined values, opening and closing valves
V12 - V15 are _succcssivcly closed.

Next, using the light detector (not depicted in the figure) provided in the wafer stage
23 of Figure 1, the transmittivity with respect to the exposure light (ultraviolet pulse light
IL) of projection optical system PL (or the illumination intensity on wafer W), and the

illumination intensity distribution on reticle R or wafer W are detected, and based on the



heliumis supplied via the pipe 51 provided in the cylinder 50 to a
regeneration facility for increasing the purity thereof or to the hel § LAY 2002
-supply apparatus shown in Figure 1. As explained in the first enbodi nent
(Figures 1 and 2) described .above, the heliumrecovery apparatus (33A
through 33C, 34 - 42, 49, 50) in Figure 3 is conbined with a nitrogen
recovery apparatus. A plurality of projecdg on exposure apparatuses may be
connected with a single nitrogea supply apparatus (the parts in Figure 2
from pi pe j pe . ) ' for.ad in i y be
supplied tgélstu hgﬁh@% %&?‘%‘?ngﬁgﬁggfsgg‘lt éfg‘g&g{;‘p@% Eé‘gg‘é%pé‘{r@? ?fg%ﬂsthg?’gcrh# sd}cEI
nitrogen supp appar at us. means, of . thi,s, ,Jt, .S passible ta 01 MAY
2002 46 en&?#ﬁs Eipws@&ﬂft‘g%ﬁéﬂ"féﬂ Aelium f‘%?ﬁ“ﬁ%"é{gdé‘sf“g’f’ ROSHPIGIR ity of
proj ection exposure apparatuses. In this way, in the present enbodinent, a
si ngl e hel icxehange wwﬁn@q;pw@h srevesrtd store toggeaversdrheling (comespppdingtathe
corresponds to a plurality of exposure apparatuses, so that recovery costs
ar ¢ r educedylindex 50 imFipues 3 desstibedhertinbélow) mithanbdihencieinders andtocippaasatthes of
the first enmbodi ment shown in Figures 1 and 2 will be explained with

refer encewkﬂriﬁj tHeYeSf 4t-a deParatd r§§€d3%h FRcifity, d#&o rsﬁﬁﬂ#ggb KelisgfofHigippdinpaf er

st age 23 ich are disposed within environnent cha 7 are contained in
subchanber s .Ck 1N Fi e S i ch. arts
T Figure WEheABlec i ditiohdpCordmukt 7Rl re! i fiheS A BN el
eacpl anat i s,omtted. In Figure 4, saq not . tQ cxposc the

t her eof | J , a X
opt | cal  pabh A REaBstaliesatia RSHHOR LRt (A0 Y IR thedRing ahnsp Lt dmaLbe instaled o)
and the projection optical systemPL to the aiag subchanber CH encl oses
t he space Midinpipedden pinePB6 al agioiatdownatreanpfiom the impysite removahappatatesoithect ed
to a branch pipe 88b of pipe 88 and pipe 96 which is connected to pipe 33,
and an openi ng #Fotthérnase,ghenathy evo¥i26f the prujevtiod @fposurgoapparaiis. of ithe prespnt e 4,
subchanmber CH is connected with projection optical system PL; however) in

actual ity, cmpaliintint ﬁrs‘?aﬂ%etfpg?m:fmﬁm&rﬁ%rc& ed/ Mr%tlé@p%ogﬂgﬁgﬁglgﬂlml

is not conmunicated to t oj ection optical system may
be forned sqQ a

to.be integral wth.the subchanber.6. .and further.nore,
subchanber %I?Falﬁlg &le 3’@ gheowoﬁcggx} oll’—‘fcag?yéﬁl‘&‘ ﬁéﬁfB‘tWﬁ%c RF 3T &5 $er ent
than the frame whjch affjxes the projection gptical system PL. 01 MAY
2002 47 SulsemAletess thergpeningand iclasingsive Vbl inmipq 3kis\¢iased by the qonobsystemAsat e
on which the exposure apparatus main body is installed), and, so that the
opti cal patiinFigetevbendtinéhe state in which the opening and closing valves V16 - V18 of pipes 92 -
94 in Figure 1 are opened, the gas within the case 1, the subchamber 6, and the projection
optical system PL (helium or the like) is suctioned out by pump 34. At this time, so that the
mixed gas within the upper space 7a of environment chamber 7 does not flow into the pipe
33, an opening and closing valve (not depicted in the figure) provided in the vicinity of the
inflow port of pipe 33 should be closed. After this, the opening and closing valves V16 -
V18 are closed, and the opening and closing valve V11 is opened, and helium is thus
supplied to case 1, subchamber 6, and projection optical system PL, and when the interior

parts thereof reach a predetermined helium concentration value, the corresponding opening

and closing valves V12 - V15 are closed in order, and once all the opening and closing



projection optical systemPL (the optical elenents closest to the v@ ®IAY 2002
side) and the wafer Wis not exposed to air, subchanber CHZ seals this
-.space and is given a nitrogen atnosphere and is connected to the branch

pi pe 88a of pipe 88 and to pipe 95. Furthernore, as in the subchanber CH,
CH2 has a structure such that the vibration thereof is not comunicated to
the projection optical systemPL In subchgnbers CH and CH2 at the point in
time at which the nitrogen concentration of the interior thereof reaches a
pr edet er m ned | | .qr. . above, the .openi and cl.osi ng valves hefore.and
after (opeXPNg ngéﬁéﬁaﬁy’%ﬂ qJased, AV 22192%,’“8? %’ﬁ‘gﬁnﬁa%@ﬁdaé? eSSl 10
val ves V24 and V19) may be closed, or _alternatively, nitrogen may be

ci r cul at ed initiatg thetxposyre operation af walgh W.or o initiate e ATeRATBIENY APFRUPRREheTsr o5
are opened. Furthernore, branch pipes of the pipe 31 are connected to
subchanbers CH Adthdugirifot depittéicinitherfigurg, ledivm qoncentnition mekexs andodxyged r ogen.

Al t hough not depicted in the Figure, at | east one of the followng is

install ed gnceHREtGHRRler AT providedsfithih Micdabe1 AHE biitichAiberds hRF profatibh e
posi tional data of wafer stage 23, an off axis type alignnment optical

§%F? o 1 07 oBELECHhH P %@é&%@%ﬁ*ﬁéfﬁéﬁ@%&%ﬁ%%fﬁ%ﬁ?é §§ %é’n%ngmﬁ h
o i néP VB A et |
Cour ot 0F Elhsingvalyas SHB Nl S2eS by Htlehien! from s Snbesiafion elade. AL DG fmen)

system as well as the detector and the |ike, be disposed outside
subchamber ugiibthe peliym eppenntrationindhe casedy subchamber6s chg@p PIiestion optiral sysiem

01 MAY 2002 48 figure) used in the control of the position of reticle stage
20 and waf L, sispeptively, mrach gerarinat-vhiues, or wnib dit oxygen/conceriratianticat a petthitedd
CH2. Furthernore, in the present enbodi nent, an air conditioner (not

depi cted | BafuB@r bLIBW, e dseillaRBNSLCthE &, |Reiight YaEd 9,%&“@@%‘3?{ e,c:?ﬁlﬂux%id'f from
which the inpurities described above (organic natter and the I[iKe) have
h
n

been renoved I ort.r.al l.ed { enper gt : . a hum.dity,
is circul a?hgd‘gﬁr %éggrp? cztgﬁ'ot %Ifm k’tﬁeamfr %méﬁﬁg%%%@?é&w: Q%hvag[gbg, and
thus the environnent (t erature and the like) within the enviraqnnent
chanber 7 i%-‘%’&?%?nai’ﬁ’fé‘&?%t%&QES@%P’?‘&N )@Bﬁé‘%%ff’l‘ﬁchahﬂé‘“&r e

Wi thin subchanbers CH and CH2 should be set so as to be higher than the
pressure wbetwean theeprejegtiomapticat systeamBbiand theovafba WV, respectivelywa nittogen he

envi ronment chanber 7 does not mx into the subchanber CH and CH2. In this
way, in theofdeaastidn meteodhdBindxygeh coficeprstionahetei are dispustd] arll fuftherfiolre) theof

t he exposure light (ultraviolet pulse light IL) between the illum nation

0Pt cal oY ) 8fleld o ioh Bl 4 LS8 Bl i B maiteihaitg | e

projection optical systemPL a e Wwaf er and I n conparison wt
case in which a nitro at re rovided in all the.ifnterior spaces
o he ey Py o hE Rek B R o ! St patnd il SieisBf

when the helium concentration within at least one of the case 1, subchamber 6, and the

projection optical system PL, for example, the helium concentration within the projection
optical system PL, goes below a predetermined value during the operation of the projection
optical apparatus, the opening and closing valves V11 and V14 are opened and helium is
supplied. At this time, within the projection optical system PL, in particular so as not to
change the pressure between the optical elements, the flow rate and pressure or the like of

the helium gas supplied by the mixing and temperature adjustment apparatus 43 or the pump



used) is conparatively small, and it is possible to efficiently exhaust, to
the exterior of subchanber CH2, the contam nant substances gener afjgdMathe
-surface of the resist by the application of the exposure light. The
structure of this enbodinent is identical to that of Figure 1 with the
exception of subchanbers CH and CH2 and the air conditioner described
above, and the nodifications described igythe first and second enbodi ments
may al so be applied here.. For exanple, |% is possible to extend the branch
pi pe 88a w,thin the, 1 2002 49 subch er CH2. and ow (flow)
nitrogen b %@ﬁﬁ’?‘ﬁés iﬁm‘%ﬁ%%&#&w&@%m&*&%“Pﬁ%‘ Win the
same way as in Fiqure 1, and by neans of this, it _is possible to reduyce the
anount of ehamcarsHene! the PEajectiod optical isystem Elcasadesullof,changss in PRYSYER: j2RG fo
systemPL, and it is possible to efficiently conduct the recovery (exhaust)
of these cpreventichanges imthe illuhmatidminténsity atcthe reticker odithewafer Wi or cigegesan

hel i um was respectively supplied to the subchanbers CH and CH2; however,

ot her i ner fhe GatASut{oRRE L0 VAIKIRASA nofdepidied initheligdre, pressart s@AsoRS areANpBSRINt | Ng

conmbi nati ons thereof may be supplied, or alternatively, depending on the

el o ok JERRRSRA o oSSR AR BRI G B,
SPEC, T B SHBR] iy FULSREIRL oo el S RSP B RRISR Y

vacuum In the projection exposure apparatuses shown in Figures 1 through
4, nei t her valuesaneaghred by thesepEessurs Sensers chemPCHNIE §ensorspng dumidity segsars maye
focal point detection optical systemis depicted; however, in the same way
as wth thfsrtheboddisjresed Gvithix thie illwminatiorsoptival sysjenr andyprojectidneoptichlsystent PIgn
optical system these may be contained within a housing corresponding to at

| east a pojdd @ingthe VEReRncaui& by R srisats, fh Iémperturd dthubfigi®y) oft8E Rélium gas
detection optical system and nitrogen or heliumnay be supplied to the

interior o i i this case, the housing may be connected to
branch pi p;é’s&gk%lbcl@%gﬁ}é%gg?h%pe 88, and furthernore, where necessary, the
housi ng may be conpected with the pipe 33. Furthernpre, the reticl.e, | oader
whi ch transport B 0§ev3Ye {3 epresepts @%‘%&‘é@%@g})@e?mﬁm 82H3MRRYPQ fo as

| oader which transports the wafer Wto the wafer stage 23, are not

depi ct ed; todlaw into themmajonty of|the dptinabpath afitheicaposureslight (eltraviolst pulse light IL)

i ndependently contained in the 01 MAY 2002 50 subchanbers, and these
subchanber 6f the erajedtionekposur©appaeatesiy idirectlyeretovetediethe ipperspadecTacofabepl e
shown in Figure 4, the subchanbers CH and CH2). In this cast, for exanple,

branch pi pgsvihmeR€ctintRr 83 Foth e BARC StbchAmbéi®, aPHB prd)StionTptied syflem
supply nitrogen) or

PL, passing through pipe 33 to the helium circulation apparatus of the lower level, so that
the amount of high cost helium employed can be reduced. It is possible to increase the
transmittivity with respect to the exposure light, and to increase the cooling efficiency of the
optical elements, and it is also possible to reduce the operating costs of the projection
eXposure apparatus.

In the embodiment described above, a cylinder (corresponding, for example, to the
cylinder 50 of Figure 3 described hereinbelow) for storing recovered helium may be

provided between the refrigerating apparatus 37 and the mixing and temperature adjustment



dry air or the like, to the interior of the subchanbers in which t 0
reticle | oader and the wafer | oader are disposed or alternatively, a]MAYZW
whi ch has the inpurities thereof described above renoved therefrom and the
tenmperature and the like of which is controlled may be supplied to the
interior of the chanbers. In the fornmer option, the structure may be such
as to permt the circulation of nitrogenqay connecting the subchanbers with
pipe 33, while with the latter option, when nitrogen) helium or dry air or

the like is supplied £o, i ticular) the envyjronnent chanber 7 :
(SubchanbepBoRps &5 bigwse T TRahischte B drat Vo0 bl 10 SR fands oot sl

(or the subchanbers CH and CH2) should be set higher than the pressure

wi t hin t heskatd heperapressed usingta omprersextorl9p to POGatmasphares and, serrdrinaes i n
which the reticle holder ~\ and wafer hol der are di sposed. Furthernore, in
t he enbodi ediidetleBy medansiofithisy the volumoieedured toed range bfapprgpimatedly 1/400th to

envi ronnent chanber 7 or to subchanbers CH and CH2, so that when the
neasur ed v3)200th0fFurherfort J@e heis ity bt liuefieE by meslissifadRfhefiér dniifloyifig €1 1 Of

goes bel ow a predetenm ned val ue (for exanple, the approxi mate oxygen

Cubchanber Sr0ek By By e AP By Bleale G IRRHAEROC TR vGBR OFfoc il iy B

subchanber are ey can no e opene

operator. Furthernore, .whe upgpl v .of. el.ectrical power .is l.ted or the
Pker the iR tompmPaGHL/ A0tk ek Helu e polarPirios tadefedin 85t e
openi ng and closing valves (normally closed valves) of the exhaust ducts
connect ed manpenis ransedsder example When dtis setumnd state ofappraxiznatyly oneaimosphers;
fromthe recovery pipe 95 are opened, and the 01 MAY 2002 5i

concent r at tierempenature dereerses asretesultiof exphiision, 186 ¢iat dtris demssansoempioy héasngor e,
when the operator opens environnent chanber 7 or subchanmbers CH and CH2,

the suppl y (@hperdtiifeGgagememMalsidsa Reatdh ot iR dike 2 FlrtREmidOY ADuffey spabligsy 1S
connected so as to supply oxygen to the interior thereof. By neans of this,

it is possihle. har ' [ ' to.r h [edeterm.ned.val ue
of the oxy el raER At Rl Hues, PRk, B BREUE i find
supply of the inert gas  descri bed aboy, itragen or heliumor, the like) is
conduct ed Mﬂéﬁn%awéwé\%‘awﬁ%%mc ueﬁta??ﬁéwgvgp the ZZiRg @R HERPETRUTCQAYUSIREL o " t he
case 1 is opened) or in other words, when maintenance is perforned on the
exposur e appraratuu43 (thesidepfippmp 42),la0d He dmaemt of helivm chiained from théeylinder
illumnation optical system the projection optical systemPL, the reticle

stage 20, suhithidteresvticatcoviefedcheldmahay heerepulkiee), ordhe vpeting dirdl esiiny ofahe flewt €
or reticle case is exchanged, and when the supply of electrical power to

the exposupghapipeiud) #iayibs comtkolRll By mpibyifg iti [ OGNV tbgethé}e

st oppage and supply of "the inert gdas, the %heﬂig%eal :y clean dry al

CoeC ho o 1816 bR PILASb ruFRRSFIL el L aible bmbiSsBlghaRr ©
the surfaces of the optical elenents which

occurrence of faggin t .
acconpany @@F&Hg’gﬁbgﬁ‘ﬁewgﬁﬂﬂﬁpf lipmsent 9 PiRe3L hus be prevent ed.

In the embodiment described above, the helium gas is supplied in such a manner as

to flow through the majority of the optical path of the exposure light; however, in order to
cover the entirety of the optical path, and to increase _thc cooling efficiency of the reticle
stage 20 and the wafer stage 23, helium gas may be supplied to the entirety of the interior of
the environment chamber 7. In this case, as well, the majority of the helium may be

recovered, so that the increase in operating costs is slight.



The exhaust duct described above which is connected to the environnent
chanber 7 separately fromthe pipe 95 has a nuch | arger exhaust cagqqq'&yym@,n
-conparison with the pipe 95, in order to rapidly increase the oxygen )
concentration within the environnent chanber 7 to the predeterm ned val ue
descri bed above or above this value. Furthernore, the other end of this
exhaust duct nay open to the outside of Ejpe cl ean room (the sem conduct or
facility)) that is to say, to the atnosphere; however) it is desirable that
it be connected.tq a |arge 0 Y 2002 .52 capacity_tank or i ke and
that the i mer ¢ EirheBmoft. ks e@odiral prerey SBFPbt beh R e erkd B ek oy
be sent to the heliumrecovery apparatus described about through pipes, or
the puri t ymixieg sk temporagie plivpinganpamus A3 is uixed with Sighlypure belijm; however,
Furthernore, in the enbodi nent of the present invention described above,
hel i um gaswhen thepbmgeattaticn (puety) @ thraecovgredi hphiutris boswyithdre is ¢ dangert thatrsimplyct
to the exposure energy beam (is inert) and which has good thernal

conduct i Vigywmixiep\e Yall be ifPosite & apidly Bidtdadd theRyndeftrativil dfefe BolRin Wpphedases
ot her than "helium (for exanple, aeon (Ne), hydrogen (HZ), or a m xed gas of

hel i um an I ; j r i in
exposure ng"éér %’@%ﬁgﬁ’é’ﬁ%‘f}% dﬁ’é“%ﬂ‘%&g&# é‘gﬁlgﬁ?iﬁgé\% %géhadvgvgs\r?e gﬁ%&gf, for
exanple, 190 nsn of nore,. it is possible tq enploy nitrogen.(particularly
of " gher BRHHRLH9Y e SBr i 2 b evanetroror i B e PR 0GP B e m
however, the present inventjon nay be applied. in these cases as well.

Fur t her norsepargls regrnceatiop dagHity; ang the highiy pure heliym within eylindes46 mpybe about, a
F2 | aser was enployed as an exposure |ight source; however, a KrF exciner

| aser (wawappligt to tBe Brojedtion axposhrecapparaeus. | aser (wavel ength 193 nm, a 1Cr2
| aser (wavel ength 147 nm) or Ar2 laser (wavelength 126 nm) or the like may
be enpl oyed, ang thdgropsceion @kpésﬂY@iﬁphﬁﬂxerf)Fi%ﬂe 2Pisingefe BhédinPaQbsin® ,
exposure apparatuses provided with such |ight sources, as well. However, in

exposur e %P\?ersasﬁﬁs-%lﬁ,t'@li{?%?vﬂg1ﬁ1§eﬁ{ %Wi&in !ﬁ%%a&xlcit&e{ub&fﬁgd;eg 6 drld the MOt

necessary t 0 exchange 'the air w proj ection’optica em f oF

nitrogen or heliumor the |ike and only the air of the KrE exciner |aser
source andPTPIEN} PPYGA] pysfEm ht" howeyst ﬁ%f%(ﬁ{ 358t ?‘E%‘PJ“?%‘! %ﬁ?lﬁg’é ﬁ’rfi’ggtf'oé‘pl aced
with nitrogen or the |like. Furthernore, it is not necessary that the gas

suppl i ed tapparatusdsprovidedesn thehinrthestate ip whigh the gpenieg andglosingealvastVi6s- V18
possible to "~ ~ MAY 2002 53 use the air fromwhich inpurities have been

renmoved whire blosed, desleslivaeldakibg vet of the case d$ thetsubehambier 6,randabe grojestisd opitakven
in the case of a exposure apparatus which supplies nitrogen or the |ike

only to thgsleiopt m?a?%ql@pl@ﬂ%ctdb&d ) &maaasdypggy ngeg; B&é&mé&’éﬁt%le%%xgéﬂﬁgl ; 0

the illum nation opfical system In this t exposur e appara

Geacr 1 be b BOY e taspe BerkF*hecdattn TBe Bl el B8 RaSfioul s RHAERY  On' ¢ o
exposure apF}QS‘Jt?rtm”lﬁfds ﬂ%ir&? w%xr'rlglk%gpigé ¥hcaciprcni%2 an Ic:llo"sing valves V11 - V18 open.
Using the latter method, the opening and closing valves V11 - V18 need not be provided.
At this time, based on the values measured by pressure sensors (not depicted in the figure)
provided within, .respectivcly, the illumination optical system and the projection optical

system PL, the flow rate and pressure and the like of the helium supplied may be controlied

so as to maintain the interior pressure at a constant value.



Furthernore, the present invention is also applicable to the case in which,
in place of the exciner |aser, a wavelength of, for exanple, 248 arﬁ1 ﬂdea .
-am or 157 nm or the higher harnonics of a solid state | aser such “as i¥e
| aser having an oscillation spectrumin the vicinity thereof; is used as
the excitation Light. Furthernore, the present invention is even applicable
in the case in which a single wavel ength 4qser in the inferred band or in
the visible band oscillating from for exanple, an DFB sem conductor |aser
or fiber laser iis anplified by a fiber anpli.fier. which i ed. with, for
exanpl e, erbium %F’%?ﬂtbﬁgflﬁ‘y%r’%‘r‘" antly,sunplig Bﬁﬂ%ﬁ%%b?”gﬁg‘%?&%“aﬂer
harmoni cs resul ting from wavel ength conversion to ultravjol et |ight using a
non- | i near cAsingcealvecVykcloses af theppink in dimesatwhich.the predetepmined gagmitted walpeolo| y
when the excitation wavel ength of the single wavel ength laser is set within
a range of tHe impuritg crfcehtratiort ineasutedeby@hé¢ ishphirity gdneentinationométer ik seaichad; a
generated wavel ength within a range of 189 - 199 nmor the 10-fold higher

har moni ¢ haiinegerd atBRAIMAE, ABe HRAMPEORRB! Eysivind (hohdepidted ath® Fighte) whidbébntblsi S
outputted. In particular, when the oscillation wavelength is wthin a range

f 1.544 - i tor. - i Qg#ﬁ,gﬁ i o i thi -

?ange of 153%5 é"r’%&m n%Ir‘?’l?ﬁtﬁhé;?![iEcl gxtopgcﬂ g{z’a?/)?p "3’1‘{"%?9?‘2?“& g {tﬂﬁgﬁ}?}%ﬂn ‘93‘% ‘ﬂ/ﬁ
2002 54 i mately th | h as that of a ArF exci | ,
o obt ai aoPR G R EARISH ERBATBUS 400 SYHEB L) £ URRRIFy Ihe, STROSyfe PR oL O i, wates £

e
1.57 - 1.58 mcroneters, then the 10-fold higher harnmonic within a range of
157 - 158 ampragress, this coptraksystem sendy # direqtiveisg s tordeldyrthe eperatinn clogipg thae sane
wavel ength as that of a F2 laser, is obtained. Furthernore, when the

osci | | at i orpesivgland glokingyvabetV1i (clusingy undirthe carhplgtidtiBof the ¢éxgposueeppoeeksig; ,
then the 7-fold higher harnonic having a generated wavelength within a

range of 14dtirredfdet fthe SoMvdlRyiteadS. Hltbrndtiveiy inifiediate) pﬂﬂﬁi‘oi&&uﬂ%' el I ation
wavel ength is vvig]ﬁ%i n a range (5)&1: 1.099 - 1. 1812 nicronetyers, then the 7-fold

hi gher har %ﬁtch%wu@%fa.%gg% OB thal bl f’)isglei’r?ﬁﬁygfoseléz - 158

nm that is to say, ultra avi ng ess e’ sane

wavel ength as that . of the FZ laser, is .abtained., It is ssible to use

Vet er bi um G8EHE And losiog e Tl Withe guitating the Sibisipent WAL FERRgNy Process and
oscillating laser. Furthernore, the exposure apparatus to which the present
i nventi on imayapiiatccepeatipns avhih reducethe irapysity; goncrptsationdeloyne predetermigedpl e, a
step and repeat type) or a scanni ng exposure type (for exanple, a step and
scan type) .vakagras ldesanibed abdvee present invention can be applied to exposure
apparatuses of the mrror projection type or the proximty type. \Wen a

proj ection opti Grthexsdretakihg SMiBlaByRAt theAdmibRRel of FnpEritfds 8 \dBRYibEE atidve in
refraction system a reflection system or a cata-dioptric system

may Do ompitsy S5 R FHbREha 5h Bffler ) CRABMC GEh R TUEROR of 1l RbARARE"
merely to %i(g,?f {Ju%%rgjg&?c{naotpl{i%gls system PL, or in order to circulate the helium, the case 1,
subchamber 6, and the projection optical system PL are connected with pipe 33 via pipes 92
- 94. However, if the recovered helium can be cleaned so as achieve good purity (purified),
the admixture of impurities is at a level that can be ignored, or the state is such that the
impurities are essentially not generated within the illumination optical system or projection

optical system PL, then it is not necessary to provide these pipes 92 - 94 (and opening and

closing valves V16 - V18). At this time, opening and closing valves V11 - V15 also need



whi ch are used in the manufacture of m crodevices such as sem conduct or
elements, liquid crystal elenents (display devices), thin film magnEt MaY 200°
- heads, or inmmge acquisition elenents (CCD), but may al so be applied to
exposure apparatuses which transfer a circuit pattern onto 01 MAY 2002 55
a glass substrate or a silicon wafer or the like in order to produce a
reticle or a mask. Here, a transm ssion 4¢g/pc reticlc is commonly enpl oyed

i n exposure apparatuses which enpl oy DUV (distant ultraviolet) | i ght or
VLJV(vacuu uItra t..or t nd_sil|.c l.as rlne
doped si | |“8 P‘é’g E%M%mﬁ'gﬁ}fggﬁlﬁ LEPFJ lqhxg%{lgcb@p@g dl? t he
i ke are empl oyed as the reticle substrate Furtherm)re reflectlve masks
arc enpl oPERicetiPnonsical systerPlarsa that dslivi may besyppledmither ‘(@)‘(‘PF%YT@' when
ultraviolet) light as the exposure energy beam and transm ssion type masks
(stenci| meedes (ormatrbgularintrredls))soas to epiehishdahe heliupr and wimajntaingbe Kelimy
exposure apparatuses or electron beam exposure apparatuses or the |ike, and

silicon webfiésntrafién soperitredsvibledteovss t hese mask substrates. |1l um nation
optical systems and projection optical systenms conprising a plurality of

optical el ementg, 4t o, GO &H@?x gj!nft gmaamﬁfeppw 5 1§§}Pﬁ§ﬁtt§fdﬁm@%'aﬂd

optical adjustment I's con reticlé stdge or er stage corrpr| SI ng

a pluralit cal t.t ached t S ar at us

oty and WereeomathEs fiast Tiok Bidiie ForoleVE hernatla SP R e s R LStyael Ty
system (subchanber 6) proj ection optical system PL, and environment
chanber 7ah°§§IB§éEIP3F§F1,Y from gheckyrlaser light spprca 3; and hedium may. be supplied on
apparatus or nitrogen circul ation apparatus or the |ike, and furthernore,
by conductrespgctonety @l the &6l jaset light soured 2 and focthis hadsing.t ﬁcethis timpahaF; asallight
adjustnent, or the like), it is possible to construct an exposure apparatus

of the enhggicEBning tlS Hi6hdiRe fha BO MR chdricall§ cOfifectedPard 4 glads glite nmzrwf acture of

t he exposure apparatus be conducted in a clean roomin which

tenperat ur pfovid WRE AL uft %@sgﬁﬁ%fﬁrﬁ 1%91“&.{ O&Ibl%éﬁ%ih%ﬁﬂe

sem condu evices are pr via a“s e quali es and
characterlstlc f the device, arc. desi step in whj based on. t
desi gn step, H\Z‘ tgc nitjggen cigelation 4?8?‘@8158 ﬂé‘%’ BH%‘EPJ“H%&‘%‘ °ﬁxm”€
wafer is produced froma silicon material) a step in which the pattern of
the reti cliedetgilelpthspuessnt ambadéimonts vitrogsn gas4Na) is supplicd witinithe cayipenmeants of
t he enbodi nents descri bed above, a step in which the device is assenbl ed
(i ncl udi nghamberc? ofFignreclevia tie, pipe 88 ofFigare[d; andnlitrogen Brecovered loagibeg
procedure), and a testing step and the |ike. Next, an exanple of the third
enbodi mentenffrodtiéht RhHBEH7 Vid iRk 09 AndB3 | soltRat & Bihdt WBHls, nitrogen is circulated

within the environment chamber 7.

The nitrogen which is separated from the helium and the like by the refrigerating
apparatus 37 of Figure 1 is suctioned away by pump 39 and passes through pipe 38 and is
recovered in eylinder 40 of Figure 2. Furthermore, the nitrogen within the cylinder 40 is
suctioned by pump 83 and passes through pipe 81 and is sent to the temperature adjusting'
apparatus 86. An opening and closing valve V21 is provided in pipe 81, and nitrogen
concentration-meter, or oxygen concentration meter, 82 which measures the concentration of

nitrogen sent to the temperature adjusting apparatus 86 is provided, and the values measured



with reference to the figures. This enbodinent is one in which the present
invention is applied to a step and scan type projection exposure appgéyatids
for the production of sem conductor devices in which heliumgas is supplied
to the majority of the optical path of the exposure light. Figure 5 shows
the outlines of the structure of the projection exposure apparatus of the
present enbodi nent and the hydrogen supplar apparatus; in this Figure 5, the
proj ection exposure apparatus is disposed within a clean roomon a fl oor
F101 of a senj.conductor manufacturing facili and rogen .supply

appar at us %éf E“é GRRADIALTHBELET, ?ﬁcﬁﬁgp]f% tf’ﬁhf ?ﬂn&}%&){s.s&iﬁe%ﬁ% ”&BBE tus,

and a recovery apparatus for recovering a portion of the heliumgas, are

di sposed wicontentration-asmpassred byHherBencentmatan metex8lureashes 4 Predetesmineg valueothe 4

| ower floor. -In this way, the apparatuses which are likely to give rise to
parti cul at eonmdltsgstemrid dpenbthepeaning and tlogingvalve M22a0f¢haipipp 85 ednmeoting theoor
which is different than the floor on which the projection exposure

appar at us  infirdgds colihdid 84 3R tHet@mBEature hdjbuftingepparatus BBPsu%SIyiﬂélﬂgm?tp%fé or of

the clean roomin which the projection éxposure apparatus’is insfalled to

an extrenel j I I a2 e

U br at] on S8 oPE BUEReCh 8 ERBHAHEE B0 AR Bare Y Chf\Ge BlIeEAR, Rhen
cylinder 132 which stores conpressed heliu s is.installed on floor F102,
and hel i umthe HFOBFHFRACERtALON atjhe BIAPIETRIBRA Palis BRAbaNE the cgptro] system 45
predeterm ned pressure, is supplied fromthis cylinder 132 to a pipe 131
whi ch pass esaintains thphopeningsand giosing valyn ¥22 ineaiclpsedistate; r Wihen thegfitrogen upper

| evel . An el ectromagnetic type ope ing and cl osing val ve 134 and bl ow ng
fan 133 ar gohdentratidremeasurdd Hethd ddncdhtrition mew@e8Dfs dxatinely low] the operihg hine
floor F101, and by neans of this, the amount of helium supplied can be _
control | ed.q valve Wi Ra§ bEdbst P PHlow!dP Bltrdpih Hronfo &eﬁﬁ@&fe‘ﬂ,c&ﬁﬁ&r%@l I'S

installed via vibration 15olation platforms 102A and 102B, and in this cast

I
101, a FZ | | L ghta sQur. i id latio I h of 157 mm)
s i netall &V Sﬁh‘g‘gp%iﬁf at’%ﬁ‘%rgt%d’é’g{&‘!r‘gae@’qéag%%aé‘ Rheh, ﬁ%ﬂ?ﬁ%‘%ﬁ (BMJ) 104
containing novable mrrors d the like for posjtionally nmatching the
optical patRRSHFAUPTHES ‘B%"B%‘g% ‘I’rﬁF‘PFCGH‘i’%“P“a{H °’aé?I 5e PQ&T”H{‘F‘E&Q‘HF valess
through the interior of which the exposure |ight passes, are also
i nstal | ed. smaHertham\the predeterminddvalire deserinedaboye)ctbe openingand ¢lesingiyale V21
enpl oyed as the exposure |ight sources. Furthernore, an environnment chanber
107 whi ch infaylt®opeheéped and whi ch has good airtightness is disposed next to
case 101, and within environment chanber 107, a fixed platform 124 is

installed on fl %&hE&%e,"tEﬁ}pé’ﬂaM@B&jQﬂidg?iaﬁgi’x%@'86%i§£§ e ?&o@&%&ﬁaﬂé&%&ﬁB for

reduci ng the vibration fromthe fl oor, exposure main unit

di d on.fi . . i i q
O e Ch S BB A e Saelier >
01 t

rojects fromwthint case the interior of vi ronpent chanber
207{ and t [pEessure, andrhurrngity thereof at pregetcrmine levels, and sup;ﬁxncs this mrtrr%gen gas av?ng

controlled temperature, pressure, and humidity to a pipe 88 which passes through floor F1.
A blowing pump (or fan) 87 is provided in the bottom side surface of floor F1 in pipe 88,
and the nitrogen is supplied to the interior of the crIvironmcnt chamber 7 by this pump 87
via the branch pipes 88a and 88b of pipe 88 of Figure 1. Branch pipe 88a blows nitrogen
gas in the direction of the optical path of the exposure light between the projection optical

system PL and the wafer W, while branch pipe 88b blows nitrogen gas in the direction of the



majority of the illum nation optical systemis contained in the subchanber
106. In Figure 5, during exposure, an ultraviolet pulse light IL Vl%ygl{]@
wavel engt h of 157 nmreaches the interior of subchanber 106 via B nd
the interior of pipe 105 as 01 MAY 2002 58 exposure light emtted from
the FZ laser light source 1@@B within case 101. In subchanber 106, the
ultraviolet pulse light IL eaters into agfly eye lens 111 via a beam
form ng optical systemconprising, as an optical attenuator, a variable

oS 0 e MR R ene Ol o050 e P BRIARR Bl &/~

iIlum nation conditions is disposed at the qutput surface of the fly eye

| ens 111. SyStRE BLt(FM\P‘Pé‘FfeQbOHBFB‘gbﬂPyHFGIeﬁlclﬁrﬂ)eh is enitted fromthe fly eye
lens 1 |1 and passes through a predeterm ned aperture diaphragmin the
aperture stop Sushamotd 2nmpssing and clobing vaiveV23iis providetiin pipet 88 at drechidesadr
lens system 114 and is inputted into a fixed illumnation field diaphragm

(fixed bl tHedippdrlsuftab@sf N6orF 1 lahd a® eaiRiehitation théte 8 Pwhithidetegtsithd nd
nmechani sm 11 Furthernore, a m)vab e blind 115B which serves to change t he

dth
\élv: sposiag E&ﬁﬁiﬁtﬁﬁ%ﬁf@ﬁ%\lgﬁ Hzgnl%mfkéggst%ar c{bgﬁigﬁ? I Xe bI i nd
115A, and.b S m)ve bI e blind 115B, .du tion he novenent
stroke | nAtNEDSLBIAYE hy A P‘Bﬁ&“ﬁ"&?‘? Birogatbl 16 e s8RLIC [ on i
the width of the |ight bl ocked band of the reticle R are achi eved. The
ul t r avi ol upstisamssidd ofghe openingianghelpsing valme ¥23 tha sidkeiof pump$d).bWhehhef i xed

blind 115A of the reticle blind nmechani sm 11b passes imge formng | ens
syst em 11iémpurity kendcnantion 49 eashicd tothis imporig@otdcsntation Mieter 89 ¥ fAvr BXe and

illumnates at an equal intensity a slit shaped illum nation region on the
circuit pﬁieﬁ@t’&&ﬂ&d BRSWEDIE 1dvels! theh QSntRSl% féth 4S@RS§G§ iﬂé%enﬁﬁﬁnéaﬁﬁﬁg Laiom the
out put surface of |ght-| nsul ating pipe 105 to the nai h condenser 3ystens

119 is co .0 i h m t he
mner par ¢ 2oR b B EstpdY QEE%%?%‘%‘%@ gy ok $rboARls Branls fo BEonabll™ .
103 is alr d copmuni cates with ~ ~ MAY 2CC pace within
subchanbef tfggtltepaf wmrfém%i-wmtgsa%ﬂ PR KAMRLEs 1%0093%9 éﬁeraw‘feby thr
greater and is tenperature controlled is supplied fromtwo points fromthe
hel i um ci resavered pitrogpp maythesentraud of the nitpogea curulation appetats togsther dGthihe
branch pipes I3la and 131b of pipe 131. Helium has a | ow nol ecul ar wei ght
and i s sugagpitied) afieptiigake openitandvidsing vadvd VO3 (a0l thd\ependg dndcidiingh
naturally | eaks out of subchanber 106 rises and collects in the space 107a
in the vigiféd V29hnd VO5FRI0pEAG, Rhd IBSufplY bf RAYSEEH isGERIE and ¥e opening and

closing valve V19 of pipe 95 in Figure 1 is opened, and nitrogen is circulated. Then, when

it is confirmed that the impurity concentration is lower than an allowed value, the opening

and closing valve V19 is closed. Furthermore, when the nitrogen concentration within the

environment chamber 7 reaches a predetermined value, the opening and closing valves V24

and V25 are éuc;ccssively closed. Then using a light detector (not depicted in the figure)

provided at wafer stage 23, the transmittivity of the projection optical system PL (or the

illumination intensity on wafer W) is detected, and furthermore, the illumination intensity



On the basis of ultraviolet pulse light IL, the circuit pattern within the
illumnation region of reticle Ris illumnated onto the slit Shapeg1MAY2[][]Z
- exposure region of the resist |ayer on a wafer Wvia projection optical
system PL This exposure region is positioned on one shot region within a
plurality of shot regions on the wafer. The projection optical systemPL in
the present enbodinent is a dioptric sysggm (refracti on systen; however,
since the glass which is able to transmt ultraviolet |ight having this

type of sheri.wavel ength Ls |imit h r.Qj ' [ . may
be nade a 5’3@%%8??8&%9& évrﬁli%rﬁgs 9'&&?@%‘&"?%%&%9@? éﬁnégég&gé"ﬁ&?‘%g}rtggse t he
transmttivity of the ultraviolet pulse light IL in the projection optical
system PL.°’m9P¥rﬁéﬁfﬁ'Efr¥,ag°fW’csHEm§ manner as the interior of subchanber
106, tenperature controlled heliumgas having a predeterm ned concentration
or greater is shppeiesdodimentdessribed ahoye owhernrthe pjtragen epnchntrationavithin thel  of
the projection optical system PL of the present enbodi nent (the space

bet ween t henvidonfrht éhamitfer 7 @€uthed £pfedéterminéd valud, itise supplyofnitrogen islialted, and
apparatus in the lower floor and via branch pipe 131b of pipe 131. The

hel i um | eajgeny ﬁﬁi%mg Thd BfesiigvaRle V23 gbklth% valva $241a88 VaB) hiiPthe .%Egﬁigghﬁ%&iﬁf S

and col |l ects e space 107a in e vicinity of the ceili

envi ronnent_,ch er 107. .In the fo i a7 axl 8ol Y. 2002 .60
obt a1 neq. vHEh Y18 spekfivells he e BB VLB orBekpRél fod o ss8} oty PR 95 s .o
system PL, and in a plane perpendicular to the Z axis, a X axis wl| be
est abl i she@losih 87 When, e nifregen coneeniration, within the epviragment cr;7 dropg beloy
axis will be established which is perpendicular to the paper surface of
Figure 1. the prédetcrmined)vaiug; thelopeiing and cloping valye {23\(arthe opening and ¢losing | e
stage 120, and reticle stage 120 is nade noveable at a constant velocity in

the X direedivé@vi4 hed V25 ayBe 6pened hhdhitroén fipplied.e base 121, and is
installed so as to be c?[}gbylne ng sl i ght noven‘g;gts inthe X direction, the Y

di rection, and ks i i i i I i1 on of
reticle stage 1 %{%%%F@B%&c%ﬂ%@ﬁ%@k&%ﬁ‘ﬁk ‘g%g toﬁggé’oé atcg
controlled by a qgriv ntrol unit, ich ig not depicted in the fiqure,
which i s pRoei b vadn SPinder Mibiins B TcareieH aiinata may 1 ettt w
i s supported by vacuum on a_ wafer hol der not depicted in the figure, and

t he waf er Wih@aethprcydinderand the purty therepf mapbe inchassdiat 2 scRgrate scgeRratiohpl e
platform 122 is positioned on the XY stage 123, and the XY stage 123 is

pl aced on faciliyl andahd highlyifde niftogenwrithin the¢ nipogemeylindersi# mayipd suppliexd fochein
122, the XY stage 123, and gui de nenbers not depicted in the figure, and

sanpl e pl aédvarormkALcititier 0| Fuith@mops; e RSurity Edhebitratioh eictdVS0iha), Busispose 1 n
the Z axis) in an auto focus nmanner, and controls the angle of inclination,

so as to by 1he Gt ftﬁ??wﬁﬁi Wad [ i iVhivbd figndsPd | ane
of the pr o]riec !Son opt%rca systnem E’@.c\éépﬁtﬁg&gmr e, n?{]a)g% %g% scon ucts the
constant v eles ot ARl 4 5 HoLiE0n ¥hAketeS 26ns oSNy reB0 SRR Ho! "

In particular, with the latter distribution, it is no longer necessary to provide the impurity
concentration meter 90 described above; that is to say, the helium supply apparatus and
nitrogen supply apparatus may commonly employ a single impurity concentration meter.

Furthermore, although it is not depicted in the figure, a nitrogen concentration meter
Or an oxygen.concentration meter may be provided within environment chamber 7, and

control system 45 may control the opening and closing of opening and closing valves V23 -



di nensi onal position of XY stage 123 (wafer W and the rotational angle
thereof are controlled by neans of a drive control unit which is :Dqt Y 2007
- depicted in the figure and which is provided with a laser interfe onbg%ezrﬂ.
During scanni ng exposure, reticle Ris scanned at a 01 MAY 2002 61
velocity of Vr in the + X direction (or inthe - X direction) wth respect
to the illumnation arcs of the ultraviolgt pulse light IL, viareticle
stage 120) and synchronously therewith, this wafer Wis scanned in the - X

612410t B Gl ol Wi ot

proj ection magnl?lcalon romre , respect to the
exposure regj,on, and via the, XY, stage 12 Furt her nor, t.he, XY s e 123 in
Ehe vt or ' SUGR H6;eoy ntel Epmbg T ke Ak deop Selo L Ppdcierminr e Rl
non-contacti ng manner along a guide surface by the static pressure gas
beari ng metfughermare) temperabyie SARSPRS RFFSAHTCTRSOSS, ang pumidityssnsore(ngpdericied isat h
of the ultraviolet pulse light IL nmay be enployed as the gas of this static
pressure gais figae) arg disbosedheithin thes, entvironmentrchamber 7, and based on theaméasared 125A
and 125B whi ch support the fixed platform 124 enpl oy the gas spring nethod,

and hel i umyhfied§PMe A8nsolke tHEADNEb] dydieth APfegtlBics B2 fildWratd, MrfipdrRaf) Pressure,
tenporary storage cylinder is disposed within environnent chanber 107, and

[

heliumis ' f - LA I or to

the tenpor i Bfé{"@‘i??‘feﬁ?ﬁﬁ“ﬁgﬁ f%%?%l‘g : §%§*&ﬁl§?§§‘*¥§nﬁvgwg‘9p@%fﬂé nd
eliumis L}pple,o e .St.age rom enpor ar soragegyl er
127 via o BGH e ks o do Baintain 36 ey isrriialy SR valie e tEmheciure. pressurt; an8s | n

actual i ty)imanéj in .a;g;\I el wth thr;j;&%pel iumis supplied to vibration

i sol ation plusdity wit cRMATPNIEBEC I via highly flexible pipe 129 (in

actuality conprising a plurality of pipes). The static pressure gas bearing
mechani sm of t hdn ¥¥¢ mesegeemBddimehd, ihRigaies] us sxithukteport oftacfirsvbrahchy pipe 88andfe,
in the present enbodi ment, nitrogen gas (NZ), which is tenperature

control | ed ik i REpBSTAUA thO¥; @€ b bpGichl syt PEand SvafdtP! gRiSed at an
extrenely Ipé)w I elvel p 'S suppllfggyt OB{ e interi or}%of t he environment chanber

107 froma nitr | | 0 [
oot whi crdgeRaBWedhife sptd fltwperthe Wiolectidl pfide R B 4a otk 4iR: W6k
circulating in the enyironnent chanber. 107 retu from for exanple, an
exhaust  holtee Qther hagdpthe serpod Pranch mneg%b&? the,pipt, 88 Tasther DrangHes LG, 4Rl BRE { he
envi ronnent chanber 107 to the nitrogen circul ati on apparatus. In place of
t he nit r ogerhaymsporhisl disposedhin the visinityHetwees condanier lenst 19 andyretidle Rhwhileither i or
of the environment chanber 107. Next, within environnent chanber 107, the
hel i um whi @ther eRlfust pertristpdsitioned between the reticle R and the projection optical system PL.

The opening and closing of opening and closing valve V19 may be controlled and nitrogen
caused to circulate within the environment chamber 7 so as to constantly blow nitrogen from
branch pipes 88a and 88b. In this case, it is possible to supply nitrogen having a high degree
of purity in a pﬁoﬁtﬁcd manner between the illumination optical system (condenser lens 19)
and the projection optical system PL, and between the projection optical system PL and the
wafer W, so that even if the nitrogen concentration within the environment chamber 7
decreases as a result of opening this chamber during the exchange of reticles R or wafer W,

after the completion of the exchange operation, it is possible to rapidly initiate an exposure



subchanber 106 and the helium which | eaks fromthe projection optical

system PL and the XY stage 123 and the like is lighter than the ﬁgL ﬁﬁYZWZ
- nitrogen which becones mxed in fromthe exterior of the environ b
chanmber 107, so that it rises and collects in the space 107a in vicinity of
the ceiling. In the present enbodinent, a pipe 135 is connected to this
space 107a fromthe exterior of the envigonnent chanber 107, and the pipe
135 passes through an opening provided in floor F101 and conmuni cates with

the heliumrecovery apparatus in the. lawer flLoor. A tign f.an 136 is

i nstall ed olpraf‘ﬂ%obg BEPEOTY OPEY Eo%gﬁt%tslap?s&bécgqr&ngft'ﬁ?ldg °Mo1, and the
gas which is sucked fromthe space 1Q7 t@)y t he lpi pe 135 and ttge fan 136 is
recover ed thrqughnug {thy mipimum possile pgroq. CHBPICFINPOMAATISORWItR His Ca6¢ Bor . A
dust collecting and noi sture renovi ng apparatus, and a separati on apparatus
f or separ athiciynitdogerhis| dingniateddiy simnplycohmectipg pips, 880 ¢heenyirogment shamber T he
cylinder 137, and the separated heliumis stored, and where necessary, is

suppl i ed AthduPprReRESE biafich PipeEE8H did 88bEit pdséibleltb eéduet thedndunt bhEitrdge | C
pressure gas bearing nmechani smof the XY stage 1Z3 on the wafer stage side

ress echant V st ag: _
i gure-6 ShoneS eraedatie i popRIEXPpRpiiedit: e URGIRRT RIS |
Fi 5 vi f the X di ti i,n 1this_Fi f W

i i xea t SPEHBA BRI Bpreraled Fom B2 walh B ittnil pc iR iy Baton i,

122, and a bottom plate 142 is affixed to the bottom surface of the upper
pl at e 141 SXPRRYTLIEhtoPR tha projegtion epticabsystemyPL (syefacesnf thesepticakelements | xed
pl atform 124) whi ch upper surface is polished so as to be flat.

Fur t her norchasedt e theotdfensige )atWhéniititrogerait tirmdated evithirathee g vipdbrahens cHakidyer dnd
143B so as to be sandw che. therebetween in the Y direction, and two X

gui de bar sheldshfartingntshBRandes ate¥xhatdi@toithe Gutéide togathefWith ehe MebAdd, §b tHabRr €t 0
along the X direction so as to sandwi ch the bearing plates 143A and 143B in

the Y dir i ; Qﬁlﬁl 471. Uﬂhﬁlﬁéa[” bearing pl ates
143A and ?ﬁééég{g%crr%plﬁ?g&{éﬁée% S efése&' ,%E%IHR{ e S 5’8’29’1 23 is dri,ven in
the X directio | ong t he ui de bars .,144A and 14.4B b | i near, not or
which 15 not dapiemtsenemhadliel B oisgit ALt HGPRTEi DaRbG | HE BAVSE 1444 and
144B are unitary, and are driven in the Y direction by a |inear notor which
i s not demitcaged atraosphere; hgweer AibHgmwitichyimgpurities bayesbeen semovedimantbeer one s
di sposed on the front side) which are disposed so as to extend in the Y

di r ect i on.supplicdhe envirenment phasbag d, ad &5 dedotibedabbwe, nitrbgkn arayibe seppljedat e 141
to bearing plate 143A, and helium conpressed to a predeterm ned pressure is

suppl i ed fheRiBehife IRIRAARIMYopHCAFS8m@AH ithbjetddn bptidal Hjdtetn PLIDdMRARREE
hol e 147A on the upper plate 141 side via pipe 128A, and this heliumis

bl own out

i AP ' ! ige bar

144A. I n tt%%&s%ll%{e‘%m\g&?&ﬁéfsﬁum %8“%’8 ?@%&%@9?\5 af S‘%“ég’éﬁe‘ﬁgné°%§hq§?geé§ g,tg&g,gi s
supplied fromthe tenporary storage cylinder 127 in Figure 5 tq the passage
hol e 147B gé)‘f?“t%'é%f’&p?gg° R b?lamb}naé ¢ swpplicd Saiplas of Hupgshnit
bl own from bl ow hol e 147Ba

in such a case, it is no longer necessary to provide a nitrogen circulation apparatus, so that,

for example, the helium may be supplied to the spaces described above by connecting pipe

31 with branch pipes 88a and 88b. Furthermore, cﬁcmically clean dry air (having a

humidity of 5% or less) from which the organic materials described above have been

removed may-be employed as the air which is supplied to the environment chamber 7. Such

a structure is particularly effective for projection exposure apparatuses which employ a ArF



within bearing plate 143b onto the X guide bar 144B. By means of thi s, flyeye
bearing plates 143A and 143B are supported in a non-contacting nmanner V\/m | e
- mai ntaining a predeterm ned gap with X guide bars 144A and 144B. 01 MAY
2002 64 Furthernore, a passage hole 148 is formed fromupper plate 141 to

| ower plate 142) and heliumwhich is conpressed to a predeterm ned pressure
is supplied fromthe tenporary storage cwybi nder 127 of Figurc 5 to the
passage hole 148 on the upper plate 141 side via pipe I280 and this helium
is blownfromth bIo hol e 148a which is vided in the b tto ce of
the. bot { onPHRFLIRSE2S She SrPpme fighRpoien it Bt S35 et oy Bt AR e o
142a is formed in the region containing the blow hgle 148a of the bottom
surface of cashd, Hstsubehapbst 6, angshe HWdFCSW RaucA systemm B, of AliemativelyiHeEs L m
which collects in this gas pocket part 142a, the XY stage 123 floats on the
upper sur f mag bekuppiedfto theccapd htamd tHsuh;,bambcraﬁ, whiletheliemhosuppliddto the f or med
in the periphery of the gas pocket part 142a of the bottom surface of the
bot t om pl a%@, 8n%9t1é41'§§stérﬁ?LXY stage 123 does not float excessively) and
the air in &e hol e 149a conmuni cates with the passage hol e 149 which is

f d thinb 149
cgggct\émd t:)na %&?l onk‘%lgfthJe esg”n é% @é%lhgg ‘F‘W[mej)%igure Vi aehl ghl IyS
fl bl 146 d b Ki I t bove fixed

Pl at  or m 124PPLR GGR HiGRO AR FeB Gt émpiogﬁonoew«ixﬁ”’s}m%ﬁh%pq%ﬁa 132 usi ng

t hi s vacuum punp, the XY stage 123 is stably supported in non-contacti ng
manner aboWevelergth parciofthe expasueiiymination i tIWmWN@OmOIMa@eWMQ iof the
present enbodinent is placed in a non contacting nanner in the Z direction
wi t h r espechienticaliyhaledn (tteddnyg lairtdeseribed 2bovre) mdyasolpiysbdspplietytorthb¢ imbatior wpthey i ng
heliumand is installed in a non-contacting manner in the Y direction with
respect to S FoféAn) %Ethbﬁ ng
hel i um soeéﬁﬁpﬁ}c?pf%%gg tl)%fe1 to ng\}ééd]f %‘s’&?{%‘gg" at "a %%ﬁr g&;élg‘iﬂ(s)ggie
using an extrene unt of forc directian_and

i r oot on’ ShEEEn rSBiror BT Hhviommeth Shan iy B0t BAET 1R R AERRROAE o ¢ e
present enbodi nent, heliumgas which has a transmittivity with respect to
|i ght of 145 ¢Ass-dR ﬂvfe?gnc Wy 3acvith thecireulation apparatus fog respvéring heBumiprof ¢ he
ultraviolet pulse Ii ? IL fromthe output surface of the FZ | aser |ight
sour ce 103nitdogen guthe like whichhwassuppliehiodbe sase 1| thesubshamber 6, 80d thesprojectioms t o
the optical path of the ultraviolet pulse light IL within the projection
optical sysptial istent-BL] herynair eirculdtion appareths forasedveang e dry ain sepptied td 4es
system 119 to the input surface of the projection optical systemPL., and

from the ou{W#¥nment chamber 7 may be provided, and the environment chamber 7 and the dry air

circulation apparatus may be connected solely by means of pipe 95 without interposing a
pipe 33.

Furthermore, in the same way as the helium circulation apparatus described above,
the recovered nitrogen may be compressed using a compressor to 100 - 200 atmospheres, or
alternatively, this may be liquefied using a liquefier employing a turbine or the like and
stored in cylinder 40. The opening and closing valves V24 and V25 which are provided in,
respectively, branch pipes 88a and 88b, make it possible to supply nitrogen to only one of

the spaces between the illumination optical system and the projection optical system PL, or



surface of the projection optical systemPL to the surface of the wafer W
are supplied with nitrogen gas, which does not have very good 01 MAY 2002
-transmttivity with respect to light of 150 nmor |ess; however, th

optical path which passes through this nitrogen gas is extrenely short, so
that there is little absorption as a result of the nitrogen gas.
Accordingly, the ultraviolet pulse lightg4dL which is emtted fromthe FZ

| aser |ight source 103 reaches the surface of wafer Wat an overall high
transmttivit efficiency qQf use), so that it is ssi.ble to redquce the
exposur e &éW%&("(‘%E‘SJﬁ?PHﬁ OBSE?i’éélﬁ‘%nﬁzﬁnﬂd‘}af n@’ qnd \Bgcnp‘ﬁggg‘fﬂ lés%“qiaﬂﬁqné se

t he throughput of the exposure process. Furthernore, in the present

enbodi mentsppplied tgRoth placess e opering aad ¢closipg ¥alves ¥24jand W3 peadgnoy e pepvided. Xy
stage 123 on the wafer side is helium and the gas enployed in the

vi bration i sol Hurthernidra] inath&predets Ambodinieat Ritragen lisscauke] toflow baweérdths

reason, there is no decline in the purity of the heliumof the optical path

of the ul tmeﬁﬂég{isﬁ optidat Systérf 3hd tHe (RSjectidnoptichl sPbtemnl L, 4AE b&vebRE Pﬁﬁ@&i’br

pressure alr arings or the |1 ke ddring exposure, and the additi on of a

gas havin l,ower td-ansmh tti Vi . 1 L i [ e
opti cal  papRc ke Hir R et Wi beuef S ot halnBFF L BT iy be
transmttivity of the ultraviolet pulse |light |IL doe ot decline. . o ~
May 2002 @emﬁqdﬁertﬁw@,c 88 yeithent Pregé%wanfﬂbwwkﬁ%a@eg 8iaan vgtsn[ﬁrraqnmf@gi ng
substances are not deposited on the optical menbers in the optical path of
t he ul t r aontentration within b enyviroraeeny chaseber (7 roschesha ptedetermined valomer greater,
Furthernore, heliumhas a thermal conductivity which is approximtely six
times t hatthobépenidy Aganiosisvilia V2B heayltealosed.cFagyhentbreirtespdative bf the as a
result of the application of the ultraviolet pulse light IL at the optical

el erent s e bthel ek ihgks 688 268 BB, Hitrdth BAP R ApbINA o B phaiBlerflyRaBBWS

within the projection optical systemPL is efficiently transmtted to,

respectivel f. ver.  of . n h r.el of th

proj ecti oﬁa%BY*}‘@ngg%’r‘ a@?‘ég ?ﬁg&r&ﬁ ﬁ“ﬁ%%%"%?‘%’ﬁe?‘ﬁ%‘?‘g ’a’%ﬂh@ﬁ

Dt o] ot i orPeGB¥=4P Csgulpie B TVOBRERSHERDYLY. dAIVES SR i 00! Ry
projectio , y! ior,
such as lower floors, or the like, by tenperature controlled air within the
cl ean r oomecgssigy to pravidedthe opening andxlbsing valvesodanga¥1%i t hi n t he envi r onnent
chanber 107. Accordingly, the rise in tenperature of the optical elenents
of the illum naturdermgre] dahe presért FmdBdinidAE Y BhaEity 6Mthe Muntifdtichyeptiesn PL can
be maintained at a very | ow Fevel, and it is possible to controlwp

degradat i %gsté‘xﬂ‘ivzis%gﬁiriéarig@ﬁd- B KM LB &id a's%éax'&% ?f su%cm%omfésﬁgﬁ%bsed :

Fur t her nor the anount of change I n the In reacti on rumin

response to.changes.in air pressure is very | 1,..50.that,t anpunt of
Change. | n THER PRy itgRmPht R Kookt HitegRiedy of thF SubcaniabasTSpatby o
optical systemPL is extrenely small and for this reasgn, as well, it is
possi bl e tHSAPEEdWithin the emyieonmeatehamhend: InHhisgess. dids @pssible tosincrease the

—htt

recovery ratio.of helium leaking from the subchamber 6. Furthermore, in order to also
recover the helium leaking from that portion of the subchamber 6 which is disposed outside
the environment chamber 7, the subchamber 6 outside the environment chamber 7 may be
covered by a predetermined housing, and another inflow port of pipe 33 may be connected

to the upper part of this housing,.



Anong the machinery enployed in the projection exposure apparatus, that

whi ch enpl oys gas includes, for exanple, gas type cylinder apparat u&em}b4

- enpl oyed in the conveyance of the reticle holder systemor the wafe T VY d
system The cyli nder '~ ~ PAY 2002 67 apparatuses are provided with a
plurality of pistons, and by extending and retracting these pistons using
gas, predeterm ned parts nmay be noved. 'E.4i s desirable that helium be used
as the gas in these cylinder apparatuses. By neans of this, the
transmttivity of the ultraviolet pulse light IL can be further jnproved.
In the enbodi meRertkesmers, Buthe prrsers empogime: y # siggle gag CutragAn sy dglivie) was
exposure energy beam however, even in cases when a ArF exciner |aser |ight
(W th a wasoppBedjtothe taseds suhchambern, And theiprejectionsaptical; system(RY, respectivalyel engt h
of 248 nm or X-rays or the like are enployed as the exposure energy beam
when an i niggwev@fdt i3 aiso passiblielto supply a past dongisting of asmifxtire of nitfdged andkeiunfat
portion of the optical path of the exposure energy beam as a gas having
good transSifalidikibhs i€ S ; i ¥ kir&lati icul ar,
when exposéprcgétﬁ%‘%%(dﬁggglsng a %@@%@Wﬁ é[)?.‘lsl gptger ange of 2‘5%dnnrhrgp iﬁ%iz%o nm
such as KrE_exciner |laser |l .y | oye i nexpensive.nitrogen can be
ool oyed o224 Fe careck3s s mgkiar of i SRR ESsHoRRRBRRl AF oSSBT il o
inthis way, it is desirahle that the gas used in the static pressure air
bearing of ofthe Openiag angeclasing yalve- Vi ribe gnixedigasds patresrcted fo ¢ prmbingtion 9fon
isolation platforns 125A and 125B in Figure 5 be nitrogen. On the other
hand, in anipog¢reand heliuex pesn, hydragem oa thediketmay beccopibinesd. Aurthermireyghe gasser

| i ght having a wavel ength of 193 nmas the exposure |ight, when the

proj ect i onsupplitd @l the ¥t fohinte@iBlianftes 7 andyadist- b thP hiiked gapdestaibeSsdvem it 1S
desirable that helium which has little change in the refractive index, be
enpl oyed as the S ag&&g i i

illum nation opItqlggté ch%g? 1iez%brgnay te{’%g? g’gﬁb@m@%‘%ﬁg?’% ﬁgﬂf bél?’gﬁrl%gidnﬁg? ?ﬁg{epﬁm
however, it 4.s desitabl e that t.he sang . be enpl oyed,as in the projection
opt 1 cal sy EIR® on i oottt fud R Wi ieiin BB SHSEHERof oiedlor e T aser
light is enployed and a . 01 MAY, 2002 68 pr.ojection optical, systemis

enpl oyed WHIPORUIIE BRPATAERS ig recaysred by 8 singlsthelinm rs%@amppmamsweﬂgwa% the

enpl oyed as the gas used to purge the interior of the projection optical
syst em hopwtseorrespjoadingdo tost & Fignres 4 add 2iaregiven identicah esferonee, numberd)end a
present enbodi nent, an inert gas (heliumor nitrogen or the |like) which was
identical detailddatesetifidnithdredius GiniteedMThe Hipd 925 YA Hiccdnedtiile ¢dst g1 nat i on
optical systemand projection optical system PL was enpl oyed as the gas

used in thepshahbd 6PhfPprdfeRtion optical system PL shown in Figures 1 and 2 with the pipe 33,

respectively, and the pipe 95, which connects the environment chamber 7 and the pipe 33,
are not depicted in the figure.

Figure 3 is a cross sectional view showing a plurality of projection exposure
apparatuses and a single helium recovery apparatus in accordance with this embodiment; in
Figure 3, environment chambers 7A, 7B, and 7C are disposed on floor F1, and cxpoéure
main units identical to the exposure main unit 26 of Figure 1 are installed in each of the
environment-chambers 7A, 7B, and 7C, and exposure light sources which are not depicted

in the figure are disposed in close proximity. Helium gas having a predetermined purity or



gas bearing nechanism (Figure 6), the air cylinder apparatuses, and the
| i ke mthe present enbodi nent; however, when, for exanple) heliumis
-supplied to the projection optical systemPL and the |ike and nitroge&HMﬂymm
supplied to the environnent chanber 107, the space between the illum nation
optical systemand the projection optical systemPL, and the space between
the projection optical system PL and the fer Whave nitrogen atnospheres,
so that nitrogen may enpl oyed in the sta#¥? pressure gas bearing mechani sm
descri bed about and the like. At this tine, a gas consisting of a mxture
of ni t r ogegreatanisisupplieshto enyirenmant chambass pAoFRrand Jhsirom e heliy® syeplysed in the
static pressure gas bearing nechanismand the |ike. Furthernore, the first
gas whi ch apparangsi amythel lowertfloer sthidhi is npr depiatedcingbs figurar Then, teeminedgas ahd t he
| i ke descri bed above, and a second gas for purging which is supplied to the
i1 um nat i gulu8D nitfcPen Satdt A WhieH id SippREPIABE VirodRicnt AHanfbéts BA) - addyCi ner t
gas such as nitrogen, helium or the like), or a second gas which is
f

supplied t j . Cl . i }cad ]y

ary et orends R iR D e Euis e diCilerPlh he afd R ERCE biFRl
alternativ S I onposi tions .are the sane, t ur i oncent.rati on)
Cher cof T, B SAEH 8 Sormniep piok A Bmibo ipaAf piases b AF ABCHRG o
nore gases (inert 0 ~ gay zooz 69 gases) containing the second gas, or a
gas whi ch fleprfiicand4ravelsdo thechelivmrsepvensanpatatyson floqr the foweylevplaA t he
second gas may be enployed as the first gas. Furthernore, if the gas (inert
gas) is caquetibrepmhp 3ddsimsaiied irt common pipeid aethedottom surfgtd of fidoeF1t hi s gas
may be used as the first gas even if it differs ~omthe second gas. That is

to say, if the gage h&u’iﬁ'%ﬁ%ﬁpﬂﬁ&? of fift 16WEEIe ], the Hik& g heiim,

characteristics (transmtti y-or the Iike) as the second gas, even if it

differs fromthe_sec. it v . I . fl ok
exanpl o, vEReHEATGAY reoRaRs visoton BnE g agd B si2on Bupab 3Fra¥aE bl e
whi ch enpl oys expgosure light in the vacuum ul travi ol et band having a

wavel engt hdust colisgtingpnst mpisiure refroving, appagatis 33 the igypuriictemoyalappamaiys §dand o
the Like) other than helium may be enpl oyed as the first gas. Furthernore,
when ni t r ode pifes36eandireaches the refmigeratiop appagatus 37 and thexpiegandiguefied attths whi ch
uses exposure |ight having, for exanple, a wavelength of 190 nrn or nore,

at | east omérigeyningQipparatis37dasecovdred id ¢ydinderi 40 AR helioth veHichiisamt lijuetieddy dry
air (desiccated air) may be enployed as the first gas. Here, what is neant

by_cheni Caink Yeffio&ialing Spshrithe Pis!sortl) 67 edali ldeP Sorh etdic Athid redutds A"

system organi c terTal's and t e des ave been renoved.
Furt her nor : re.main. unit 126 0 h .esen iment _Is a step
and scan t@ﬁé’h d&ﬁé@ﬁr}gtﬁr{?‘écg "t‘:%lﬂas%lp t &L%ﬁ%@ﬁgﬂgﬁf’ﬁ? cp‘%&é%fﬁ%’ “hvent i on
may applied_even when a . stepping exposyre . type or roximty type or the
like is enfAlijissup Ieia EG1ERR HLPROVIed 7 thelingss o 1O héqacwé@s%’ for

supplied to the optical path of
increasing the purity thereof or to the helium supply apparatus shown in Figure 1.

fod

As explained in the first embodiment (Figures 1 and 2) described above, the helium
recovery apparatus (33A through 33C, 34 - 42, 49, 50) in Figure 3 is combined with a
nitrogen rccbvery apparatus. A plurality of pl:ojcction exposure apparatuses may be
connected with a single nitrogen supply apparatus (the parts in Figure 2 from pipe 81 to pipe
88), and the nitrogen stored in the cylinder 40 may be supplied to the plurality of projection

exposure apparatuses via this nitrogen supply apparatus. By means of this, it is possible to



the ultraviolet pulse light IL fromthe output surface of the FZ | aser

| i ght source 103 to the nain condenser |ens system 119, and to the optical
-path of the ultraviolet pulse Light IL within the projection optical sysMM
PL, and nitrogen was supplied fromthe main condenser 01 MAY 2002 | ens
system 119 to the input surface of the projection optical system PL, and
fromthe output surface of the projection, optical systemPL to the surface
of the wafer W however, it is also possiﬁ?le to apply the helium

circul ation apparatus and nitrogen circul ation apparatus shown in the first
and secondempinyd single sitragen circulatiomapparatys fora plusalityof BIo)ecHED AERASKIEC at i ons
described in the first and second enbodi nents may applied in an unchanged
fashi on. | appdestugesr st t hrough third enbodi nents descri bed above) a fly eye
| ens was used as an optical integrator (honogenizer); however, in place of

the fly eye |eng, yfs wag ih Merestn? EmBEHineft, 8 gl ifiunYeciVerPippatdiind, 2 fly

eye lens and a rod integrator may be enployed i n a conbi ned manner. Figure

7 is a diagrams i an _ex E yr r the
opt i cal el AR <arIRR Boesf U i hosts R £ bEGAFE T WIS aRbiriiel bk
enbodi nent of Figure 1, the second enbodi nent shown in Figure 4, and the
third enboBRESH COMSHF 1eAU%dqure 5. Five refraction type | enses L201 - L205
arc supported within a cylindrical barrel LB via | ens support tubes 251 and
252, and a par alNest, afthodifipatianeof|tie projactiom expasursapparatus ©of thei first emhodimens| ar | y
the non-rotationally symetric conponent, is supported via a |ens support

tube 253 athdwiein Eiguek e and Qewitl sk exiplaisegiolith 3feramdt to Figuré 4 Iif thistenfbodirgent212,
whi ch conpensates for the spherical aberration, as well as a parallel flat

plate L213,mBiigk sG2ERe Bﬁ@%&rfs&rgebb%vlﬂﬁpﬁgh{ssteH%tﬁP%ﬁ\‘Mt clikhiber 7

supported at the warer side end of the barrel "LB via |l ens support nenber

254: Lenses L201.and L2 are su u rted i.n.suppori.fube 251, by
frat spriniresoneidinsgheriepof abd Gl BRERE s bibe® BRE Ghich PiFet &) 261
is screwably attached to the projecting end 251a of |ens support tube 251
with a bol panssy Figpre lare giveddgntical fgfeprmes sumbers pndyadetailed sxplanation;theseofis o
pressure flat face of the outer circunferencial part of lens L2dl, and by
means of t himtted.ens L201 ~is held from both sides by pressure agai nst
projecting part 25la. Lens L202 is affixed in lens barrel LB in the sane

manner. Both | ensBiguked lsoathot Bkpasecthe bptical pat befivdet itlfe Mamimitioh Bplidad
support tube 251 without the use of any adhesive (or filler). As shown in

Figure 7, kgﬁgénﬁ%cdn%lgﬁse‘f 1¢n849) %ﬁg%ﬁdjcﬁﬁaggﬁﬁﬁﬁcﬂﬁﬁuw i ng%ﬁ%/

_ oh
screw ring A'temal e threa ovi e inner wal'l” of support
N LT RN CEME I - BT oA A S T

branch pipe 88b of pipe 88 and pipe 96 which is connected to pipe 33, and an opening and

closing valve V20 is provided in pipe 96. In Figure 4, subchamber CH1 is connected with
projection optical system PL; however, in actuality, a structure is formed such that the
vibration of subchamber CH1 is not communicated to the projection optical system PL.
Subchaxﬁbc-r CH1 may be formed so as to be integral with the subchamber 6, and
furthermore, subchamber CH1 may be affixed on floor F1 via a frame which is different

than the frame which affixes the projection optical system PL.



and the end surface thereof presses against the pressure flat part of the
outer circunferencial part of |lenses L203 - L205, |enses L203 - L205 are
-supported from both sides by pressure against the projecting part 252a of
the support tube 252. Lenses L203 - L205 arc supported in |ens barrBil MA$2002
via support tube 252 without the use of any adhesive (or filler) at all. As
shown in Figure 7, parallel flat plate L%Zl IS press-supported on support
tube 253 by flat springs 271. Support tu 253 is screwably attached to
barrel LB. One end of flat spring 271 is_screwably attached to support tube
253 by bol ts 27Subchamber €Ha inefifixed en Hopr EL (asmially,Ainthe bass Platgerwhich the
circunferencial part of the flat plate L211, and by neans of this, the flat
pl at e L21lexppsweppparatmd niaimbodyos instalidd);, abg, sortha sher eptinglepattsbetwhen tappor t

tube 253. Flat plate L211, as well, is supported in |lens barrel LB via

support t up@jeétidn ptidaP b'*stérﬁ' PLYER opticARYericHieslbiest toQhe Whflet §168) and tielwafe AW

shown in Figure 7, parallel flat plate L212 is supported in support tube
254 by fl j . I i i I ed to
support (B E0DEP e By SRR Cro Pl B e s el ol KRBT,
the outer circunferencial part aqf e parallel, flat e L2122, and by
mans of tHIS Shameaetep S Brnch spe SEEalipEsd e orsis P HimnEERdT R dh bty

01 MAY Z002 72 conpression against support tube 254. Support tube 254 is
support ed swochambertCRL, LD basta stousture schhat theyeibrasion thereat is wot cammyinidatest
plate L213 is affixed to the support tube 254 so as to bracket the spacer
ring 275 bettheprojectiopogticdspdteg/PIf| at plate 1211. Parallel flat plates

L,212 and L213, as well, are supported in barrel LB via support tube 254
wi t hout the userQubaiinEMER \uRd (2 Arithd Foiht @ltindelsk-wilich the hble to use

ring shaped flat springs as the flat springs 261, 271, and 273; however, a

plurality of . I [ ' t..predetern ned
gl os. - FuRRBRBIPD SR eicuB} R Rigt RS Pl e 6 B2 b, P PR MR
and supported by the-support _tupes using flat spri 0 rew rings;
onever 1HHBoIgE Ve P ASH ageHapowEs e pioroe yalss LIS sy 20, 9F SptniEg ity 1o
Next, the fly eye lenses 11, and 111 will be explained in detail with

ref erence ¢losifg yaives V94 and V18) may be blossd, onalRimatively, sitragen may b¢ tigcudated atenses
11 and 111 are produced by bundling a plurality of rod | enses L260 havi ng

the shape @nsagufiow raewhilgthése operitip Bed Elosing halwesdre dSched Buthdtmbhes Yrantie
arranged in the formof a matrix, as shown In Figure 10B. Support apparatus

280 is prombe'se@h%bibef3r1aﬂf@éon%%éwaws ﬁﬁseugfggh%ecﬁimﬁ&@am&aygst angul ar

rings and on the 1nside of which are co and contain the rod | enses
L260; presgi ﬁiﬁ - 286, which press the rod | enses L260 coll ected
in frames %gg%%,a@g% rotrlﬁ)%cﬁé four side surfaces; a silica plate 287,

whi ch arranges sition in.the direction of the tical, axi f the rod
oo es 1260 ° ancA AP SER 1t dBPictsd 6 the HiEtsment b ok OB wingas fsialled n

subchamber CH2: a laser interferometer for detecting the positional data of wafer stage 23,

an off axis type alignment optical system for detecting the alignment marks and the like on
wafer W, or a oblique incidence lLight type positional detecting optical system for detecting
the surface position of wafer W. It is preferable that the light source of the alignment optical
system or the positional detecting optical system, as well as the detector and the like, be

disposed outside subchamber CH2. Furthermore, laser interferometers (not depicted in the



| enses L260; pressing bl ocks 288 - 291, which serve to press the rod | enses
L260 from one side via pressing plates 283 - 286; and pressing plates 292 -
. 295, one end of which is affixed 01 MAY 200Z 73 to the pressing bl oBkMAY 200
288 - 291 and the other end of which presses silica plate 287. The pressing
bl ocks 288 - 291 arc attached to affixing fixtures which are not depicted
inthe figure. In this way, the rod |l enses L260 are coll ected and supported
wi t hout the use of any adhesive (or fHIQ&) at all. In Figure 10B the
regions other than the regions indicated by slanting |ines arc those
regi ons wiigote) wssd insheédntml of tiepositioh of eticlestagh 20fang wafes stagn 23 aredispased way
the optical elenents such as |lenses, reflecting mrrors, and the Iikc are

suppor t ed jf)tespdetrely, sibdiHagibersSTE N agbCERpport tubes or the like using flat
springs or screw rings wthout the use of adhesives. Accordingly, the

vol atilization r: J J I : t he
application of F@hggl%ﬁfg’elgﬁunére &ﬁgglg?&?ls&éﬁ’ ?%Eﬁg??{e ’ﬁoﬁéﬁ’o égg?ﬂgéﬁhﬁg&%n of
the surfages of the j cal _elenments by organic erials is.prevented. As
 rosul t - EESEQS FECRHE to el sheber T SAERF i niEh ik gy Bl dosEroed
prevented. Furtherpore, a phengnenon is known in which the contam nant
subst anc e 8bQwfi (Orgagicamatiss 3a thedliksy bavrbesn remmeved agd which kascoaigglled) enents are
stripped fromthe surfaces of the optical elenents by the effects of the

| i ght was hémppratiire, heessure,i amd huimdity, js cirolagesd in e spagessather thanthe patchambers he
transmttivity rises, and when the illum nation of the exciner |aser is

hal ted, tlgecH124R CHICRAISthiSthe 3AVirddifent (tBpeiature dd the liREY WABIAtHe hOVever, by
means of supporting the optical elenments on support nenbers w thout the use

of adhesi ; [ . ont . ap {eril t | IS
cuppr ease sty EOEATh 738 phfortifes GO ARRRARY cAfllar! bl HEEBfeskAE
transmttivit f the optj.cal tem .]n the correspondence between, the
exanpl e of¥it SL&CB?’EE‘T’F &i'hoﬁﬂdl @ﬁ shguid E?ﬁ%)?‘bl‘%ﬁor@g"gt% REPIEFRIrGCWERBNt 5
inthe clains, the various |enses 9A (109A), 9B (109B), 11 (111), 13 (113),
L201, and thexgwironmenirghamber 9 pe thahithe diravithin the enypspementichambersbdoes agomix 01
MAY 200Z 74 253, and 2$4 and the |ike formthe support nenbers, and fl at
Springs 26do ti/shbckambe? THIadtl PH2ssure ring 263 formthe press-attachnent
mechani sm | NDUSTRI AL APPLI CABI LI TY I n accordance with the exposure

appar atus and RehiglRuy,Ge (HPPHEScRE trbodifheA RIS Fdseiblio prév@nPatRhfiion dTBNT | ON,
at least a portion of the gas having high transmttivity wwth respect to

t he expos q : ' i Ch.:
tranam 1 o R (HEARIEHRAEHER 1) Btibe e bt O AP iR e o o
energy be%lr'gjégtioln%%iigaalss?gémw ag Qv%ll as between the projection optical system PL and the

D

wafer W, and in comparison with the case in which a nitrogen atmosphere is provided in all
the interior spaces of the environment chamber 7, the amount of nitrogen supplied (amount
used) is comparatively small, and it is possible to efficiently exhaust, to the exterior of
subchamber CH2, the contaminant substances generated at the surface of the resist by the
application of the exposure light. The structure of this embodiment is identical to- that of
Figure 1 with the exception of subchambers CH1 and CH2 and the air conditioner described
above, and thé modifications described in the first and second embodiments may also be

applied here. For example, it is possible to extend the branch pipe 88a within the



cooling efficiency of the optical elenents and the |ike of the exposure
apparatus is increased, and this has an advantage in that the anount of gas
enpl oyed can be reduced. In other words, this gas can be recycled to(g MAY 2007
certain extent, and the operating costs of the exposure apparatus can
reduced. Furthernore, when this gas is helium because heliumis stabl e and
has a high transmttivity and high thermglg conductivity, the efficiency of
use of the exposure energy beamis particularly increased, and t he cooling
effects are increas he gt her, hand hell m_has .| ow b| lJ,ty .and
"o hioh | nsesBambECHta. and e (Hpu hicdR bemees R rceed heavi PAE by
means of the present invention is particul arly Iarc% Furtherm)re when the
gas recovefhe waipaWainthe same wayanhinFigwes 1o srdibymeans At this, it tW‘b‘éi‘bU@G%thc
apparatuses, the recovery costs can be further decreased. Furthernore, in

t he case i amobntadf coheminamt amtayiads which gdhdre tajths prajemioamptieq;lppstamm.,hmdit is
recirculated to the optical path of the exposure energy beamvia at |east

one gas sua&lsmamlefcﬁﬁ% coRducHthe P&vEry g eifausty B ithRsd diptamiRa madéridle SinftRe
repl eni shnent 01 MAY 2002 75 Furthefnore, when the gas supply apparatus

is provide 0 of
the gas supBrrdriboBRRER Bk HiBh %ﬁéﬂﬁﬁy*@%ﬁ%&sﬁﬁ?ﬁ%ﬂ&% b
filled with and, a .control unit ch re iishes t as suppl i ed
from the oaul FERofaRveinehinghiisss (EPBrYERES G o R o BRReh &5 fiance. i t b
the results of the nmeasurenment of the concentration nmeter, this has the
advant age rtdpaescriing eqmbinations shaseofanaydie suppliesl, onaltaspatively, dependingfonithe
exposure energy beamat a predetermined purity (concentration) or above.
Fur t her mor evaveiemsih oh ehegxposige Light(for examipie] whelthewavsiengthds spprosimately €90 ed
and stored, it is possible to store a large amount of this gas in a small
space. Fur hﬁedr@éﬁer) Ithe éi&‘éiﬁ’i&ﬂ%@an%& Ia.lrtd&&rﬁ%& QSW&W@EH& OffurEhQﬁnore,

present invention, a gas (a seécond gas) having a predeterm ned high

transmttl al th of.the
exposure eneé%glé %fegww&%gu& ) rtﬂﬁ@c toasuga{a#bt%% @%%‘gd&@hg’% gg%ftgfrﬁgf gas
controlled drive apparatus is the sane type as the second gas haV| ng high
transmitti Waype madedpi@iaNACYums he concentration of the second gas does not
decrease, so that the exposure energy beam can be guided to the substrate
wi th high effi clretheyprojectibnt dxipesire sppanatusts showy in Figuteh tthriotgh 4, neitberidnl e t o
i ncrease the throughput of the exposure process. Furthernore, when the gas
cont r ol | edaldgrinvent dpfedl 8§d€m iof a abﬁqmﬁcla&nﬁn?wsjﬁmc&hpmﬂwe&eﬂ bptdal Wi t h
t he gui de surface using a gas bearing nmetho is stage is disposed at a

posi tion ckasen i udpit8edTmoticdr, fhie m%Bfwmﬁ%Jﬁ%EhH&erﬂmw& fhy Of

t he exposure energy beam I's naintained a high level. Furthernore, when
t he exposu th of 250 nm
A e R S SR R L e

corresponding to at least a portion of the alignment optical system or the focal point

detection optical system, and nitrogen or helium may be supplied to the interior of this
housing. In this case, the housing may be connected to branch pipes of pipe 31 or pipe 88,
and furthermore, where necessary, the housing may be connected with the pipe 33.
Furthermore, the reticle loader which transports the reticle R to the reticle stage 20,
and the wafer loader which transports the wafer W to the wafer stage 23, are not depicted;

however, the reticle loader and the wafer loader are independently contained in the



nitrogen has a | ow cost, while heliumhas high transmttivity and good
thermal conductivity. 01 MAY 2002 76 Furthcnnore, when the exposure
-energy beamis a X-ray, when nitrogen or heliumis enployed as the sec%ﬁ&MYzwz
gas, a certain anpunt of transmttivity can be obtained if the distance
over which the X-ray nust pass through the gas short. Furthernore, in
accordance wi th exposure apparatus of t present invention, all of the
optical elements of the illum nation optical systemand the projection
optical system are supported on support el enents using press-attachnent
mechani smsugbamBERs, A0 hosseubehamieERro gonnggted e therenuirgumentichamber 7ddn e t he
organi ¢ solvents of the adhesives by the application of the ultraviolet

| i ght, andxarhple showniin Rigufeoh the subichamsbars 6EHandCH2)e I this east, fof example, arc
prevented, and it is possible to control declines or fluctuations in the
transm tt bydnkl piéﬁbl bf theIpiy 88 mia} Conrexted @ tHeasibehahibeRs soss ft@mppgf fiitropers or
plurality of rod lenses is put together w thout the use of adhesive, so

o i g SRy b tnf A8 o ickdifir BF ERMuCBAANKRI Sl B TeriE GBI AR e 1

applicatio traviol et t an e contam nat1on e sur

the optical .el.enents j.s prevented.,. and .it. i ogsi.bl e.t.o prevent declines
o 1| ot o efeS AReh e ishoP e raierativ LY. air ich WAV S pfi BEEof Seseed) 5
(Revi sed.) An exposure apparatus having an illum nation system which

i |1 uni nat eeovgrremepes theeeiione ang the demparatyrn and|theylike afovhick isicongrolledsmanbeyi ng a
pattern is forned, and a proj ection systemwhich transfers said pattern of
sai d nasksuppliad 2o thelisteriat ef the chambdrer Inthel formet bption, thegaactargunby bagqyrhraat us
for supplying a gas of a high transmttivity with respect to said exposure

ener gy begperafickhb e&&nmi&p@phihbgsd? ccﬁ@eam?t:ﬁe/s'dbthﬁﬂ pipt33¢ Hhile WRRENT S
ai ] ec

of said illumnation systemor s pro I on system and a gas recovery

Shpar o Sy RN b5y 408 e BBl palcying
SHEPLY ORSGANS Bt SRS BRAALICLE TESRSSRSE I Sl

claim1, wherein said gas supply apparatus is commonly enpl oyed by a

pl ural i t yckdmeergdouthe subghambersseH1 and CH2) shaydd be ect highar thaw thei presssreovithinc e
with claimZ, wherein said gas recovered by said gas recovery apparatus is
reci r cul atirtubchdniterogy thetedir pedsthooflowdntd th subshdmber i wivich @R Teticla holded east
a portion of said gas supply apparatus.

and wafer holder are disposed.

Furthermore, in the embodiment described above, nitrogen or helium is supplied to
environment chamber 7 or to subchambers CH1 and CH2, so that when the measured value
of the oxygen concentration meter disposed in the interior goes below a predetermined value
(for example, the approximate oxygen concentration in air), the doors of the environment
chamber 7, or of the subchambers CH1 and CH2, are locked so that they can not be opened
by the operator. Furthermore, when the supply of electrical power is halted or the like, the
supply of nitrogen or helium is automatically halted, and the opening and closing valves
(normally closed valves) of the exhaust ducts connected to environment chamber 7 or

subchambers CH1 and CH2 separately from the recovery pipe 95 are opened, and the



0 ~ MAY 2002 78 5. An exposure apparatus in accordance with claim4,
wherein said gas supply apparatus conprises: a concentration neter f@ﬁ AY 2002
. measuring the concentration of said gas supplied fromsaid gas recov W'
apparatus, a gas source filled with said gas in a gaseous state or a

| iquefied state, and a control unit for replenishing gas supplied fromsaid
gas recovery apparatus wth gas from sai §;gas source in accordance with
measurenent results of said concentration neter. 6. An exposure apparatus

in accordance with cl.aim1, rein said gas, supply.apparatus .conprises: a
gas sour cePOPESIEALAR Of pitREER Pgﬁémnw Fb‘f'“é%?—:‘ 49Fr°ﬁ$°§hf BBE?’%’F% YR HIE e of
said gas, a conversion apparatus for returning the |iquefied gas or

hi gh- pr es sQRcEaterePoRf ERYiFPImANY chambes Jar subohambers EHband GH, the surpivieh | ng

apparatus for adjusting tenperature and pressure of said gas prior to

suppl yi ng mabdgengarchelinnnis haltet, gad as oxygee cylindeaisccoangnted socasap puppdy oxygento An
exposure apparatus in accordance with claim1l) wherein said gas recovery

appar at us thi gi&fidrafiersaf. 0By Ric@YCaranis O e prssibieqb khorR¥ne §6 tifnk #&fuirel teRdciSther es
it. 8. An apparatus for nanufacturing devices characterized in having a

plurality ' I r pRar, aim
D and | 0 AR G BERPREDUIED AP ade bR BeflP R stifecle
device patterns onto a sulstrate which is exposed and nyf act.uri

m or odevi CUBPYSS theader g8 dsscrfed by (Ritrogsn enbelim 9rits HEP) &5 Camanctr Hae? on
systemfor illumnating a predeterm ned ex(gﬁosure energy beamto a nask, and
a proj ect i tbeaenyirnmant chamber s thersubehamben 6.t CH1,{CHS prithe case kisioperndsriont o a
substrate, characterized in that: a gas-controlled drive apparatus is

provi ded vdiherhwerdsduitdnsmaineaehispatsimed®nahé exposursiapparatu (fos éxagse, iy F,
control, a second gas transmttivity with respect to said exposure energy

beamis s BQ@, higﬂt QRtLes !ﬂhé)i@lhhﬁﬁitio‘ﬁlo?rf]fgﬂts?st&ﬂnm? bfdgé&ioﬁﬁ:g cdl 'systdth PR {hR"

system and sai d projection system a~gas o e sane type as sal

Zgggpgt ggtsrcgiae %&Elc Qﬁ,egndahslc \Swa. cq sIaigE % oPfhie l{kg . of %rihgn W 8rnéarssoe|ttle %grcgiuevc%se
is exchanged, and when the supply of electrical power to the exposure apparatus is cut off.
At this time, simultaneous with the stoppage and supply of the inert gas, the chemically
clean dry air described above is supplied to, respectively, the case 1, the subchamber 6, and
the projection optical system PL, and it is desirable that the occurrence of fogging at the
surfaces of the optical elements which accompany a stoppage in the supply of inert gases
thus be prevented.

The exhaust duct described above which is connected to the environment chamber 7

separately from the pipe 95 has a much larger exhaust capacity in comparison with the pipe
95, in order to rapidly increase the oxygen concentration within the environment chamber 7
to the predetermined value described above or above this value. Furthermore, the other end

of this exhaust duct may open to the outside of the clean room (the semiconductor facility),

that is to say, to the atmosphere; however, it is desirable that it be connected to a large



10. An exposure apparatus in accordance with claim9, wherein said
gas-controll ed drive apparatus conprises a stage apparatus which makes
-contact with guide surfaces by the gas bearing nethod, a gas-type c 1i M2
apparatus, or a vibration isolation platformusing gas as a portion of the
shock absorbing material. 11. An exposure apparatus in accordance with
claim9, wherein, when said exposure enekgy beamis ultraviolet |ight
havi ng a wavel ength of 250 nmor |ess, nitrogen or heliumis used as said
second gas. 01 Y 20 80,12. ~An_exposure a ratus_in accor cewth
oo m o vienePratis e e dhke 4nd ish i nert B oA ndind gl ERAGH utt
havi ng a wavel ength of 200 nmor less) heliumis used as said second gas.
13. An expl@BkimayRssentde the holivmcresrean arpamtes desrrabsth apove leough pipsnemthe aj d
exposure energy beamis an X ray, nitrogen or heliumis used as said second
gas. 14. Apuriy geseof enayheanertased byapregeneration apparatsini nati on opti cal system
having a plurality of optical elenents supported by supporting nenbers,

whi ch applies iFhrtidnate, fthk eMbbdimaNbeihe iprdskiitiilvention dedceibed ative Cleliuth @
mask having a pattern, and a proj ection optical system having a plurality
of optical_gl: I (UR RRhdh iRt | géé&l C n

i mage of agagéfggpfr??%%%?&&en%s@%ﬁgg a phl(li}?v 6 ensi {:C?B%Y\@U@Ef r tei,ae Jn%rg@
characterized jn . that: all said optical elenents are supported by said
SUppor t | ndbeABHInEty i §Eish s ERabibraen ORBIHAI: SRSk T8 resehoenuion;
adhesi ve. 15. An exposure apparatus in accordance with claim 14, wherein
sai d push-mey beapplied enew When gases ethapthan beliym (fog pxampje, nean (Ne), bydrogeny(Hz),
thereof affixed to an inner circunferential part of said support nenbers,
and at anodrhemixed@as pf keliunnga nigbgenorahé like)are csedfas o gasalFuphetmart, ifai d
optical elenents. 01 MAY 2002 81 16. An exposure apparatus in accordance

wi th cl ai rexbeurslags ahile bl AL Aok HPRD haVIBER 2 AEHRE BTRSY SXBmphy 290 T | NS

whi ch screwably attach to a screw part provided in an inner circunferential

a1 SIS TRHOET, MRl G P NG e M
e e R T AETITEY T

in these cases as well,

Furthermore, in the embodiment of the present invention described above, a F; laser
was employed as an exposure light source; however, a KrF excimer laser (wavelength 248
nm), a ArF excimer laser (wavelength 193 nm), a Kr; laser (wavelength 147 nm) or Ar,
laser (wavelength 126 nm) or the like may be employed, and the present invention may be
applied with respect to exposure apparatuses provided with such light sources, as well.
However, in exposure apparatuses employing, for example, KrF excimer lasers, it is not
necessary to exchange the air within the projection optical system for nitrogen 6r helium or
the like, and only the air of the KrF excimer laser source and the air within the illumination
optical system need be replaced with nitrogen or the like. Furthermore, it is not necessary

that the gas supplied to the environment chamber 7 be nitrogen or the like; it is possible to



eye lens bundling a plurality of rod | enses, which applies illum nation
light froman illumnation light source to a mask, and a projecti on opMAf a0l
. system whi ch projects an inage of a pattern on said nmask onto a
phot osensitive substrate, characterized in that: said plurality of rod
| enses are bundl ed and supported by a support apparatus w thout the use of
adhesi ve, and said support apparatus hassf press plate which presses side
surfaces of sai d pI urality of bundled rod |l enses. 18. (Revised.) A

manuf act ur| n appar.at uses. wherein '

appl i ed td* g‘ L’J‘BB’(“F%E «Lei‘a."s b%%&?@ﬁecﬁwhﬁﬁgga%?go%%&éngrﬁgg} %&t
via said mask characterl zed in t 01 MAY Z002 82 e for
suppl yi ng lavga@nfnw b‘eﬂﬂP@:‘Fﬁ@"%& ‘PéR%rSﬁsF BﬁaGFP%sHWcFPQ%BB@ %Péfﬁp

between optical elenments of said illumnation systemor said proj ectr on
system i s araheiikd exly tathe light smooeand the fluniipatioreepsicel Systgmaor brlaide the porti on
of the gas supplied between said optical elenents is connected between said

optical el iﬁﬁﬁr’iﬁaﬁoﬁ'&?n&ﬂ s?stEﬁCQNﬁﬁs’ty@QBﬁéﬁddﬁrc apParatiis, 18 pidos of witfopen,ieishod
for exposure apparatuses”in accordance with claim 18, conprising said

recovery p greﬁo%%rﬁg&ggpga}cgln%gma‘g APRRLAB b L, HHRRVA pqs ibid ol es

fromrecovere parat us and sai d supply pe are
connected. 2 A manuf.act uring met hod for ex at uses

accor danceaF\Rr&tll?e BfeéF’?ﬁQ?W@Pt‘&ﬁp%mg‘iaﬁﬁesg‘ﬁﬁ'icﬁ gq%e‘[ﬂé ch sai d
exposure energy beam passes are affixed to supportin rrerrbers W t hout using
adhesi ve, and afuthesmenehthedresenvinyentipnds plse epréxcablpaeax inwhigh, in place of
manuf act uri ng nmet hod for exposure apparatuses in accordance with claima1l8,
further cofipesdimgr Baseras wavetlengthlofforlexansple,[R48 mai, 193 nini, oh 157 nny onthel highen

sai d exposure apparatus and which enploys a gas having opti cal

char act er i piin6Ric¥Bf & Solfd ﬁat@&&%ﬂémla&x mgrlaseﬁaév dgaﬂ Offutidh spetRinOAhé S
connected wth said gas supply source. An exposure appar at us

D oaceor JANGRIY kidledt Riulld s G m%oﬁ%gﬂr 'ﬁrrmg R Bks B I FeARBh s even.

appar at us, sal ure energy 01
MAY 2002 83 et ween Saldl|| na,trons temands i d ction
and whi ch %mgﬁrh le.n the gase IBéYIH&:‘:\ %‘éfﬂg@}fﬁ%ﬂ’r ¢ infe b‘ilg “bgiéween
said projection system and said subst rate,

visible band oscillating from, for example, an DFB semiconductor laser or fiber laser is

amplified by a fiber amplifier which is doped, with, for example, erbium (Er) (or both
erbium and ytterbium (Yb)), and the higher harmonics resulting from wavelength
conversion to ultraviolet light using a non-linear optical crystal is employed as the excitation
light.

Concretely, when the excitation wavelength of the single wavelength laser is set
within a range of 1.51 - 1.59 um, then the 8-fold higher harmonic having a generated
wavelength within a range of 189 - 199 nm or the 10-fold higher harmonic having a
generated wavelength within a range of 151 - 159 nm is outputted. In particular, when the
oscillation wavelength is within a range of 1.544 - 1.553 micrometers, then the 8-fold higher

harmonic within a range of 193 - 194 nm, that is to say, ultraviolet light having



is provided. 23. (Added.) An exposure apparatus in accordance with claim

22, wherein the type of gas supplied between optical elenments conprisgnguay 2007
-said illumnation systemand said proj ection system and the type of gas
supplied between said illumnation systemand said projection system or

suppl i ed between said projection systemand said substrate, is different.

24. (Added.) an exposure apparatus in acggrdance with claim 23, wherein the
gas supplied between optical elenents conprising said illumnation system

11 om nat | ROy R S8 o SR B0 O 4P ARk BBty RbLREAERuE Ghtn
(aciod. ) dh SRIDUIRLVRIFIEREH BoviED A FERse Ay i 28 mieramAies, B o fold

conprising: a circulation apparatus which re-supplies at |east a portion of
sai d gas ridgardapdoniy withina gangeofd87 158 ampthatisiie say ulirayinletilight kavingai d
optical path; and a concentration neter which neasures the concentration of
sai d gas resseantially itiedsaime wayeterigttoss thit of aiF laset,iicobtainad.h. 26. (Added.) An
exposure apparatus in accordance with claim 25, further conprisng a control

apparatus is praytied ol whian %ﬂ%xﬁk&ﬁn WaPElkNptR s s%@ivﬂhﬂ@érahge 6 PO3 1 '}j.‘?@ of

sai d optical 01 MAV 2002 84 pat en neasurenent results of sai

concentration neter .do.not .reach a. predeterm ned allowabl e value. 27,
(Added. ) " ARCESABEe s e 4S8 Bighef pRenkd SRS SerPimet Opyelibl Wibin Honey
whi ch applies_an exposure energy. beamto a mask having a pattern, and which
transf er s Y47 md§E nmm isQutputicd; nd in paricylag, whanthe gscillation yaysleagth i within & hat
a gas supply apparatus for supplying a gas perneated by said exposure

ener gy beamngeofal.09¢at.106 micnometass, slienzthe drfolddighephamaiic baiing & gperaicde
energy beam and a gas recovery apparatus for recovering a portion of said
gas suppl iwsvelengtihwithiiid faape 08137 Of58%0h,Ahevip ASsay CulGBEbRY lifiRdaving @EBcaAAIY, gas
supply apparatus, are provided, and said gas supply apparatus and sai d gas

recovery agp glg,ﬁ% g@vaﬁﬁgtﬂ Ia§ tﬂgg? ﬁfeigllg ‘% gé%x? ,Lg d&qﬁé@.ﬁg@ ert] T ) 2‘?%?’3?}

apparatus nain y 1s1ns Xposur e app

wherei n an, ex ure energy..beamis.-applied to a mask having a pattern, and
an i mage oc}opgggﬁebﬁﬁré}rﬁﬁ%/gkﬁﬁsghgf@?@g@vaﬁpgﬁgsgﬁggqg %€ conprising: a gas
supply apparatus for supplying a gas perneated by said exposure energy beam
to at |east a poirthesmors; therexppsure appasaiuntogrhigh the pesssninventionds applisémay a
gas circul ation apparatus for recovering at |east a portion of said gas
suppl i ed the citherla seppinglexpasuie gypel (foeexampit,\a soep drdi repdaotypt) dreesthnmngort i on

of said optical path; a concentration neter for nmeasuring a concentration
of said gaspssiphylRdfdrexainplesaSiep@nd scan type). Furthermore, the present invention can

be applied to exposure apparatuses of the mirror projection type or the proximity type.
When a projection optical system is employed, this optical system may be a refraction
system, a reflection system, or a cata-dioptric system; furthermore, a reduction system, a
magnification system, or an enlargement may be employed.

Furthermore, the present invention is applicable not merely to exposure apparatuses
which are used in the manufacture of microdevices such as semiconductor elements, liquid
crystal elements (display devices), thin film magnetic heads, or image acquisition elements

(CCD), but may also be applied to exposure apparatuses which transfer a circuit pattern onto



portion of said optical path fromsaid gas circul ati on apparatus; and 01
M-~ Z002 85 a control apparatus which controls the supply and stoppage of
- said gas based on results of the neasurenent of said concentration ngtefAY 2002
29. (Added.) An exposure apparatus in accordance with claim 28, further
conprising: a gas source is provided which is filled with said gas in a
gaseous state or in a liquefied state; arg$ said control apparatus
suppl ements gas supplied fromsaid gas circul ati on apparatus with gas from
said gas sg a%?snktﬁtrﬁfé rads?%g \%ﬂf&ﬁb&rﬁéﬁkéﬁd?&erttggrdﬁ'ﬁaéé’fe?i@ﬁ% aGhask@itlre, a
concentrati on neter. . ed. n exposure apparatus having an exposure
apparatus nmain bady which.applies gn_exposute ener beam to.a.mask havi ng
a pattern H’ﬁﬁs’{“ﬁ%{ﬂgf@t"§°téﬂ° Fsrfﬁ&?én%‘ﬁy 3 y5§{n[ %‘PHS‘B%P%E*ET?&W % ,rlﬁ%d a
chanber which contains said exposure apparatus, conprising: a gas supply
appar at us D3FV {dipigniuligvigleydight pu NI Vi{vacrum PMQ‘%&TB&@}%&" liks. ang sili@posur e
energy beam and having a | ower nol ecular weight than air to at |east a
portion of ghss,dubriaedopsi silicf glassj quastepmagnesivenfiugridehemquarta erystalsershe Bkover y
apparatus for recovering a portion of said gas |eaking fromat |east a

portion of afehiinflByddCadlthdfdidleRubsifitdl PurlRpHbR, RACLDM BAR  areldniPldyeddn Vi Cinity
of the ceiling of said chanber. 31. (Added.) An exposure apparatus having

an exposur r i g [ ' a
mask havi ngrOHa e R Pt Shoolth BOVARRILEE B RIBAT G RS EEF G
pattern onto a substrate, and a c¢hanber, which contains said exposur.e
D ppar at us. hgaT BARSRIPion Ps MERks JHARAAENS BAmORA Pars) et ARtlpYeddo
conprising: a subchanber which is disposed within said chamber and which
cont ai ns aprdxémify tYPePora) eRPOSHIC ARPUPMELSAT Clegiron beams eXnserk BPPAra-Sesas thyy
beam a gas supply apparatus for supplying a gas perneated by said exposure
ener gy beahké,nind sirod wafiérs irendoaimonin émployad as thespask sapstratest us f or
recovering a portion of said gas supplied to the optical path of said
exposur e ener gy [IgAMafisPGptial Sysass did &'!ctﬂﬂR?ﬁ@il sterd$ coAgélREla biuPility of
exposur e apparat us inlacgibor da%ce witthgI]ai m 31, V\/nLéZr ein sad sub%:)han%))ér
contains an_J.l.kum i . Ofr | r eam from a
88*14"% %‘gh{%%{s A0 g&\ﬁéﬁéﬁﬁ'&d}& atnge%ﬁl_)éﬂrpgpp%t&)&gﬁﬁ Yoy SRS SR

| i ght sour mask a pat

adjustment is conducted, a reticle stage or wafer stage comprising a plurality of physical
parts is attached to the exposure apparatus main body and wires or pipes are connected, and
the case 1, exposure optical system (subchamber 6), projection optical system PL, and
environment chamber 7, respectively, are connected with the helium circulation apparatus or
nitrogen circulation apparatus or the like, and furthermore, by conducting overall adjustment
(electrical adjustment, operational adjustment, or the like), it is possible to construct an
exposure apparatus of the embodiments described above. It is desirable that the
manufacture of the exposure apparatus be conducted in a clean room in which the
temperature and degree of cleanliness are controlled.

Furthermore, semiconductor devices are produced via a step in which the qualities

and characteristic of the device are designed, a step in which, based on the design step, the



33. (Added.) An exposure apparatus in accordance with claim 32, conprising:
sai d exposure apparatus main body is provided with a projection systeﬂﬂf"ﬂ)q9 2001
-transferring an i mage of said pattern onto a substrate; said gas supply
apparatus supplies a gas perneated by said exposure energy beamto the
interior of a barrel of said projection optical system and said gas

recovery apparatus recovers a portion of .said gas supplied to the interior

of said barrel. D 1 MAY 2002 87 34. (Aaﬁed.) An exposure apparat us havi ng
an illumnatjon systemfor applying a predeternined exposure energy beamto

a mask, antptiglegs prasuced 3 stapsip avichy waler isaragyced from g silicen Waf‘(‘i‘?ﬂéégeaﬁ“sai d
mask onto a substrate, conprising: a gas-controlled drive mechanismis

provi ded whwiich tbopattesh of theactigieisrtxpostd opter the wafer byaneags af 4n exnosyys Sppasatus
control, a second gas perneated by said exposure energy beamis supplied to

at | east opftheembodinteits deatibsdnbdae, @ stdpl i Whick (he desizs iscassemisied @ihcluding a
projection systemand a space between said projection system and said

Sara £ ot SEHE alRBnph voling BbiiP e ICkiui S RO s CINA

exposure tgﬁ‘d’ wherein an exposure energy beamfroma |ight source is
applied vi ©al¥®i 1 1 umi nati on systemto a mask having a pattern, and said
pattern of said mask is transferred ontg a substrate via a projectian
system conpri sB§Xt, an sxappls of thethird smbgdimenyoffhe present dgyertion will hesxalained;j ¢ y
W th respect to said exposure energy beam and havi ng good t her nmal

conduct i vi twithbeferenentd the figptesc Ahiseimbodirhent ¢soonerin svhich tha ipresent| invantiat ison
system and said projection system and a process for recovering at |east a

portion of aslicd 1@astepfah@sca ctién xfoRhrc@gparauk 6 tBPpiodattigdadh of said
exposure enrg?gy beamﬁfrom sa?%%? supply appgrr,at us. O% MAY 2002 88 36.

(Added. ) A SXBRGIG d@?itcg?ﬁl whiEH Eélﬂ:n?Eas%‘ gﬁb}‘g‘b& t@%?@o@gmﬁr@@ﬂﬁaﬁf’oft 0 a

mask having a pattern and an 1 nage of ~sal tternis’t nto a
substrate, ,conprising: a process for supplying a gas transmttivity with
respect tot@fggo%‘%gglﬁre energy beamto at |east a portion of an opt.ical
path of said eprsure enertgy beam a process for recovering at |east a
portion of sai dFigaEe $slrpys the oudingselthe piracture of therprojection exposure apparatus of

the present embodiment and the hydrogen supply apparatus; in this Figure 5, the projcction/ ‘
exposure apparatus is disposed within a clean room on a floor F101 of a semiconductor
manufacturing facility, and a hydrogen supply apparatus for supplying helium gas to the
projection exposure apparatus, and a recovery apparatus for recovering a portion of the
helium gas, are disposed within an equipment chamber (utility space) on a floor F102 on a
lower floor. In this way, the apparatuses which are likely to give rise to particulate matter
and to be sources of vibration are disposed on a floor which is different than the floor on
which the projection exposure apparatus is installed, and thereby, it is possib-le to set the
interior of the clean room in which the projection exposure apparatus is installed to an
extremely high degree of cleanliness, and to reduce the effects of vibration on the projection

exposure apparatus.



and re-supplying a portion thereof to said optical path; a process for
measuring the concentration of said gas supplied to at |east a porti dhl &Y 200
-said optical path froma gas circul ation apparatus; and a process for
controlling supply and stoppage of said gas based on the results of the
nmeasur enment. . AuS. AFS. AYY . AFA . Al . A3Y .An. Al . AY .AE .A A .A3r. Al . AFE . A
JA3@ ALY LA LAF LA'2 _AYE .AlIl .AY . .An .AIN3E .A Y .AH .AY .AFY
CAY,Y LAY AFy . AE .AY .AE . Ar.AY{SI .AP'.AN.AIE

First, a cylinder 132 which stores compressed helium gas is installed on floor F102,
and helium, the temperature of which is controlled and is at a predetermined pressure, is
supplied from this cylinder 132 to a pipe 131 which passes through a passage hole provided
in floor F101 of the upper level. An electromagnetic type ope ing and closing valve 134
and blowing fan 133 are installed in pipe 131 at the side of bottom surface of the floor F101,
and by means of this, the amount of helium supplied can be controlled.

Next, in the clean room on floor F101, a box shaped case 101 is installed via
vibration isolation platforms 102A and 102B, and in this case 101, a F, laser light source
103 (with an oscillation wavelength of 157 nm) is installed as a exposure light source, and a
beam matching unit (BMU) 104 containing movable mirrors and the like for positionally
matching the optical path with the exposure main unit, and a light isolating pipe 105 through
the interior of which the exposure light passes, are also installed. KrF or ArF excimer laser
light sources or the like may be employed as the exposure light sources. Furthermore, an
environment chamber 107 which is box shaped and which has good airtightness is disposed
next to case 101, and within environment chamber 107, a fixed platform 124 is installed on
floor F101 via vibration isolation platforms 125A and 125B for reducing the vibration from
the floor, and exposure main unit 126 is disposed on fixed platform 124. Furthermore, a
subchamber 106 baving good airtightness is disposed in a framing manner from the pipe 105
which projcéts from within the case 161 to the interior of environment chamber 107, and the
majority of the illumination optical system is contained in the subchamber 106.

In Figure 5, during exposure, an ultraviolet pulse light IL having a wavelength of

157 nm reaches the interior of subchamber 106 via BMU 104 and the interior of pipe 105 as
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fvit 9zgghp@leddd dirfdriiskak iﬁ'dohbéﬂsmmsyg&m 114 and is inputted into a fixed

illumination field diaphragm (fixed blind) 115A having a slit shaped opening within a
reticle blind mechanism 116. Furthermore, a movable blind 115B which serves to change
the width in the scanning direction in the illumination field region is disposed within reticle
blind mechanism 116 separately from fixed blind 115A, and by means of this moveable
blind 115B, a reduction in the movement stroke in the scanning direction of the reticle stage,
and a reduction in the width of the light blocked band of the reticle R, are achieved.

The ultraviolet pulse light IL which is formed in a slit shape by the fixed blind 115A
of the reticle blind mechanism 116 passes image forming lens system 117, reflection mirror
118 and main condenser lens system 119, and illuminates at an equal intensity a slit shaped
illumination_rcgion on the circuit pattern of reticle R. In the present embodiment, the space
from the output surface of light-insulating pipe 105 to the main condenser systems 119 is
contained within subchamber 106, and furthermore, the space from the inner part of pipe

105 to the output surface of the F; laser light source 103 is airtight, and communicates with
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direction, the Y direction, and the rotational direction. The two dimensional position of

reticle stage 120 (reticle R) and the rotational angle thereof are controlled by a drive control
unit, which is not depicted in the figure, which is provided with a laser interferometer.

On the other hand, wafer W is supported by vacuum on a wafer holder not depicted
in the figure, and the wafer holder is affixed to the sample platform 122, while the sample
platform 122 is positioned on the XY stage 123, and the XY stage 123 is placed on fixed
platform 124. The wafer stage comprises sample platform 122, the XY stage 123, and guide
members not depicted in the figure, and sample platform 122 controls the focus position of
wafer W (the position in the Z axis) in an auto focus manner, and controls the angle of
inclination, 50 as to bring the surface of wafer W into agreement with the image plane of the
projection optical system PL. Furthermore, XY stage 123 conducts the constant velocity
scanning of wafer W in the X direction, and stepping in the X and Y direct‘ions. The two
dimensional position of XY stage 123 (wafer W) and the rotational angle thereof are
controlied by means of a drive control unit which is not depicted in the figure and which is

provided with a laser interferometer. During scanning exposure, reticle R is scanned at a
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type which moves in a non-contacting manner along a guide surface by the static pressure
gas bearing method, and the same helium which is supplied to the optical path of the
ultraviolet pulse light IL. may be employed as the gas of this static pressure gas bearing.
Furthermore, the vibration isolation platforms 125A and 125B which support the fixed
platform 124 employ the gas spring method, and helium is used as the gas of this gas spring.
For this reason, a temporary storage cylinder is disposed within environment chamber 107,
and helium is supplied from the hydrogen supply apparatus of the lower floor to the
temporary storage cylinder 127 via branch pipe 131c of pipe 131, and helium is supplied to
the XY stage 123 from the temporary storage cylinder 127 via a highly flexible pipe 128
(which comprises a plurality of pipes in actuality), and in parallel with this, helium is
supplied to vibration isolation platforms 125A and 125B as well via highly flexible pipe 129
(in actuality comprising a plurality of pipes). The static pressure gas bearing mechanism of
the XY stage 123 will be discussed hereinbelow.

Furthermore, in the present embodiment, nitrogen gas (N»), which is temperature

controlled, and the amount of oxygen contained in which is suppressed at an extremely low

level, is supplied to the interior of the environment chamber 107 from a nitrogen circulation
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Next, within environment chamber 107, the helium which leaks from the
subchamber 106 and the helium which leaks from the projection optical system PL and the
XY stage 123 and the like is lighter than the air or nitrogen which becomes mixed in from
the exterior of the environment chamber 107, so that it rises and collects in the space 107a in
vicinity of the ceiling. In the present embodiment, a pipe 135 is connected to this space .
107a from the exterior of the environment chamber 107, and the pipe 135 passes through an
opening provided in floor F101 and communicates with the helium recovery apparatus in the
lower floor. A suction fan 136 is installed in the pipe 135 at the bottom surface side of floor
F101, and the gas which is sucked from the space 107a by the pipe 135 and the fan 136 is
recovered in recovery cylinder 137 on the floor F102 of the lower floor. A dust collecting
and moisture removing apparatus, and a scparation apparatus for separating the helium from
the other gases, are provided within the cylinder 137, and the separated helium is stored, and
where necessary, is supplied to a process for increasing the purity thereof.
Next, the static pressure gas bearing mechanism of the XY stage 123 on the wafer
stage side of the present embodiment will be explained with reference to Figure 6.
Figure-6 shows a cross sectional view of a portion of the wafer stage in Figure 5

viewed from the X direction, and in this Figure 6, wafer W is affixed to the upper plate 141
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affixed to bearing plates 143A and 143B so as to be sandwiche. therebetween in the Y
direction, and two X guide bars 144A and 144B are installed in a framing manner parallel
thereto along the X direction so as to sandwich the bearing plates 143A and 143B in the Y
direction. The upper plate 141, lower plate 142, and bearing plates 143A and 143B
comprise the XY stage 123, and the XY stage 123 is driven in the X direction along the X
guide bars 144A and 144B by a linear motor which is not depicted in the figure.
Furthermore, the X guide bars 144A and 144B are unitary, and are driven in the Y direction
by a linear motor which is not depicted in the figure along two Y guide bars 145A (a further
one is disposed on the front side) which are disposed so as to extend in the Y direction.

Furthermore, a passage hole 147A is formed from upper plate 141 to bearing plate
143A, and helium compressed to a predetermined pressure is supplied from the temporary
storage cylinder 127 in Figure 5 to passage hole 147A on the upper plate 141 side via pipe
128A, and this helium is blown out from blow hole 147Aa of bearing plate 143A onto the X
guide bar 144A. In the same way, helium compressed to a predetermined pressure is
supplied from the temporary storage cylinder 127 in Figure 5 to the passage hole 147B on
the upper plzitc 141 side via pipe 128B, and this helivm is blown from blow hole 147Ba
within bearing plate 143b onto the X guide bar 144B. By means of this, the bearing plates

143A and 143B are supported in a non-contacting manner while maintaining a

predetermined gap with X guide bars 144A and 144B.
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surface of the bottom plate 142 onto the fixed platform 124. A shallow gas pocket part 1422
is formed in the region containing the blow hole 148a of the bottom surface of the bottom
plate 142, and by means of the pressurized helium which collects in this gas pocket part
142a, the XY stage 123 floats on the upper surface of the fixed plate. Here, an air intake
hole 149a is formed in the periphery of the gas pocket part 142a of the bottom surface of the
bottom plate 142 so that the XY stage 123 does not float excessively, and the air intake hole
149a communicates with the passage hole 149 which is formed within bottom plate 142 and
upper plate 141. The passage hole 149 is connected to a suction pump which is not depicted
in the figure via highly flexible pipe 146, and by sucking gas (chiefly helium) from above
fixed platform 124 through the air intake hole 149a of the bottom plate 142 using this
vacuum pump, the XY stage 123 is stably supported in a non-contacting manner above the
fixed platform 124.

In this-way, the XY stage 123 of the present embodiment is placed in a non-
contacting manner in the Z direction with respect to the fixed platform 124 by the gas
bearing method employing helium and is installed in a non-contacting maﬁncr inthe Y
direction with respect to the X guide bars 144A and 144B by the gas bearing method using

helium, so that it is possible to move this stage at a high rate of speed using an extremely

small amount of force in the X direction and the Y direction on the fixed platform 124.
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"10%Z& () ‘CMXMPIJ&%&% 119, as well as to the optical path of the ultraviolet pulse light IL
within the projection optical system PL. Furthermore, the spaces from the main condenser
lens system 119 to the input surface of the projection optical system PL, and from the output
surface of the projection optical system PL to the surface of the wafer W are supplied with
nitrogen gas, which does not have very good transmittivity with respect to light of 150 nm
or less; however, the optical path which passes through this nitrogen gas is extremely short,
so that there is little absorption as a result of the nitrogen gas. Accordingly, the ultraviolet
pulse light IL which is emitted from the F; laser light source 103 reaches the surface of
wafer W at an overall high transmittivity (efficiency of use), so that it is possible to reduce
the exposure period (scanning exposure period) and it is possible to increase the throughput
of the exposure process.

Furthermore, in the present embodiment, the gas used for the static pressure gas
bearing using the XY stage 123 on the wafer side is helium, and the gas employed in the
vibration isolation platforms 125A and 125B is also helium. For this reason, there is no
decline in the purity of the helium of the optical path of the ultraviolet pulse light IL as a
result of the use of the static pressul;c air bearings or the like during exposure, and the
addition of a gas having a lower transmittivity is prevented in the remainder of the optical
path of the ultraviolet pulse light IL, so that the overall transmittivity of the ultraviolet pulse

light IL does not decline.
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that of nitrogen, so that the heat energy which is built up as a result of the application of the
ultraviolet pulse light IL at the optical elements within the illumination optical system and
the optical elements within the projection optical system PL is efficiently transmitted to,
respectively, the cover of the subchamber 106, and the barrel of the projection optical
system PL via the helium gas. Furthermore, the heat energy of the cover of the subchamber
106, and the barrel of the projection optical system PL, is efficiently exhausted to the
exterior, such as lower floors, or the like, by temperature controlled air within the clean
room or by temperature controlled nitrogen gas within the environment chamber 107.
Accordingly, the rise in temperature of the optical elements of the illumination optical
system and the projection optical system PL can be maintained at a very low level, and it is
possible to control degradation and image formation characteristics at a minimum level.
Furthermore, the amount of change in the index of refraction of helium in rcsponéc to
changes in air pressure is very small, so that the amount of change in the index of refraction
within, for example, the projection optical system PL is extremely small and for this reason,
as well, it is possible to maintain stable image formation characteristics.

Among the machinery employed in the projection exposure apparatus, that which

employs gas includes, for example, gas type cylinder apparatuses employed in the

conveyance of the reticle holder system or the wafer holder system. The cylinder
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In the embodiment described above, a F; laser light was employed as the exposure
energy beam; however, even in cases when a ArF excimer laser light (with a wavelength of
193 nm) or KrF excimer laser light (with a wavelength of 248 nm) or X-rays or the like are
employed as the exposure energy beam, when an inert gas such as helium or nitrogen is
supplied to at least a portion of the optical path of the exposure energy beam as a gas having
good transmittivity, the present application may be applied. In particular, when exposure
light having a wavelength within a range of 250 nm - 200 nm, such as KrF excimer laser
light, is employed, inexpensive nitrogen can be employed as the gas having good
transmittivity. When nitrogen is employed in this way, it is desirable that the gas used in the
static pressure air bearing of the XY stage 123 in Figure 6 and as the gas in the vibration
isolation platforms 125A and 125B in Figure 5 be nitrogen.

On the other hand, in a projection exposure apparatus which employs ArF excimer
laser light having a wavelength of 193 nm as the exposure light, when the projection optical
system comprises a cata-dioptric optical system, it is desirable that helium, which has little
change in the refractive index, be employed as the gas used to purge the optical system. In
this case, the illumination optical system may be purged with either nitrogen or heliuvm;

however, it is desirable that the same gas be employed as in the projection optical system,

that is to say, helium. Furthermore, when ArF excimer laser light is employed and a
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LO<"H 109 Qhich was tdendcal to that used For plfging Which was supplicd to the {llufuination optical
system and projection optical system PL was employed as the gas used in the static pressure
gas bearing mechanism (Figure 6), the air cylinder apparatuses, and the like in the present
embodiment; however, when, for example, helium is supplied to the projection optical
system PL and the like and nitrogen is supplied to the environment chamber 107, the space
between the illumination optical system and the projection optical system PL, and the space
between the projection optical system PL and the wafer W have nitrogen atmospheres, so
that nitrogen may employed in the static pressure gas bearing mechanism described above -
and the like. At this time, a gas consisting of a mixture of nitrogen and helium at
predetermined proportions may also be used in the static pressure gas bearing mechanism
and the like.

Furthermore, the first gas which is employed in the static pressure gas bearing
mechanism and the like described above, and a second gas for purging which is supplied to
the illumination optical system and the projection optical system PL (an inert gas such as
nitrogen, helium, or the like), or a second gas which is supplied to thc- environment chamber
7 (an inert gas for chemically clean dry air or the like) need not have completely identical
compositions, or alternatively, if the compositions are the same, the purity (concentration)

thereof need not be identical. For example, 2 mixed gas containing two or more gases (inert
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to say, if the gas is such as to have the same or similar optical characteristics (transmittivity
or the like) as the second gas, even if it differs from the second gas, it may be employed as
the first gas. For example, when helium is used as the second gas in an exposure apparatus
which employs exposure light in the vacuum ultraviolet band having a wavelength of 200
nm or less, at least one type of inert gas (nitrogen or the like) other than helium may be
employed as the first gas. Furthermore, when nitrogen is employed as the second gas in an
exposure apparatus which uses exposure light having, for example, a wavelength of 190 nm
or more, at least one type of inert gas other than nitrogen, or chemically clean dry air
(desiccated air) may be employed as the first gas. Here, what is meant by chemically clean
is a state in which impurities including the silicon system organic materials and the like
described above have been removed.

Furthermore, the exposure main unit 126 of the present embodiment is a step and
scan type; however, it is of course the case that the present invention may applied even when
a stepping exposure type or a proximity type or the like is employed.
In the embodiment describcd above, helium gas was supplied to the optical path of

the ultraviolet pulse light IL from the output surface of the F, laser light source 103 to the

main condenser lens system 119, and to the optical path of the uitraviolet pulse light IL

within the projection optical system PL, and nitrogen was supplied from the main condenser
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described in the first and second embodiments may applied in an unchanged fashion.

In the first through third embodiments described above, a fly eye lens was used as an
optical integrator (homogenizer); however, in place of the fly eye lens, a rod integrator may
be employed, or alternatively, a fly eye lens and a rod integrator may be employed in a
combined manner.

Figure 7 is a diagram showing an example of a preferred support structure for the
optical elements of the projection optical system PL in the first embodiment of Figure 1, the
second embodiment shown in Figure 4, and the third embodiment shown in Figure 5.

Five refraction type lenses L201 - 1205 are supported within a cylindrical barrel LB
via lens support tubes 251 and 252, and a parallel flat plate L.211 which corrects distortion,
particularly the non-rotationally symmetric component, is supported via a lens support tube
253 at the reticle side end of barrel LB, and parallel flat plate L.212, which compensates for
the spherical aberration, as well as a parallel flat plate 1.213, which compensates for the
eccentric top aberration, are supported at the wafer side end of the barrel LB via lens support
member 254.

Lenses L201 and L.202 are pressure supported in support tube 251 by flat spring 261.

As shown in detail in Figure 8, one end of flat spring 261 is screwably attached to the

projecting end 251a of lens support tube 251 with a bolt 262, while the other end presses

[
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As shown in Figure 7, lenses 1.203 - L205 are held by pressure in support tube 252
by screw ring 263. A female thread is provided in the inner wall of support tube 252, and
screw ring 263 is screwably attached thereto. When screw ring 263 is screwably advanced
and the end surface thereof presses against the pressure flat part of the outer circumferencial
part of lenses 1.203 - L205, lenses L.203 - L205 are supported from both sides by pressure
against the projecting part 252a of the support tube 252. Lenses 1.203 - L205 are supported
in lens barrel LB via support tube 252 without the use of any adhesive (or filler) at all.

As shown in Figure 7, parallel flat plate 1211 is press-supported on support tube 253
by flat springs 271. Support tube 253 is screwably attached to barrel LB. One end of flat
spring 271 is screwably attached to support tube 253 by bolts 272, while the other end
presses against the outer circumferencial part of the flat plate 1.211, and by means of this,
the flat plate 1211 is supported from both sides by pressure against the support tube 253.
Flat plate 1.211, as well, is supported in lens barrel LB via support tube 253 without the use
of any adhesive (or filler) at all.

As shown in Figure 7, parallel flat plate L212 is supported in support tube 254 by
flat spring 273. One end of flat spring 273 is screwably attached to support tube 254 by boit

274, while the other end thereof presses against the outer circumferencial part of the parallel

flat plate 1.212, and by means of this, parallel flat plate 1.212 is supported from both sides by
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any adhesive (or filler) at all.

It is possible to use ring shaped flat springs as the flat springs 261, 271, and 273;
however, a plurality of belt shaped flat springs may also be disposed at predetermined
angles. Furthermore, in the foregoing, the optical elements were attached and supported by
the support tubes using flat springs or screw rings; however, the optical elements may be
supported by elements of other forms.

Next, the fly eye lenses 11, and 111 will be explained in detail with reference to
Figures 9 and 10.

As shown in Figures 9 and 10, fly eye lenses 11 and 111 are produced by bundling a
plurality of rod lenses L260 having the shape of square columns in a support mechanism
280 wherein they are arranged in the form of a matrix, as shown in Figure 10B. Support
apparatus 280 is provided with frames 281 and 282 which have the shape of rectangular
rings and on the inside of which are collected and contain the rod lenses 1.260; pressing
plates 283 - 286, which press the rod lenses 1260 collected in frames 281 and 282 from the
four side surfaces; a silica plate 287, which arranges the position m the direction of the
optical axis of the rod lenses L260 and which is disposed at one end surface of the rod
lenses 1.260; pressing blocks 288 - 291, which serve to press the rod lenses L260 from one

side via pressing plates 283 - 286; and pressing plates 292 - 295, one end of which is affixed



F'10%4 & ()-3"10% & ()- 910% & ()-3(ynml0% & ()- 10| 55+666277dE: /

1033Y!' 104 & ()-3,"10% & ()- FLO0% & ()- '10% & ()-3"10% & () - 1 MAY 2002
yLI 10% & () - 7798v889v9dE: / 1033y) 10% & ()-3L' 10% & ()-33% 10% & (9-
"10% & ()- 10% & ()-3@10% & ()-v99(:}::::::dYNC 10 10( 210(

10(FI 4MLO% & () -3@! 10% & ()-30!10% & ()-3-F'10% & ()-3+f 10% & ()-:;

;];; <r<dEYNC 10 YOM 10%&' ()- Y "10%& ()-.,Y '!10%& ()-3 Y109& () -

L109&' ()-' nmlO%& () -r<<%| ==! >u>dEYNC 10 ByGLow ()-3

, 109&' () - YGLO%&' ()-Y !'109% ()-VYs!10%&' ()-YyG 10%& ()-u>>, ???24@@EYNC 10
Yy) 10%(&') (Jo bhg'preﬁ(ex);’&'béqdcs 288/§ 521)9@! (hf-Oﬂgc)B saX/&f vMpggfmﬂ(ga-plw o&hY ) -
T@@AAABB B BdE: / 10 101 6! 10%&' ()-114!10%&' ()-1,2 109% ()- 10 109& ()-I-
"109& () - Pressifip) bikicky 28Ba2ABaBBEEHEH Yo Affiking fixt0eds whichy@e noudrpirt¢d inthe
F109%& ()- Y 109 ()- 109 ()-(ml0%& ()- 210C) DDD! E| EEJE: / 10YYYZ"109& () -
YS" 109! ( hF)émgm%&'s oy YROY tehse¥ 128G doli¥erb@UE fuppBRENRARSSEIR dse of any

10Y1) 109& 1109 () - Y3% 109 () - YA"109%&' ()-Y m 109 ()-Y
10%& () - Gehkdlve (P filler) at all. In Figure 10B the regions other than the regions indicated by
slanting lines are those regions which may be effectively employed as the fly eye lens.

In this way, the optical elements such as lenses, reflecting mirrors, and the like are
supported by support members such as support tubes or the like using flat springs or screw
rings without the use of adhesives. Accordingly, the volatilization of the organic solvents of
adhesives as a result of the application of the ArF excimer laser is eliminated, and
contamination of the surfaces of the optical elements by organic materials is prevented. As
a result, a decline in the transmittivity of the optical system is prevented. Furthermore, a
phenomenon is known in which the contaminant substances which are deposited on the
surfaces of the optical elements are stripped from the surfaces of the optical elements by the
effects of the light washing of the excimer laser, and as the exposure time passes, the
transmittivity rises, and when the illumination of the excimer laser is halted, these are
redeposited and the transmittivity decreases; however, by means of supporting the optical
elements on support members without the use of adhesive, the generation of the contaminant
materials themselves is suppressed, and it is possible to control fluctuations in the
transmittivity of the optical system.

In the correspondence between the example of the projection optical system

explained above and the elements in the claims, the various lenses 9A (109A), 9B (109B),

11 (111), 13 (113), L201, and L.202... form the optical elements, support tubes 251, 252,
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INDUSTRIAL APPLICABILITY

In accordance with the exposure apparatus and the device manufacturing apparatus
of the present invention, at least a portion of the gas having high transmittivity with respect
to the exposure energy beam (exposure light) and which has good heat transmittivity is
recovered, so that the efficiency of use of the exposure energy beam is increased, and the
cooling efficiency of the optical elements and the like of the exposure apparatus is
increased, and this has an advantage in that the amount of gas employed can be reduced. In
other words, this gas can be recycled to a certain extent, and the operating costs of the
exposure apparatus can be reduced.

Furthermore, when this gas is helium, because helium is stable and has a high
transmittivity and high thermal conductivity, the efficiency of use of the exposure energy
beam is particularly increased, and the cooling effects are increased. On the other hand,
helium has low availability and is high in cost, so that the effect of reduction of the
operating costs by means of the present invention is particularly large.

Furthermore, when the gas recovery apparatus is commonly employed by a plurality
of exposure apparatuses, the recovery costs can be further decreased.

Furthermore, in the case in which the gas recovered by the gas recovery apparatus is
recirculated to the optical path of the exposure energy beam via at least one gas supply

apparatus, it is possible to reduce the amount of gas for replenishment.
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(concentration) or above. Furthermore, when the gas is compressed at high pressures or is
liquefied and stored, it is possible to store a large amount of this gas in a small space.

Furthermore, in accordance with the exposure apparatus of the present invention, a
gas (a second gas) having a predetermined high transmittivity is supplied to at least a portion
of the optical path of the exposure energy beam (exposure light), and in this case, the gas of
the gas controlled drive apparatus is the same type as the second gas having high
transmittivity. Accordingly, the concentration of the second gas does not decrease, so that
the exposure energy beam can be guided to the substrate with high efficiency, and this has
an advantage in that it is possible to increase the throughput of the exposure process.

Furthermore, when the gas controlled drive apparatus is a stage apparatus which
makes contact with the guide surface using a gas bearing method, this stage is disposed at a
position close to the mask or the substrate, so that the transmittivity of the exposure energy
beam is maintained at a high level.

Furthermore, when the exposure energy beam is ultraviolet light having a
wavelength of 250 nm or less and nitrogen or helium is employed as this second gas,

nitrogen has a low cost, while helium has high transmittivity and good thermal conductivity.
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the optical elements of the illumination optical system and the projection optical system are
supported on support elements using press-attachment mechanisms without the use of
adhesive, so that the volatilization of the organic solvents of the adhesives by the application
of the ultraviolet light, and the contamination of the surfaces of the optical clements are
prevented, and it is possible to control declines or fluctuations in the transmittivity.
Furthermore, the fly eye lens which is formed from a plurality of rod lenses is put together
without the use of adhesive, so that the volatilization of the organic solvents of the
adhesives by the application of ultraviolet light and the contamination of the surfaces of the

optical elements is prevented, and it is possible to prevent declines or fluctuations in the

transmittivity.
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1.

(Revised.) An exposure apparatus having an illumination system which illuminates

an exposure energy beam from a light source to a mask having a pattern is formed, and a

projection system which transfers said pattern of said mask onto a substrate, characterized in

that:

a gas supply apparatus for supplying a gas of a high transmittivity with respect to

said exposure energy beam, and having good thermal conductivity, between optical elements

of said illumination system or said projection system, and a gas recovery apparatus for

recovering at least a portion of said gas after said gas is supplied to the optical path of said

exposure energy beam from said gas supply apparatus.

3.

An exposure apparatus in accordance with claim 1, wherein said gas is helium.

An exposure apparatus in accordance with claim 1, wherein said gas supply

apparatus is commonly employed by a plurality of exposure apparatuses.

4.

An exposure apparatus in accordance with claim 1, wherein said gas recovered by

said gas recovery apparatus is recirculated to the optical path of said exposure energy beam

via at least a portion of said gas supply apparatus.
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meter.

6. An exposure apparatus in accordance with claim 1, wherein said gas supply
apparatus comprises:

a gas source for conducting liquefied storage or high-pressure storage of said gas,

a conversion apparatus for returning the liquefied gas or high-pressure gas within
said gas source to said gas, and

an adjusting apparatus for adjusting temperature and pressure of said gas prior to

supplying said gas from said gas source to said exposure apparatus.

7. An exposure apparatus in accordance with claim 1, wherein said gas recovery

apparatus liquefies said recovered gas or highly pressurizes it and stores it.

8. An apparatus for manufacturing devices characterized in having a plurality of

exposure apparatuses including the exposure apparatus of claim 1, and in overlaying and
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a gas-controlled drive apparatus is provided which conducts predetermined
operations using a first gas for control,

a second gas transmittivity with respect to said exposure energy beam is supplied
between optical €lements comprising said illumination system and said projection system,
and

a gas of the same type as said second gas is employed as said first gas for said gas-

controlied drive apparatus.

10.  An exposure apparatus in accordance with claim 9, wherein said gas-controlled drive
apparatus comprises a stage apparatus which makes contact with guide surfaces by the gas
bearing method, a gas-type cylinder apparatus, or a vibration isolation platform using gas as

a portion of the shock absorbing material.

11.  An exposure apparatus in accordance with claim 9, wherein, when said exposure
energy beam is ultraviolet light having a wavelength of 250 nm or less, nitrogen or helium is

used as said second gas.
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13.  An exposure apparatus in accordance with claim 9, wherein, when said exposure

energy beam is an X ray, nitrogen or helium is used as said second gas.

14.  An exposure apparatus comprising:

an illumination optical system, having a plurality of optical elements supported by
supporting members, which applies illumination light from an illumination light source to a
mask having a pattern, and

a projection optical system, having a plurality of optical elements supported by
supporting members, which projects an image of a pattern on said mask onto a
photosensitive substrate, characterized in that:

all said optical elements are supported by said supporting members using push-

attachment mechanisms without the use of adhesive.

15. An exposure apparatus in accordance with claim 14, wherein said push-attachment
mechanisms comprise flat springs having one end thereof affixed to an inner circumferential
part of said support members, and at another end, press against an outer circumferential part

of said optical elements.
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inner circumferential part of said support members and which are screwably advanced and

press against an outer circumferential part of said optical elements.

17.  (Revised.) An exposure apparatus comprising:

an illumination optical system, having a plurality of optical elements including a fly-
eye lens bundling a plurality of rod lenses, which applies illumination light from an
illumination light source to a mask, and

a projection optical system which projects an image of a pattern on said mask onto a
photosensitive substrate, characterized in that:

said plurality of rod lenses are bundled and supported by a support apparatus without
the use of adhesive, and

said support apparatus has a press plate which presses side surfaces of said plurality

of bundled rod lenses.

18.  (Revised.) A manufacturing method for apparatuses wherein an exposure energy
beam is applied to a mask and a substrate is exposed by said exposure energy beam via said

mask, characterized in that:
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connected, and
a recovery pipe for recovering at least a portion of the gas supplied between said

optical elements is connected between said optical elements and to a recovery apparatus.

19. A manufacturing method for exposure apparatuses in accordance with claim 18,
comprising said recovery pipe is connected to a removal apparatus for removing impurities

from recovered gas, and said removal apparatus and said supply pipe are connected.

20. A manufacturing method for exposure apparatuses in accordance with claim 18
further comprising optical elements which said exposure energy beam passes are affixed to
supporting members without using adhesive, and are assembled into said exposure

apparatus.

21. A manufacturing method for exposure apparatuses in accordance with claim 18,
further comprsing a gas-controlled drive apparatus which is provided in said exposure
apparatus and which employs a gas having optical characteristics which are essentially

identical to those of said gas is connected with said gas supply source.

22.  (Added.) An exposure apparatus in accordance with claim 1, further comprising a

second gas supply apparatus, which supplies a gas permeated by said exposure energy beam
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23.  (Added.) An exposure apparatus in accordance with claim 22, wherein the type of

gas supplied between optical elements comprising said illumination system and said

projection system, and the type of gas supplied between said illumination system and said

projection system or supplied between said projection system and said substrate, is different.

24.  (Added.)an exposure apparatus in accordance with claim 23, wherein the gas
supplied between optical elements comprising said illumination system or said projection
system is helium, and the gas supplied between said illumination system and said projectior”

system, and the gas supplied between said projection system and said substrate, is nitrogen.

25.  (Added.) an exposure apparatus in accordance with claim 1, further comprising:

a circulation apparatus which re-supplies at least a portion of said gas recovered by
said gas recovery apparatus to a portion of said optical path; and

a concentration meter which measures the concentration of said gas re-supplied to a

portion of said optical path.

26.  (Added.) An exposure apparatus in accordance with claim 25, further comprisng a

control apparatus is provided which stops the supply of said gas to a portion of said optical
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27.  (Added.) An exposure apparatus having an exposure ap aratus main body which
applies an exposure energy beam to a mask having a pattern, and which transfers an image
of said pattern onto a substrate, characterized in that:
a gas supply apparatus for supplying a gas permeated by said exposure energy beam
to at least a portion of an optical path of said exposure energy beam, and
a gas recovery apparatus for recovering a portion of said gas supplied to the optical
path of said exposure energy beam from said gas supply apparatus, are provided, and

said gas supply apparatus and said gas recovery apparatus are disposed below a floor

on which said exposure apparatus main body is installed.

28.  (Added.) An exposure apparatus wherein an exposure energy beam is applied to a
mask having a pattern, and an image of said pattern is transferred onto a substrate,
comprising:

a gas supply apparatus for supplying a gas permeated by said exposure energy beam
to at least a portion of an optical path of said exposure energy beam;

a gas circulation apparatus for recovering at léast a portion of said gas supplied to
said optical path and re-supplying this to at least a portion of said optical path;

a concentration meter for measuring a concentration of said gas supplied to at least a

portion of said optical path from said gas circulation apparatus; and
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said control apparatus supplements gas supplied from said gas circulation apparatus

with gas from said gas source in accordance with results of the measurement of said

concentration meter.

30. (Added.) An exposure apparatus having an exposure apparatus main body which
applies an exposure energy beam to a mask having a pattern and transfers an image of said
pattern onto a substrate, and a chamber which contains said exposure apparatus, comprising:

a gas supply apparatus for supplying a gas transimittivity with respect to said
exposure energy beam and having a lower molecular weight than air to at least a portion of
an optical path of said exposure energy beam; and

a gas recovery apparatus for recovering a portion of said gas leaking from at least a
portion of the optical path of said exposure energy beam, from the vicinity of the ceiling of

said chamber.

31.  (Added.) An exposure apparatus having an exposure apparatus main body which

applies an exposure energy beam to a mask having a pattern and transfers an image of this
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a gas supply apparatus for supplying a gas permeated by said exposure energy beam
into said subchamber; and

a gas recovery apparatus for recovering a portion of said gas supplied to the optical

path of said exposure energy beam from said gas supply apparatus.

32.  (Added.) An exposure apparatus in accordance with claim 31, wherein said
subchamber contains an illumination system for applying an exposure energy beam from a

light source to a mask having a pattern.

33.  (Added.) An exposure apparatus in accordance with claim 32, comprising:

said exposure apparatus main body is provided with a projection system for
transferring an image of said pattern onto a substrate;

said gas supply apparatus supplies a gas permeated by said exposure energy beam to
the interior of a barrel of said projection optical system; and

said gas recovery apparatus recovers a portion of said gas supplied to the interior of

said barrel.
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a second gas permeated by said exposure energy beam is supplied to at least one of a
space between said illumination system and said projection system and a space between said
projection system and said substrate, and

a gas of the same type as said second gas is employed as said first gas for said gas-

controlled drive apparatus.

35.  (Added.) An exposure method, wherein an exposure energy beam from a light source
is applied via an illumination system to a mask having a pattern, and said pattern of said
mask is transferred onto a substrate via a projection system, comprises:

a process for supplying a gas having high transmittivity with respect to said exposure
energy beam and having good thermal conductivity between the optical elements comprising
said illumination system and said projection system; and

a process for recovering at least a portion of said gas after said gas is supplied to the

optical path of said exposure energy beam from said gas supply apparatus.
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a process for measuring the concentration of said gas supplied to at least a portion of
said optical path from a gas circulation apparatus; and

a process for controlling supply and stoppage of said gas based on the results of the

measurement.



