FP0O6- 0425- 00 DESCRI PTI ON METHOD FOR CONTROLLI NG EXPOSURE SYSTEM EXPOSURE
METHOD AND SYSTEM USI NG SAME, AND METHOD FOR MANUFACTURI NG DEVI CE

Techni cal Field [0001] The present invention relates to an expose60425-00
apparatus control nmethod that forns a mask pattern image on a substrate,
an exposure nethod and apparatus using the sane, and a device

manuf acturing nmethod that uses an exposure apparatus that perforns

exposure using ultraviolet rays (rf?r Wﬁwl traviol et rays. Background Art
[0002] In recent years, in conju % the mniaturization of

sem conductor integrated circuits, due to the diffraction limts of |ight,
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rays of a shorter wavelength (for exanple, 11 - 14 nm is al so being

devel oped (see Japanese Unexam ned Patent Application Publication No.

2003- 1489Bchnica] Eteld,sure of the Invention [0003] In the above type of
exposure apparatus, in the case where an optical system for illum nation

or project] IS, used under. ul travjolet rays or extrene,ultraviglet rays,
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ot her haregposuire nsing vltravioleiyaysan gxtestes vltraviolat rai®i ol et  rays have a | arge
anount of energy. In this case, an oxidation reaction is unfortunately
caused due to the oxygen, noisture content and substances of the surfaces

of the opiackground AKents being irradiated by ultraviol et rays or extreme
ultraviolet rays. In addition, due to organic substances and substances of

t he surf of the optical elenents.being. .irradiated by ultraviolet rays
o ot 1 o0 e SRt oo fied Tl inis bR o Seambe s oot ot
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Disclosure of the Invention

[0003] In the above type of exposure apparatus, in the case where an optical system
for illumination or projection is used under ultraviolet rays or extreme ultraviolet rays,
even if the environment where the relevant optical system is placed were an inert gas
atmosphere or a vacuum, it would not be possible to completely eliminate oxygen,
moisture content, organic substances, etc. from the vicinity of the optical elements that
the optical system comprises. On the other hand, ultraviolet rays and extreme ultraviolet
rays have a large amount of energy. In this case, an oxidation reaction is unfortunately
caused due to the oxygen, moisture content and substances of the surfaces of the optical
elements being irradiated by ultraviolet rays or extreme ultraviolet rays. In addition, due
1o organic substances and substances of the surfaces of the optical elements being
irradiated by ultraviolet rays or extreme ultraviolet rays, optical chemical vapor
deposition (optical CVD) is caused, and a carbon film is unfortunately generate_d on the

surface of the optical element. Due to these phenomena, the transmission characteristics



el enments for a long period of tine. [0005] In addition, the purpose of the
present invention is to provide an exposure nethod and exposure apparatus
that use the above control nethod that is able to nmaintain goodP06-0425-00
characteristics of optical elenents for a long period of tinme as well as a
devi ce manufacturing nethod that uses the exposure apparatus. [0006] To
resol ve the above issues, the exposure apparatus control nethod according

to the invention conprises a step of npnitoring an ?bée(ervati on el enent that
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suppressihg gas into a _contal ner, acc g.to the results of nonitoring

the det erdceerdinedn thegsio! ganitegng Hetobs AN HFBFpr essure of a
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el ement [0008] The first mode in which the above exposure apparatus control method has been

embodied comprises a step of monitoring the partial pressure of a deterioration causing

gas that includes at least one of oxygen, water and an organic substance in a container

that accommodates an optical system of an exposure apparatus and a step of introducing

- adeterioration suppressing gas into a container according to the results of monitoring

the deterioration causing gas so that the partial pressure of a deterioration suppressing

gas that includes at least one of a reducing gas, an oxidizing gas and a fluorinating gas

comes to have a ratio in a prescribed range with respect to the partial pressure of the

deterioration causing gas in the container. ' '

[0009] In the above control method, 2 deterioration suppressing gas is introduced into

the container according to the results of monitoring the deterioration causing gas so that

the partial pressure of the deterioration suppressing gas comes to have a ratio ina

prescribed range with respect to the partial pressure of the deta_:rioration causing gas in



that are due to a deterioration causing gas. In this case, it is possible

tolimt the possibility of the action of the deterioration suppressing

gas becom ng excessive and inflicting reverse danage on the opFP@a0425-00

el ement by setting the partial pressure ratio of the deterioration causing

gas and the deterioration suppressing gas to a prescribed range.

Therefore, it is possible to naintain good characteristics of optical

el ements and, in turn, an optical systemfor_ an exposure apparat s for a
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coating f

det eri or giariod of GHRPTr €SSi ng gas is a coating renoving gas that i ncI udes at

| east on a red n i.di zi a n as. In
this caszoiﬁ utﬁ srg?\ Ofédfle greﬁ?%ﬁnveﬁé?lgﬁ? 1;%8§119a IESLr&bOerog%éxa?rp?e it is
possi bl e relatipg tnrrhntoxaianm inbibifing gasts anthbdeegortion sunptessing gaess isfiebace of
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operation of the vacuum pump for exhaust, and a lower limit ratio, 1 x 107, for the

-

oxidation inhibiting gases has been determined in consideration of ensuring the effects
resulting from the oxidation inhibiting gases and of the lower limit of the sensitivity of
the sensor for monitoring.

[0012] 1In yet another mode of the present invention, the deterioration causing gas is a
coating forming gas that includes an organic substance, and the deterioration
suppressing gas is a coating removing gas that includes at least one of a reducing gas, an
oxidizing gas and a fluorinating gas. In this case, in the presence of a high energy light
beam, for example, it is possible to prevent a carbon film from being produced on the
surface of the optical element and light absorption from occurring by means of optical
CVD of the organic substance, and it is possible to maintain good transmission
characteristics and reflection characteristics of the optical elements for a long period of

~ time.



[0013] In yet another node of the present invention, the ratio in a
prescribed range relating to the coating renoving gases as the
deterioration suppressing gases is from1l x 10-2 to | x 108. |pppdips2sase,
an upper limt ratio, 1 x 108, for these coating renoving gases has been
determ ned so that the bad effects resulting fromthe reduci ng gas,

oxidi zing gas or fluorinating gas atnopsphere are suppressed while

mai nt ai ni ng safe and reliable operation of the vacuum pu for exhaust,
and a | ow@013] rintyet atoither mode of Gtedyrefeot invertione thetriliinracpreseiibed @iges has been
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of the opctantm:hereﬂmmunedatwamaaﬂm@ qp@calreéermﬂégm@ngto the desulis pbr at i on
causi 9 IRSREN @thORORT AEERIRE S ol fpst ofic B Blech HER, Bl . 900

characterlstlcs In tur n optical stemfor an

exposur e ép?ﬁéliﬁhﬁhﬁaq‘t@?mﬁs"l Qfﬁbe priicabelementpfes to ?M@E’G‘]haFE}‘i’éef@B‘éscﬁ“F & node of

the preseft thRMEIRViRNhe 1B 4dBRItARAY @ f GRIYtRAl dIBhéAGh tHeRfaveRBEthGRlgesHSt em
accommd%ed in the container 1s used in at |east one wavel ength range

from amorg® GKRSYF Lt rays and extreme ultraviolet rays. In this case, an

exposure [08 nsql ria nisestove esmxkdlmdﬂmdg\/aidet&rmdtldatshppiessmg@s lﬂmmﬁdddm* g!ener ation

are |ikel C on_the _surf RSS of t
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cancel out effects such as those of oxi atlon of the surface of the optical element

attributable to the presence of a deterioration causing gas such as oxygen. Therefore, it

is possible to maintain g'ood characteristics of optical elements and, in turn, an optical
system for an exposure apparatus for a long period of time.
[0016] In a specific mode of the present invention, in the above control method, the

| optical system accommodated in the container is used in at least one wavelength range
from among ultraviolet ré.ys and extreme ultraviolet rays. In this case, an exposure

~ environment results in which oxidation or carbon film generation are likely o occur on

_  the surface of the optical element, but a deterioration suppressing gas is infroduced at
the appropriate timing in the manner discussed above, so, regardless of the relevant
exposure environment, it is possible to maintain good characteristics of an exposure

apparatus optical system for a long period of time.,



FP06- 0425-00 [0017] The first exposure nethod according to the invention
is an exposure nmethod for formng a mask pattern i mage on a substrate and
conprises a step for nonitoring the partial pressure of a det eFPaf-@tlsedD
causing gas that includes at | east one of oxygen, water and an organic
substance in a container that accommodates an optical systemfor exposure
and a step of introducing a deterioration suppressing gas into the

container according to the results of nonitoring the deterioration causing
gas so t HP1Hhdhefirstieaposuse method acesrding éo thetipysnbpats BrExPOPps BSHHdhas t hat
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mai nt ai n _good .characteristics of optical elenents and, in turn, an optical
syst em f PG BXposure apparatus for a long period of tinme. [0019] The
second eXPoR]r én fretdbode expronsimaghad) thendetérivrativin suppiessinggas)ip ovigducaset hod
for form. d i : i p of
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nonitorin spectra eri ¢ ) east one optical el enent
that an dhatitempartiglqressiecnt thodrserinrationoTwppiestBe g#fcromeste avsa [aHe ibyuci ng a

det eri or ahiRRb&HRBEE/thMekp8aSo RAlartidl PedsiiieDf fe de@@RhaRARafiin@gdsedICi Ng
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I n, t he QVe exposu t ho a teriorat.ion r [0 as that
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f | uor i natadptigalgésndngs dndt, ot @d optcad eydliém dort am dxipesure spparatusfor gdenig or i ng t he

spectr al p%ng&g.{;{i istics of at |east one optical elenent, so it is
possi bl e*to. use the deterioration suppressing gas to appropriately cancel

out ef f edf@1HudMhe secondaposyte wrihad epepnding to the invanfige & afexppaire mefhod|

el ement  gpt folRtHealh sk PattebBn A2k 88 ANGBstRke Ahd@insirises Ablep Bf MAHROME: BasS such
as oxygen. Therefore, it possi ble to ni ai nfogﬁo characteristics of

. S mal
opti cal @p@cﬁ@h@l&m@mﬁ;ﬁ%ofk Airleast gne opticakelementdhat anopiical gystem for

exposure comprises and a step of introducing a deterioration suppressing gas that
includes at least one of a reducing gas, an oxidizing gas and a fluorinating gas into a

~ container that accommodates at least one optical element according to the results of

- monitoring the spectral characteristics of at least one optical element.

[0020] In the above exposure method, a deterioration suppressing gas that includes at
Jeast one of a reducing gas, an oxidizing gas and a fluorinating gas is introduced
according to the results of monitoring the spectral characteristics of at least one optical
element, so it is possible to use the deterioration suppressing gas to appropriately cancel
out effects such as those of oxidation of the surface of the optical element attributable to
the presence of a deterioration causing gas such as oxygen. Therefore, it is possible to
maintain good characteristics of optical elements and, in turn, an optical system for an

- exposure apparatus for a long period of time.



exposure apparatus for a long period of time. 5 FP06-0425-00 [0021] The
first exposure apparatus according to the invention conprises a |light
source that generates light source light in a wavel ength range BP0&D42B0Gt
one of wultraviolet rays and extrene ultraviolet rays, an illum nation
optical systemthat guides light source light fromthe |ight source to a
mask for transfer, a projection optical systemthat forns the pattern

i mage of a nask on a substrate, a sensor that nonitors the gartial
pressure [8P2H Mrﬁm@pMﬁan@cgé&na todhe inveptippeompriseeplightone of
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I ngr oducesghi séiﬁb@ﬁglﬁ(rjﬁ_aim e lgﬁpwm(sjesmra]g?mot taisfer] aiplojedtien aptidabast one of a
reduci n S N, OXi 2|n as and.a fluorinat i ner,

and a cgrﬁ% athn @Ej‘péfrﬁ? ij 1@8%%% %Iélaf)l%?? fay Br‘gsﬁg%?%&% mg)g‘{lﬁlr%l or at i on
suppr essi pagtiaj psessureaf natiedoration cprserrgasiiba mcvdys ateadt one gf)@otgen,owathle

parti al pinﬁsaﬁ%rgmﬁé s&b@&ncéjﬁtaecroh%ﬁ o a&%ﬁa&ﬂﬁ&aﬁ 1datt ol o?ﬂ@éla' ner. [0022]

I n the above exposure apparatus, e contro paratus sets the partial
pressur e clghenthgodeareergs masko Al ﬂhﬁyﬂ@t@ﬂ @I{jlcg]aié’ Sﬁeﬁh and aypyogectign &Pﬁbﬁ’f’és cribed

range W tdskpSReas it@dhdiRn dpparhiud khad IRARMES é)cietérltﬁatﬂﬁlt Ep@éﬁﬁgg&%tﬁitus' ng
gas in thé c nta| ner by con{rolling the_, operaﬁ{}g)ﬁiﬁl@'{)rl as. | ntroduction

appar at ustglBdesaiilsagt 9n5 afpdequeing ges, ‘Eﬂ‘o ’EFé’t“ﬁ %fné? fon causi ng

gas, so ldontasnd@oaﬁl &dcﬁﬁbpapiﬁﬁtﬁshﬁatcbetseh?] pan—atﬂ:c pmsssmmmﬂeasoatesrgargm to )
approprlate Su Iess cance t the ect car pon
PP or oveRPesg RS iR w GeserinRi et Sy Bue Sefe Yo BB §lle P e
det er i or atefevivratamsianging gss in thheomtdingre, it is possible to nai nt a| n good

char act er bééi{}g%{l?ﬁe %%%% osfite %{ggé}%@gaﬂﬂ?toﬁt?oltaﬂ[)ﬁams?@cﬁm g@&m@“

exposure ong | ¢ nmode of
the pres tt deteniorton suphrasHBg SRiee BiP it a prepuEhed sangg it @ﬁw toythe

det eri or gighp4) %H&b%@ﬂ%ﬂﬁtérﬁnra’%ﬁn%hﬂﬁé b IndRd &fﬂt@ﬁ@tﬁymnﬂamngﬁﬂi i ncl udes
at | east one of oxygen and water, and the deterio al rPgn SU{éP |ng gas is
an oxi datqpswﬂopmﬁﬂ!ﬁ&%SWC@&%W%&PH{%%&%@H&YOﬁ%%@FuE? TynIRry ci ng gas
aRd g f 1 uerdrivadtiong:ageisg gﬁ@@@ﬁhs posibotohse ﬂﬂmt&ermfraﬂdme;uppm;]ﬁmg gasmxegt i on,

the deterijorati causin | that i es an

or gani c sﬁ@ggquﬁﬁeiv SURRES? %‘é@ %qugﬂgﬁqﬁeﬁ L%bd;agg% %hcgg%%%n iﬁs %[Q) %Jé%t ing
renovi ng gabe smﬁacemﬁhennmmalaﬁlemaﬂﬁatareedwﬁoahefMmrmngammagas oxi di zi ng
.gas and r ordin

9 aryd %‘éf?xrer Rad h(%@lb@t% - maiafP e%ooylz‘flﬁﬁﬁﬁﬁggcs% gﬁ% 1 €lcRRAe eﬁ’ﬁiuﬁtﬁ]ﬁf I ng

to the pres nventon conpris Sour ¢ at generates |7 ght
sour ce | inghforhancg QM@KW%PP&W@@ f@fahﬁtngIP@‘é@@ opfi@eof ultraviol et rays and

extrene yhhrfViielaQpedif¥ hod@df the!phdeRGhli &RiocaPHh tBAhbS¥ Hr&Bxhbdire gui des

apparatus, the deterioration causing gas is an oxidation deterioration gas that includes at

least one of oxygen and water, and the deterioration suppressing gas is an oxidation
inhibiting gas that includes at least one of a reducing gas and a fluorinating gas.
'[0024] In another mode of the present invention, the deterioration causing gas is a
-coating forming gas that includes an organic substance, and the deterioration
suppressing gas is a coating removing gas that includes at least one of a reducing gas, an
oxidizing gas and a fluorinating gas.
[0025] The second exposure apparatus according to the present invention comprises a
light source that generates light source light in a wavelength range of at least one of
ultraviolet rays and extreme uliraviolet rays, an illumination optical system that guides
light source light from the light source to a mask for transfer, a projection optical
_system that forms the pattern image of a mask on a substrate, a sensor that monitors the

spectral characteristics of at least one optical element from among at least some optical



i ght source light fromthe |ight source to a mask for transfer, a
projection optical systemthat fornms the pattern i mage of a nmask on a
substrate, a sensor that nonitors the spectral characteristicsFBf6-8423-8ast
one optical elenment fromanong at | east some optical 6 FP06-0425-00

el ements that are accommobdated in the container and that a mask, an
illumnation optical system and a projection optical system conprise, a

gas introduction apparatus _that jntroduces a deterjoration suppressing gas
that i nclelereeptathal @seecasmpmodptedinthgicrntpger gudhat gmas &ni‘#wg" and a

fluori natdp@lﬁalgs@@teinnbﬁﬂ Apffittish Bffical Syitera cﬁﬁphﬁd?b ga@m&bammntalppmmont rols
t he operatian troducti.on agﬁP{ HJ% %Lﬁ ﬂ Q. t h§ esults of
noni t or i r?é HIHEO%EE? FigtFn?;rﬁg?%E{P@FfiSwE@é &4 AT o rent |
[ 0026] | rpakhen @tidivingemapasdia ﬁuaﬁmaingtgas inté heomwaint, ehd aptprﬂr@ﬁpmrmmﬂxabl s the
operat i on %{rﬂlsttﬂc?%@e?;%n%tf&g G QOBABRL Al LGOI hOrdshi gesul LS of

nDn|tor|ng erls Ics one optical el enent,
so it is Ipommrbigeth@ speasel cbh!@cfdsﬂtmsw(flaabﬁﬁmne@nmﬂl é@@ﬁeﬂb gas to

appropri gp qﬁ@&?&bo@b’%}( s{n%cd?gb e {‘th@%oﬁt?cﬂ%%p&ﬁtu@ébrﬂﬁﬂé 9 opkratibg of sur f ace

of the o | ement o.the nce o deterjoration
causi ng gbe gasslggﬁd%wg)@y@@ﬁus AGFOFERD Fpth elf?S é’é‘@%’i"q‘ﬂ% BSRREITRt ai n good
char act erdhitactsistds TRt le@ﬁ'one@bﬁé@@bﬁle@ﬂéo i1 9 bskﬁlﬂe to&fﬁe@ﬂiﬁd&tﬁﬁorﬁty@i em for an

t f I 27 dd
aceor di ng PBeFRES de/P SR RBREF HERET T Al AT o e on, 1
i s possi uefatooithe uptiel element dtiribntabér thaherpresencd effa detetigration naglsmgegaabove
expos ure a&‘?gg g)E Il ﬁex%re?ﬁ%#ésgtb'leot% Iﬁgun{ai}f"%n dgc\)i(s%%gt%nstic@%%%})tlgajle 1 FG I

is a block dragr sure apparat us
accor di ngplarneramam;mmrmntopbcaltsmerprfels@mxnoweﬁpmﬁus frglompmrodd s a
fl ow chardy, éhat shoms an exanple of a senlconductor devi ce manufacturing

process. Best for Carryin t.the vention [0 FIG 1is a
drawi ng fl802@x ﬂﬂaﬁ%ﬂﬁ& Qcﬁ@d@lgrtﬁgiq%é’“{?fm tg gﬁ%ﬁ&f‘ﬁ%ﬂ& hat is an

enbodi ”Erihvéhftmhhi@ls%cﬁﬁﬁﬁtto inmeftieda hibhi ;&rﬁ&ﬁmrdevﬂ@bﬁhahg%elﬂm@@ﬁpri ses a
| i ght source aggar&ﬂus 50, which generates extrene ultraviolet rays

(wavel engtROFH® an illumnation optical system 60, which
i1l um nates a mask MA by the illum nation Ilight of the extrenme ultraviolet

rays, %ﬂ%ﬁ?&écﬂlpk}ﬁg%fﬁp" f)? wmﬁ%\At em 70, which transfers the pattern

i mage of to a that is the substrate, and, for the
mechani cdP03chani snms, it conprises a mask stage 81 that supports the mask

MA and afpig.1 FIG. 1is ablock diagram for explaining a projection exposure apparatus
' according to an embodiment of the present invention.
FIG.2 FIG. 2 is a flow chart that shows an example of a semiconductor device

manufacturing process.
Best Modes for Carrying Out the Invention

[0029] FIG. 1 is a drawing for explaining the structure of the exposure apparatus that
is an embodiment of the present invention. This eXposure apparatus 10 comprises a light
-source apparatus 50, which generates extreme ultraviolet rays (wavelength 11 ~ 14 nm),
an illumination optical system 60, which illuminates a mask MA by the illumination

- light of the extreme ultraviolet rays, and a projection optical system 70, which transfers
the pattern image of the mask MA to a wafer WA that is the substrate, and, for the
‘mechanical mechanisms, it comprises a mask stage 81 that supports the mask MA and a
wafer stage 82 that supports the wafer WA. In addition, the exposure apparatus 10

" comprises a vacuum container 84 that accommodates part of the above light source



waf er stage 82 that supports the wafer WA. I n addition, the exposure
apparatus 10 conprises a vacuum container 84 that accommopdates part of the
above light source 7 FP06-0425-00 apparatus 50 and the opti cal FR§s0615060,
70, an exhaust apparatus 85 that exhausts the gas in the vacuum cont ai ner
84, the gas supply apparatus 86 that is the gas introduction apparatus for
I ntroduci ng the deterioration suppressing gas into a vacuum cont ai ner 84,

a nmass spectronetry apparatus 87 for_nonitoring the partial prest?lure of a
speci f i c agagraus 50ne theantigrh oeamsioRe 70,30 exbagt Znparatys iy that IS Rensi ty

sensor 88t hathe GHARIS cARGHEF the daB sﬁﬂﬂy Eﬁfa!ra&ﬁi 86/tth1sQlﬁe gd%ﬁﬁﬁr&f)dmt@pt I cal
el enents that the pro ectlg optlcal for .ex

Mor eover ,2PPRENEINIE QF@E‘O%OES ?S§E’§ g&S Hg"rq? r B‘fuunéﬁ?fﬁ?lg?r 90 t hat
conpr eheresﬂnmlspememl apphrats (Sp&bﬁltnbmm&u(g‘thé batinlgapwatd ofea spacifis gof int he

ok st agBe Bt Bniker 38 Gl Apcfluasipd Tt s ROPEE rap DR ity | e
suppl y appaheatflsctBety oénpbcuﬁreopmalselempms thrat ﬂmm%e@pmaﬂmp@ﬂssmm TQ)OSO] The
| i ght t t
'g SO&}@&F F}@{ a@lé%%%r'tﬁ@%x hﬁé%gaﬂahghbc% h@&ééoﬁtm gener at es

| aser excitation an hat “suppl i es gf such as
xenon, WHEPHRE au@ 90@% comptpbensivaly epnfrols theroperstipps afi thgrespectivg ParRIPk then
condenserey gésu’i‘é‘ pardte 10, @?éc%cau?‘ ﬂhéfmr hb&uddetip ﬁﬁhedthbmatshls&gé Sg,hhe source
apparatus 50. By focus | ase ht fr the I ger hght source 51
on the xe&WdRl %?‘Hetgczeﬁlefelxg%‘lsf PRP2F3S, é flfggq;fsumﬁg aPEﬁf%m%g b a5 et

mat eri al Ectfdﬂl@du-ymp kdafid 87 converted into plasm to generate extrene
uItravio 4 e _condens 4 conye | et rays
gener at ed %O]t efhlggﬂstoue%cfippg g‘?g the tub J%@?er{%ﬁt %ﬁeggrrigthd% %e{ g%\élkegl et rays
that havdagpatightfot plagnybxditation ewiie nber>25hat sapplics gas swhas denah @hiphuisi ng SC
whi | e be'tﬂ@ta?@éi}é%&eqﬁ? 1%% 1 nF'S@ %Qaﬁdlﬁ&l ta%a&&is&ﬂ di@z{rﬂra cdﬁﬁh@f 55. Note

that it i's po exanpl e, irradiate q a_di scharge
pl asma | irgitor §8 @rq:«’éta@hedam ﬂs@hg{l%wm@@v@mt%ﬁy é%%lﬁlmggbq lgsery @‘Bﬁ%‘c e)
l'ight SOUREBiser 1Nt §RfcS1 &ﬂﬂ:!atxeﬁ&yéﬁﬁteldlmﬁhﬁerﬂauﬂtand a51hE uﬂimaype | i ght
sour ce apparatus 50 suc abog &,%(3 The | | um nat ?egt I cal

Bitp el §1°

h
Syot om COMESHBRFGRL A PaRTiG COyFES ¢ ety pRergq
tC(r)]ndelns errayd. Mae c&aiengerfsqltcdwtggéﬁl the ektrcﬁ-ﬂe uletaciolet beys|gegdrated atithedrdnit gt 6];% rom
e i urce r at us 12 L
whi | e bglh%‘@;tstﬁﬁ&gj sgpq? PR ¥ FF“G 5aty 5]% ??‘ap%?as%% tﬁ%ﬁgﬁg@ | %:Oa |Snl?§egr ators
61, 62, amittobuisslenmleousingi Hewhile being cpnmgﬂd Eb!édmt wgldent toftbe cellimdisre, t he
strip- Sh%ﬂ rSggNQt@V)thaQ B ik Pﬁfsﬂﬁéjﬁj R, X %xﬁnél@l ?ﬂaﬂ ted Tight fomPédisdharguah this,

It is possiblé’to um nat redgion_gon the Tmask I\/Aby

extreme ilasmaligt e@urmgrsano‘ioRrﬁwbmcwmram @SC@%RW@P&”?@PWWP JBREPUNSt e t hat a
subst ancepibat o 1as: afeGUAR HohPR Bk S1hsthd typé Nghttoume uBpaaek 50 sadtoe

the above.
[0031] The illumination optical system 60 comprises reflecting type optical integrators

- 61, 62, a condenser mirror 63, a folding mirror 64, etc. The light source light from the
light source apparatus 50 is converged by the condenser mirror 63 while being made
uniform as illumination light by the optical integrators 61, 62, and it is made incident to
a prescribed region (for example, the strip-shaped region) on the mask MA via a folding
mirror 64. Through this, it is possible to evenly illuminate the specified region on the

- mask MA by extreme ultraviolet rays of the appropriate wavelength.

| [0032] Note that a substance that has adequate transmittivity in the wavelength range
of extreme ultraviolet rays does not exist, and a reflection type mask is used as the mask
MA rather than a transmission type mask.
[0033] The projection optical system 70 is a reduction projection system comprising a

' plurality of mirrors 71, 72, 73, 74. Image formation onto a wafer WA that has been



of extrene ultraviolet rays does not exist, and a reflection type mask is
used as the mask MA rather than a transm ssion type mask. [0033] The
projection optical system 70 is a reduction projection system ckROsri4Q5r% a
plurality of mrrors 71, 72, 73, 74. Image formation onto a wafer WA t hat
has been 8 FP06-0425-00 coated with a resist is perforned by the
projection optical system70, and the circuit pattern that is the pattern
i mage fornmed on the nmask MA is transferred to this resist. In this case,
the regi opatedwithiaghsist ieperburmed patteeprojsciopppicat txstrma 0.cwddhe &roallt] i near or

arc-s hap‘rﬁgﬂ&h it $6GE BitterR Ragd ﬁh@%&me%asktm% ResSirRdaotls kst gher a
rectangufar circuit “pattern forned he mask MA to a.rectangul ar region

on the waltsraspthefeeien 1i0\ﬁé1v19 Byer%aﬁngﬂbe PEQISFIRT AlPTER SHR R Phat
synchr onguséhg é@é’lﬂ%eélble alBSfer %Iﬁ}ﬂéi 1t h@o%le to Whasferfaakctexgangl creuft 0034] The

e o S e b 5BV o St RS RN Meald L o,

preci sel ynean®of dcanning exﬂtsumahattsymhrom&isbunows the masloMA aed e skaferdVAL n
addltlong tt}(?mp fer stage 82, wunder the control of the control apparatus
is a

[fove the wafer WA to the desired position while supporting -
it and wiP0¥d] pilbeimssk stageol. uodenthe PW%QETIF—N@FMOI appprigist3),; isable toof  t he

waf er WAy, Ji amrtﬁé 9@511@3 PBE]EO@WES HGd it BRPARAE fecﬁ@[yt hat is
arranged on t opti cal

he extre i ol

il lum naﬁ@#oﬁb% ﬂ*@aqos@ygx\@wcw et&rf&f @%@as%%gﬁ HOB’&E? 8"5‘% slpet Eﬁn 70 are
fif r ﬁnged uhﬂ'@fltﬂ@c@m%ﬂﬂi%?ﬂm& p&atu8 40, 1@raHIei'ib hﬁ:rwalfa whafer WA ttdntheei; pos lt.)l r g

i ght is.prevent ecific enme ul fravi.ol et e absorbe
into thed 1%5}:35@% E‘ﬁlﬂ Sﬁ?ﬁo %¥%§% P’éetcfsgh' gftﬁgéﬁr ens ul travi ol et
rays, thatlocidy, etcdeftheasdar WA.t he bri ght ness and decreases I n the contrast
of the tr £§ ﬁ'fl.a akah al path of
t he ext re[ﬁ&%jj '[T [Pg Oﬁlgﬁg’?theaarbgve Bgt?c\éf t‘gy%d%\k}g%uum @v&{kﬁzf gl?éagxanpl e,
1.3 x 10pmhnétbaext@s@)ulmlolet ik, éh@nlhlgnnﬂ@nemm SYHRPp0a e rom t he

exterior gajec%%gneah s{yéiémvi@ &%@H AR @ﬁ:umh%ﬁ@]ne}-hﬁ @i&tdtt@ﬁ\l!lat@herfent s
54, 55, é’ 74 and t he arr ebge on the

optical hthe e@;pos{%hgl;@tm E‘i‘i”’é,‘ell}?‘i Seeribcally. exyens H&Baﬂ@lqtﬁ@’ nt ai ner
84 are sygb tiksatmoktekesid d’d&nﬁa‘[bdﬂbﬁl@ﬁt{@ﬂa@fh &f Rasmeniltepiolad ra;mdlﬂtm‘ silica
0 5% | e SETPh el b SIS SRS S ©
exanpl e, padvested by eainthiaivight optica path dfithawst@yendtraioletiays ingpsscribed or nore
substances Mok el:)(gf REplee 516 U 1y WARRARIIdif heXAR sl e 010 @
as the tiwm the extsrier bsypv@snmfthwwuﬁlm fmnltaawr% that this nultilayer film
CONPri S€$0036] The optical elements 54, 55, 61, 62, 63, 64, 71, 72, 73, 74 and the mask MA
arranged on the optical path of the extreme ultraviolet rays inside the vacuum container
84 are such as a reflecting film formed on a base material made of silica glass, for
example, which is the substrate. The reflecting film is a multilayer film of several layers
to several hundred layers formed by, for example, alternately laminating thin film layers
consisting of two or more substances whose refractive indices with respect to a vacuum
differ onto a substrate. Tt is possible to use, for example, an Mo layer and a Si layer as
the two or more types of thin film layers that this multilayer film comprises.
' [0037] The exhaust apparatus 85 has a vacuom pump connected to a vacuum container
84, and the interior of the vacuum container 84 is maintained to the required vacuum
level based on control by the control apparatus 90. On the other hand, a gas supply
apparatus 86 has a gas source 86a for reducing gas, a gas source 86b for oxidizing gas, a
~ gas source 86¢ for fluorinating gas, and a mass flow controller 86e that regulates the gas
- flow volume of these. The gas supply apparatus 86 supplies only the required amount of




[ 0037] The exhaust apparatus 85 has a vacuum punp connected to a vacuum
container 84, and the interior of the vacuumcontainer 84 is maintained to
t he required vacuum |evel based on control by the control appafRitu®t23000 On
the other hand, a gas supply apparatus 86 has a gas source 86a for
reduci ng gas, a gas source 86b for oxidizing gas, a gas source 86c¢c for
fluorinating gas, and a mass flow controller 86e that regul ates the gas
flow volumre of these. The gas supply. apparatus 86 supplies.only the
required deiFBQRRIOB SURPTESSE. B3 6bgh 15 THHeNg %ﬁsa%léﬁﬂaﬁaa%@g?wf@éaaswhi chis

reduci ng tgeinsidext theziat@ing asntainef 4@ thd@pr61gigaSming ik éntiodacttn pjﬁ;est he vacuum

t 8 t t i t t i i t d
cont i ety B, BPAL RIS Eath L 08, M eSS P BeuaRed
regul at e patiial ppasuré af therelsinggasfoxidizing ey or ﬂgmgm;ng@as thisglerte vrrmymor
{1 Uor i natch igis 8284 V8L AR LNGINAS U ARRTRINEESIBR 1b Qulhes Al Gstarél ure, and.

inturn, Tt 1S pOSSI 0 SUpPr ess oXl gromﬂh on the
sur f aces a@d cygpen exwik oa tlemvslases ofpptica TviIeHEthS @3 556511 62163, 94, 717 2,734, etc.

Not e t hat74t &8 M9HS that hﬁ%&%%&@édn%u&ﬁ%e RerchRBERGRE a\clite n ﬁ'ﬁiéh%e in

whi ch a val ch a dri e a t h b

added i s lf‘éﬂgﬁﬁi‘fﬁé@;%@a@ ra"fena%ram%ﬁp mro%a%s% Besdipdded @gcarr&?%‘fi oo
[0038] Alamsﬂamﬁémgﬁqﬁégmp@@ﬂﬂbgm(ﬁ?fcorrprlses for exanp:e a

uadri po S ectro t functions._as art sure
densor "1 TUREL; AcprRgRSBREy e RRLS 87 cpuiR i e R AldsPolelt %m s or
at oms pr spehbmicter}dud ivAmationsee atpaitiabpre8sire Tniser fordetsciips fomohre tags appar at us
87 1S, 3lsBed A BleSihouBe ABILRL oPAERS PBefilin B MELAAL AR Fior at i on

gas, for “exanple, oxygen or eterioration_ causing gas, and
the measURASHERFCUPWMSHY ARPASATIS &%lsmézhm sletegt the partial pressige pf amoxddat®at i on

deterior aueﬁaraaaﬁ g@, %r e%i_n@w o&ﬁ;eh*aﬁ waRR! dsQhe a&@@&ﬁﬁb&?ca?@m%' gagymdor at the
appropriate timng

NBSS spec netr par atus 87 is
able to I@E&tsu{eﬁ@nb%ﬁwhwaﬂef %? E%‘?E:‘rlge%?fet‘}fé“@b ?ﬁgaﬁ%ﬁrﬁl APRLASEECh as an
organi ¢ sulpat Riecorid apfeati® oS lwye of attBs dpgropridte tihéng) an hddition, piieessur e of

veys ot reOhEhY Gprrapes Tisge Hect e el PRtk olbe 2R the
coati ng fomngngasgash assuohgamc @bswn@am¢ﬂsmsmmnt e themarkdt ect i on of
al |l of t?ﬁsﬁfrgg é&h%%%&ﬁé‘fo 4g5%aﬁ%}e a1By BGhiGBthe édhrtro%@%:&t&‘é@d’g i nto

consi der ati on t e capa e mass spectronet ry paratus 87, a
t echni quelwdyaor gibe @mrgpreaie tlmena drhiheolizp obfeteetionpfdhe wﬁlﬁé GIRE BASn a

range of siSs YRR SsibStaftee, SkhABiR dRHbESS all Bﬁﬂleaﬂgamésmaaawﬂa Not e
that the quadripol ar rass specironeter noted above may be reé)l aced W|th a

~ bi pol arREsEcalsierls Ekinecinto cansideragandie qapakilityj of thmasspsc
oxi dat i og p&ﬁtﬁi spraatect}@ﬁqlgathataubdmass @J?é)égmﬁotall\ﬁltmé masemnba:rs “ﬁm&ssnt as the

at s pher ing ange o Isnafﬂ?s?c n telrsc o% 45 érerggr% anngéss %han 2%%) is coﬁvemeht %’te t7haf. the

quadnpola:r mass spectrometer noted above may be replaced with a bipolar mass

spectrometer, etc. -

[0039] Here, in the case where an oxidation deterioration gas such as oxygen, water,
etc. is present as the atmospheric gas of optical element 54, 55, 61, 62, 63, 64, 71, 72,
73, 74, etc., when extreme ultraviolet rays are incident to such an optical element 54, 55,
61, 62, 63, 64, 71, 72,73, 74, the multilayer film of the surface of the relevant optical
element is gradually permeated due to an oxidation reaction, or an oxidation film is
formed on the surface of the multilayer film, and the reflectivity of the optical element
may be decreased over time. For this reason, the partial pressure of the oxidation
deterioration gas is monitored based on the detection results of the mass spectrometry
apparatus 87, and when the partial pressure of the oxidation deterioration gas has
exceeded a fixed upper limit, the mass flow controller 86¢ that the gas supply apparatus

10



73, 74, etc., when extrenme ultraviolet rays are incident to such an optical
el emrent 54, 55, 61, 62, 63, 64, 71, 72, 73, 74, the multilayer filmof the
surface of the relevant optical elenent is gradually perneat edFue0425-3h
oxi dation reaction, or an oxidation filmis forned on the surface of the
multilayer film and the reflectivity of the optical elenment my be
decreased over tine. For this reason, the partial pressure of the oxidation
deterioration gas is nonitored based on the detection results of the nass

spect r onelorips ingsguleted e insrpdueaaiprgpratped pEopaAL 9f deferigralion SHRPIEISINE RS oxi dat i on
det eri or gbkidRti@emhitiSng @%p@qﬁedao@uﬁﬂ 06 Ehinkd 8& frdh fHetgas bh@cd18GS 86¢. Die

troll 86e that .th t 10 FPOG:0425-00. 86 h
gl at e PHLEF SeHtTGRE aD R O8 PRE TR TOR e ToF QBTG PO 24 BN bR oesi ng gas
(oxi dati de; foln ebmhple,@}gag)en,t athduol etcatsnprincalytused dihe®4hel doteribfaiogas sour ce
86a, 86c. pPr%ssn?g, %%?E%P;g]?ed%dn? rg%t §0§H:e%8 R{E ﬁﬁbfrﬂa’tﬁﬁ%@? aﬁ&' F}B} é)?agu 1£,0m gas

sour ce 86ga nol, etc. is

opti mal | yhydsmsn ﬂﬁhed@mﬁmged fueridocatbon rﬂuosd@;@tcemm@wglaswgd‘ ﬁéqelaéww om gas
source Bth'ld'et%rL@r Iloﬂgﬁfﬁpgg%lr%ggag BtrodAEd to RS v&ﬁﬁﬁ‘l@oﬁﬁamcpgﬂj 'isoeﬁ%']e\‘;él woii de,

nitrogen uori de, I"uor 1 de, .etc. 1s optinal The  gmount  of

det eri or 46 PlIA te eanseleass theptipsts of ther Gudrtion d@'E?W’F?é“’V&é%%"?‘FF‘iSHﬂ%ﬁ pefialgs is at a

| evel thgjressin® cﬁblh@oil@atm%ﬁhoﬂiﬁbntgbﬁatﬁf the edducObn tdpabidity dethéon

deteri OI‘;{EI on gas based.on t parti ressur.e o tgﬁ' X

ot o | or AIeTBHEAE SBRRTETHE Fsch e bGP RelpHBF FREy VG PR EATHLPTEt 8t i

suppr essioxfatias defedoratisngpd was eturtdiso chsmaviname allhweatpalimitalr igsessure of the

oxi dation d t t t MAX| imt or
§E1%{1 ?{b% %cal%?eﬁne\’f@ﬁy ﬁ}% O%JE?%B dgtteh%‘atlgﬁgh% Jlaqmt&logt 111%

| ess, cOrrosi on PHeYSpti ca deteriorati on gas
and oxi ddbinmationcet cmgldefadrtmb@ isonpe; 60 &@n@tr@I@w@QD pbdferigrebppEPPrassing he

intr Oducggra% &fnnﬁﬁédeuh{h@ i faﬂﬂﬂ ?i’b@ﬁﬁ@%ﬁﬁ%%}ﬂ&ﬁ%n 'déteﬁ%ﬁbﬁ‘ pachddRbhtneline

parti al essure of eteriogration, gas eturned to an

appr opr i 40 &1 ABPIRATAtY atpn%ala'@luera’f ol thea H%W%‘%Pr\’mﬁ [Qthsriicchaiqss
t echni quese aldé BordeSAbROMGEE ¥R vtherd the i Bﬂlapgﬁgsmé\efme dberipatibhal pressure of
e

t he det t d f he | di at
par i a1 PREREUIE FSTPRRIFEEY HOPROUECT ARE rCyd PA BoDESET UISS hat 1 ho
oxi dat i orinﬁl@hetmmnam@ld l;@&snsa%ed:masﬂmmmahyn detarisratibn gheewaketoasioedit i on
SUppr eSSI ng'ﬁgdg? 0{ ﬁ{%ec% drloftlonk ﬂr%ssu%p%al Sgp%e%ﬁ%%llgllﬁs a?so p%gﬂf:fe%'e

i nt roduct® TSP APPSR ere is no |onger
a decr eavetinye intredyssion iohthepictesiotation sfipnr h@ll‘c%@ ung} theredane lgngeessi ng gas.

It is posgihh& 15%@@&[1 iall &sﬁxre%&‘}heq{etér{b?aﬁdﬁtsru gllé§st1h§§‘asoft i$ ﬁ@ssﬂﬂ’é &/ depration

suppr essi ng gas ropriate timng artial pressure of the
~ oxi dat i orthejgasef Waﬂir@ﬂvcga%omz@ Pﬁﬁép@a%auﬁnsesatngcﬂas &b@%/@liéopr&t%t%tt@ y set

val ue buffier fie paht iai; phdséiRe of the loidatiow dRES6ahbe gdsthas @licrénssd ff dSr labb%hi ch the
to the T dSpRGHLE LN IRTHEE REE ety HAEF B bish RSy ot o 60
and the poajceapp@mudpl bperhies to irradiate extreme ultraviolet rays to the respective
optical elements that the illumination optical system 60 and the projection optical
system 70 comprise. In this case, the extreme ultraviolet rays perform the role of
_promoting an oxidation-reduction reaction and a fluorination reaction between the
deterioration suppressing gas and the oxidation deterioration gas.
[0040] In a specific example of a reducing gas, in the case where introduction was
performed so that the partial pressure of a deterjoration suppressing gas, such as
hydrogen and ethanol, was in a range of a ratio of 1 x 107to 1 x 10° with respect to the
partial pressure of an oxidation deterioration gas, such as oxygen and water,
consumptlon of the oxidation deterioration gas was observed, and it was possible to
avoid a decrease in the reflectivity of optical elements 54,55, 61,62,63,64,71,72,73

" and 74. The reaction equation below explains consumption of the oxidation
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system 70 conprise. In this case, the extrene ultraviolet rays performthe
role of pronoting an oxidation-reduction reaction and a fluorination
reaction between the deterioration suppressing gas and the oxiF#r&6i0d4A5-00
deterioration gas. [0040] In a specific exanple of a reducing gas, in the
case where introduction was perfornmed so that the partial pressure of a
deterioration suppressing gas, such as hydrogen and ethanol, was in a
range of a ratio of 1 x 10"7 to 1 x 104 with respect to . the partial

pr essur e defETigRlioN REFOK HengBO ST bt §thanoh pehick 15 dhe SleriprylinsURRIESHAR er |
consunpt g of the oxidation deterioration gas was observed, and it was
possi bl eééo ayoi.d a dgcr.e%se in the reflectivity of optical elenents 54,
55, 61, E9Xygsa/mygureagduchion) 73 ang 74. The reaction equation bel ow

expl ai ns onstpi HyO i —~th € Oxi-3tFHoD 11 FP06- 0425-00 deterioration gas

oxygen, i stour h , i is the deterioration suppressin as.
§o<§8en/ ENROR . e 1:’15%)%0‘]5 O T A L
COz+6 H2[§08041]n additimdintd acificxemploediafiluorieatingdae, infihecast wdetenat i ng gas,
in the casRMBRIEwad Sﬁ{}%ﬁﬁ&@éd @R tﬂ@?axlﬁgfuérﬁgs'gg@%isaodété}%aﬁcﬂ%u Aleldifd Pressure

of a deterioration ppressing ga ) drogen_ fluoride, nifrogen
f1 uori degasaferhcasineregen ueridse Nitkngen flporids, apdearben flgorides was Byarange 9.7 1o 1

X 104 w hhadesiestof & 1 ReoPrith idbed i@ BRYaRID hredfur®¥f Aaéti@ationdet eri orati on
| m wh s ressi on

gas, such as oxygen and water, syrface oxidation f r u

one obssheBRonliem Sihet Btisnshd Wbl B e bRyt HebweRRace Ty 1y
of opti calas obdeevaenis] ibdas pdssitlelto #vadid HS&ccréade infthe refRetivisy afiwpticdl. The
reaction uat i-gn o] pl Ai Lot . OX] i f11m by
nydr ogenErUBEI s it sgane s o dd A Hesaie b betety bt 1 oY
det er i or dedompositipp o€ i oxglatias &bm by hydwgen 8upide, oftrogen duoeiidmartd ¢apfons |

2 +4HF- Sgi +%lﬁ]%.@ i - Ty i 208 S i 2+CF4--'S i F4+Ce
[ 0042] C;llh(t)]{%:e’o_t eréﬁ_gﬁ&e%ﬁfiwﬁgsgéjsrgsSE e ggsté\ll coating form ng gas such as
an or ganfiduoragien aheddptéondfilagdent as the at nospheric gas of optical el enent

54, 55, @l (_Ej?- 63 64 S AlF , #2113 74, etc., when extrenme ultraviol et

rays are jncident uch an opti | ement, the organic substance is
deconposet>dh té’%ﬁ%ﬁoﬁ)igc |1 %\D‘gaﬁ%fﬂ)ﬁénon, a carbon filmis fornmed on
t he surfare ©f 4t O et 8vait, 6@ Ocal el ement, and the reflectivity nmy be

?g? :ﬁeﬁ;e g%ﬁféo% IthrEEOthflzzr ran(ti,qln The %82 QV?:E:retahc%aBrallgr }“c;n%lingo éa%%ﬁ&ﬁ & ﬂ 01‘%2{%0 coatling
substance is present as the atmospheric gas of optical element 54, 55, 61, 62, 63, 64, 71,
72,73, 74, etc., when extreme ultraviolet rays are incident to such an optical element,
the organic substance is decomposed due to the optical CVD phenomenon, a carbon
film is formed on the surface of the relevant optical element, and the reflectivity my be
decreased over time. For this reason, the partial pressure of the coating forming gas is
monitored based on the detection results of the mass spectrometry apparatus 87, and
when the partial pressure of the coating forming gas has exceeded a fixed upper limit,
the mass flow controller 86e that the gas supply apparatus 86 has is regulated to
introduce an appropriate amount of deterioration suppressing gas (coating removing
gas) to the vacuum container 84 from the gas source 86a, 86b, 86c. The deterioration
suppressing gas supplied from gas source 86a is a reducing gas, and, for example,
hydrogen, ethanol, etc. is optimally used as the deterioration suppressing gas supplied
from gas source 86a. In addition, the deterioration suppressing gas supplied from gas
source 86b is an oxidizing gas, and, for example, ozone, oxygen, nitrogen monoxide,
sulfur dioxide, etc. is optimally used as the deterioration suppressing gas supplied from
gas source 86b. In addition, the deterioration suppressing gas supplied from gas source

86cisa fluorinating gas, and, for example, hydrogen fluoride, nitrogen fluoride, carbon
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nonitored based on the detection results of the mass spectronetry apparatus
87, and when the partial pressure of the coating form ng gas has exceeded
a fixed upper limt, the nmass flow controller 86e that the gasFBRUppt3s-00
apparatus 86 has is regulated to introduce an appropriate anmount of
deterioration suppressing gas (coating renoving gas) to the vacuum
container 84 fromthe gas source 86a, 86b, 86c¢c. The deterioration
suppre55|ng gas supplied fromgas source 86a is a reduci as, and, for
exanpl e, i¥Rrifleogfers Oétﬁfﬁél%iseg]é?g? qs‘%er’@ﬁtioﬁéill’lgfeﬁ?%cgaé§uﬂ?ﬁ‘%d B%r at i on
suppr essi §igrd@BHe snm@m@ﬁit of diamcgam:smppﬁeslﬁgﬁgas ihflodaded irito the viabeum
deteriorat ns;ggrets % giied{hIe source8b|seﬁn oxidizing
gas, and,® Apie €6 §§ g4 of, %WB%@B%C“ SUAPEY i oxi de,
etc. is oqmtibimldlqn ﬂ:ispzﬂ*ualspri:dmare:dnétthaar ¢oating fmmlmig.qsraaé shengdgamnsapghilitgd from
as sourc lied

9 Sxi8in c%@aéﬁ?ﬁt?géﬂ: %?»thé Qe ﬁg@&k&%@% PRLESahBE e&ﬁ& %ga%p

from gas source |"uori nati ng for exa rogen
f1 uori de, where thegpastial pressurd ef theapbldne fpzmmg(ms pasEtgoed (9 the maéiemurét c. is

opt i mal | yani,%@aiheqanﬁ B?legsetf@rhia%ﬁbf QA}b&PRHﬁ 88 HeNWrH@So fIHPBpti@llebiRm gas
source 86¢. _The ampunt of deteri ora upprgﬁi ng as i ntroduced into the

vacuum cupildibsepnsaderedsiode sionpedep Qdyqhion of feferar H‘F’n PHPTSEREIEAY formi ng

fgaS can bgogldmeebsithuc® uhtllhﬁé pﬁlﬂ@l‘prbibﬁrd]ﬁﬁhd &dating ﬁ&mgg@fha‘s heumedto ng
orning gas_an

| e oL o st Eu oS RROW i dbbye mititth kR, CARERMhlghes S5, O

partial palesemcevatleth ehecamae vhgrefthe partigl ;gmumaﬁ theedemnueaticmcﬁuppgsmi mum
| bl e | f th
al | owabl el ik inaﬂEedi %%g%efd%&ﬁttﬁ eﬁlrgédtlﬁég%% ﬁﬂeésﬂ}cf%llBQﬁ@Hfr{)@?c;ﬁgﬂ the

opti cal efene consi oppe uction of
det eri or ait M@nldshmn@d@*prﬂiélagﬁ@ cogling forbingasn Mian persumed by thandeteyigraiion

pressure le?) Ee'ék‘fng?gﬁtdnﬂ%mfb%@?lﬁgw&%édd@é S&Eﬂﬁ%ﬁlﬁ}d ii9 als8 PoPHIE gpriate nornal
| evel at or .bel ow ve maximumlimt. Oher techniques ar al so

concei vabioé‘tlﬂ‘ifhmfrﬁéu%lﬁgé’?ﬂﬁé‘ﬁ%m?%Slii’&’FffSF]&B gat Wi hege Bmo IR &derieaicat i on
suppr essiifghe ﬁlﬁfﬁal'}ﬂ@bsmrokﬁfﬁ &tﬁf@ﬁﬂﬁ@uﬁﬁ@ﬂﬁg{@sl M@p‘hsaibte tpaet the lstanr essure

foll t d t t

Lot R o P S 0EA P o P SR BB " %
reduced. Bpidaliptdseat lof theicbating foaingruas adbineretsed te andd aboee A pravorshtsebn of
deteri or a\; I&nbﬁyﬁ%ﬁﬁﬁﬁyge?er : ggéséﬂle {cpseeE gsfaﬁm@?w‘h&ﬂ%& hght%f)ﬁfcgase in the .

partial pressuré o ration suppressing ossible to
set the sippatatus$P opheatdsiie iradlinte Exirerad ulfrrgiokérays ﬁ(bﬂﬂ&trﬁ&pﬁcfs\(mm’ﬂé sing gas to

an appr opil.atfs thfine nahihstod é}ﬁicap@fs{ehﬁéo @d’cﬁﬁe@ s cﬁecﬁf)n bbcd Q?sitélﬂg of OL m ng

gas has increased to at or above 1Oig(ious ﬁ‘é’uf but,, at t
time, it GOEAISENHs §1%61 B eyiraee uleeifiolstgysinetomn 2 10 HrReUHH ce
appar at uscx&»&ht@ﬁ&éaicﬁan t&cudsﬂ Betivadibthe efegibRitioh blipbréseingtgak,amd organidie
respective 9 tical 3 that the illum nation optical system 60 and

the proj st G&Bfiﬂbea‘iar Bn 70 conprise. In this case, the extrene
ul t ravi ol[@043]ays appedific erahipde, intle cate phanwitradyciion was performed so that the

partial pressure of a deterioration suppressing gas, which is a reducing gas, an oxidizing
gas, etc., is in a range of a ratio of 1 x 10”to 1 x 10® with respect to the partial pressure
of the coating forming gas of the organic substance, consumption, ete. of the coating
 forming gas was observed, and it was possible to avoid a decrease in the reflectivity of
optical elements 54, 55, 63, 61, 62, 64, 71, 72, 73 and 74. The reaction equation below
explains consumption of the coating forming gas and removal of the carbon film by the
deterioration suppressing gas.
(Oxidation of hydrocarbons; by oxygen, ozone, nitrogen monoxide, and sulfur dioxide)
2C . H,, ..+ (3n+1) 0,22nCO,+ (2n+2) H,O
3C,H, s+ (83n+1) 0O;—3nCO,+ (3n+3) H,O
C.Hyn2t2nNO-»nCO,+ (n+1) Hy+nN,
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oxi dati on-reduction reaction between the deterioration suppressing gas, and
organi ¢ substance and the carbon film [0043] In a specific exanple, in

t he case where introduction was perforned so that the partial R&sER26e000f
a deterioration suppressing gas, which is a reducing gas, an oxidizing

gas, etc., isin arange of aratio of I x 10-2 to 1 x 108 wth respect to
the partial pressure of the coating form ng gas of the organic substance,
consunptign, etc. of the coating n as was observed, and it was
possi bl e @@}év@+d+d“é%€%é3§b& #h%ﬁg Vgégﬁvity of optical elenents 54,

55, 63, Qkﬁ&ﬁﬂmnﬁﬁhyiécmﬂahsBﬁhﬁmﬂg&ﬂ. The reaction equation bel ow

.expl ai ns (ﬁ rrptl of E}Deslﬁoa at | orm ng gas and renoval of the carbon
filmby t e o Qtl ﬁpr gas. (Oxidation of hydrocarbons; by
oxygen, dFbreenativint o'fdg'dmcmhocsglbdda,ydmgdn flubfide andi roteoghe)fluogideH2n+2+ (3n+1)

02- 2nCO2¢ n+2%i§2|£9(n+1) 1 (3051) O3 3900+ (3n43) H2O

CnH2n+2+2RRO- 2%h PFnN2 1 00 CnH§n+2+n
SR- - >NCCR LnkPistH2 t ReB ¥t or M Gyiilr ocdrbbhsT by RyldBdgéh) CnH2n+2+ (n-1)

H2-*nCH4 ¢ b&idﬁ%ﬁeﬁ&ar%ﬁfm@%@g& RO ankddhife h@ﬁﬁﬁxf oride and nitrogen
fluoride)  CnH2n+2+4nHF->n 3n+l) H2 3CnH2n+2+4n 3 3nCF4+2nN2+ (3n+3)

H2 (Oxi dat B3 S2r bon fil m by oxygen, ozone and nitrogen nonoxi de)
C+02- * Q023 & €+2@3;3 B0 C+2NO- C2+N2  (Fl uorination of carbon film by
hydr ogen (fél u%rlﬂgf a(? n| trogen fluoride) C+4HF-' CF4+2H2 3C+4NF3- +3CF4+2N2
10044] Th na |oﬁ i Fen5|ty sensor 88 is a photoel ectric conversion
el ement s{Ethrmamna)fmlaﬂtoorﬁ]h'm bphydogar Tangednd oitrgenlflueride) pl ace and renove
on the Op(tgl calyg i)roj ection optical system 70, and it makes
possi bl e The msasurerre‘ht oTH he intensity of the exposure |ight by
converting Gopt4 8bF sPgh&l 8 40f 2t'le extrene ultraviol et rays, which are the

exp ?s ur <79 (gboagﬂ]t ThB %&ﬁﬁ@%ﬁéﬁ%@y%@m ik atpﬁaﬂo@rec@lfc cbﬁﬁerﬁbﬁhl%ﬁieh@s%cﬁ pti cal
system

el ectricdfa g’i%%‘éﬁp(i*a?ﬁé%@gregﬁ?ﬁ SFP P]i%Fﬁ %"rﬁ];‘ig’g’]?g’%gﬁ ‘{P%rgallf? d}féﬂ%t ed under
t he cont mebjc@fontdpticelanieml 700 pinhit atakes Sésibindtle infeasurement of the intensity of

the exposure light by converting optical signals of the extreme ultraviolet rays, which
are the exposure light that passes through the interior of the projection optical system 70
.(speciﬁcaliy, reflected light from the mirror 74), into electrical signals. The illumination
intensity sensor 88 is operated under the control of the control apparatus 90, and it
outputs the detection results of the exposure light to the control apparatus 90 at an
appropriate timing. Note that the illumination intensity sensor 88 is not limited to one
which directly detects reflected light from mirror 74, etc., and it may also be one that
detects scattered light from optical elements such as mirror 74 that the projection optical
system 70 comprise, etc. In this case, the mechanism of the illumination intensity sensor
88 for placing and removiﬁg on the optical axis is not necessary, and the increase in
‘detection strength shows a decrease in the reflectivity of the image light of the optical
elements, that is, deterioration of the optical characteristics. -
[0045] Here, in the case where the coating forming gas and oxidizing gas discussed
above are present as the atmospheric gas of optical element 54, 55, 61, 62, 63, 64, 71,
72, 73, 74, etc., carbon film and oxidation film may be formed on the surface of the
optical elements in the presence of extreme ultraviolet rays, and reflectivity may be

_decreased over time. For this reason, in the case where the illumination intensity of the
exposure Jight is monitored based on the detection results of the illumination intensity

- sensor 88, and the illumination intensity has reached at a fixed lower limit, the mass

“flow controller 86e comprised by the gas supply apparatus 86 is regulated to introduce

14



outputs the detection results of the exposure light to the control
apparatus 90 at an appropriate timng. Note that the illumnation
intensity sensor 88 is not limted to one which directly deteck®06-@425¢4 ed
light frommrror 74, etc., and it may also be one that detects scattered
-light fromoptical elenents such as mrror 74 that the projection optical
system 70 conprise etc In this case, the nechanismof the illum nation
intensity sensor. and remvin he optical i s not
necessar s RIS ArepLaletrit Rl SopRae B CrB Al i 11 he
ref | ect i vBdcyto die taogum maytziner §hiThefantduet afdtetarmkationlseppmssing gasantradeced

det er | oF Bk OhorhfcdRbhaA 6 0AL BENSHS e SurbBMRn Y Surlfh 415 Case
where th gas discussed _above are
present a@ttchleelenfrm%f;mvebq r@m@agd o m@é@tilcmaued@qt@ﬁe@nthenmdg@on Blm othe 63, 64,
11, 72, sffacekbf iR &ptlcapéélﬁ@xﬁs bard w8 &ﬁﬁv@d‘bf’ﬁﬁbl@ﬂhﬁ%h' IR-B8ctBR ofOr med on the
surface of the  optical el enentgéln the presence of eF%W ﬁne ul.travi ol et

rays, andiSiEIOraion SYPPRpssiRg Ea5&an e & AW sk timingatt walithson, in the
g as ed\/\herm}]ehﬁ@ dfithel es;lmtmeqrght Hésﬂ::}ﬁh E\edueédl fol¥® or Bl P@2Uatel thgihas beenoni t 8 g ed
ased on .t results t he. uni n on int sensor
and the iifY e B3 1 T PSnlaraaia R oo BRilet sl e mass
fl ow contapgb:la&rs SBGJ@eramsm ma{hlatbyxtrdme yasvislep pyy tafpacspecsvedptica regul ated -
to intr Ode'i'&ﬁ njtst P{ﬁg 1l a&& ?33@ eggéd %@B@g@&loﬁfopﬁ@ﬂ §tt91[1 %)' on
urc

suppressing gas 1rom cuum cont ai ner
84. The aopuMise. dflﬂuepeqe;@p@tctr@me ulipapiokel sivplayathe role POBNPEWEDEERL 0 t he vacuum

cont ai nerg:8dhtiof-réducion ?éé@!loﬂ"ﬂéﬁv@eﬂ 148 d@t%h@ﬂﬂﬁoﬁ 'sﬂlgré)s@mtg%s antl fhae@Bopf the

opti cal fl nts can e rermvwg by oxi dati on-reductjon, or the oxi dati on
filmon tH@ thepa%?e‘é’ B> B oA R e Al Bmatn Bisas th§pnsor
fl uori natggothe 111ﬁlhfr@.ddﬂiﬂt&ﬁ1t9f3fﬂ‘[é%kptbsu@é laghtqms fMRpEERS fgvigady eavalue at an

appropriate timn um na i ten3|t osure |ight
nae. boen ke Pestisl Shre s 0BT e e Rhak HERLE BRI, Arce. Bt
in this cessiorationissppksinggsdn Heeratwurs eontainst & tosthe axtehivrcindtihietopitlght sour ce
appar at u i a ys to the

respectl jjeg)%[ %‘ t?é&afl%c%éln{eaﬁ&% trga{c‘léﬁ%]l? ﬁ]ﬂﬁl{é’glﬂ%@{o@%‘?@g‘l system 60 and
the proj d6@4&n I@ptsmcaﬂ'lc expanenit the cgemivhere entrqc}ucmq’ﬂ wagpformedh so Byt theme

ul travi ol Bt pyessidk ayth%faeteﬁe&a%oﬁfsuﬁremgl 9, mch%ﬁaaélﬁ gAsegyCt i on
reacti on between the deterioration suppress gas nd t e carbg) film 1In

the case OWfEZIBE 2asorp ﬁ%{gmafmega%%ﬁ@r@ﬁ{lg atlﬁeor) L ermiOnat | 307 WiBnsi ty
sensor 885pet:the thd Ihaﬂﬂ&l@ﬁéﬂsﬁﬂ& dflﬂieﬁib&tlﬁ%fcﬁﬁuﬁgf@s%flﬂmgﬁnb fistanb@ st wat ur ned

exnautt  dspanate Eise s Ensedle O RuceBe B g, 1o RTSkA e ho 548 i the

vacuum cantididner 84 to the exterior and to stop the progress of the

Oxi dat | o068 %le%@eﬁafl%@éﬂaﬁﬂnﬁgﬂ. g]‘? L{'%%%s BBwhSRE. Oif‘wﬂi 046] In a

specific e uction was perfornmed so that the
explamed below. In this exposure apparatus, a mask MA is illuminated by illumination

light from an illumination optical system 60, and the pattern image of the mask MA is
projected onto a wafer WA by means of a projection optical system 70. As a result, the
' pattern image of the mask MA is transferred onto the wafer WA. At this time, the
_partial pressure of the deterioration causing gas, which is an oxidizing gas or a coating
forming gas, is monitored by a mass spectrometry apparatus 87, and a deterioration
suppressing gas is appropriately introduced into a vacuum container 84 from a gas
supply apparatus 86 under the control of the control apparatus 90, so it is possible to
maintain good optical characteristics of the optical elements that the projection optical
~ system 70, etc. comprise for a long period of time. In addition, decreases in the
reflectivity of the optical elements that the projection optical system 70, etc. comprise

are monitored by an illumination intensity sensor 88, and the deterioration suppressing

15



partial pressure of the deterioration suppressing gas, which is a reducing
gas, an oxidizing gas or a fluorinating gas, cones to a range of a ratio
of 1 x 10-2 _ 1 x 108 with respect to the partial pressure of FRe-8621Dhg
form ng gas of the organic substance, it was possible to restore the
reflectivity of optical elenents 54, 55, 61, 62, 63, 64, 71, 72, 73 and

. 74. [0047] The overall operation of the exposure apparatus shown in FIG 1

i h k MA
] um mar SN R Su el 6 SEBRRPERARPRRRI R Rl o5t em o0,
and t he p@cmt%mm Strvader thé comtavlmﬁﬁic cwnirolsapparatjsét Ehroupl ﬁnsaamaélbnt i"WA by neans
of a proj &%Elb%’lo?lgilﬁ |go%}ﬂ%bﬁﬁaézﬂar]gé§n€\1&§ %gj:ﬂe OIEIlEQ%lenPé?Mtﬁﬁﬂhé mage of the

mask MA i's trans onto t arti al
pressur e HPleEh@n @lﬁt‘-‘@}ﬂ@m 7O retc semmprss fgna longmesind 0§ tims- oxi di zi ng gas or a

cogtl ng [oosgy Hﬁt%ovb&h@@ﬁﬁl&%@ﬁwﬁyf&dﬁf’e% o§.9@§ a?df@ét gWarﬂ%d ahpbitde Szcuﬁqu
- a deteriora press r In oqauce INTO. a
Cont ai nerm@hoq png o @ffﬁb&g asb@srfgfrag Y6 ﬁﬁsﬂnw CRBRE FEDASE of he
control apparfadtusn®@misenduttor Seviesaint lothet ﬁncrﬂ‘ﬂd:v‘i&alvﬁt}glﬁlghi irgratiual byl
char acter | e nt at el tica syst em
ot s fidn 8h oL RSuRRILEA BhESREIRhl: bl PlC S bR e | D710
ref | ect i vhenufaftureth &y gpinigabtough ewientof pedfierming desigrojec of mmr@ctnvwcal s%st emd70
etc. COIIpf!i]}:l [ an
t he deter] o?tgjtnls?)%&g% reagg'*le l@f)s%@teg (Jfgl{gf@f%gﬂﬁ ar}hérom e gas suppl y
appar at uslesignistepg§ 1Y pﬁ‘ Ptap éfprepﬁinﬁﬁjﬂ@é@atﬁ rhef 1§>Wew%fétﬁmﬂn"éfb‘?h itkfer 84" under
the cglnt ke RbtetiBPoBE HEALe EAD3Y, 8k 'é%p&@retp-%ééé?iﬁg steBio$ eﬁ}ﬁasﬁ@!{ﬂatg%ﬂntog Z et
0SSl e (0] characterl stli |
Phat ¢ o PoPBRe A ROBSERERI A FE thamposice iparanh Pube FOPOMBg per i od of
ti (rjre [ 0GH&sded abbree (F104p a detiee asspinblyasiepost coagpldting t(h;és\es:llepéllamt iR ?g\e?g 2t gs 10
an an e
ovi oo manndhe s IR LAY, HORpEOTE (00 o A SRR ot 6B es and
ot her ni debeiingeesnvily (S106yNdtethaga dicingrstépy a besding stpchpahaging sspr e
appar at U%tclg: !%%El%ll%ll deli 111 &Uf&%sée%lbg} %p fsm 3 .crodevi ces are

manuf act ur e gol rough a step of desi gn etc. of
ni cr odevile@49lt ﬁéﬁ’ir"@ﬁ%t IHYﬁJltﬁ%r"Yaéleﬁﬁlﬁ@é esvording fo thegbays erbadimentabituri ng a .

mask MA hﬁ@p@s@m nivléhﬁon E%t Eﬂut%& apthé §bé=&%mbcﬂnﬁélﬁpF&fexﬁih§Eafﬂ A8 aBove
substrate, bgg is the base material of the device

(5103) oo pbRetly WE €Y Ghvih esehelap AR SRS PRSI Uik A on
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bondi ng %kﬁ&w@li@ﬁ.cllﬁﬂ?s RBseSds&Hll, it is possible to effectively prevent deterioration of

optical characteristics including decreases in reflectivity and decreases in transmittivity

~of reflection type or transmission type optical elements that the exposure apparatus
comprises, due to oxidation and carbon deposition by controlling the operation of the
gas supply apparatus 86, the mass spectrometry apparatus 87 and the illumination
intensity sensor 88, etc. by means of a control apparatus 90.
[0050] In addition, in the above embodiments, the corresponding deterioration
suppressing gas is introduced into the vacuum container 84 by individually determining
the results of monitoring the oxidation deterioration gas, the results of monitoring the
coating forming gas, and the results of monitoring the illumination intensity of the

. exposure light, but it is also possible to review all of the results of monitoring the
oxidation deterioration gas, the results of monitoring the coating forming gas, and the

- results of monitoring the illumination intensity of the exposure light to determine which
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etc. are normally included in the device assenbly step (S 105). [0049] The
present invention was expl ai ned according to the above enbodi nent but the
present invention is not limted to the above enbodi nent. For eﬁ%ﬂ%p

t he above enbodi nent, an expl anation was given with respect to an exposure
apparatus that uses extrene ultraviolet rays as the exposure light, but it
is also possible to incorporate the gas supply apparatus 86, mass

spectro [ Y, et c.
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[ 0050] | nulaadblei mays as metehposath@h@temsedplamaﬂ,shut ithealso posgio tedineayporate
det d I 84
et 10 S0 BHBRE 9% G5 L ] ACHEH I L AU G
det eri or athown lg&G ]talﬁttc ,rle@uﬂ nrejeeﬁonr@mos@mapgﬁmﬁuethatb@sﬂlltg&vmi?trfﬁwg gas, and

the resul Jtﬁer%aﬂ@ﬁfehﬂrdlﬂ&lélléﬁra% %@ﬁﬁdsﬂfé lﬁg'htt gl 1% 9&31151@?0 cdidgpsur e
l'i ght, bg%¥ Is al so passible’to reyiew all” of the resu tsg%f nonitoring
t

the oxi ditartsretinsditheoredestinn Gascterinicsaldg ?elcalre FOFRE BSENGEHIE coat i ng
form ng gashonalRfodilien, efc by nican®Obf tho BArhOtyipd @f hidgsphdridonab] Athe sbeasi ty of

t he exposure light to determ ne which 16 FP06-0425-00 of the reducing gas
or oxidizing gas to introduce into the vacuum container 84 and to introduce
these gases into the vacuum container 84 until effects becone apparent.
[0051] In addition, it is possible to forma reflecting film etc.
consisting of a single layer netal film etc. in place of a multilayer
filmon optical elenents 54, 55, 61, 62, 63, 64, 71, 72, 73, and 74 and on
the mask MA. [0052] In addition, in the above enbodi nent, an apparatus that
uses extrene ultraviolet rays as the exposure |ight was explained, but it
is also possible to incorporate optical elements 54, 55, 61, 62, 63, 64,
71, 72, 73, and 74 and a mask MA, such as those shown in FIG 1, etc.,
into a projection exposure apparatus that uses ultraviolet rays other than
extrenme ultraviolet rays as the exposure light, and it is possible to
control deterioration of the reflection characteristics of the optical

el ements resulting from carbon deposition, etc. by neans of the sane type
~ of atnospheric control as the above. 17 FPO6- 0425 00
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Clainms [1] An exposure apparatus control nethod conprising a step of

noni toring an observation elenent that reflects at | east one of causes and
i ndi cations of deterioration relating to an optical system of t#kBoeXf&0Pe
apparatus and a step of introducing a deterioration suppressing gas that

i ncludes at | east one of a reducing gas, an oxidizing gas and a
fluorinating gas, into a container according to the results of nonitoring
the observation elenent. [2] An expo§ &Sapparat us control nethod according
to Caiml; characterized in that t observation elenent is the partial
pressure bl a dan expastestaporragesningl rgethod bamprising| udes at | east one of
oxygen, wat er aDdeRBf AbSEE AUBRERIES 41BmbAehA PRI Teast\Rle ofRGGRETOdat es

t he opti cal stem and the deterjoration suppressing gas Is introduced
into the %Hp C?Fé%nsé’ééﬁt%?%o? gelatingdoapoptical sEYCTROR fESHPAYTS eparatus

det eri or agidon causing gas so that the partial pressure of the
deterioration s S as cones .to have a ratjo,in scri bed. range
Wi respect t BBk RETTaRtkiGE S g EaERaT o et sre LA eR e L P lgas
t he cont ai redncing 8hs, An oridjxisggas andpaiwirinatiengds) mito aesitaiderecorddigty theo C ai m

2; charac e tion causing gas is an oxidation
deteri Ora%e?%lﬁ%%drx?ﬁr@&ﬁ[ecfb@%vgt% él Iglétgtt one of oxygen and water, and the
det eri or al2i on s‘tﬂpgﬁmsﬂer@gpga@swgmaﬂﬁ nosthethadcordingiei Glaim hgchgeasterized in ncl udes
at | east q@pe of a reducing gas and a fl uor| nating gas. [4] An exposure
appar at us control met hod accor di ng Claim 3; characterized in that the
ratio in a pre8epp mﬂpaﬁge@%wéb? ﬁ@ﬂ@bpr@ﬁereo@&aoﬁéﬁrwuwﬁamﬂpg g thals as the
det eri or ahtladessdt Mgﬁ@ﬁl di'@xgg’éh nitel AAdhA oigaﬁfé"sﬁbsitﬁlcé i theQdntalre} (A exposure
appar at us contrg ﬁﬁ rding, to Claim2; characterized in that the
det eri or AATEA™E ﬁg% §2SES 1 MeYB i ng forning gas that includes an organic
subst ance, andht ﬂeteﬂmaeom suppéseing ap priesedusgd gmmes:oatamhcomgdmgltmw ng gas
that incl a
Ftor i nat agysEbeitnae SuefublBl Chilihedis so A B Lkl BSERSOERE 7,

Cl ai m 5; dﬁlﬁ@m@t@rwmsamg gastvames fehavgta retio map@sqrﬂsdmng@eﬁth weApest foel at i ng
to the C%Ebﬂﬁa%ﬁ%\éf&ﬁ‘tﬂ@&et@ﬁmﬁﬁ@n cAIRIrS da0 fithb ABnatHePr €5Sing gas is from1
x 10-2 to An exposure aﬂgarat us_control nmethod according to
Claimi: [Bhar ae%rbq:);pgéwe ,aﬁpar@qqapontrol method according to Claim 2; characterlzed in

that the deterioration causing gas is an oxidation deterioration gas that includes at least

cne of oxygen and water, and the deterioration suppressing gas is an oxidation
inhibiting gas that includes at least one of a reducing gas and a fluorinating gas.
[4] An exposure apparatus control method according to Claim 3; characterized in
that
the ratio in a prescribed range relating to the oxidation inhibiting gas as the
deterioration suppressing gas is from 1 x 107 to 1 x 10*.
[5] An exposure apparatus control method according to Claim 2; characterized in
that _
the deterioration causing gas is a coating forming gas that includes an organic
substance, and the deterioration suppressing gas is a coating removing gas that includes
at least one of a reducing gas, an oxidizing gas and a fluorinating gas.
[6] An exposure apparatus control method according to Claim 5; characterized in
that
the ratio in the prescribed range relating to the coating removing gas as the
deterioration suppressing gas is from 1 x 10%to 1 x 10,
| {7] An exposure apparatus control method according to Claim 1; characterized in
that
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18 FP06-0425-00 the observation elenent is the spectral characteristics of
at | east one optical elenent that the optical system of an exposure
apparatus conprises, and the deterioration suppressing gas is i REPQ B0
into a container that acconmmodates the at |east one optical el enent
according to the results of nonitoring the spectral characteristics of the
at |l east one optical elenment. [8] An exposure apparatus control nethod

according to anye HerRtio Héﬁt sthet e ﬁ%h&c@ﬁ&fc@%%g{fegﬁgn tﬁcglat t he
ae%m h on t st one

optical system accommo e ainer 1s used in a
wavel engtdemem dleat theomtisalorvgtenl eframexppwire pppeatusremprisesne ul travi ol et rays.

[9] An exposurgdird faetiditiod prméaanggﬁ@ﬁ bt RRIGEST td MBAR2iA8 BarSUbSL T at €]
conprising a st nopitoring .an observation el enent_ that ref|ects at

p_of .
| east on@ccwgﬁ%@e&h ast e ORtica) slement apcpedingsiodhs grsultepnenifpring e,
gpti‘c_al Ss}ﬁ_&&tﬁﬂfblﬁaiﬁct&msufﬂle@ﬂ%ﬁﬁ@%@pﬁiﬁﬂlgieﬁieﬁﬂd:mi ng into Ehe Cogt ainer a
eterior on suppressin s that . inc es .at | east on a, reducing
Gas. an OB o iR RR R AP AEES GOTTo e Tns Hsae B AaY ABS Of GRITE!  esul t o of
nmoni t or i rigrowgk 7piwesckatzedim taement . [ 10] An exposure net hod according to
Cl aim9; charagf.er] i i L] tial
pressure of a glge'te@til?cgfrjsgts @%@éﬂ’%‘@a&gz‘g&t\éﬁctgt‘ﬁﬂ}eﬁzﬁqég‘g%“ %‘? e%ggrgé[' one of
oxygen, \iavelengiidange segamangsiipstiepicays andextremeailtrastiolehrays. accommodat es

the optiqa| SyHreipodnd nld¥odiBl Bir®P4 halk SRR RiSsple M LfdBstate Nt r oduced
~into the container, accordin to the results of nonitoring th

det eri or at i on CHWPESRG agip anenloring 3a opgaryation e&%ﬂé@tﬂérﬁﬂeﬂ&aﬁfﬁaﬁ one
det eri or aificauses uppheRating daetgiofi@idnirelalidy® a dplithlGybemafopEgseidchad range
with respect t tt}e tﬁa‘t{Bt?i al. ressure of é%e.deteri orati.on catglsgang gas in
t he cont ai ner .as?efﬁ IR B BB P REPTHAGC L LB AL Y TPRISFHE 825 WR%r act er i zed
in that tindudds sieleasttone of e Iredveintg gas, dnhexidipiag paaindchHnadtating gbs axonfingt | east
one opt ‘i@!ther@éx&ﬂg%ﬂnoﬁlﬂéﬁn%ﬁl% o%Béﬂv&@dneaéGﬁé m conprises, and the

a g gas 1s’intro

deterioration suppressin _ uced into a container that
accomoddi@s atAn expesure methyshdceending te kdaim Yobaradieriged o thife resul ts of

moni toring t he theShRekhfbn SBRELAGCE 8 phittal s bEdAErH888H cARRL AL 1ad!
el enent . [q]l}%eﬁAn exposur.e apparatus conprising a |1 ght source_that

gener at edndlpdpsat lashope of pyyaen; Weisr gRe e GBgRiA SYRstge 312 gentpagihat one of
ul travi olaetoniaydaiedtle epficadg¥statht ravi ol et rays, an illum nation optical
ts ?ZLEP e'; ’hat g%‘n&' fi delte%otratlso%usg];:)gre!sslilggh;tgasfisr; ?nq}ohggecf ilni%htthe 2ontainer a(;[cgrd?ngnas k for
to the results of monitoring the deterioration causing gas so that the partial pressure of
~ the deterioration suppressing gas comes to have a ratio in a prescribed range with
respect to the partial pressure of the deterioration causing gas in the container.
[11] An exposure method according to Claim 9; characterized in that
the observation element is the spectral characteristics of at least one optical
element that the optical system comprises,
and the deterioration suppressing gas is introduced into a container that
accommodates at least one optical element according to the results of monitoring the
spectral characteristics of the at least one optical element.
[12]  An exposure apparatus comprising
a light source that generates light source light in a wavelength range of at least
- one of ultraviolet rays and extreme ultraviolet rays,
an iflumination optical syStem that guides light source light from the light source
to a mask for transfer,

a projection optical system that forms a pattern image of the mask on a substrate,
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a projection optical systemthat forns a pattern i mage of the mask on a
substrate, 19 FP06-0425-00 a sensor that nonitors an observation el enent
that reflects at |east one of causes and indications of deteriofaY¢8H>-00
relating to an optical systemthat includes the projection optical system
a gas introduction apparatus that introduces a deterioration suppressing
gas that includes at |east one of a reducing gas, an oxidizing gas and a

fluorinating gaas%nﬁﬁ(iﬂe&%d?ﬂorstﬁ JHEv R %I%hﬁgthﬁt%éﬂgcttssat é@a@fjox?e ShdeL!

appar at us tha contrf he operation o as 1 ntroduction apparatus
accor di nd P 4iFAtions A %‘%?W@ﬂqrb@lﬂtmg to F&QEU%SE%%F achdpatbhsruged®apri si ng
a |ight sqtitsieyitat generates |ight source light in a wavel ength range of

at |l east one of ult olet ra nd e tre ul.t ravi ol et
i Ilumnation St &E’E %@?%?RW&%/ tB%‘u 18‘6% YeEHh eteioratign F‘FPQ’H?SSLPE(&% ﬁﬁ% | i ght
source tincladeses leagtametorf ansfueing gasmajsediingzaomid €fhornating @rd fmbrdigy N t he

pattern Hg?gqn : on a substrate, a sensor that nonitors a parti al
ressure o oration causi ng gas at includes at |east one o
p % t hat | ud t | t f

oxygen, water anémoatmolcapg@natl@ thallsentznls thei aperrtion of therges inttedtcticac commodat es

at | east 3pmBnQRtdRdhg & BEBMSolihe@safPng the illum nation optical system
the proj ion opti ca% ystem and "t he nask, a gas introduction apparatus

t hat int ucesAI‘anéé?E? PWW%?PWW%S& ng gas that includes at |east one

of a reduci ng adipht scﬁmcaxhhtogeﬁbﬂmsgi%ﬁt @ﬂﬁbeahghlt 4P4 LaRdlbdgh Sge bbhiOeide
cont ai ner ratu t sets the partial pressure of the

R
det eri oré’PFSﬁ%ﬁgﬁ]ﬁg‘?é@’élaﬂg g’g‘?nﬂ} etlr@mr n a prescribed range with
respect to thenpérinatiopomialsystenf thahguidedight sarad iign foautienighgasirden t he
cont ai ner, Qﬁagg%rt&hlsq ’Pg the operation of the gas introduction apparatus
accordi ng to the res s of nonitoring the deterioration causing gas. [14]
An exposur e apPaeiagtips eptiedrsuibtan thet foiras the patterolimnageokthe redk bmat hat t he
deteri or afp@ReCausi ng gas is an oxidation deterioration gas that includes

at |east one of oxygen and water, and the deterioration suppressing gas is
an oxi dati on PRFFSF HehgogHers apartial prassire of a deteripration sgnsingrgas thasduci ng gas

and a f| uelhidesbi gt 986 of dxbfzkn ARater BAG Wi BreaBRAUBItiReaf & @b athidgr thar C! ai m 13;
char act e czo?ndmclncpates a?ﬁeast some optical elements from among the illumination optical
system, the projection optical system and the mask,
a gas introduction apparatus that introduces a deterioration suppressing gas that
includes at least one of a reducing gas, an oxidizing gas and a fluorinating gas into the
container, .
and a control apparatus that sets the partial pressure of the deferioration
suppressing gas to a ratio in a prescribed range with respect to the partial pressure of the
_ deterioration causing gas in the container by controHing the operation of the gas
introduction apparatus according to the results of monitoring the deterioration causing
oas.
[14]  An exposure apparatus according to Claim 13; characterized in that
the deterioration causing gas is an oxidation deterioration gas that includes at
least one of oxygen and water,
and the deterioration suppressing gas is an oxidation inhibiting gas that inctudes
. at least one of a reducing gas and a ﬂﬁorinating gas.
[15] An exposure -appaiatus' according to Claim 13; characterized in that
| the deterioration causing gas is a coating forming gas that includes an organic
substance, and the deterioration suppressing gas is a coating removing gas that includes
at least one of a reducing gas; an oxidizing gas and a fluorinating gas.

20



the deterioration causing gas is a coating form ng gas that includes an
organi ¢ substance, and the deterioration suppressing gas is a coatin
renoving gas that includes at |east one of a reducing gas, an BX? Q:Ip‘HgSn%O
gas and a fluorinating gas. 20 FP06-0425-00 [16] An exposure apparatus
conprising a light source that generates |light source light in a wavel ength
range of at least one of ultraviolet rays and extreme ultraviolet rays, an

i1l um nat q@]n o %I‘)?‘%??%Iﬁ%%?%ﬁw”%es |l ight source light fromthe |ight

source to a r;gsk fo ection optical systemthat fornms the
pattern i mge aofeht RRreRibRt gracmtesdightsquagedichs ine wewelengirange uf eideastt he

spectral oﬁlhﬁfﬁﬁfaefdlﬁtraﬁfanﬂfexﬁéméﬁ&%"udl’éﬁa tical element fromanong at
| east some opti

el enents fhat are acg dat ed t he ¢o | ner and
that  the. k. REmEREh PR Saleap P B oS A AP og e lebbTees
syst em ccdopmask forarapafer,i nt r oduct i on appar at us that i ntroduces a '
deterioration S include | east., one reduci n
gas, an oxi di z%g%tgoél ééqualgs%tfﬁlgg‘? nfg{tfl% eé’& erpﬁ%ge ?ﬁfg ]?Q?He and g

control éplpﬁl‘tﬁ@t,us that controls the operation of the gas |ntroducti on

appar at us accgrgdhig tﬁa@mtoﬁﬁo{ s §RdA étrﬁfchHi%Efeh dsr?)?a{ l@gst%ﬁg%ﬁ lement_

characterjstics of the at east one optl ca el enen

manuf act dRoTh AR #derst shame erfcsl %{ﬁnéﬁéﬁlﬁﬁﬁ@ asppramataisd dribe ﬁ@ﬁlfﬁglet @ﬂd any one
of O ai mHa? thehhadkgthe@l@halién optieal system and projection optical system comprise,

a gas introduction apparatus that introduces a deterioration suppressing gas
that includes at least one of a reducing gas, an oxidizing gas and a fluorinating gas into
the container,

and a control apparatus that controls the operation of the gas introduction
apparatus according to the resuits of monitoring the spectral characteristics of the at
least one optical element.
[17] A device manufacturing method that uses an exposure apparatus according to
_any one of Claim 12 through Claim 16.
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