; ghij kl e3ez@| 6T@[/2 2 DEC 2003 DESCRI PTI ON METHOD FOR CLEANI NG OPTI CAL
DEVI CE, DEVI CE EXPOSURE APPARATUS AND EXPOSURE METHOD, METHOD FORZ 2 DEC 2003
MANUFACTURI NG DEVI CE, AND DEVI CE TECHNI CAL FI ELD The present invention
relates to a cl eaning nethod of optical elenent, exposure nethod and

appar atus, device and 10 device manufacturing method. More mm““ﬂwmm“mg
the present invention relates to a cleani Ag nethod suitabl em

optical elenments irradiated by ultraviolet light with a wavel enggdisnot-
exceedi ng 200nm an exposure method_and apparatus using the ultraviol et
light as illunination |ight 15 for PF&EEE%,TW a device and device

manuf acturing nmet hod by using the exposure nethod and apparatus. BACKGROUND
ART Conventionally, in the lithographic process to 20 nanufacture devices
such as senic Brs QR || ELBANINGal OPIHICAS, VDEVIGCELYpPeDENVICE
exposure appa&g{t us_have been used to transfer a circuit pattern fornmed on a

mask or reti cPERYBURE o AHRPARATYS! AN (BXROSURE et METHORgr e METHOD)
onto a substrag e r_o | ass plate. |In recent years, 25
however, % reg%)?ti jggﬁﬁquhéﬂfgﬁ‘ap t PEVASED on
a.step-and-repeat nethod (often referred to sinply as a stepper) which
transfers the pattern onto a substrate through a projection optical system
and a scanni ng_ type roj_ection 2 2 DEC 2883 2 exposure apparatus based
on a step- an@%@é I ko I(%@Pen referred to as a scanning stepper). have
beconme the nmainstream Wth these exposure_apparatus, as the required

resol uti on becones HWyREEE Sfite IRYG ARG RedP teRetexpiinan g ingrhasb &dnes

shorter, and AN ;exhosure a ar at us_t hat es. ArF excinmer. |aser |ight as

i |l umination9 R-'glhct L Wi I ey SRERH § PEPROAThERRA AN deV i st | y
bei d | : WY I Ligh ich h 10
vavelengrh e banda okl BULRLT,  oid per¥ibudBaty - afBngiment
optical path ;/R&hWfod he18RREIYol § ARSI mettlﬂég Eﬁ'ftgﬁfé Blo £ Ec‘:q.léla'r&xﬁ%gf or

exposure does not reach the substrate surface. In the current

exci ner | aseloptRRIUr €l eppat at Usraldd atfdfaechy vahy rhiapsker 1igHosglchhg mask
pattern 15 onto the substrate, the gas within the optical system al ong nost '
of the opticalavedtength reptacectedding gasnwhi cdn i BEROsaf-ef afié B1ESd ORNIES
close to 1, such as nitrogen (N2) gas. Al so, exciner |aser |ight

nar r ow- bande@ppPa@ ra twsy alsémgt khehithravsolpti bhght axyigdnunind togn i1dghsed as
the illumnation |ight 20 for exposure to effectively transfer the pattern
ont o t hel BSub$oraxrosuze prgide@ 4Ry iogend d ez arws: factuorider mechod
transfer accuyrately the pattern of the reticle onto the substrate, optical
el ements suckYadsing die Ptk deihod s appay@ B optical el ements are
housed i n housings and barrels (housing of a projection optical systen) ,
and outgas fromthese housings and inpurity within the environnent interior

of the optic H@'ﬂ u ter and organic contam nants to adhere by a
2 2 DEC prggéqés}rtrg aﬁrr%u%tqz#\ﬁ t he optical elenents) which cannot be

avoi ded. The conta@pfun RALS 18 hi o, abspe be@whggfé\éﬁ%h:sg&o@égismerto

light, so with an ArF |aser exci'mer exposure appar ransmttance of
the optizal swshERARGLA89ScBECAUSE aQf séffconductors and 1iquid crystal

displays, various types of exposure apparatus have been used
to transfer a circuit pattern formed on a mask or reticle (to

be generally referred to as a “reticle” hereinafter) onto a .
substrate such as a wafer or a glass plate. 1In recent years,
25 however, a reduction projection exposure apparatus based on
- a.step-and-repeat method (often referred to simply as a
stepper) which transfers the pattern onto a substrate through

a projection optical system and a scanning type projection

T
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5 contam nants adhered on the surface of the optical elenents andzﬁpbgctﬂﬁa
image quality of the optical systemdeteriorates . This resulted i1 a
deterioration of the pattern transferred onto the substrate and in the
yLel d decrease of mcrodevices such as integrated circuits at tines. 10 It

i s acknow edged that by irradiating ultraviolet |light having a wavel ength

t hat does not exceed 200nmli ke an ArF exchner | aser beam onto an optical

el ement with contam nants adhered on the surface, the energy of the
ultraviolet Iight breaks down the organic contam nant structure and cl eans
the 15 opti calexdasyr . apparacugubpaead ercianstdrasend -ecges uret raphalet ten
prior to the actual exposure, the exposure light is usually irradiated onto
the optical el®&aHReEE03S o8 HRRE bR SIENRSY e BAVAP SARNG ERSVEa it ream.
contam nants fromthe surface of the optical elenents. 20 Wth the c]eaning

met hod described abdVe:" of MHiteaki SEPIHE CoRRRATAIMS st raftt uFRe byr YHE B8fer gy
f th | t iolet. light,. h b | i ffici t

oufFici ont | adPSAR R RO THEEE b1 BERE ) Aeh ST ReER ho e [EPI % R

i di at edcby . | . Thi d 25

Laagcggsgrg ééﬁ&gﬂgéﬁgﬁﬂgﬁ%r%@$%%é€;f$€@éﬁ€§¥£§9%UE%Zﬂ&%%%gﬁ%% Eﬁgkgﬁ%%%

material . The flafr €388 ridy ORGI Orifi%fhfti ngncmaﬁéﬁamher1%1199%%?1%9 a
u ed

factor leading to a cost-up Iin manufacturing m crodevices |1 I ntegra

2 2 DEC 2003 4vhidXdtidgsh The Rippy@dinabeantii anshas begn 88fehPly being

consideration of the situation above, and has as its first object to

provi de a cl eatgveflapédiod that 5 sufficiently cleans the optical elenents

within a short period of tinme. It is the second object of the present

invention to provi ddWith eveesume péthediahdtappdvil usl idiat odrichnphase 4 he

yield and productivity of mcrodevices. 10 It is the third object of the

present i Afentiarekenpviee exeeedbeev?¢enmn waerhtkefé nes palt efoxygen)

formed with high precision, and the device manufacturing nethod for

i mprovi ng the PYRAUCEHIS WA AT MPsE €. ths PRerIvSURER RO T RRENTHDN

According to the first aspect of hﬁ éoresent i_nvention, there is provided a
t

cl eani ng nmet hdd OERGT WpEEasL Téfe XRASHTS €o5FrBAGFFLAGT SheoPpEPEEFa bt h

of eXposureliéﬁgfag@?regg, in the current ArF excimer laser exposure

apparatus, to effectively transfer (expose) the mask pattern

15 onto the substrate, the gas within the optical system along

most of the optical path is replaced with a gas which index

of refraction is close to 1, such as nitrogen (N,) gas. Also,

excimer laser light narrow-banded to a wavelength which

absorption of oxygen is low, is used as the illumination light

20 for exposure to effectively transfer the pattern onto the
substrate.

In a projection exposure apparatus, in order to transfer
accurately the pattern of the reticle onto the substrate,
optical elements such as mirrors and lenses are used. These

25 optical elements are housed in housings and barrels (housing
of aprojectionoptical system), and outgas from these housings
and impurity within the environment interior of the optical

system cause water and organic contaminants to adhere by a



20 a barrel housing said optical element is filled with a first gas DEC 2003
cont ai ni ng oxygen, and the inside of said barrel is irradiated with
ulLtraviolet light for a predeterm ned period of time, said ultraviolet

| Lght having a wavel ength which is absorbed by oxygen. 2 2 DEC 2003 5
Wth this nethod, ultraviolet |ight having a wavel ength, which is absorbed
by oxygen, is irradiated on the interior of8 the housing for a predeterm ned
period of tinme. The oxygen contained in the first gas 5 (gas contai ni ng
oxygen) w thin the housing absorbs the energy of the ultraviolet |ight,
gener ati ng ozd2 by aMREnShEe JdfefPEaral cd@maiH: s aWbichec anadabeavotdetone
rinses the optical elenents so_that the contam nants on_the surface of the
optical el enermti® FOFAHRARES PRYS 2nR1D I/ATRENY SRRt LreeBrexrcinesl y

I d. ' I ' it b | bl I th tical
Cl amonts i1 o ST orSbaPt BN BF £1He tURparRE I FOTREE KU B fthod

el erents in a Sibfter peft Onpar L g
osul ing i n r SdutTh o oo ob Fo ehnce 7 5t Y bt el digRCor he

the ultravisol edol ¢ £ n £2Ps DEaKl F &€& 1dYY dHd adi3led 87 the gptical & erens

wi thin the housing, but it can also be irradiated on the gas Interior of

the housing. WAd thive £ReNBlafaglaliBe QO thkrost £l afy sttt HEOaPi Srates.
contam nants can be broken down by the energy of the ultraviolet |ight,

creating a cl eetnd sigreddPeéd aim tah @ eapiriioala talognemft Shet Bastetn NEF&én €f d £€éd ve

cl eaning can be expected. Wth the latter case, the danmage to the gl ass

mat eri al can benfarthensstretecedd in the yield decrease of microdevices
such as integrated circuits at times.

10 It is acknowledged that by irradiatingultraviolet light
having a wavelength that does not exceed 200nm like an ArF
excimer laser beam onto an optical element with contaminants
adhered on the surface, the energy of the ultraviolet light
breaks down the organic contaminant structure and cleans the

15 optical element. In the current excimer laser exposure
apparatus, prior to the actual exposure, the exposure light
is usually irradiated onto the optical elements so as to
perform self-cleaning and remove the contaminants from the
surface of the optical elements.

20 With the cleaning method described above, of breaking
the contaminant structure by the energy of the ultraviolet
light, however, the cleaning efficiency was not sufficient,
and to improve the sufficiency the optical element had to be
irradiated by the exposure light for many hours. This caused

25 an unnecessary decrease in operation efficiency, and even
damaged the glass material. The decrease in operation

efficiency, as a matter of course is a factor leading to a

cost-up in manufacturing microdevices 1like integrated




2" 2 DEC ppp3 6 According to the cleaning nethod of an optical elenent in
the present invention, on irradiating the ultraviolet |ight, the?2fd PEC 2508
wi.t hin the housing can be replaced with a second gas which has a higher 5
concentration of oxygen conpared to the first gas. In such a case, the
ultraviolet light is irradiated in a staye where there is a sufficient
anount of oxygen within the housing, and the anmount of ozone generated by
t he phot ochem cal reaction increases which in turn, 10 inproves the

ef fectiveness ofCEf@anifig the optical el enents by the oxidation of ozone.
Al so, in the cleaning nethod of an optical elenent in the present
invention, the first Gas wiresientt heveauisiony hean Heerr epldecedr with a third
gas, which contains 15 oxygen and ozone, upon irradiating ultraviolet
light. In such a@asejetdiei ot toAvVitod editughion sabsvadiaidchan dheitsteri or
of the housing in a state where oxygen and ozone are in the housing. And by

the oxidation ofrpzonegpaer at & Ryy ot Hchedd walg neaatdonergnd of ozone 20

originally in the housing, the optical elenments can be cl eaned nore

effectively tha oL W hi §|t§?é1ij}%'r@lh of optLgal, gl ement in
t he presgnt invgﬂgfén,l?%e {Htr%§ﬂ<ﬂ et Ingi ca%ghaJ% afmaveﬁength of

approxi matel y 19%12§€n1 vg%g %%c&€%125 wavel engt h, the anmount of energy of
the ultraviol et 732 PBES "I g absor bed by oxygen is greater than that

of the adjacent wavel engths, therefore, the probahility of ozone bein
generat ed by phot ochehfcaf FQECF@GRW@SObJeCé)Og)gke plesen

t 1nventio
to provide an exposure method and apparatus that can
improve the yield and productivity of microdevices.

10 It is the third object of the present invention
to provide a microdevice on which a fine pattern is
formed with high precision, and the device
manufacturing method for improving the productivity
of such a device.

15 DISCLOSURE OF INVENTION

According to the first aspect of the present
invention, there is provided a cleaning method of an
optical element which is arranged in an optical path
of exposure light, wherein

20 a barrel housing said optical element is filled
with a first gas containing oxygen, and the inside of
said barrel is irradiated with ultraviolet light for a
predetermined period of time, said ultraviolet light

having a wavelength which is absorbed by oxygen.



reasonably high. 5 According to the second aspect of the present £ ention,
there is provided a first exposure apparatus which transfers a nas tamm
onto a substrate through an optical system said exposure apparatus
conprising: 10 a light source unit capable of emtting first light and
second light, said first |ight having an.exposure wavel ength and said
second |ight having a mavelength whi ch aésorption by oxygen is greater than
that of said first 15 an il lum nation optical system which
irradiates |ight EHIt%éH D 40d ?&FBO¢4gﬁ%ﬁr§8ﬁ?%ﬁ¥thﬁﬁpt O %hfd mask; a
projection optical systemwhich projects light exiting fromsaid mask onto
sai d substrate; Ravelarwiyovhérhwhpchbserketdsbpnexpfesai dsf irsadipght and
said second light so that said first light is emtted fromsaid |ight
source unit uponoexpbsuietetibransfene immpssiaigd foask petdesrermantd sai d
substrate, and upon cl eaning an optical elenent arranged between 2 2 DEC

2003 s said IighpeﬁguﬁaﬁfanﬂesaﬁdeS@&ygéﬁﬂcbnsaﬁdeaenonﬂmiEgh%tigagnitted
fromsaid light source unit. The term"optical systemfor illumnation", is

used herge neani nggag é’cﬂ{‘dacﬁlln%Y§k§?érfxPrwﬂ‘dﬂl‘r'lmtﬂétlhéhrl‘siﬂgaa@sgf]@@dtﬁgnse
and is a concept mhlch includes a light transmtting sySstem such as a beam

mat ching unit. W{nhehpfO;fe?éﬁgsﬂi%rgg%ﬁ%“il HPON Ekg?-g't?ggaf;zoﬁé%% part

of the optical sys um nati on and jéC Iron opti syste t he

control et sets (e 10 second igh {rom he I Laht soutce uni« o be

rinses the optical elements so that the contaminants on

the surface of the optical elements are removed. Thus the
10 optical elements are effectively cleaned. By this

cleaning, it becomes possible to clean the optical

elements in a shorter period of time compared with the

conventional method, thus the time of illuminating the

ultraviolet light can be reduced, resulting in reducing
15 the damage to the glass material.

In this case, the ultraviolet light can be
directly irradiated on the optical elements within
the housing, but it can also be irradiated on the gas
interior of the housing. With the former case, the

20 structure of the organic contaminants can be broken down
by the energy of the ultraviolet light, creating a
cleaning effect on the optical elements, thus, a more
.effective cleaning can be expected. With the latter case,
the damage to the glass material can be further

25 reduced.



on the optical systemfor illumnation. Then, the second light fromthe

| i ght source unit is irradiated on the optical systemfor i || um nAti BEFC 2003
projection optical systemvia the optical systemfor 15 illum nation,
generating ozone by photochem cal reaction within the optical systemfor
illumnation and projection optical systgm And the oxidation of the ozone
generated effectively cleans the optical systemfor illum nation and
projection optical system 20 or at |least a part of them (the optical

el ements). Accor di ngl §SCP¥IHE die$hSosSPBNENY dieihsh AthéRopPEaf ! syst em
within a shorter period of tinme conpared with conventional nethods,
reduci ng the irradeasithginithe presdrit ghvehelgecondirrahtatfiog theani ng,
whi ch reduces 2 2 DEC 2003 9 the damage of glass material and can

mai ntain a favorabteavirdge iLoghmi nghehaiast eyasstitsin When hvheiod ez g i S
conpl eted, and upon exposure of transferring the mask pattern onto the

substrate, 5 thergpndde h8tthsetseddirl Ghesthlitightas whirgkyheas t he exposure
wavel ength and is emtted fromthe |ight source unit, to be irradiated onto

the masks via the.gptigatasyst &R fxygehl BBPaki@n:o thee fFEL st ¢l igght, frpm the
i ght source is irradiated onto thé mask, and the 10 mask pattern is

transferred onto e substsate, LOr augh Lhe, Lol eebhon sapticaly systemy,

Consequently, exposure is performed via an optical system i mage
form ng characteris%igs abe nak t ai ned favo%gﬁ%ﬁ b¥ using . light which
exposur e wavel engt i “8b§o0'BS Tonl-y 415 ®s fal”M it o SXYge® " (K% ore the
mask pattern can be precisely transferred onto the substrate. This inproves
the yield and pr8dtRtRvies Rieinsrodndi ke amount of ozone generated by

the photochemical reaction increases which in turn,
10 improves the effectiveness of cleaning the optical
elements by the oxidation of ozone.

Also, in the cleaning method of an optical element
in the present invention, the first gas within the
housing can be replaced with a third gas, which contains

15 oxygen and ozone, upon irradiating ultraviolet light.
In such a case, the ultraviolet light is irradiated on
the interior of the housing in a state where oxygen and
ozone are in the housing. And by the oxidation of ozone
generated by photochemical reaction and of ozone

20 originally in the housing, the optical elements
can be cleaned more effectively than before.

With the cleaning method of an optical element in
the present invention, the ultraviolet light can have
a wavelength of approximately 193.23nm. With such a

25 wavelength, the amount of energy of the ultraviolet



m crodevices. In this case, upon the cleaning, when the second 22 lb%gt RS
emtted, the controller can purge a cleaning gas which contains @ <2003
one of oxygen and ozone al ong an optical path where an el enent subject to
cleaning is arranged. \Wien the cleaning gas, which contains oxygen, is
purged, the second light is enmtted in a,state 25 where the gas, which
contai ns oxygen, is purged along the 2 2 DEC 2003 io optical path where
the el ement subject to cleaning is arranged. The oxygen in the cleaning gas
gener at es ozone B?gﬁﬁo@@@rﬁé‘?ﬁ%‘glb}‘ cQ¥YPBR, Land ERECEXFDARI B2 BfO% WD zone
generated effectively cleans the optical 5 systemfor illum nation and

proj ection opticafljsgenemaryendtgmst theyafiorel thenptehabbpiirabfel enents)
within a short tine. Al so, when a cleaning gas, which contains ozone, is
purged, the secondoheghting gmhttetetinbg phatechbrieaflheegasiwhi ¢ls cont ai ns
ozone, is |0 purged along the optical path where the el enent subject to
cleaning is arrapggdondbuy, htilge.oxi dati on of the ozone generated
effectively cleans the optical systemfor illum nation and projection

optical systemor at heastqidgPabl i Jem(ifseapbiccale gl iRAES) 15 within
a short tine. Wth the first "exposure apparatus according to the present

i nvention, the ckgg&{ﬁg}ngaﬁh\%glgcﬁ§%§g§ded’@ %Eré‘éfefi G (g éfﬁvﬂagaaﬂdr?t he

oxygen, or it cah bé a gas, ins both oxygen an
former 20 case, the second Light is emtt in a state ere the gas, which
bontai na o aurti BREAR ERAhREC R etk bREhR Bnth  bng PREahE ool pat

where the el enent subject to cleaning is arranged. By t he photochem cal

reaction through an optical system, sald exposure apparatus
comprising:
10 a light source unit capable of emitting first

light and second light, said first light having an
exposure wavelength and said second light having a
wavelength which absorption by oxygen is greater than
that of said first light;

15 an illumination optical system which irradiates
light emitted from said light source unit onto said
mask;

a projection optical system which projects light
exiting from said mask onto said substrate;

20 a contreller which selects one of said first
light and said second light so that said first light
is emitted from said light source unit upon exposure
of transferring said mask pattern onto said substrate,

and upon cleaning an optical element arranged between



of the oxygen contained in the gas, nore ozone is 25 generated resy%tdgg;in
a shorter cleaning tinme of the 2 2 DEC 2003 a optical systemfor 2003
illum nation and projection optical systemor at |east a part of them (the
optical elenents) due to the oxidation of ozone. In the latter case, the
second light is emtted in a state wheregthe gas, which 5 contains oxygen
and ozone, is purged along the optical path where the el enent subject to
cleaning is arranged. By the photochem cal reaction of the oxygen_contained
in the gas, ozon&2id geHBFafedrcAnandl sagiwrthstratezenédcsrcandediphtt he
gas, the cleaning time of the 10 optical systemfor illum nation and

proj ection opticab spstemdofram keadt laghar sootcehemitthe optical el enents)
can be further reduced due to the oxidation of ozone. In the first exposure
apparatus accordi ng t @htheedd "ppesenl dyprent fon,illpoanneXPOsYr &s pEedr to
emtting the first light, the controller can purge a gas which index of

refraction is clpggeteahinyf ant Bpt 0Pl Ca)stsirem 13UGHiASt Porli i @geN gas
(N2) . In such a case, as the first light, vacuumultraviolet (VUV) I|ight

having as 20 wavel,epghhsdide £XGREAING 200nmkan,e-sat 1 §hdee, thegenergy of
the ultraviolet light is not absorbed by oxygen and the light intensity on

the substrate suttagenis Subligient, cThe Lunde Laring Gharagtan stics of

the optical systemis al'so intained in apre at'e "on exposure,

which results in an a&cggagg, 2 2 DEC 2003 1 .
1 1s exposure apparatus, upon cleaning at

least a part cof the optical system for illumination
and projection optical system, the controller sets the

10 second light from the light source unit to be incident
on the optical system for illumination. Then, the
second light from the light source unit is irradiated
on the optical system for illumination and projection
optical system via the optical system for

15 illumination, generating ozone by photochemical
reaction within the optical system for illumination
and projection optical system. And the oxidation of
the ozone generated effectively cleans the optical
system for illumination and projection optical system,

20 or at least a part of them (the optical elements).
Accordingly, it becomes possible to clean the optical
system within a shorter period of time compared with
conventional methods, reducing the irradiating time

itself of the second light for cleaning, which reduces



transfer of the mask pattern, thus inproving the yield and productzﬁib%
when produci ng m crodevices. Wth the first exposure apparatus accord %3@@
the present invention, the light source unit can be 5 nade of various
structures. For exanple, the light source unit can have a first |ight
source which emts the first light and agsecond |ight source which enits
the second light; and in this case the controller can selectively choose
one of the first light fromthe first 10 |light source and the second |ight
fromthe second FR§hEBRY? cRf tHLRT R HF e 256t FERI ™MEyBERMf Br
illumnation. Alternatively, the light source unit can be a single |ight
source and have &aserzkhd nyuage hamimsin g o ahaeigest Bcsvavel engt h of i ght
emtted fromthe light 15 source; and in this case, the controller can

swi tch the wavel engt hwatnl tgkt cépahtied fisonphbéekedht asdungenvieapbbBare
swi t chi ng mechani sm on exposure and on cl eaning. The sw tchi ng mechani sm

in this case, caprbergfssbiuehyr €HeOhadkdphVtaon NBEHANEISEN sWbs€Ra€ls | ves a
portion of a narrow banding nodul e; the narrow bandi ng nodul e narrow ng a

wi dth ofs the wvehsn%ht%lhbghgee@ thedefrom thenti obhisAURSS. tAkSO, the
narrOMFbandlng nmodul e can be nade so it 25 can ¢ ange the wdih of the

wavel ength of QQF ?e wQ@Qléﬁ§§h1§ ”HEFgﬂﬁiEgﬁ‘E?Sm'kﬂ tli@ﬁ% ; and in

this case, the co can ¢ nge e wavel eng | i ght

whi ch d b th di t dt h_whi ch | ud
Absor pti on 1 ango-By 6%y GBACS UFa gﬂérgg%ﬁ%dﬁ%ﬁamtg Fy BREI Safi hBS Wi

the first exposure apparatus accordlng , ,
optical system for illumination. The first light from

the light source is irradiated onto the mask, and the

10 mask pattern is transferred onto the substrate through
the projection optical system. Consequently,
exposure 1is performed via an optical system which
image forming characteristics are maintained favorably
by using light which exposure wavelength absorbs only a

15 small amount of oxygen, therefore the mask pattern can be
precisely transferred onto the substrate. This improves
the yield and productivity when producing
microdevices.

In this case, upon the cleaning, when the second

20 light is emitted, the controller can purge a cleaning gas
which contains at least one of oxygen and ozone along an
optical path where an element subject to cleaning is
arranged. When the cleaning gas, which contains
oxygen, is purged, the second light is emitted in a state

25 where the gas, which contains oxygen, is purged along the



the present invention, the second |ight can be an ArF exci ner Iaszr eam
whi ch has a wavel ength of approximately 193. 23nm The anount of e gr @603
the 10 | aser beam absorbed by oxygen in this wavelength is greater than
that of the adjacent wavel engths, therefore, the probability of ozone being
gener ated by photochem cal reaction is rgasonably high, resulting in
further reducing the tine required for cleaning the 15 optical elenents .
In the first exposure ?pgarat%§ accqrdi to. the géesent i nvention, the
exposur e appar at GBt¢gR R ther SEEMeRY) G9PaeAt BRI CLHRIUT T ahSad] ust
an intensity of light emtted fromthe |ight source unit 20 and is arranged
along a part of amrépdahl PaehoxyHENopt] cdre pat BeNieM e | JYMIad®Fr ce
unit to the mask; and the controller can control the adjustnment unit so as
t o make an i nt ensizbyedpy thteomEdEnd dailghtast tongernd diparced dadian phAtensity
of the first light. 2 2 DEC 2003 14 In such a case, the intensity of the
second |ight (peakepowner¢ gdnetntied igffaditavedyonléhes oftie cadt iseslt em upon

cl eani ng becones stronger than the intensity of the first |[ight upon

exposur es therefguetehhecs! eANIMhHf i tdiRl Rld Gk iehedBRt sataByBeen
performed efficiently, further reducing the time required for cleaning.

According to thegthiid,aspect gf,{her NiRseNHdveRLEAN, c{DRLR:LS Provided a

second exposur e appar at us which transfers a mas pattern onto a

substrate (W through_an optical. syst t he exposure_apparatus_conpri sing:
2 Tight source UALE MR ShoHSh. arie at 1 s T ght CoP R BY edet br i re

wavel ength wi dth, including an exposure vel engt h; an, . .
9 contains oZone, f purgeayagie s%cond Tlght 1s emitted

in a state where the gas which contains ozone, is

10 purged along the optical path where the element
subject to cleaning is arranged. Thus, the oxidation of
the ozone generated effectively cleans the optical
system for illumination and projection optical system
or at least a part of them (the optical elements)

15 within a short time.

With the first exposure apparatus according to

the present invention, the cleaning gas can be a gas,
which sufficiently contains oxygen, or it can be a
gas, which contains both oxygen and ozone. In the former

20 case, the second light is emitted in a state where the
gas, which contains a sufficient amount of oxygen, is
purged along the optical path where the element subject
to cleaning is arranged. By the photochemical reaction
of the oxygen contained in the gas, more ozone is

25 generated resulting in a shorter cleaning time of the



i1lum nation optical systemwhich irradiates the Iight 15 fron1th9 Ihﬁgt
source unit onto the mask; a projection optical system (PL) which 3r RiLIE
light exiting fromthe mask onto the substrate; an adjustnent unit which
can adjust an intensity of light emtted fromthe |light source unit, and is
arranged along a part of 20 an optical path, the optical path fromthe

| i ght source unit to the mask; and a controller which controls the
adjustnment unit so as to nake the intensity of the light emtted fromthe

| i ght source uni PPEIFDNGISTEP0ACEI ehHiTg 24t oneddt REPEIAtioN PREICAL

illum nation optical system 25 and the projection optical system conpared
with when 2 2 BEESE003r iak tle@siaskprpat tef nchenm titawsbetitedl optemariie)
substrate by exposure. The term"optical systemfor illum nation", is used
here nmeani ng an dhéut nate oridpticrabf sysirem iIn thdrleatded sewrserhand is a
concept which includes a light transmtting system such as a beam nat chi ng

unit. Wth this gxp&slne appas admist t&dp0in C est g wtietSashe agpa) twiich he
optical systemfor illum nation and projection optical system the

CO”tr0|'ﬁr_CO”trebﬁtEQnEh%x?@EHshﬂéﬂézHﬁéI whiGh de3y antaggedeabgngca) part
of the optical path of the Iight emtted fromthe |light Source unit to the

mask arrangenentpgﬁéfﬁﬁgﬂ%s%ggqgﬁ%&$§£%P%ﬂ§cE?§% Eﬁe%%&%%gqg) so as to nake

the intensity of emtte ht sour ce “stronger 15
conpared with when_exposure i erformed. The. light emtted fromthe |ight
cource unit i n WAFERSBRE-| Y enoBt phPEOFREPaRedd - Pee Ll i PHVEH be e
sane as of the exposure wavelength), is irradiated on the optical system
for illuninationCaieridiect ke tiopast iypne 1s generated. And along with

the ozone contained in the gas, the cleaning time of the
10 optical system for illumination and projection
optical system or at least a part of them (the optical
elements) can be further reduced due to the oxidation
of ozone.
In the first exposure apparatus according to the
15 present invention, upon exposure, prior to emitting
the first light, the controller can purge a gas which
index of refraction is close to 1 into the optical
system, such as a nitrogen gas (N;) . In such a case, as
the first light, vacuum ultraviolet (VUV) light having a
20 wavelength not exceeding 200nm can be used, since the
energy of the ultraviolet light is not absorbed by oxygen
and the light intensity on the substrate surface is
sufficient. The image forming characteristics of the
optical system is also maintained in a preferable

25 state on exposure, which results in an accurate



20 optical systemvia the optical systemfor illumnation. This g?zeﬁ&l 53
ozone by the photochem cal reaction of oxygen in the interior of e
optical systemfor illum nation and the projection optical system And due
to the oxidation of ozone, the optical system 25 for illum nation and
projection optical systemor at 2 2 DEG 2003 16 |least a part of them (the
optical elenents) can be effectively cleaned. In this case, since the |ight
intensity of the light emtted on cleaning is stronger than that of
exposure, the anbGARSHRL 02bne'Yeretatrdf i ™y it dBFOVprevithg theld
cleaning to be nore effective. Accordingly, the optical elenents can be
sufficiently cl eanédrwperrhidiskovhenr pepfoding nigeodeipared to
conventional nethods, reducing the irradiating tine itself of the light for
cl eani ng, whi ch reduc#@s thhehk) fansgeevpoghass appleratals ancdccadingi nhvai n a
favorabl e image form ng characteristics. Wen the cleaning is conpleted,

and upon exposur ehef plriearsfterinivieg thilbe, Msle paher Boarce uhgtswhst rte, the
controller controls the adjustnment unit so as to set 15 the light intensity

at a pregeterninﬁgdge$§lvﬁ@&%hsi%t%@%%%&e%ha@o&h%ﬁdeﬂéFEdﬂéﬂﬁiéHE

cleaning. The light fromthe |ight source, which has the exposure

wavel ength, is t i.rradi.at ont.q, t he %ﬂgﬁ, ' nBs tt.ern i
transferred ontoggﬁécguﬁgﬁ?a?%”EEfgﬁb%' t e:%ggrégg?one%p |€% (%9£ Tm On
exposure, the generati.on _of .0zone by phot ocheni,cal reaction can be
suppressed at a 8% é&SF,lﬁﬁé effe? FﬁgogﬁggbﬁﬁfoﬁOBFC?h@hég%d?%ﬁ%§Iight
by ozone is I ow, and thus exposure can be perfornmed with the exposure |ight
25 having a suf f tEEeREFY Ai gHIRtarfdid tfakles A8sg the controller can

selectively choose one of the first light from the first
10 light source and the second light from the second light
source to guide to the optical system for illumination.
Alternatively, the light source unit can be a single
light source and have a switching mechanism which
changes a wavelength of light emitted from the light
15 source; and in this case, the controller can switch
the wavelength of light emitted from the light
source via the switching mechanism on exposure and
on cleaning.
The switching mechanism, in this case, can be
20 structured of a driving mechanism, which drives a
portion of a narrow-banding module; the narrow-banding
module narrowing a width of the wavelength of light
emitted from the light source.
Also, the narrow-banding module can be made so it

25 can change the width of the wavelength of light



2.2 CEC 2003 m consequence, the mask pattern can be transferred g @egchfys
substrate with high precision, inproving both the yield and productivity on
manuf acturing m crodevi ces. Wth the second exposure apparatus, the 5

adj ustment unit can be nade of various structures. For exanple, the

adj ustment unit can be arranged so that {4 can be inserted and w t hdrawn
froma part of the optical path, and the adjustnent unit can include a beam
splatter which splits a Light bean1gassin | 0 through the optical path and
can have at IeasFmbﬁEerngQItBEIé§ Bt Ceﬁoaﬁﬁiﬂg ghe® 5§ spPPt beam

t hrough a delay optical path and back to the optical path; and the
control | er can i fSeE¥otlrr weanthpnet tidie inidEh Ivf &S walvegarwtip®f exposure
and 15 withdraw the beam splatter fromthe optical path upon cleaning. In
such a case, whehigpti walicel eanhagriryepebfiotirednarhewcbanddhbemnodizthdr ans
the beam splatter fromthe optical path (the optical path of the Iight
emtted fromthetbi ghtvisour gaighi intdutheanasksabpalvangengat bgupkggeh, so
the light fromthe light source unit is guided directly to the cleaning

portion.s Therefogea the HirgktingnhenskhyshsSosutikehentl.enough for cleaning,
whereas on exposure, the controller inserts the beamsplatter into the

optical path. The 25 ;i ght am.f i ght r i it.by the
2 2DEC2Q3 is beanggl it?%e?lv%ﬁnhééﬁor%%?grgggtgﬁ%%&)ét %céa%%?rgé/ E enent ,

and between the %Rgl%g%%%n E%k& %{Eg%,p%kg g%@%ﬂé light can be an

ArF excimer laser beam which has a wavelength of
approximately 193.23nm. The amount of energy of the

10 laser beam absorbed by oxygen in this wavelength is
greater than that of the adjacent wavelengths,
therefore, the probability of ozone being generated by
photochemical reaction is reasonably high, resulting
in further reducing the time required for cleaning the

15 optical elements.

In the first exposure apparatus according to the
present invention, the exposure apparatus can further
comprise an adjustment unit which can adjust an
intensity of light emitted from the light source unit

20 and is arranged along a part of an optical path, the
optical path from the light source unit to the mask; and
the controller can control the adjustment unit so as to
make an intensity of the second light stronger compared

to an intensity of the first light.



difference (optical path difference) is created which has the |engthhpet ffe
del ay optical path. The optical 5 path length of the delay optical path, Is
in general, set so as to exceed the coherence Il ength of the |ight source,
t-herefore, reduces speckles and coherency caused on the irradiating surface
(mask surface and substrate surface). Acgordingly, the illum nation 10
uniformty of the inmage plane (substrate surface) is inproved to a
sufficient |level thus_inproving the I%ne,mﬁdth uni formty, making an
exposure with high préeingil%lh HEESh| E1C AT Y P65 Hhe ecﬁ?ﬁ’fihlégb*éct of
the present 15 invention, there is provided a first exposure nethod which
transfers a mask (patk epoWent oVl gubss rifeaqigtehrougiharcipt ¢ahl s yserm

t he exposure nethod conprising the steps of: a first step of irradiating

ul traviol et |ightpbhatlhasiagwaeebmagt st wingdr 20 aabsbeptinbenditwxyen i s
greater than that of an exposure wavel ength on the optical system the

opti cal system haméengiassufididi eponaeRposund, mhegedorren 8hé dleardng bfa p a
rrt of i t sinterior; a second step of replacing a gas of the opti cal

systemiq at | eashecdop@idai221@hehts tdM &d YerWireR LRFHFACASHOXYYEN tO a gas
whi ch 2 2 DEC 2003 19 has an index of refraction close to 1; and a third

step of transfer £,00,3, Mok, DaLY bl Ot & SUBSIIALS, t haugh An opt i cal

systemby irradiating ultravio I'ig as the exposure wavel engt h.

5 According to this thod,.in the first_ste | traviolet light having a
wavel engt h whi ch abso FPBﬂl%%15&$6@n£ﬁ§r%f¥%F§ Pﬁaﬁh?ﬁﬁFxﬁ?gan exposur e

wavel ength, is irradiated on the optical systemfor a
invention, there is provided a second exposure

apparatus which transfers a mask pattern onto a

10 substrate (W) through an optical system, the exposure
apparatus comprising: a light source unit which can
emit at least light of a predetermined wavelength
width, including an exposure wavelength; an
illumination optical system which irradiates the light

15 from the light source unit onto the mask; a
projection optical system (PL) which projects light
exiting from the mask onto the substrate; an adjustment
unit which can adjust an intensity of light emitted from
the light source unit, and is arranged along a part of

20 an optical path, the optical path from the light
source unit to the mask; and a controller which controls
the adjustment unit so as to make the intensity of the
light emitted from the light source unit stronger upon
cleaning at least a part of the illumination optical system

25 and the projection optical system, compared with when



predeterm ned period of time in a state where there is to a suffi

anount of oxygen in
by the phot ochem cal

at least a part of its interior. This generat%s ozo%ﬂg3
reaction of oxygen in at least a part of its interior,

and due to the oxidation of ozone the optical system (optical elenents
within the optical 15 system) are effectiyely cleaned. Next, in the second
step, the gas of the optical systemin at |east a part of |ts interior,

whi ch cont ai ns ox¥gen is replaced to a gas which has an index of

refraction cl osetts
mask 20 pattern is t

Tasﬁnaaﬁﬁ€ﬁntﬁé §5§HF§6Fé6ﬂa€§8° FRet REPBRFRESsPED, the
ransferred onto the substrate through the optical

system by irradi agkPAgudktravi ol et |ight, which has an exposure wavel engt h.

Thus, according to t
systemis necessary,

he present invention, when cleaning of the optical
The wemel"opgtbabfsydtemekposilrleminghtor?h iis ohediged to

a wavel ength whi ch absorption by oxygen 2 2 DEC 2003 19a is large. The

optical el enent shytré
where there is a suf

hidart ey opd | il ursisd edareet idwen, s gdeaneth i 4 e Sdat e
ficient amount of oxygen in the optical path. After the

optical ¢l eaningsisseonhat ed, ot Benwayel gRILR ohcButibe gxpesHie |ight and

t he concentrati on of

oxygen are resuned to the original state, and transfer

of the mask patt%%ﬁnéﬁ%@?ﬁHﬁe%Xaﬁeﬂe%EBB”EQ B%m&?ﬁsﬁﬁ cthote ol AP

deterioration of
prevented, 10 resulti
m cr odevi ces such as
manuf act uri ng cost.

state where theréeP§taaSBPF|cPéthﬁnﬁﬁﬁﬁcéﬂ 6¥§§§W aP&ngl

and

10 the

e patter

ge transferred on

1 t d wh d
'Wﬁfbgpﬁggh"2%8§§Eggapgﬁa¥kgﬁ cBﬁgngégﬁgghBeaﬁce t he
The process in the first step can be Rg&ggggggnln a

projection optical system, the controller controls

adjustment unit which is arranged along a part of the

optical path of the light emitted from the light source

unit to the mask arrangement surface (surface where

the mask is arranged) so as to make the intensity of

the

light emitted from the light source stronger

15 compared with when exposure is performed. The light

emitted from the light source unit in which the

intensity 1is increased (the wavelength can be the same

as o

f the exposure wavelength), is irradiated on the

optical system for illumination and on the projection

20 optical system via the optical system for

illumination. This generates ozone by the photochemical

reaction of oxygen in the interior of the optical system

for

And

25 for

illumination and the projecticon optical system.
due to the oxidation of ozone, the optical system

illumination and projection optical system or at



15 the overall optical path within the optical system AlternativgbyDEég 3
process can be perfornmed at an area along the optical path where cleani @
is necessary in the case there is enough oxygen, for exanple, near the
substrate where it is farthest fromthe light source and 20 difficult to
performcleaning. It is also effective tg performthe process of the first
step, in other words, cleaning: just after the making of the exposure
apparatus; after_a |ong shutdown of operations; when changi ng exposure or
i |1 um nation condf®for®;P3htd Ohéhers deteri 8Ed bnS bEMEREge For
characteristics due to 2 2 DEC 2003 19b the contam nants on the surface
of the optical ekéfentd vied yoraddiasteab! eln Ithitsheabkr ssiexposhe € iwdtthod
according to the present invention, the intensity of the ultraviolet 5

| i ght irradiatedinhethety igiStthst dpgbanebetiséd angerl ekhangt hat soforideer
ultraviolet light in the third step. In such a case, stronger ultraviolet

| i ght increases theneth£ectdvengssuet, ophé catorlteaT Bgondcgotighiaig:d ast he
fifth aspect of the present |10 invention, there is provided a second

exposur es met hod MEE@aéécﬁn%fr%Rfin% PBS ke RaltieGN taNbe o sliRHARE ddrough an
optical system the exposure nmethod conprising the steps of: a first step

i oS SRR e Lo SR Pl bl o

| i ght having 15 stronger ensi iTs g enitted
on exposure; a second step of replacing a gas of .the optical systemin at
| east a part of FﬁgapﬁgeVFB l%h?éﬂ“%%ﬁ%é?ﬁgl8gy8£npf%ea?%ﬁﬁ? &P has an

index of refraction close to 1; and a third step of transferring a mask 20
pattern onto a sGBEYPRAEE A 8GGHOAR, o FHAINIs FEEehf FRATating time

itself of the light for cleaning, which reduces the
10 damage of glass material and can maintain a favorable
image forming characteristics.

When the cleaning is completed, and upon exposure
of transferring the mask pattern onto the substrate,
the controller controls the adjustment unit so as to set

15 the light intensity at a predetermined level which is
weaker than that of the light on cleaning. The light
from the light source, which has the exposure
wavelength, is then irradiated onto the mask, and the
mask pattern is transferred onto the substrate through

20 the projection optical system. On exposure, the
generation of ozone by photochemical reaction can be
suppressed at a low level, therefore, the absorption
of the exposure light by ozone is low, and thus
exposure can be performed with the exposure light

25 having a sufficiently high transmittance. As a



iTradiating the first Iight which has an exposure wavel ength. Wt?ieitﬂhi
method, in the first step, second light (the wavel ength can be th 003
the sane or different 25 fromthe exposure wavel ength) which intensity is

2 2 DEC ppp3 19c stronger than that of first light emtted on exposure
(exposure light) is irradiated on the opfjcal systemfor a predetermn ned
period of tinme. Ozone is generated in the optical systemby the

phot ochem cal reaction of 5 oxygen, and due to the oxidation of ozone the
optical system (6BPP§QP6@F6WH¥§) mpgkeppEELFReFgicPeahBANSTRAr ¥ oM Olfexe,
since the light intensity of the light for cleaning is stronger than that
of exposure, thethapswbsofatozond gdrnghapedciatorasisprehiusy danigi nohea
greater cleaning 10 effect. Accordingly, it beconmes possible to clean the
optical system wytbia andhprbeancperioed ofi hafrefeonpatred withoaemyeaki onal
met hods, reducing the irradiating tine itself of the second light for

cl eaning, which reducgsthhendagrgenaf cgbassrBabgphahtadd ¢ag maintain a 15
favorabl e i mage form ng characteristics. Next, In the second step, the gas

of the optical syghemthBng! hepStad BB'hall BESvLPLELLOL MBLER CONtAI NS

oxygen, 1s replaced to a gas which has an index of refraction cfose to 1.
And when the replacenent s C l eted, .in the 20 thir rocess, the first
Tght that has Che praatPEFm MBS FrGHE ANy eI T < SESREF L Ran ¢ hat
of cleaning and the _exposure wavel ength, is irradiated onto the mask, and
the mask patterntf8tt rlgnﬁaé‘r R&d Jd}ﬁeo’gft% %%s"ﬂ%ﬁ%rﬁ)’f% ERR0 Gpth C%f'i/stem

Thus, according 25 to the present invention, when cleaning of the optical
the optical path, and the adjustment unit can include

a beam splitter which splits a light beam passing

10 through the optical path and can have at least one
optical delay element to guide one of a split beam
through a delay optical path and back to the optical
path; and the controller can insert the beam
splitter into the optical path upon exposure and

15 withdraw the beam splitter from the optical path upon
cleaning. In such a case, when optical cleaning is
performed, the controller withdraws the beam
splitter from the optical path (the optical path of the
light emitted from the light source unit to the mask

20 arrangement surface), so the light from the light source
unit is guided directly to the cleaning portion.
Therefore, the light intensity is sufficient enough
for cleaning, whereas on exposure, the controller
inserts the beam splitter into the optical path. The

25 light beam from the light source, is thus split by the



2 2 DEC 2003 19d systemis required, the intensity of exposure Iiggt ﬁﬁgapt
to a stronger intensity, so as to effectively clean the optical e ng n
the optical system After the cleaning is conpleted, the intensity of the
exposure light (and 5 the wavel ength) and the concentration of oxygen are
resuned to the original state, and transfger of the mask pattern (exposure)
is performed. On exposure, the generation of ozone by photochem cal
reaction can be suppressed at a low |level, therefore, the absorption 10 of
the exposure |igRE¥BySRAGHEL YL, SERFTIES é%o%i%lecaéaﬁle&éypéfﬁ@?%d with
t he exposure light having a sufficiently high transmttance. As a
consequence, theandskepaeerrmheamplid teanst anr eptoned pachslerdtlate with

hi gh precision, inproving both the 15 yield and productivity on
manuf act uri ng m diddevieces. (Absacaillnpthe Hifliegeaphki cipr ocessedpahtiehns can
be formed on substrates with high precision by using the exposure nmethod in
the present invenhsobhealéngtierofiedHeerlal, apbigherpddH.egmnat bpaiean be
manuf actured 20 with a high yield, inproving the productivity. Simlarly,

in the |{thograpBienPlOcRss o Paleeldas a2k ke har prdhonigubst gahes W th high
preci sion by using the exposure apparatus in the present invention, and the

yield of and proguetiyiLy on IBRMEACLHC NG\ IISIAJGKL gen o c2: R DEC,20D. 10e

can both be inproved. Accordi , a mcrodevice o er rntegration
Ther of or e, accor BPREEEe STTHT Mkt REFUREBCEP o oA Tfo J5PeCeHE- PHOEN f on,
there caused on the irradiating surface (mask surface and
substrate surface). Accordingly, the illumination
10 uniformity of the image plane (substrate surface) is
improved to a sufficient level thus improving the line
width uniformity, making an exposure with high precision
possible.
According to the fourth aspect of the present
15 invention, there is provided a first exposure method
which transfers a mask pattern onto a substrate (W)
through an optical system, the exposure method
comprising the steps of: a first step of irradiating
ultraviolet light that has a wavelength which
20 absorption by oxygen is greater than that of an
exposure wavelength on the optical system, the
optical system having a sufficient amount of oxygen
in at least a part of its interior; a second step of

replacing a gas of the optical system in at least a part

25 of its interior which contains oxygen to a gas which



S is provided a device manufacturing nethod using the exposure nmgph
exposure apparatus of the present invention, and a devi ce manufactured by
t he devi ce manufacturing nmethod. According to a sixth aspect of the
i-nvention, 10 there is provided a cleaning nethod of at |east one optical
el ement which is arranged between a lighjy source and a substrate in an
exposure apparatus, said exposure apparatus irradiating first |ight which
has an exposure wavel ength onto said substrate via a mask 15 on which a
pattern is fornedassah dieersPt | TYHRBEPAGCENS (8d L f A SaithirfghterR ek ce,
wherein second light is irradiated onto said optical elenent for a

predet er mi ned pefredsberringe a swisk petoadn| gk deiuiypterargétirbrom sai d
first light with 20 respect to at | east one of intensity, wavel ength, and
wi dt h of wavel engphicAtcoysliang Hyo iaraeveni hg asphtecdviafl ethd ighvenhion, there
is provided an exposure apparatus which irradiates first |ight having an
exposure wavel enghh 2heo8kpoausybsivalenytir. a mask on which a pattern is
2 2 DEC 2003 19f - 199 formed, said first light being emtted froma |ight

source, said exposureagppPaialgus oCOMY inRitRgda GONHOk! L+ Whigh sets second
light to be incident on an optical elenent upon cleaning of "at 5 | east one

tical el t ] i d - ' te i
CAi o exposr o appay St Tl 8006caRa | Poht "BEr R0 EhangaA T GRaara Pirst |

light with respect to at |east _one of [nten i%y, wavel engt h, and w dth of
wavel ength. 10" ABZoPYAGTt 6 SaBT8FCREN CASPeCh 20T OENE T FFEME e

wavelength, is irradiated on the optical system for a
predetermined period of time in a state where there is

10 a sufficient amount of oxygen in at least a part of
its interior. This generates ozone by the
photochemical reaction of oxygen in at least a part
of its interior, and due to the oxidation of ozone the
optical system (optical elements within the optical

15 system) are effectively cleaned. Next, in the second
step, the gas of the optical system in at least a part of
its interior, which contains oxygen, is replaced to a gas
which has an index of refraction close to 1. And when
the gas is replaced, in the third step, the mask

20 pattern is transferred onto the substrate through
the optical system by irradiating ultraviolet light,
which has an exposure wavelength. Thus, according to
the present invention, when cleaning of the optical
system is necessary, the wavelength of the exposure light

25 is changed to a wavelength which absorption by oxygen



tthere is provided an exposure nethod which transfers a mask pattir gnto a
substrate through an optical systemwth first |ight having an e 589 f £2003
wavel ength and being emtted froma |light source, said nethod 15 conpri sing
t-he steps of: a first step of irradiating second |light onto at | east one
optical element which is arranged betweey, said Iight source and said
substrate for a predeterm ned period of tine, said second |ight being 20
changed fromsaid first light with respect to at | east one of intensity,
wavel engt h, and %Fd#ﬁr6ﬁfmg§%@e%%?h?aén81§“§%ﬁﬁhd“§¥%ﬁ 6fei PRG3R i ng sai d
first light onto said mask after said first step, and transferring 25 said
mask pattern ont8ysten &ifhsithghe. CBRIEE DESEREPIFONVIGSTHRECSDRAWENES 2 2
DEC 2003 20 Fig. 1 is a schematic view showi ng the configuration of the
exposur e appar at asfbicaenendodinentt okygkee pneskatoptivent imath FiAftex is a
view showing a structure of a light source 5 unit in Fig. 1; Fig. 3 is a

view showi ng a nedef bgdiskluetuaginl asl tghplsosarectdi havarEngenlotFig. 4
is a view showing a structure of a beammatching unit BMJin Fig. |; 10

Fig. 5is aline.geaphhshew fggtdedd QRE Lol&nsirhy18h Sif kAN pL |1 ght
havi ng a wavel ength around 1937 3nm passing through a dry air environnent.

Fig. 61s avi ewaégwgeedgcrﬂ'ob%ﬁﬁh 'y gfl%a‘@h%@a%ega n® Xtuhe [al. dizy ir and

ozone is supplie 0 an optical systemof the’'l5 exposure apparatus in Fig.

1. Fig. 7 fl hart f | ai ni g di ment_ of a devi
Tanuf Bt ur i ng. mePRBE. BEE6PAINGSKBOEES preCaRt TN T O, ARTe

procedures, deterioration of the pattern image
transferred onto the substrate can be prevented,

10 resulting in an improvement in yield when producing
microdevices such as integrated circuits, and can
consequently reduce the manufacturing cost.

The process in the first step can be performed in a
state where there is a sufficient amount of oxygen along

15 the overall optical path within the optical system.
Alternatively, the process can be performed at an
area along the optical path where cleaning is necessary
in the case there is enough oxygen, for example, near the
substrate where it is farthest from the light source and

20 difficult to perform cleaning. It is also effective to
perform the process of the first step, in other words,
cleaning: just after the making of the exposure
apparatus; after a long shutdown of operations; when
changing exposure or illumination conditions; and when

25 deterioration of image forming characteristics due to



Fig. 8 is a flow chart showi ng processing in step 404 20 in Fig. ,7. .Best
Mode for Carrying out the Invention The first enbodi mnent of the Gﬁéggﬁﬂmn
i.nvention will be described belowwith reference to Fig. 1 to 6. Fig. 1 25
schematically shows the general structure of the exposure apparatus 10 of
an enbodi ment. The exposure apparatus 1(Qg s a scanning type exposure
apparatus for manufacturing sem conductor devices that enploys the

st ep- and- scan net hod) ?2nF.r, ?pp3 21 and transfers a pattern of a
reticle R as a nh8R SPR BRI yI6F SHOt2 R oS BhRcacRaterlwas a
substrate. The exposure apparatus 10, conprises a light source unit 12,

il lumnation optgearesyst ém redieteabk¢e stage RST to 5 hold a reticle R
as a nmask, a projection optical systemPL, a wafer stage WST to hold a
waf er as a substrate, Tandha £on$t cdxmystremmethotiheseocdmponentishe As t he

i ght source unit 12, an ArF exciner |aser unit is used. The light source
12, in practice, pkesénst anb@tt ioh,1@hkhensensace of tie Jllteerieletn a
different room (for exanple in a service roomin which the degree of

cleanliness is | oygrtthamdhatePlinatRUPLIr & @2BpT QOMheL et he- main body of
t he exposure apparatus is installed, or in a utility space provided beneath

Lhe Toor) - 11 Ehg Je guvers, Lot beosake, ohigconuen snes, i L o

source unit 12 is i'on optical syste | i ght
source unit 12 is_connected via,a bea t.chi uni t BMJ ichis a light
transnitting sys?%ﬁ?hﬁﬁ%ﬁW%ﬁiH}gﬁa%Vg%ﬂ%&ﬂéﬁﬁgJﬁﬁ??ﬁﬁ?%a¥ﬁ%lenents (e. g
a plurality of deflection mrrors) arranged 20 in the housing) to the
i Il um nation opt?§§FC§§§P@ﬁSP4PfHﬂ?Qkﬁ%£e?%eé?%ﬂ%ture of the beam matchi ng
unit BMJU will be described later. In this enbodi nent the beam matching unit
BMU and the illuni nat Refcupincdlo spst érful asnegst af etha wstsiesl system 25
for illumnation in which the light source unit 12 irradiates the reticle
R The 14 ght soulipeentnidn,l12heorpriissesovadedser seesadatapoilag mebkhah
splitter 12b which has a transmttance of 97% and
which transfers a mask pattern onto a substrate through
an optical system, the exposure method comprising the
steps of: a first step of irradiating second light for a
predetermined period of time, the second light having
15 stronger intensity compared to that of first light
emitted on exposure; a second step of replacing a gas of
the optical system in at least a part of its interior which
contains oxygen to a gas which has an index of refraction
close to 1; and a third step of transferring a mask
20 pattern onto a substrate through an optical system by
irradiating the first light which has an exposure
wavelength.
With this method, in the first step, second light

(the wavelength can be the either the same or different

25 from the exposure wavelength) which intensity is



2 2 DEC Z003 22 is arranged along the optical path of the |aser am
emtted fromthe | aser resonator 12a; a beam nonitor nechanism 1 QF@dﬂ@ed
on the optical path of the reflection beam of the beamsplitter 12b; a high
vol t age power supply 12d (not shown 5 in Fig. |, refer to Fig. 2 and Fig.
2); and the like. Fig. 2 shows an exanplg, of the structure of the |ight
source unit 12. As shown in Fig. 2, each conponent described above which
structures the Iight source (such as 12a, 12b, 12c and 12d) are housed in a
housi ng 13. 10 ASTERBYURT | W3 ¢-IRT (He TRESEr L+ Rt gt e QNc6iBPFYER: an
excimer |aser tube (laser chanber) 202 which includes a discharge

el ectrode; a totafxpesiertlishtyi dpotrepedated ronriheeprtddadngedstem fhe rear
of the exiner |aser tube 202 (on the left hand side in Fig. 2); a | ow
reflection mrroe pfedatedhimed rr)iRD farriarged ziomef ientyenk rihedeXinmer

| aser tube 202 (on the right hand side in Fig. 2) ; a fixed Fabry-Perot

etal on 203 arrangrd spetesli alkyennbhetmeepnstectexnidmr deagerchubg 202 and
the low reflection mirror 205 and a angul arly novabl e Fabry-Perot etal on

204. 20 4n this gasgent hend edle Md 1¥le 2Q1qaR4chher fE QN e WLl 8pt 2031
configure the resonator, which increases the coherency. The Fabry- Per ot

et al on (herei naf f t0 on) t 204 i gure
t he narrom#bandi%ggﬁéguﬁgﬁg%ggee%§?§$%%Igﬁl%?%?ﬁgggéggf%ﬁg%%g'agg %ﬁég
etalon 204 25 are_two quart | at es,arr.anged in_parallel .tq face each other
in a predeterningﬁs?ht%r551%hgngl%%%rﬁyﬁﬂgggg B&n %é%%ﬂgingrFﬁéﬁnﬁﬁg
etalon 203 and the etslon 204, the etslon 203 is for rough adjustnent, and
the etslon 204 i%SfBFrPPﬂ@raHPﬁgtﬁﬁﬁF.Of SXROBIEE p 0B 2N Wat @ hI FPPD3 and
etal on 204 narrows and outputs the spectral line width (bandw dth) of the

| aser beam LB enbenedatedmndnedseSer the§onaysind za angadresundeanioo - 1/ 300
of the natural bandwi dth. By adjusting the tilt of the etalon 204, the 5
wavel engt h of theffaster AmamdiBglpscit |Edomeswawes Brgt o erdiebhethérom t he

| aser resonator 12a can be shifted within a predeterm ned range.

Al ternatively, tbptliesersysasanatonidiza sasrte ferietiubedt ase i dorfgare .
Wth the | aser resonator 12a in Fig. 3, the etalon 10 203 for rough

adj ustment is onyttedeodPent NshEBMOEhdde, reudind Ah20lrandefdaedion type
diffraction grating (grating) 206 which is angul ar novabl e can be arranged

o oo ERECLLUEI e, Lackiteysage, s Eangl ek
narrow bandi ng n?gghgegstﬁgn&g%g&gdo9fgiggégﬁé%éf& l?%%da%gn maintain a
15 favorable image forming characteristics. Next, in the
second step, the gas of the optical system in at
least a part of its interior, which contains oxygen,
is replaced to a gas which has an index of refraction
close to 1. And when the replacement is completed, in the
20 third process, the first light that has the
predetermined light intensity which is weaker than that
of cleaning and the exposure wavelength, is irradiated
onto the mask, and the mask pattern is transferred onto

the substrate via the optical system. Thus, according

25 to the present invention, when cleaning of the optical



the etalon 204. In the case of the |aser resonator 12a in Fig. 3, éhﬁ
grating 206 is used for rough adjustnent, and the etalon 204 is ug a0k & 2003
fine adjustnment. Either angle of the grating 206 and the etal on 204 can be
changed, when changing the 20 wavel ength of the |l aser beam LB (oscillation
wavel ength) emtted fromthe |aser resongjor 12a within a predetern ned
range. Alternatively, the narrow bandi ng nodul e can be structured of
conbining a prismand a diffraction grating 25 (grating). The beam nonitor
mechani sm 12c, i AYPRFR EhiS@IHERE! Fge dd}ﬂe?ﬁbﬂéoo anog‘ilrfef d<ght 4 S&tal on
elenent, a line sensor and an energy nonitor (not shown in Figs.). The
detection 2 2 BEQ A3&3ngar sJin'-ﬁé}ISl%Yr t59e 2B ehifn STFCCaVe B chlafls #¢2c i S
sent to a controller 20. The light, which passes through the diffuser,
diffracts at theoptidaln edempens  imandief ophical foyishge- patter heTkhdetninge
pattern corresponds to the central wavel ength of the incident 5 |ight and
t he spectral hal isbemapiectidal, ( wagelengidity difhihe exsbdure ilte@itngasdgnal of
the fringe pattern is output to the controller 20 fromthe |ine sensor. The

control ler 20 petfor iBvaldHLASt ahal BRE B5REaNS-4ta dhher aﬁ?@]&g Signal of the
fringe pattern, and obtains the information of the optical 10 properties of

the i ncident |ightogn.ghe, heam. ool fof deahaniam 126 AS0,. Lhe goofrol | er

a

20 detects the energy power of eam I'n accordance wth the
out put of the energg nonj t.or. In)the Iig t Sourece uni t 12é a driving
mechani sm 18 is 78 afsd HFranged’ (F8r P 19 H ys. O 2 ®ARASEFS Te drivi ng
mechani sm 18 drives the spectral devices structurin Egg | aser .resonat or
12a, such as thegépﬁﬁﬁFﬁgﬁ Citn HYre2 Y,HqﬁF%?éFFﬁd: 6 SR 4R et @lon
204 (in Fig. 3) and gratings and prisnms. The driving nechanism 18 is
control | ed by thBecEVPPEEFERA2RT 20 asd@VER -t Reerafdrdvatingn 39ECrRELBNHt i cal
properties of the incident Iight on the beam nonitor nmechanism 12c ( the
detecti hy resul t efothe hexpeanraohigbt bIcpzorend ¢ heowemandl thagel engt h and
the spectral half bandw dth (wavel ength width) is controlled to be within
t he predeterm nedxpasgee loart e was®rmdol Wwhehcenéreakpowwel angthit i s
continuously adjusted within the predeterm ned range, for exanple, within

the range of 192x9viAyte 498 & Mt 1That ghStrhAshhics ageodiygent, the driving
mechani sm 18 configures a switching nmechanismto adjust the 2 2 DEC 2003

25 wavel ength of -Lhgcl@selcdeamnd Ads exshPeE-hasgh beam-gaktiedyfsam the
| aser resonator 12.

the substrate with high precision, improving both the
15 yield and productivity on manufacturing microdevices.
Also, 1in the lithographic process, patterns can
be formed on substrates with high precision by using
the exposure method in the present invention, and
microdevices of a higher integration can be manufactured
20 with a high yield, improving the productivity.
Similarly, in the lithographic process, patterns can be
formed on substrates with high precision by using the
exposure apparatus in the present invention, and the

yield of and productivity on manufacturing microdevices



Al so, the controller 20 controls the power supply voltage of the C

hi gh-vol t age power supply 12d by feedback 5 control so that the V%?JQEO#MS
the energy per pulse of the light source unit 12 is controlled so as to
correspond to a target value of energy per pulse. This is perfornmed, based
on the energy power detected fromthe oufgput value fromthe energy nonitor
structuring the beam nonitor nechani sm 12c upon 10 ordi nary exposure. On
the side of the illu 'ngt'on,o tical system 14 of the beamsplitter 12b
arranged in the ﬁaﬂsghb 1%eoFm ﬁ%v??ghgcg?ﬁﬁ%ﬁﬂkﬁﬂta:ﬂECQPQﬂﬂHQQNO?Uﬁ i's
arranged to cut off the |aser beamin accordance with information fromthe
controll er 20. 1Biphgr ankpgyat ool &er Hpnshacture@ wedmamdtiehi ng unit
BMU. The nmain function of the beam nmatching unit BMJ, is to match the
position of the gpeildal ipatdriofg tthe mparadowed viidyer TheamfChrer, eiacabireling
appropriately referred to as "ultraviolet pulse light" or " ArF exciner

| aser beam') LB ibackdentl &nonh20 tbpetasef thghirsourtce nt2nnibh,t RBere
illum nation optical system14. In short, the incident position and

i nci dentsangl e ofi st pectih eavi oh@i dlinfethd atitturiB g feddiodst8dntotp8 opti mum
so that the light is always incident on a predeterm ned position with
respect to an optl i he il 1 i !#ﬂ%i | sy The
beam mat chi ng un%kﬁgkﬁﬁénﬁﬁ?g?&4?n?séégg{gﬁﬁﬁ%k 0 tggff?sﬁhggpgga%ﬁaelay

el ement 52 and a,;seco gogptécgl %%;gwugleqp - ﬁr ﬁeﬁuegbiahlx.arranged on
the optical path™of the”"” 2229k ~C%~ N avi-6Fet Ypul'se°FYght LB, The
first optical delax glenent 52, ig %rranged in a predeterm ned angle in
respect to a pl af8'BEAFERETEEI 3FP6%n optical axis of the optical path of
the ultraviolet pulse 5 light LB. It is configured of: a half mrror 56 as
a beam splitter) whi chCpareitapl §opasségtbhaspretagfotbe povsetipght LB, and
the remai ning beamreflected and split; and three mrrors 58, 60 and 62
arranged0on the tpeireali spatrhvéfiedhe cékhadnigngebbam of thelkakt wheror 56
that structure a delay 10 optical path 64 which is triangular and del ays
the reflecting beamitel alpmedet @ehithedspetriradgetl befReecAsat heghal f mrror
56, a mrror that has a reflectance of around 33%to 50%is used. Also, the

optical |ength okotReedahay aOBlubg@kapat Anb4ni sxpbehrexappheattwy kikAes of a
coherence length d, i.e. 2d. 15 The coherence length d is determ ned by the

wavel engt h diStrEQBbEQ@eQEp?EQBEu@jHQEQd@a%EﬁBL@Er%%SQEQBkOQPQEhahEQSitiOn

near the |ight source unit 12 conjugate with the pattern surface of the

reticle R being e_Lrradiat r ) or.di. ngl be, refl.ected | ight
reflected by thegﬁaFkbﬁggkgr%38%§8E%§§q8§§ igghé 5¥85%£ Eetglﬁi?r8?5§8,
mrror g% and nirrorh62 and thgn retur@s to the hglf,nirr r g6 he tinme
correspohdi ng t 0 Ph&NdCPs &r BACESER ftRe 287G SA&Doptrcal tpaPh %ﬁépginafter
referred to as "delay time T" for convenience) later than the |ight passing
t hrough the halfeWFF¥89 56°MTRE LM gRONFeFGPRFRy P5°t61fhe half nirror 56,
is split into the passing beamand the reflected Iight again, and the

refl ected |ight proceéf@scafongohheisaksragipcal path asitherpassing beam
(primtive ray) to the second optical delay elenent 54. In this case, the

| i ght 2 2 oEC 20668e27 fproceecdsecdetentinhd gelrapdopfi talmepashidnfinite
times, therefore, in principle the light enmerges fromthe half mrror 56
infinite tines. Beeoha fheghtebkeatantangkdt ieohakhifi Fhestandghir Lats,
however, the |ight anount enmerging is alnmost null 5 on the third or fourth

round. Ffe first rappiedl tdebay 16h8reBhe53s aat@ﬁ§9&kpeaaeaqgﬁgtatvgﬁdthe
light split by the half mrror 56 a delay tine T, therefore déflection can

be excl uded from,the,Sgr €52h y@s split, reducing the coherency. In this
case, the prini?kve 10 ray 'S Fﬁg ﬁirst beam passi ng through the half

mrror 56. According to a seventh aspect of the invention,

there is provided an exposure apparatus which
irradiates first light having an exposure wavelength

25 onto a substrate via a mask on which a pattern is



The second optical delay elenent 54, has a structure simlar to HQ@Eglrst
optical delay elenent 52, and is configured of: a half mrror BBam
splitter arranged al ong t he optical path of the ultraviolet pulse light LB
15 emtted fromthe first optical delay elenment 52; and three mrrors 70,
72 and 74 arranged so as to forma del aygpptjogal path 68 which is a
triangul ar shapef In this_c sg t?e nigﬁsé 66 1S aﬁéaaggd SO t? he
normal direction 8f"¢He SArfalt’df thE" N PPOPI6E™A TR%r frat L8 Fect i on
of the surface of 20 the half mrror 56 are perpendicular to each other.
Accordi ngly, theSprane- f6ﬁh€d9590§Héed@P8§r6EPPCEPmBéﬁﬁlBﬁ descri bed
earlier and the plane fornmed by the delay optical path 68 is perpendicul ar.
And the optical path Befgbhhrollehewderhysepsi eatopdt hig8ti sotheee times as
|l ong as that of the 25 delay optical path 64) i.e. 6d. Accordingly, the
reflected |ight tethidehedobyathephakblneiernen6bupsequénatnahbyopreteeds to
mrror 70, mrror 72 and mrror 74 and then returns to the half mrror 66
the times 2 2 DEE22603nd8operitaspendmagtt ahtbe difherengedobetheefdaand
the optical path, i . e. 3T later than the |ight passing through the half

mrror 66. The lhg BtrQEHEBb”QnHOatBﬁb@@kBt@’Hﬁoéa§§ ekpogRkkt into the
passi ng beam and the reflected |ight again, and the 5 reflected |ight

d I t t h
EL?F§2|SS§S?2%1.ESP%?QEP?BWF%EP.%%EQB??15Eﬁgpééﬁhagzﬁgmﬁbﬁ°f?oﬁ?éghﬁ api ng

descri bed | ater e s wthth des rlbed

dof | ect on can bETERE| JAEHTT Pt RE R8P oL oR LadaS o BRFL O%r SBLERHYt¥he 10
coherency. In this case, the primtive ray is_the first beam passing

t hrough the hal f WAVELERIEE! ?ﬁdtHédEEaﬁﬁnﬁPHEFﬁBgﬁﬂlt BMJ having the
structure descri bed above, the angle of deviation of the half mrror 56 and
hal f md®or 66 is conﬁﬁ@PFééngytphéncoﬁﬁngheﬁSQQCUiQflshaniaU€6§éphbnator
which is not shown in Figs. By this control, the ultraviolet pulse |light LB
i s adjusted so~t hatret isspabwayisdi poi depbsomeampiceddt ehachedrpositeirenaw t h
respect to an optical axis of the illum nation optical system 14, the

i nci dent positi onaaRdpef¢edenbnabghe sabsthatel thavughetnpubsechkiight 20 LB
bei ng adjusted to an optinmum That is, matching of the optical axis is

performed. Al onggyktBnt hetanglesef 1@@%%@9%@ ahhexpaktir8 Eot186gaRd hal f
mrror 66, the controller 20 controls the angle of deviation of the mrror

[0, 72 and 74 vi 3nbhgoaubocalikiERt okonl ehght 88L 8ROWEALR Fldfiod?S

h
Det ai | s of optlcap del ay "el enent s ?optlca? 8e|ay circlits) are glsclosed in
Japan Patent Laid 1174 nd .t he correspondlng U S. Patent
Appllca?%on No. Egggg N%g %%89F§§§8 8?(Appllcat|on date, April 27, 1999),
2 2 DEC 2003 29 and as |.on as nat i ws _i,n _desi t ates or
el ected states, to whPchifRf ﬁ?eP%aﬁFSﬁgﬁaﬁbﬁgléﬁFgBa &%gg%pppéﬂ)aﬁernit,
the above cited disclosures ane fully incorporated by reference herein. 5
Furthernore, in tRPSteRPEJPREAC21aS1SA6RT FRIFRg1sS4apyaprRedabesees, C , D
and D the half mrror 56 and half mrror 66 are structured so as to be
i nsert abl e/ det achable lightangeaiskepnal sagdt kebspratcal fpat b of the
ultraviolet pulse light LB respectively, by a sliding nmechani smnot shown
in 10 Figs. The paptietklrerin2d pemtiodl sft hémel, i dang secbani Sdghasbeiing be
described later on. Naturally, in the case the half mrror 56 and hal f
mrror 66 is wthdsawed @rohe spasi fiiegtshowhti kikhgred4pbytt he bFagieRaty
line, the |laser beam (ultraviolet pulse light) LB emtted fromthe |ight
source unit 12 '%né5oQ'ﬁ%%%h%ihﬁc'%%Q%l%ﬂ gthe bhhuminati 87 QBRLkGBhgtystem
14. Referring back to Fig. 1, the I'l'umi nati on optical system 14, as is
disclosed in detail, in Japan Patent Laid Open No. 04-196513 and the
correspondi ng U. Pat ent No. 5, 473 410, is configured of conponents such
as: a bean1shap|ng opti cal 2%_ é (stru tured of _a C¥I|n er.I%ns and a
beam expander) arranggdseﬁog pF 8gt8F 558 épgoﬁgﬁlp % g ﬁou5|ng a
rough energy adj uster, e lens that forn1a secondar %ht sqQurce
optical system 8“58n&€ﬁ§e@aﬁgﬁ§ft§rré@| | § 15 ndteRnd 289 EGE SEETHLAG

| ens) and the Iike (not shown in Figs
said mask pattern onto said substrate.

BRIEF DESCRIPTION OF THE DRAWINGS



25 As long as national |aws in designated states or elected states, to
which this international application is applied, permt, the di s?dPEFed0bf
t he Japan Patent Laid Open and U S . Patent cited above are fully
i-ncor porated by reference herein. z z oEC zoos 30 The illum nation
optical system 14, illum nates the rectangular (or arcuated) illum nation
area on the reticle Rwith illumnation light for exposure having an
illumnation distribution alnost uniform In the illumnation optical 5
system 14, in between the secondary |ight source optical system and inage
form ng | ens systemFig beamsp isehemaic t\hWeew aisowing atksen ¢ omficeud t toround
97~ is arranged, Along the optical path of the reflected |ight, an incident
| i ght neasure ttl'b‘évig’é%o?ir?eFEP?éﬂtPﬁ 8¢ an ianbagiment insdre RSt a
10 photoel ectrjc conversion el enent, is arranged. The photoelectric
conversion si gHASBf e incident |ight nmeasurement device 22 is sent to
the controller 20. 0 t _of.the_.ncident light neasurenent. device 22
is calibrated in ad%ﬁgc'e%vmﬂtéharg%%@c#?‘ﬁlﬁg baasse':rgllcitlfllrﬁené’#E?reTf.lgll\Fs%?u’f%e 15
respect tosthe,put put ®igthe, incident |ight measurenment 'device 22, the
out put of the energy nonitor described previously is calibrated, and the
conver si on coef fi ci anfg ( ar s 41e va@WEhSY DAy bl 24k a0l L LIEL DAL b OU Pl e
val ues are obtained in advance, and the conversion coefficient Is stored in
the main cont raddde 20h 20. i Fideiyeticle stage RST, the reticle Ris
fixed, for exanple by electrostatic suction. The reticle stage RST, is
drivable in a predet®rgn dedsseandwghdwiest aositfYcexté off GebbhAMAteRing
case) in a designated scanning velocity via 25 a reticle driving portion
24, which inclunies BMYeafigmwtor provided on a reticle base not shown in
Figs . The reticle stage RST, is also finely drivable in an X axis
directionl®hich i s perdbenti é6l & %idq meraphxphodinectthen light jintémsity
r ot at abl e 2 2. DEC .2003 31 ?i rec&_li on around a Z axis (A direction) which
i s perpendi cul TS YRREIRY BFand SPEnd 361G | Bn Bl eLRBILEL iamanng ARl s
detected at all tines @){ﬁ,a reticle laser inferferoneter (hereinafter 5

I

referred to aspa.srse RS %?%l?f%r Tt 2t )¢5 by B P bsol ution of around 0.5
to Inm The informatjon %PFL@Ig'%qetaiytg.hc?eéc?}Jltlg:eloﬁ:lhlengzg%gg%}g%éeéagﬁ@j.:?g?f%fe

to the main controller”?2 and the main contr er

stage RST in ag€fdanGs WnldhobBRePOPS {4 O0P e rgé)ra@toinQCgcir sg,gﬁe}(\e(l;f’c{[ﬁg
i nformation)
15 exposure apparatus in Fig. 1.
Fig. 7 is a flow chart for explaining an embodiment of
a device manufacturing method according to the present
invention; and

Fig. 8 is a flow chart showing processing in step 404

20 in Fig. 7.

Best Mode for Carrying out the Invention
The first embodiment of the present invention will be
described below with reference to Fig. 1 to 6. Fig. 1
25 schematically shows the general structure of the exposure
apparatus 10 of an embodiment. The exposure apparatus 10 is
a scanning type exposure apparatus for manufacturing

semiconductor devices that employs the step-and-scan method,



10 through the reticle driving portion 24. The projection opti cal ?@EE%L
is arranged below the reticle stage RST as shown in Fig. 1, and tﬁ i
axis direction AX, is the Z direction. The projection optical system in
t-his case, is a double telecentric reduction optical 15 system and wthin
the barrel a plurality of lens elenent arranged in a predeterm ned

rel ati onship which structures a refracti ompoptical systemis used. The

proj ection magnification of the projection optical systemPL, is for
exanple, 1/5 (or 1/4). Therefore, when the illum nation area 20 of the
reticle Ris iandatranefelss a natkerumhatiedni dlieggRtasod malsé ontaigiplatdain ty
optical system 14, the |ight passes through the reticle R and via the proj
ection systemPff FAthGredeREc Wakee Widwer taubsteams. of a circuit
pattern fabricated on the illum nation area of the reticle R on the wafer
coated with 25 phot F ¥%EFEPSUBRIAPRAT Y0 0r & AR s UGaRE #PRKCenit
illum nation area.,.The wafer stage WRT, is arranged bel ow the projection
system PL, andi’s ‘dri s 194t nolgtrfmyﬁ ﬁ/%s-tiﬁ%'g'i dhale e stage B 2p3
32 on a wafer (nat. . i i ). b .driving unit_ 26 which

i ncl udes aél i r@?&%rtlﬁl%gﬁng%ngt .ggsi‘év?t%f?%)%c ype pr h%?gnﬂso?‘?m aftt t he

like. On the yppekesUsfAGE Wit LB YR %rwﬁfégea%&tggs%@%@é, \é/n%saacosx'}%ic;lr ate

is fixed through a wafer holder 5 (not shown In or exanpl e,

el ectrostati c SiddmONEcA SiesONedtforipes . surface of the wafer stage W5T, a
novable mrror 28 is provided. A wafer laser interferonmeter (hereinafter
referred to as "waf s ithlecnfigh@neberce B0itrradial asracRBafbEeIReEr REAM
onto the mrror 28 so as to detect 10 the position of the wafer stage WST
within the XY id arsedat bt fligbs, sbyrckol2exanppeaceaicesol aitiwat0f 1 &d @3nd
0.5 to Inm The positional information (or the velocity information)

col | ect ed1By tihe wafrdradenodr theofkoer B0 i asdiif fegenttercomt Dbt exxadfplend
the controller, 20 controls the wafer stage 15 WST through the driving unit
26 in accordarfde2WPERVERE TAPBrifaiitdish Fgﬁtch%gﬁ%‘? ©f shepndingperisurdwre of
the wafer stage WST, an exiting |light neasurenent device 32 is fixed, which
is made of a aﬁ}ﬂlbeft}b%tt r‘?% THARRTSI DHE R it . Whgke &t iRt pPedyRE the

measur enent deev}é ce SrZe ias set .so it hat %\gi Iidght feceivj ﬂg surface is al npst
the same | evelS ¥ THe 86PPAREUS S hBSFAFAPIWCITAB 3hbt bEFREPACE RIANAHSS on

i | of th i 14 i gh . i 2 1 t h t I
50" O D A0 LhoMamas eay devi o 22, g sentlo e conig) e
in advancesw tdbdRsPestcd O the Q@%H!dt .s%furté(ée drﬁﬁ‘_ deat s Li ght, MRagy g

. e
devi ce 22, and the conversion coefficient (or the conversion function) of

the both out pufl Madiest 6 PHiddE@yisteadyancernand Jihe seAPCRr §hoR 12 is
coeffici ent 2 2 DEC 2003 33 is stored in the main controll er 20.

Furt hernore, wdnnddteedxpbsune beppamaitchily iwnithi sMenbediskntis @achight
optical system that is, the beammatching unit BMJ, illum nation optical
system 14, andnansnpkiof bed i s Sero@nd st ragsugwdPb fr especsingl andraptical
connected with an intake pipe systemand an exhaust pipe system MNbre
particul arly) sifrentyiciere & RHerahitkeobhidof bystion imict xwes) arianged
second and third intake pipe, i.e. 34A 34B and 34C. One end of the first,
second and®t hii §hR AP pee Bhe Fekyriratiey ermhezl etlyeerithe. housi ng
of ) the beam matching unit ,%ét he housi nlg%é)f%%t he illum nation optical
system 14, and (the rePR UGt ] N PHOTERR i Oh Ut ikeam SRt am i bt RHY end
of the intake vplilple 3§A§<e33é8'§n V\§4C are divided into two ends, one end
connected to & gas Tanehot  RROWHE FHE -

In this embodiment the beam matching unit BMU and the

illumination optical system 14 structure an optical system

25 for illumination in which the light source unit 12 irradiates
the reticle R.

The light source unit 12 comprises: a laser resonator

12a; a beam splitter 12b which has a transmittance of 97% and



15 Figs. (containing nitrogen gas N2 (with an oxygen concentrati on? df0ECedH3
than 1~)) and the other end connected to an air tank which contains dry air
al so not shown in Figs . Along each divided end of the first intake pipe
34A, a first solenoid val ve 38A and a second sol enoid val ve 38B 20 are
respectively arranged, so as to open/close the flow of the pipe (gas
passage) . ldentically, along the divided #2nds of the second i ntake pipe
34B, a third solenoid valve 38C and a fourth sol enoid valve 38D are
respectively arranged, so as to open/close the flow of the pipe (gas
passage) . Agaith2IABFLRLURS 4hei drBleadsPdth tafe thie Adserthgam pgpet Bad, a
fifth sol enoid. val ve 38E and a sixth sol enoid val ve 38F are respectively

arranged, so a5 9D DPEmMITTEF TR b2t He BRa MRkt Padieranism o3t oeC

2003 34 The fi i xth_.sol i d val 38A to 38 . d/ cl db

t he cont rolel elrar%'ﬁ\%c?lcén wtl_'}?% (g%?&ld%%%/?‘?%éi ?g%goﬁﬁgl%gl%gﬁg‘%@? C‘b‘??)@‘e d
t [ f s 1d [ t pi 40A,  40B d

300 “One ond oo the TS getie A kel s Lot M Rb 1% ¢ S kot

are respecti vejy gg?nfptﬁgfép (6“@i@9“§iﬁﬂd0§%%th§)Peéﬁ%ﬂgﬁﬁhifﬁ unit, (the

housing of ) the ilTum nation optical system 14", and arrel "of ) the

proj ection optical ﬁygsleznsﬂdwsalawe&%gfliesgi 2hEBLBriOt8¥Bayst t PLPLI gy O
where the other end of the 40A, 40H, and 40C are respectively connected.

Along the firsdouseecand,t and thérgshexhdustrigi pe, cacdh e6hposesendes @rtbédi rd
oxygen sensor 44A, 44B, and 44C are respectively arranged in order to

det ect the oxyajevdSwitbokentrattonesfthdel jgist fsoutrag (sudciheaextaist1ibh pe
(gas passage) . The detecting results of these three oxygen sensors 44A,
44B, and 44C a¥¥csapd 134} hereoneveefiein 2@ hqweirgnidoller 20 is structured
with a mcroconputer_ (or a workstation) as _a core, and controls the
operationi8f 20 the 2BSTRRAR Vi FGiFpdnetle daseri BRACBAEPF e} 27 rCOMRT E®DEUr e
apparatus 10, as i of the first to sjxth solenoid

N h /¢l o] .
val ves 38A to SRFEXTHISEOhEFSF | EFD90 L35 CORRBRST br 1) 2y Riftat opiudes

ti ot | .at f le, 1 t 1.t t f th ti |
Syat om f rom ¢ 13 Tfs s HidndR B OBeF e el M 3 Trepaafr 8] °°

splitter 14a (?@{)Z”‘; 3 A5Lq aRPLARr L84 ! ¥ feferte egrol%‘?%%f‘:tmer Sh2 (on the

transmttance" on t he output of the 1ncident neasure

device 22 and {&er OHLRYL s9Het BE @REN 0% )TON Uy rek 1% EGAWR 35 Wi £bnt

structures the beam nonitor nechanism 12c. Al so the controller 20 can

cal cul at eishe miaASH) thasCerohngbe DRt Eeaht Syst ene féRmibel Posi ti@he 0503 he
beamsplitter 14a to the wafer surface (hereinafter appropriately referred

to as "a secontod threamsghttlamca s)ideasedr on. the autiptdd ehbiherepeiderd1dh ght
nmeasur enent device 22 and the output of the exiting |ight neasurenent
device 32. Nex?03 tderard¢d of eausmyl ey din dretofeerhéhepekcamesysa ear (haaen
mat ching unit BMJ, illum nation optical system 14, 10 projection optical
system PL) in v %5@@,— éogp%ﬂaqq}glq_rgmirror 205 and a angularly movable

Fabry-Perot etalon 204.
20 In this case, the rear mirror 201 and the front mirror
205 configure the resonator, which increases the coherency.
The Fabry-Perot etalon (hereinafter referred to as
etalon) 203 and the etalon 204 configure the narrow-banding
module. More particularly, the etalon 203 and the etalon 204
25 are two quartz plates arranged in parallel to face each other
in a predetermined interval, and operate as a band pass filter.
Of the etalon 203 and the etalon 204, the etalon 203 is for

rough adjustment, and the etalon 204 is for fine adjustment.



structured as above, will be described. To be nore accurate, the

sel f-cl eani ng operation of the optical elenents (such as |enses, B&@aBkC 2003
splitters) configuring the optical systemw || be described mainly through
t-he operation of the controller 15 20. As a prem se, the first to sixth
sol enoi d val ves 38A to 38F are closed, however, nitrogen gas having a high
concentration of oxygen (a first gas) undes 1~ still remains within the
interior of the exhaust pipe systemand the optical 20 system On starting
the self-cleaning, the controller 20 opens the second, fourth, and sixth
sol enoi d val v&8e 8Blondf3 Rl SHFlomy Oﬂhnéréﬁﬁﬁaﬁmd)nutphésdﬂye sipectaal
second gas) stored in the gas tank (not shown in Fig ) starts to flow
into the bean}iﬁenﬁf‘EHPnébﬁNi’f’lﬁw ‘?%et}’fef Illﬁ'i‘rﬁeﬁapieéﬁ bbt?f&h‘Ft%@sﬁ@ﬁ the and

the pro ectl optical syste PLthrou t he i nt ake pipes 34A 34B, and
bhe Phowt Ct haasdh: rEResR s Tes eefﬁgﬁ% 70l X G ethe ?afuaéé

2003 36 to thg gudq,q Qb 2% RYRLs HRP! Ynd 20RO D e¥al 08 PRECC b or

resonator 12a starts fo em’t ase eam

12f is stidl LAva1ehgted St atge w%EQrtm%éﬂnﬁﬁ anggl&QQlE S%%v%%%ﬁgk?) the

| aser beam 5 (ultraviolet pulse light) LB 1s 1ncident on t e beam tor
mechani sm 12c ewiia tlelde sheameydl ilhler I2onbehazn mn Wy Ml $:hd6

then sends the imagi ng signal of the fringe pattern and information on the
pul se energy wapuedet errd ne@tra@ldeer 20. 10 The controller 20) then adjusts
the angle of the etalon 204 (or the grating 206) which configure the |aser
resonat or 12a t hroughteraadrivelyy tieehasiesntrddonaica®idanthd Petdt@uctured
information fromthe beam nonitor mechani sm 12c so as to change the

wavel engt h of ashin Fager3 bedthtihothpprseirnee e¢ya 9B 123mm F1§. Thushéltalon
wavel ength of .the |aser beam LB emtted fromthe |aser resonator 12a is
changed t%° 1980334RF TRRIP 2l Hie WRGT & hies \Raidi tadigt Rngf 1ppsead Fobxdiemmearaser

beamis adjusted to é%S 23nm s nqw descri bed._Fi q__ 5 is a chart show ng
the Iight int 8A&EEF &%t A F& 1&‘?tllr?nt ¥ PEa S8 T5F ATt Lop ,erlﬂtéi‘& n‘é‘rral"'dé’@r)

i o L B O SO B e

envi ronnent . n Fi g ori ZOI’]

t he verti cal %Il%c}q%eigﬁ hightpin t}ﬁqr}‘sbgﬁomeﬂﬁg%g gta%g_scltg (%f‘fl'ggg]tertmsg][

beam In other wor practically s sor |ng

oxygen of theAr Ftl?éc'g‘i%rt1|n%53§0?e%'i‘i‘d ASnb S fORVIOUR: £ 9P BigS. . ’AR&” Xnd

smal | difference in wavel ength greatly changes absorption of ‘oxygen around

t he wavel engt lﬂaQ'frolvg:iﬁ'ﬂdl% Iking i JddiE idudda idH ek tgﬁ*atl%gz 2lofeC a2iyP 3
37 distribution, the light intensity seens to be the weakest
the etalon 204. 1In the case of the laser resonator 12a in Fig.
3, thegrating 206 is used for rough adjustment, and the etalon
204 is used for fine adjustment. Either angle of the grating
206 and the etalon 204 can be changed, when changing the
20 wavelength of the laser beam LB (oscillation wavelength)
emitted from the laser resonator 12a within a predetermined
range.
Alternatively, the narrow-banding module can be
structured of combining a prism and a diffraction grating
25 (grating) .
The beam monitor mechanism 12c¢, in this embodiment, is

configured of a diffuser, an etalon element, a line sensor

and an energy monitor (not shown in Figs.). The detection



around the wavel ength of 193.02nm and the absorpti on anount of %gg%gn
seens to be the greatest. In the wavel ength range of 192.9nmto D&6ng003
however, the broad (prior to narrow 5 banding) light intensity distribution
fromthe ArF exciner |aser light source tends to be stronger around the
center, and the light intensity is originally weak around the wavel ength of
193 . 02nm So, even if the wavel ength of the ArF excinmer |aser beamis
adjusted to this wavel ength, the energy 10 absorption amount by oxygen wil|
not increase so nuch. On the other hand, as for the wavel ength around

193. 23nm ori di¥Ea Yy ofhehr ¢ PERM Baft iy Rechand spoRy iamentntaddien orelher

|l ight intensity_ of é&s ArE excinmer |aser beam passing through the dry air
envi ronnent i < Weak &6ﬁg§reﬂhﬁﬁht?ﬁs%\%§/eq}€?&}t% ithe181EEyaRKcediffracts

Co ly, hi h i bl | h i whi_ch t hi
e e o nA D hen Bt R SEF Tbnen s BB RO 3 FRYEL ST AT AHEE Hnoe

. Th f | thi j t i ti h th of.th
A Fooxci mor | st ek FERTES et e BT uiPel SRR R SRR LATEn 20
of the opticaly gier %@Eht&k@pébéfrﬁ%'aﬁ%rbgﬁﬁﬁidpﬁama\ibél%l{]ﬂ;%%ﬁﬂggl &

ozone 03 is thus, generated by photochem cal reaction a
el enents can bgnefimsesing! ¥igheaned Bwet e ivgedda tda @f 17 Wfpdth R @hd el
wi th adjusting the wavel ength as descri bed 25 above, the controller 20
wi t hdraws the dtfroitenr 2056t a0 Ghe thhie Stslengbur.e thige beamrratiaki-ng ¢init
BMJ. The half mrrors are driven off the optical path of the | aser beam LB
as shown in FigerZiowns la plredemregmiaey proesssito the thaethd enignal?2o? AR
2003 38 of the arrows C and D via the sliding mechani smnot shown in Figs.
The wi t hdr awal £¥Engerpat hern, sand hebtahns heheptinfatrmat tomi of) phecessiownl ch
wi Il be described next, the | aser beam LB (second light) emtted fromthe
| i ght souffe RFPPADPLHAE F KRG iRF Hay diahgton shellosprm 3omiitordieean ism
incident on the_illum nation ogtical system 14, w t hout passing througg t he
e5% he

first optical t&fay ‘Ei%e BhECL hBT L SR a55tsi EBP MFEIY AMfEnP s
(each opti cal . The reason the | aser be needs to pe directl
incident, is bgégﬁggﬁ%?mt g'bé%n?%%%%&%niﬁ YthuSﬂétﬂﬁt??Fs?Poﬁ??c%?e ay
el ement 52 and,¢he.sgcond optical delay el ement 54, the intensity of the
beam i rradi ating tﬁe i 1lumination optical system 14 weakens. This

consequent |y decreasgs ¢ 13Nl o0k cRZQAE tIEDET ALEA L R%cgﬁggggﬂgm £al

reaction, which in turn reduces the cleaning 15 effect cause

oxi dationigf oZDHe.arkaigdd (rbierPesiriR@nes LHfg the |Aseh - 19aANGREIR: bR
mai nt ai ned extrenely high, so as to performeffective cleaning of the

optical el enments drdnedssbhéispieddialn@ee56as s tHhRANMIGd tHE 1 A% rSPO5o RSt bhe

w thdrawal of the half mrrors 56 and 20 66 is conpleted, the controller 20
opens the shuti2aa, 12ichwid dthe staloangeéd Withifigt I | itdlet gsatieg 20btadd.
Then the laser beam LB is emtted fromthe |ight source unit 12, and the

| aser beam LB threagitates 2A¢ §i8 FhegerBbrand ghetbeasm andchrhgmanit BM,
illum nation optical _system 14 and projection optical 25 system PL, and

each optical el ement 8¢ Giige PRELERESBAIT Fredtiinegd Ledh bY 4@ eprtraller
Pysteme. S SRR 4 TRk s LA g MR SO

O e ot e EaRR = R DR Ao A e AT S et B

results of the beam monitor 12c), and the central wavelength

and the spectral half bandwidth (wavelength width) is

controlled to bewithin the predetermined range. 1In this case,

25 the central wavelength is continuously adjusted within the

predetermined range, for example, within the range of 192.9

nm to 193.6 nm. Thatlis, in this embodiment, the driving

mechanism 18 configures a switching mechanism to adjust the



started. Right after the self cleaning has started, the 5 controller 20
nonitors the output of the interferoneter 30 and drives the wafen 2sDB0e0085T
via the driving unit 26 so as to position the exiting |ight measurenent
device 32 directly under the projection optical system PL. The controller
20 simul taneously gathers the output of 'the incident |ight 10 neasurenent
device 22 and the output of the energy nomgor structuring the beam nonitor
mechani sm Then, it calculates the first and second transmttance, and
drives the wafer stage so that the exiting |light neasurenent device 32 is
wi t hdr awn f r oaHRISTS He Ofr BRrecka iy &G@%gargy%%W@L.lam@ beanbsmigitad
det er m ni ng tt}ecﬁgsi tion of the exiting |ight neasurenent device 32
directly underriHE P LA HF URTLIT sy4t em neasuring and cal cul ating the
transm ttances, and Avf t hdr awi

f f WET _f d th
proj ection optical sSystem ein%olpe%é’ eeer a?ag%;%rn&fé’tlé ﬁﬁ%gpgg’f?ér \e/sd'l?p]?() By
t i nui t he, | | af | f .t | f h t
Toa during « ne'SAeREe SokOBng ich VATadt ARk SRBRIDTaR A By LRI,
the surface ofcdiier SPiCaha el ENERLS W& oENELd lelnlé@dqyaﬁhgr#lﬁ.gé% o cRYSEEM L4

and the proj ection optical system PL are shatteréd aser energy. 25
The oxi dati on sfurze®nmigener akedoRYrbNee@ndb LN el re@3ehii0R ook S £ &aNS
the contam nants of f of the surface of the optical elenments of the beam
mat chi ng unit BMije idf umenajy erophileal. SyRtiem d4pantothedpPrivieedi ® the
optical system PL, thus inproving 2 2 DEC 2003 40 the transm ttance of
the optical systergy BwanmeatHdted ZGomasheenuitpnedveanki romothé ossetdie
change in the first and second transm ttance obtained at predeterm ned
interval s. And\ihefPX hetrHatysing dduvh Beamamsomittican cee doesi st 18xc ambra
perm ssive value, for exanple, alnbst zero, in other words, the change in
the first18nd QLAY reFRIFIFANCe by tinme have saturated, the controller

20 judges that the cleaning js conpleted. The controller 20 then closes the
shutter 12f, and stdps end?’rfget §h¢ ghetupinael ¢ et At 1 ¥l aget

pover SUPBLY e ALAGBS Db AR G5 WA 0 LR PRRCELIER

such cl eaning opération~o € optica

opti cal el enenls, Ole 1A ORb] CAls AN 3EC SRl LA €8N ALIIRA! %gg SHcl), as

right 15 of ter the naking of the exposure apparatus; r1Tong hours of

stopping the opedmti PN Hodddh SXRATY & n3BRARLGS: £3BH HRONCSHERG] 18: L6,
exposure conditions or the illumnnation conditions (to be nore specific,

such as when changi ngig he apekkusecsh PPgRtat BoRfod td bl RattRInGPLA cal
system 14, 20 changing the reticle, and changing the pupil aperture of the

proj ection optBMal gyst emniBl fundhéodoont tine whtm mgh e mepanhati smuof i heo
exposure apparatus can be reduced to a m ninum and can performeffective
cl eani ng of theatptitds polsdrBwnsofsthehepfitadl perfloofanbe 0értbeeédxposer e
apparatus itself can 25 be nmintai ned. The exposure operation of the
exposur e apparkgams (herednafitem.yagpseprbaenyxxeferred to as “ultraviolet

pulse light” or ” ArF excimer laser beam”) LB incident from
20 the laser light source 12 with the illumination optical system
14. 1In short, the incident position and incident angle of the
ultraviolet pulse light LB is adjusted to an optimum so that
the 1ight is always incident on a predetermined position with
respect to an optical axis of the illumination optical system

25 14.
The beam matching unit BMU in Fig. 4, is structured of
a first optical delay element 52 and a second optical delay

element 54, sequentially arranged on the optical path of the



First, reticle | oading and wafer |oading are perforned 2 2 DEC 2003 41
under the control of controller 20, by the reticle | oader and waf @2 bpa
not shown in Figs. Prior to the reticle |oading, the self-cleaning of the
optical elenments, as described above, is perfornmed, and upon 5 conpleting
t he cl eaning, the adjustnent of the wavel ength of the exciner |aser beam
and replacenent of the gas within the optigal systemis perforned as
follows. In short, when the controller 20 judges that the cleaning of the
optical elenments has been conpleted, it shuts the 10 shutter 12F in the

| i ght source oHitrafpiolet tpwksadiisht bhe wavel ength of the |aser beam LB
emtted fromthe |aser resonator 12a via the driving nechanism18 to
193.30nm whi ch is tHe Sdoshrer besal efrtay shemen o + oks mrrdrgeditputa of
t he beam noni tor chanjsm 12c. Thus, when the shutter 12f 15 is opened,
the | aser beafi %8 HRAT AR (FRIEK pHR UFESRBGE| BRG PY3R¢ ReTRepdicikalntq t ed

fromthe |ight_ _source unit .12. However, . at_this stage, the shutter 12f
remai ns cl osed™ \ﬂ?etr‘?‘ct#e & Pért]ﬁfo?gl%ﬂ)sp@oa’ ﬂ#eggﬁn‘fjrﬁﬁ‘épﬁﬁt pulse

i mul t Iy, s th . d sixth sol enoi d 20 val
S5, 38D, Snd MR A it e eont iy Y £l SEARE (S At iR
val ves, 38A, 38(G ;i @k 38R1iBY phlPk$a9RS" fLLEO0s éﬂ@uflrt?r%‘v&%ﬁ.egéaﬁuiégkl{@%

the firs a

shown in Figs. a high concentration of nitrogen gas gas)

has an oxygen mpncgid r ehkOReRin€X§e8daRd rbt liet tBUPRINE G AT v .eSRaFtiyaly to
t he beam matching unit BMJ, illum nation optical system 14 and projection

optical systemifrats $he 60rahd secamdanaed h rthd Miprke N R 34A £ 34k and
34C. After a predeterm ned period of tinme, the dry air remaining within 2
2 DEC 20p3 42 ndfEl eeimgredadm of thiet h8MY, mittaoniSatthant eptructureystds dw
and projection optical systemPL is practically replaced with the nitrogen
gas. In thPs creicaheaddnfiorhech A¢ tudgogulhatandalalepisatbrerd £ hast reen
conpl eted by the output of the first, 5 second, and third sensor 44A, 44B,
and 44C, when ReRM BRHyénPESRCEREFATICSnPEELEpAt OBftEMa. t PBeshechabf nivgor

within 1% Furthernore, almst sinultanequsly with the shutter 12f cl osing,
the control erggZ]'O R RT o E@‘arﬁﬁ’fasmar F&t 156 CanE 68 Ec8rnPrREr BAY EReS bhals

t chi it i g .t iding.unit.10 not in _Figs,.The hal
T rors 56 and HE ar &0 ERe ROEREad P E0e TRl SR el PR e 555, PekR o4
C d , 'Jﬁry%ﬁ;t d . nto. t] t f I b LB
2[1:)\7nmby aagol%' I?dr}g.é n tlh?'s t'(‘:”gsg,lh?%eggd% ﬁcgc{hrfé;%t&oo 1&%?%% nze% h%?op I cal
axi s and @t thenangl®eHendevi plihopn oy the @iertre%i%%’d 15y, 6Q; eant?a\ﬁ%le
the 1Tt ol the hart

previ ously described, are perfornmed in advance. An

mrror 56, 66,459k bt O6n 28 1 60ht G2thif a §8at288 rb AR ildh DE of SSPECIdeEl Y
mai ntai ned in the adjusted state. The controller 20 can al so open the

shutter 12f, ife®0 nkeeddahy, sddehamit osp tbajabutbewit?f tafd efattern
adj ustment of matching the optical axis and of the angle of deviation of
the mrror 58,s@W0fa®de, of0,thre, randcise VRabeiagautbeolilriraetiat edot swsihbawe i n
Figs. In either case, when the shutter 12f is opened, the |aser
Accordingly, the reflected light reflected by the half mirror
20 56, sequentially proceeds to mirror 58, mirror 60 and mirror
62 and then returns to thehalf mirror 56 the time corresponding
to the difference of the 2d and the optical path (hereinafter
referred to as “delay time T” for convenience) later than the
light passing through the half mirror 56. The light returning
25 to the half mirror 56, is split into the passing beam and the
reflected 1light again, and the reflected light proceeds along

the same optical path as the passing beam (primitive ray) to

the second optical delay element 54. In this case, the light



25 beam LB having the exposure wavelength (the first light) emtted from
the |ight source unit 12 proceeds via the first optical delay el edeh®DEE22003
and the second optical delay el enent 54 which structures the beam matchi ng
unit BMJU. It then 2 2 DEC 2003 43 proceeds into the illum nation opti cal
system 14, consequently reducing the coherence on the irradiating surface,
such as the pattern surface of the reticle2R Wen the wavel ength

adj ustment of the | aser beam LB, 5 replacenent of the interior gas of the
optical system and the insertion of the half mrror 56 and 66 into the
optical path REPEARoRFIONNEd, thhe dadth oPPELCc2Y toaeth phafanésef otimesicl e
al i gnment and hasel [ ne ngasur enepnt based_on_predeterm ned procedures. The
reticle align ?r%%%lr‘f)as‘él BHLRF AR fP& L A ABAteNRREe S e the haldrpkerpe, a
reference mar l.ate an the wafer_stage T d an ali nt . detection
syst em whi ch gsré; l%‘o lnslhq:oewt'%lf“l‘*?sFi ggl.leﬁgot 'esfsggg?t?ﬂﬁeccgﬂ% palfapirror
performs the rgticl. li.gn eni he shutter 12f, and.using the
light with theaqjie‘>i<(|f;“<%§‘&?’eIJ Syt %‘(mg%{h%ﬁgggle‘%aﬁ“l‘%u’i eB‘FrHPEBa’r%ﬁIB‘Hétfg‘bYP{ he

reticle al sgnnept@od.f hegbasetinge e ment, are disclosed in detail in,
for exanple, Japan Patent Lg?d dlo F\ 6&&%5:324923, and the correspondi ng

U.S. Patent No. 5, Z%é%-r%SS\EEEGaQSdé ARl 55 aus h@sé?%ga?éﬁ&'ve,

states or elected states, to ich this 20 international application Is
appl i ed, pernidivédetite scigtstirags iof tad wlow 1a aifrubly 56Na08ROE AL €EmBYT,
reference herein. In the case the reticle alignment is performed with |ight
havi ng a wavel Ereg éf ot éale filleart itdre cexpios e Wwaleel €mgihhthé ts adreshe rpedidos ned
in parallel with adjustnent of the |aser beam 25 wavel ength, or with the
interior gas rplhteneedueing Nhemdherensypst en Thés) cahe, conerptiei t Poe
perfornms alignnment neasurenent such as EGA (enhanced gl obal alignnment) that
is disclosfd ifpY 3sotiheEd dpos heamecpassing obheguahl the  halbpahrrareh . Lai d
Open No. 61-44429, and the corresponding U S. Patent No. 4, 780, 617, by
usi ng the alignnment T2t e¥ETOMd s?/%{)b?ﬁ%o eLmBuRl PReTF o34 - AR2$ oS BEUE here
national | aws ép d sngateE stat.es or el ect?d ftates, to which 5 this |,

i nternational ApptTEatieh F8Sapgpiitf, OBELARL, 99%PYi SLPBERFeS i t BdabbYe

are fully inco y. fefer ein..Alter conpleting the alignnent
measur enents, %%%%?gega%%d ae(;ﬁle#ﬁtg 'szletrerﬁlr;nsfggaﬁ %%gﬁo%lpliégﬁgff%’?% %%
follows. 10 OyEXROSHRE, oblE caqnt 20nefi : , S iy r
stage WST so 't hat]p?he XYo%osicti or%{ag‘ﬂ ftat?;fe \QAfgfeeP&\%/\%iagglog%%t ggﬁ\é% t%%%%ﬂgélt?i ng

position af scenntogdekpesUteei nithe bptital 8bOLyasLanéhtrss, shwd) cndbe
controller 20 also noves the reticle stage RST, so that the XY position of

the reticle Rribrrersorat ek and he staahyBg POSAd It FekrmSaanBLAY SXPDSAT €.
The controller 20 perforns scanni ng exposure by synchronously noving the
reticle R and patkré \Whightiwe ar erigheguitlairvilepeor Tnoth 24 cack t RRedti vt g
unit 26 in a speed velocity with respect to the projection nmagnification of
t he projectiontdpi$carranged so that the normal direction of the surface
of the mirror 66 and the normal direction of the surface of
20 the half mirror' 56 are perpendicular to each other.
Accordingly, the plane formed by the delay optical path 64
described earlier and the plane formed by the delay optical
path 68 is perpendicular. And the optical path length of the
delay optical path 68 is three times as long as that of the
25 delay optical path 64, i.e. 6d.
Accordingly, the reflected light reflected by the half

mirror 66, sequentially proceeds to mirror 70, mirror 72 and

mirror 74 and then returns to the half mirror 66 the time



20 system PL, in opposite directions along the Y axis. The |ight %hjflt
during the scanning exposure is controlled in accordance wth the « 5Gt20&?
the incident |ight neasurenent device 22 and the output of the energy
nonitor. For exanple, it can be controlled by adjusting the pul se energy of
the | aser 25 beamemtted fromthe |aser resonator 12a, or by adjusting the
oscillation frequency of the | aser resonatgg§ 12a. After the transfer of a
reticle pattern in a shot area is conpleted as descri bed above, the wafer
stage WST perforns 2 2 DEC 2003 45 a stepping novenent which covers one
shot area, andQ¥veseemding toxpos did fefr emve nbitheshidanar elae begiina 1. pdtie,

st eppi ng novenent and scanni ng exposure are, repeated sequentially, and
thus the necessd®y Hudres &Paﬁaﬁﬁérhkg%\ié%i’rw dhmsnad Gheohahé mhotor

areas of the er..On_exposing each shot area_on the wafer W the optical
el enents of th Dpt'rih(‘?alllgﬁp%tﬁ UFRLRE g RaddvahERChRE i st Felitatte hat

the optical prgperties.can.be exhibited to the i Therefore) the

deterioration oic pREtEFrAS FFFY a?ﬁ%‘?e&ﬁgd r(ﬁ#lc?ctt[%(v\g?&‘tt RER1Rs Chfsethdy
t he deterigrat, j or 1 erfornance of the optic system
upon scannlgng ]}eé;{)]loés)%%(gegglai e slfjop{)%geds%ea&onﬁ SO 5ﬁm§cgﬁﬁilﬁﬁqe§ﬁgbu?%,tl?‘ﬁe

first optical gelame! emant $2 and ddum serapdngpt deal 4l ay Slgrent S,

whi ch structures the beam matching 15 unit erence on'the
i rradiating sufBeeindbheoh BpRilanesssr &hitngesn 8od wIRGCkL 8%s MiGhy PEELE . On
the pattern surface of the reticle R and the conjugati ng exposure surface
of the wafer Wntthis cear,besehfertineldasdipgpcesiedd 60RsEaYENdby1 OISV N
the controllability of the pattern 20 line width. As is obvious with the
descri ption scdmrbe iexcalhidedefiodi heat senbead) Listaverst spliit,i sedtitigyuties
by: the first and second optical delay elenent 52 and 54; and the sliding
mechani smt@hi ctPheBeRes/ dditathds caeebetm pplimittdveseannis 6he2Ficenfbeami ng
the first and second o‘[_)ti cal delay elenents into/fromthe optical path of
the | aser bearR3IEIThethEPuEh nbhe dlif Piraprahfed al ong a portion of the
optical path fromt li’:ﬂht source unit 12 to the arrangenent surface 2 2
[

DEC 208 46 of the r & ReAfld MAREHAT R BN havaRg thheamtBecture
dj usted by thj i{. Fromth i pti b ith th
Soharatus 20 ASréTinea HEIVE Lo AEORERL! SR aBPPHE o $h S FRbT R Erem 5

(beam mat chin | e sy naki j 4 _an L Q] ect fon,
optical syst e%élgLrH)%d To fe'mr%#?rprggc?geegl{l%]ggisle%,-%éfe@g# ﬁgngﬁgrlgteiro%boYl? he
optical ehemends alicllion 1R theUsh r ' ;gRtic { |
performed by the | aser beam whi chﬂﬁggtsaﬂl&mg\%@:ogggft&hgé Fdst%%tﬁ%tﬁﬁt%ile'
energy 10 absothedltyawiyget b1k i urasi raigy;Resdtdw tagkfi e qlsea i digs
dry air that has a high concentration of oxygen is purged into the opti cal
system so thatindident onaa puklietieent nadpod i forOwY gRT A p¥G tHQANOPHE Lad 1
path. The | aser beam then breaks down the organic structure of the

cont ami nant's, &wbs o26néhgeridrlatmschattsidyy opei pabt eghéamcadld,r ezdod | bincident
oxidi zed and effectively cleans the contam nants adhered on the opti cal

el enents withiRPRishortapdringidentiaeglehen the suktramiabet sppbsé ol hellt
the half nmirrors 56, and 66 are withdrawmn fromthe optical path, so that the
light intéfsityP RetdordEretRinECi ANsPPEAHRR- t R DOL S hataghing ¢f gthe
used for exposure, to result in nmore ef fective cleaning. Accordingly, by
the i nprovenen?p‘b%c?l\gralflegf lecPPe’ﬁg?/’fm? e JHAREWLER BRoR gl erPEr deeis ban

h i nt [ its, t | I, t he d f
ol ass mat or | SIS bAREdH PP a o ARG BHSPOy Beant2s (R ETBYLFRCHO
| b . F t t ] | erent f..the.opti t
per form a6l - T Bhn P | BV SEe Coris Dat ol Syt TagRbeLra: “48 TRaL 1 he

transnittanCE’ﬁiatbﬁeoﬁﬁES@$I§Y§£€8}iSwhighzigxﬁbﬁogﬁoﬁg 2 ﬁbgsgptiwum

upon exposure, and the pattern transferred onto the wa er can be kept from

bei ng det gsi orated. Dé&taQitdtigH, opRiOYROSPE Eaf N 1RBAMSP! i(bheh 28 afgh £
circuits) are disclosed in Japan Patent Laid Open No. 10-

117434 and the corresponding U.S. Patent Application No.

(Serial No.) 09/300660 (Application date, April 27, 1999),



are inserted into the optical path of the |aser beamso that 5 optica

del ay can be perfornmed by the first optical delay elenent 52 and EBeDE@%ﬁﬁd
optical delay element 54. This sufficiently reducesthecoherence

ontheirradi ating surface, thus effectively suppressing fine interference
fringes and speckles on the wafer surface (inmage plane), and inproving 10
the controllability (such as line wdth ureisformty) of the pattern |line
width transferred onto the wafer. In this case, since the |aser beam
proceeds through the first and second optical delay elenments 52 and 54, the
| i ght intensi 895t herg o Aftd anaghtl awsr i deedigbatestpoakes wealedestethi s
15 suppresses the photochem cal reaction of generating ozone fromthe snal

anmount of oxy§&R SERirt FPnYRIFRCERLEM P ERERR FHoReE FRRYISFNE M tiF appaded,

interior of the_hqusing, ich in. turn.can suppress the_absqrption of
exposure | i ghP%ﬁ/nq%ZOr?g’.e éor?é’éaqlféﬁtelt‘%/%ﬁsﬁgoﬁé’(}%@aggei E“llraté’né'ﬁ‘icﬂrgﬁE@t&fi t he
exposure 20 | ght. ¢ R ed. According to this enbodi nent,

t her ef or e, thegyi eel %r}g?i%ﬁe?él%\éﬁg&'ces such as integrated circuits can be

| mproved, and al so_iemnehin 33PeR! chile ARBAARIE A3 SASLCER P! edyged,

Wth the exposure apparatus 10 in this enbodi nent, cl eaning only art

of the opticalhel apebs that' | D ackieBni fige A 1E A Ok 5¥0ad Hd1er REIHor
mat ching unit BMJ, illum nation optical system 14, and projection optical"

system PL canélfe eawi | stpercfraresd. so 2 a3 DEG 20Q3 48 sket a®iayple®achaplkder
to clean only the optical elenents in the projection optical system which
is the furthederiramgerfrd €)agtongesonaparni ch2apatandi shehel tstisliéf ipadlse t o
clean, the first solenoid valve 38A and the third sol enoid valve 38C 5 can
be kept open Rihthil® ces®eattiredavomy Solsdriciichay glecdha3dBmame tt & ofwaurinh
sol enoi d val ve 38D are both cl osed) the fifth valve 38E closed, and the
sixth val¥® 38E96penThey FANERPLLBEe? At FOMtTehe Hemm Liaticty meaheint sav.r asged
on the upstream gf th& 0 ti.gal ﬁat h and the illum nation optical system 14
10 are in a st'ate RRePESRFiPEgehabat 92 f MBUTE e o 1PnERE Eas ¢ dihe Radf in
the proj ecti tical_ syst there i.s enou oxygen pplied to
ef fectively cﬁ‘gg%%trjhgeoaﬁc%%%ﬁ?er?lerrr%%ﬁ é%a’r‘? Xﬁgg‘érﬁﬁgt ‘h%%glﬁoﬁ’%%ﬁb% SPevEal
system PL, whijl.epSUPPL eSS t; I orption of the |aser beam.h
oxygen. 15 In ltnhe grrbo_ I msgr}?e rg%cg?‘lq%e égg\%é_, Qéisegamg%ﬁ bo an{ he &ﬁﬁvééjlle*
elements is perfigidTed duk)a 54 abh1veeaE shig NiHd %%Qaé?&w@ fiht tﬁ?i%sh

e

within the optical systemis replaced wwth the dry air (an exanple o

second gass hawing ot 1sufificiciit I WHe Gf1 1MAGRIDI onl ) Hil@3E My d Haye Nty on,
however) is not 20 limted to this. For exanple, as shown in Fig. 6,
i nstead of supplyi ngedrerrding tdwakighot e df.i rist , tiseconUumandci Bhr dpitAtcake
pi pe 34A, 34B and 34C, a configuration supplying a m xture of dry gas and
ozone 03 (an ée¥ahsmeldi s tilsi disghesednimideitad loky JapaanBatent Laid Open
No. 04-196513 and the corresponding U.S. Patent No. 5,473,410,
is configured of components such as: a beam shaping optical
20 system (structured of a cylinder lens and a beam expander)
arranged in a predetermined relationship within a housing,
a rough energy adjuster, a fly-eye lens that form a secondarj
light source optical system; a condenser lens; a reticle blind;
and a image forming lens, and the like (not shown in Figs.).
25 As long as national laws in designated states or elected states,
to which this international application is applied, permit,

the disclosures of the Japan Patent Laid Open and U.S. Patent

cited above are fully incorporated by reference herein.



25 ozone) can be substituted. In this case, the nitrogen gas vvit%nkge
beam mat ching unit BMJ, the housing of the optical systemfor ill4um t?o%,
and the barrel (a type of housing) of the projection optical systemPL is
repl aced with the 2 2 DEC 2003 49 m xture of dry gas and ozone, and then
the ArF excinmer |aser beam (vacuumultraviolet light) with a wavel ength of
193 .23nmis irradiated on each housing. Bypirradiating the ArF exciner

| aser beam the energy of the beamthen breaks down the organic 5 structure
of the contam nants adhered on the surface of the optical elenents. The
ozone generated by tHee phblosheatitanr pp&dcrdn sokteryddn, illommivdtds t tie
ozone mxed in the gas wthin the system further cleans the optical

el ement s ef f eci§YEARIBI2Hx [ HatForuatod )l sblunina hiorndbet nemt tieste t beke
earlier, the c eanihnn?%gr)f the optical elenents in the optical systemis

performed witH fHe& BYER2HASP W I 1 ToFecRRART RERAN IRF aRi + L Bvping hion
housi ng of theyopt] temfor ill.um natiqn, and the barrel (a type of
housi ng) of th%lﬁgttf%jf%%:%lf%ra %%n??%él YysCépL 15 t&‘e‘:‘pl HRA T d‘r’]f/‘yg‘éil.
The present i i i Lm t.0..1.hi nd _t.he ¢l eanjn
can be perFor rre%&v%tﬁEgdpﬁéﬁggfh}ﬁ%eégg&g$ﬂa¥qhst{]SSH]égﬁi rtolgcea‘r?‘ i}%@ %’gn
be supplied t i : ngt : r a 1 d
fromthe | ase%ﬁﬁ%m{%llggaﬁﬂfe%\%r@e% ESQ%Q%Bgéltg%g iggi thgnﬂ%g
irradiated on faghheusd dithdObraaPoeRl@tErYiResr PLALOE. OfaAtdd P th@ optical
self-cleaning of the optical elenents. In this 'case, as well, the nitrogen
wi thin the housatly ebntiaé nSeflecvbd BIPNO! &h OxXyy@en € NDigRKCRESENgedent
therefore, the oxygen absorbs the | aser beam (the energy) and by

phot ocheni cal ¥8vieackRomefmzores i o generat eih t egwch tyr oxedabromadle azbne
the contam nants on the surface of the optical elenents are renoved.

Changi ng &Re viRhetedbeatsict heonpysspipramelememte efifectdyveangedpar edThe
conventional cl eani ng where the wavel ength of the 2 2 DEC 2003 50 |aser
beamis not chRMQEQCIBEED G MARVEEHEOR | Ml dui ofd tbe sipridpeht tielhi ng
can be reduced. The darrage of, Igzs material due to long irradiation hours

can al so be r SBRRABYTSPERE A5 Vit dEct $Rh Fosth e CORE reddErded o r iTheoubev ke
wh th i t . I d,.siml to th di t,, if the int it
of Tt he |asor iab e ARt 1 BT pRhab ekl RTTeE T jat oo hrped tn Y
stronger than S ngLng t he | aser bgam
em ttgd from t%]e ?g%t %%&r (L:%eesupnﬁ?lgbn%y grl%?g\ﬁg?lflggg%rgggﬁ:e%o Be%zf"u%e h

such a cage) thAgspettagebndidflighd Be Hidighnlg geant A | 2
oxygen ( not excese%i ng 19 ( theﬂrhef ore, the oxygen a s%?'ﬁ?‘l’?’#g ase?é%gé?n

(the energy) apzl, yheRUAPNEHIECBhe &BEE &P MordZEHIE dies AP bedyviandihyis
oxi dati on of ozone the contam nants on the surface of the optical 15

el ements are reambiledat&dhanc nhetdunvereingi cyedff ithenkaser theaddhéefPién
effective, conpared to self-cleaning where the intensity of the | aser beam
is the sane asfumcekpoluwrik.thad bothi authils vabees sire ebithd niedt énsadyanéet he
exposure light is weaker conpared to the light used for cleaning, it
suppresses 20 ahe tyeafonvemeen coedfjigdentnos streeddimghemaigontatnetil én

t he ni tro%en from phot ochem cal reaction, thus suppressing the exposure
light fro Opei %%'absor bed by ozone generated by the photochem cal reaction.

This prevents the transmttance of the exposure light from decreasing. 25
In the enmbodi nent de r\gb%dr%tblo%? B 4§ n %ten : il@aR &Pefd%fd: of ¥ he

illum nation opfi tem 14 raj.ectiaon.optic system PL, the .
ultraviol et | igﬁ%ﬁﬁgeﬁfa%eact]ter&%ﬁoéﬁce SY5ECR eﬁéﬁe’%‘?%"%? 57 % & SRoudt ng
of the z z okCs 5% optLi ] er m ned,_ peri of _tinme.
However, the p‘?&g%fg]??n\]}ennt%o?t}%éé/n%‘%ﬁﬁgn?#egctgéﬁgﬁ%’s. %cf‘tf%{l (sj(lc}m #Mtcto
cleaning the opiigalisheienhiObaklf Npamyaes ghl ' b2ity vi
previously descri bed'jL the ul trsav?ol gtl i ngﬁt anéggdﬁéﬁéwa?%&%ﬁﬁ’ Yhe
gas interipgr of ideibpdsdPOvidd ddier LS MNENAE dhehe 1heed guUlfhehenho,agpuUNt
of oxygen in the interior of the housing, by irradiating the gas vmt?nn t he
housi ng the oxygpenidadidica gas igerR£d €ao00ZdHBDYn PHQOCheHeGAl t 1BACE  8Fe
the optical elenents can be cleaned by oxidation.

RST, is also finely drivable in an X axis direction which is

perpendicular to the Y axis direction, and in the rotatable



10 Furthernore, in the enbodi ment, the controller 20 switches the

wavel ength of the light emtted froma single |light source unit 122\DE€ Piog
driving nmechani sm 18 between the wavel ength of the first light (ultraviolet
pul se light with a wavel ength of 193.30nnm) and the wavel ength of the second
15 light (ultraviolet pulse light with a wavel ength of 193.23nn) which
energy absorption by oxygen is greater thamthe first light. However, the
present invention is not limted to this, and a first light source emtting
the light with the exposure wavel ength and a second |ight source emtting
the |ight w thd0egrien arcamer gz aBser (A ddreby ionygeni €n A shee Ay s wdPee ad he
controller 20 can sel ectively choose either light to guide to the optical
system for ill%RiFei%h RPBML-14) . In this case, the controller 20 can

sel ectively choose the first or second |ight source unit or a_shutter
arranged on the |ight*SRATEED R tthe r@%ércalteesttﬁéeoﬁﬁé'f'f?sAﬁ?E?ﬁﬁ?ﬁiv@Fy,
a switching unji, cat r.ranged, on.the optical h bet ween, each, | i ght
source and thg‘-ﬁljf I ﬁ?nmggt i%aln SpfFEAF LSy fagﬁrlintsegraée}fa%meltﬁer of)lﬁ?’é%’rn?)g'f?lr can
be approprkat 1 . . : : v Tt nbodj nmen .
descri bed gbo%é,(fié eé(g\r/]\ﬁic i néeéﬁl%%%e%\%gégﬁe%%?%tgfnt)hg%f ?Vs? f?%%iutlon

(ul'traviol et paf 9@ dun@hb . ¥l ¢d 18maveh engldh 9fa i 08035k 8% tﬁ‘ﬂgf iﬂ%gégggtn;‘

of the second light (ultraviolet pulse light wth a wavel e

5 whi ch ener gyi ebeof PEGNELOY PXUGLRen® 6CEAEMA NARJIE JUiText 2ol 9Bhai En
performed by switching the wavel ength of the light emtted fromthe |1 ght

source unit 1Zyaimabnitsollarel @rghltrahisfthagetIBeepyRSpNRST IVENME EOPdance
however, is not limted to this. For exanple, in the case of using the

| aser resonat ovidld th2apeshbtmonal Hirgforna ttiten domt tiod verl o2 tyain tlo Fivet L de)
etal on 204 which perforns fine adjustnment and configures the narrow banding
modul e, vit8 t W EPRIR nEhereEtbhfsen d8ivbnghperthene2él on 204 is

i nsertabl e/renmovabl e fromthe optical path as shown by the arrows A and A'.
In this case, by ren® RFOELTHERCRGFaI08YEEEM Phel DFtitemgesabRlovhehe
wavel ength wi dth caf be changgg into. a wayel ength wi dth that includes the
range where entfgbCte AbREFbRAT b5 oRYGER. 1HhELT - the 9ft ERPngPbheRrht 265 t 0

th dli j i b ' ter,than th

st 1iont canBACEERP cuRe 150 THH & i TOR 4P 1 n T RARLCOrLOR | At Lo

I t [ & Eid. I 204 that | d
for exposur o, SH SN an DBV S8 St APTINGS e eRaiAE R Ay Tty By Sat®

dotted |ine fofyshemPUsRESEithiAPthedlbaGRANING 1 uhhE Gt Pl &8s 2 &E@n |
exchange the etal on 204 and120% as shov?n 25 inngiug. quﬁny ttﬁe arsr ogrls a%d

B', inserting dhrarded oin 204 radsdisiHl ad althenethaloRnieh eBrGheankbgda I N
this case, the etalon 207 can be made of a material that extracts the range
of wavel engt h reftadtignt heptange t satstaisoriss amssdly by The/geprojection
magnification of the projection o.ptical system PL, is for
example, 1/5 (or 1/4). Therefore, when the illumination area
20 of the reticle R is irradiated by the illumination light of
the illumination optical system 14, the light passes through
the reticle R and via the projection system, forming a reduced
image (inverted image) of a circuit pattern fabricated on the
illumination area of the reticle R on the wafer coated with
25 photo resist, onto an exposure area conjugate with the
illumination area.

The wafer stage WST, is arranged below the projection

system PL, and is driven within an XY two-dimensional plane



2 2 DEC 2p03 53 In this manner, the wavel ength width of the eX|t|ng
fromthe |light source (excinmer |aser chanber 202) can be changed) cmﬁfe\Zﬂﬂﬂg
the switching of the first light to the second light. Also, in the

enbodi ment previously described, the first 5 optical delay elenment 52 and
t he second optical delay elenment 54 which have a delay optical path of a
triangul ar shape are arranged in the beamsmtching unit BMJ, however, the
present invention is not limted to this. The optical delay elenments can
have an optical path of a square shape, and in such a case, 10 the optical
del ay path carPhé wrfendesofinatreidwrtiinoniopt | dat aedeireing sude 28 Whoiurh
prisms, instead of four mirrors. Wth the exposure apparatus in the

enbodi ment, ortTPHUISH acléBRRAgNOEAE @Xpodasacsisalavisatiaanpeypermbagiather
a wavel ength shift which switches the wavel ength of the light 15 em tted,
change the wav¥%¥Hgt R4 PR bikehe %tﬂ‘teeHPPFErﬁur%#c%rﬂf-nﬁ et‘ﬁ@fﬁﬁtsé?r?sﬂety

f th tt ht f { f_th t I th
oo v o sl 2F (LB RRBETRETLATE e SRRl
t 0 f f t .
(ype, eXposy e FREIAS (3 SIENNTO20 SLERDED) ol oL B AU lccsg

exci mer | aser unit %&'lmttﬁéﬁﬁgﬁee r 6 P &S ﬂW%fé’f‘ A su:/vféTbl J

not limted to this. For exanple present invention can

applied to a pidiastd &l rpER028r EsAPPSF Adats. (A JBrekePRsE) ARSES Shddier

st ep-and-repeat nethod, which uses an ArF exciner laser unit as a light
source. O, i t(mh&ﬁt&f altlef ezitield edot asin “AMalf e@XCi HBRErEasBhe 8L EPPEr3 ¢ OF
liquid crystal displays or an ArF excinmer |aser scanning stepper. Q 2 DEC
2003 54 Al so, irrddistvase mdadizrémset bbeamntu chelrdlrangs2 8 @ o € toadera@cuum
ultraviolet light region as of the ArF excinmer |aser beam a simlar case
can be as3lnedchd ROl then gyt afiveirva s o3 hrae VS Dxwieribeing XY fflmentat
dependi ng on wavel ength. 5 The present i nvention, therefore, can be

appl i cabl e to 3t GiFESur BY apii £*a8nlei ng 1efe ot jopef agownd 0.5ke Wuur ce.

Wth this exposure_a aratui lfngfe interior of the g’ptlcal system the air
in between the tP8 L08R M PP IMA T HAhat 9 HnthRd FH-é’C[}rt@‘ i g bRt cal

t dth bet t he_ 10 t t d th
Substrat o ar e Sobtbetdn 0BV Rl [vhs 4o, Thekr S%ahggfsﬁn. o ARoBERE ok e
el enments, a wae/(erlnejggi fzoa gﬁ g@h n:eorngc (}rBP gghtp PX%4en ak oundtth?e

157nmrange is t Foser an Ium gas 1n o1 I'or COf° BHE
optical systemgdp Eﬂrgﬁg'hepr!}?é:egr%ﬁhga tgﬁst copt gighi 1 J‘édgl)l(é(gelall(t?‘tnctl_ﬁjéj' ng
a gas contai ni ng oxygen and ozone). Self-cleaning iIs simlar
performed, prothEsfgatiensane kind of effects as the enbodl ment descrl bed
above. In the enbodi nent above, nitrogen is used for the gas supplied to
the optical path. Amertiadimetey, atheheinmcst veurPfh@gasof i€ wote s USthPs
hel i um neon, argon, krypton, xenon, and radon can be used, or a m xture of
more than two ¥§pesamfexjdsigry ddrghie mesed.refenthderdce, 3alisopixed) wdirtent s
are not limted to |l enses of a refraction system The el enents can be
structured 25 b3 madefdfecd ipdve toledipsitr i(ca coinveds)i obeedgmantef | Bloe i evni tsirsd em
or of a reflection optical elenment and a refraction optic el ement
configuriA§ a +&9% %&qa@n‘/rreé\‘et%fi?ﬁh%y%% éﬁ\ sghepEbpEcthoh igpti xetetyinrem

used is al so notﬁélmted to the §f3 55 reduction system it may
be a one-to-on® @‘ﬁ?f’ﬁ’ r‘?d‘"é%lsstt &he ?aﬁﬁ e?ﬂ’ theg SumF |aﬁtj §§SFE?nw§B'ée¥ he

fl [ ref I b
;gf I ggt: 82/ ; gféggb’: on syst eﬁ: Or‘f’lgvﬁ%ggng %:@gﬁfls% ‘-ﬁ?e r dfgrs?%r cSﬁ&&gﬁg\nJre’rqlb? as
reflecti on Optﬁ&%ﬁéﬁ%@m‘%\ﬁy\)@%%zl déé&j: oggdthn con i(gemrjl %%t Japan

Pat ent Laid Open ahd T ha correspondl ng ent No .

5, 668, 672, d J t .
U. S. Patent arI\]Io gpg?ﬁgﬁ%7§m%ﬁlﬁeg&?§§mu£%o é§§ m@QQuLQﬁeﬁeragépggdwg

reflectionhbr efiﬁcéépﬂbﬂ(@é@nlﬁaé{a{?‘ﬁn@eC@DQﬁVﬁe%ééQrt@théh@u V&}&@ &b the
reflection optical elenents w thout using any beamsplitter,

di scl osed in, intiexaepheghdapaafiateaitnd adshPpenaio. 208- 3:3&59501?@6&&%
corresponding U S. Patent No. 5,689,377, and Japan Patent Laid Open No. 15
10- 3039) and theetbicksponthngié SorRairayitorAfunictdion)noMoth87806R5 utput
(application date: June 12, 1997), can be used. As |long as the national

| aws i n desi gnaaedes tateesb be iré@dineadvamt @ s antdot v icoln vielrisd oinnd @ Hiat ¢ devat
application is applied, permt, the disclosures cited above are fully

i ncorporated 20 for reference herein.



Also, a reflection/refraction systemdisclosed in U S. Patent Nos. 5, 031,
076, 5, 488, 229, and 5, 717, 518 can be used. In these disclosuré<s DEC 2003
plurality of refraction optic elenents and two mirrors (a main mrror which
s a concave mrror, and 25 a sub-mrror which is a rear mrror having a
reflecting surface fornmed on a surface of a refraction el enent or

pl ane-parallel plate which is | ocated on tiwe opposite side of the incident
surface) are arranged coaxially, and an internedi ate i mage i 2 2 DEC Z003
56 of a reticle pattern formed by the plurality of refraction optic

el enents is rds @tackdrim g eraby edrtrelieni2¢or and sub-mirror. In this
reflection/refraction system the main mrror and sub-mrror are arranged
foll owi ng the pl uralfustERIEORef rbEEh okheperposnEReAPPR ARY Si [LO0urimath ioh

| i ght passes through a portiqgn of the main mrror to be sequentially

refl ected by teﬁ‘g’os‘ﬂﬁ’-‘?ﬁ r (ﬁacgh@%%%SWF&reF"aﬁBaFeéEheEhF ey teigh
a portion of the sub-mrtror. .As _l,ong as,the national |la i h desi gnated
states or el ected slégigpeél,’lgflguﬂﬁit&ﬁnlﬁpﬁﬁ?g?isr?f%‘?%gi%na\ﬁ%ab%f’i%’é‘ﬂ%t‘i%n
applied, perm A j e t . ten iLted apbove are fully
i ncor por at gd fottﬁurt%J;ieleﬁgéﬁsgeeqﬁgl'ei?:r?%%l?ﬁ??r‘{grliforag? gg}lﬁﬁétgg ‘“QQ an intake

reflection/refdigfd i O f P a i Ol £C44140L SPtp £3¢ %’étt.é‘:m a reduction system
may be used, 15 which has, for exanple, a circular 1mage field, and is

doubl e tel ecentric opiAdieHbEeeilsHIfACERE derabdutBedrmage SHiAGE Sige,
whi ch has a projection magnification of 1/4 or 1/5. A scanning exposure
appar at us havisyptdre imeflebid en/friefatacisieednidy padpeRjieat ifvaretpLeé, sysd em

may be of a type in which an 20 illum nation area for illumnation light is
det ermi ned so X4#at 3#B arsd Ak GostOnerndr efl the fiwesoptiecandsand thfi rdnintake
projection optical systemwthin its field of view, the illum nation area

ext endi ngl 8l oiReHdrectFORepbi pehtli canrec ted tive (Sbarmdwed oy g0t tba dam

reticle or wafer, and the shape of the slit 25 being rectangular. Wth a
scanni ng expodt e WP Lt hdFhsg harsing ref) etbpo/lemization tgpeical

projection optical syste a fine pattern alnost equal, to 100nmL/S pattern
can be transfésrif'sg'oe%ﬁ‘t""o g}l&a%l?e%alrﬁ% Bﬁ)p?}é%ip§’i°é CHPruSPRgCatotystemy
DEC gpp~ 57 exﬂ{g)l n E2 | aser. beam having a ve%J t h, Qf 157nm as,
exposure illuni natoﬁ:(%%rl ieélﬁt(.)%A'f%%,lnlrpr?s eegd%(?f 3%\87 n f@%”&%i“ﬁe?rﬁgé’e‘fl%ee%m
a harnoni c of i | Asd ._can , i¢ch has, 5 an
oscillation sp%}:t]';dr um t or ex’a?phc%,&?n%gﬁ%(%‘t%?ﬁécomgvgggnggﬁgo?ggS }rll?ﬁ'n 1J9r§nrr)
and 157nmysA hegdoni ¢ cWhtshnk 8 gobtaidied Y L i fying @;8hnolg th
| aser beamin thde@i nfrgr ed o? VIgSi bl e range gﬁeqil)ng efr tt(eé By e?%DgaBa/ﬂge&g
seni conduct or dd@sednFatiderot aseys WHah ashiibahsarnki bt8erdopEd- i €sPi um
(or both 10 erbiumand ytteribium, and converting the wavel ength into
ultraviol et |itghtanusimgtankowiticearomimaldrer g6 adl sompo lshowheinsetys For
exanple, if the oscillation wavel ength of a single-wavel ength | aser is set
within the range of Aldig teadh diddDied emd amf eflydt fii hatr nomt glse whigd 344,
generation wavel ength falls within the range of 189 to 199 nmor a
t ent h- har mroni & W Eh feheretd or e el @hgrrd fal secopd ol enel d angkve 3851
to 159 nmis output. If the oscillation wavelength is set in the range of 1
544 to 20, L regRefhipalyidurargdedn 2P gh® hihPponl 5099 Wee chlow of

generation wavelength falls within the_ range of. 193 to 194 nm that is
ul traviol et |ight p%ﬁﬁ H§23 %ﬁ?agﬁé'sa}ée YRR gt (R Le0g hhe gfvafdedrends

i I b b btajned. If, th ilLati I th_i t
Wihin the rardo e S3BoRR Pt Bine SR 2l R Mo T el e e en
wavel engt h 25(5 %dxﬁc%ts%'lréntoq% (Igﬁg% ?%Das ?Lr%s]p%%%ﬁ)q}y]%&rlaﬁgew trgviolet

| i ght having nost e same wavel eng aser “peamy “can be
obtai ned. Al soyg bbehlre 1036 thaleieh SR LELHHD (b 4y N Bhs c
2003 58 range o? e. b103 tol. 12 ~.Gn a sevé%t ﬁiﬁéasfé’rfuoén‘?cs \ﬁ%:aclﬁ%gog
gener at i opswaveh &Rkl dedl b8a¥idhtRetdl FPRECaRE it 820160 fIPhSs Q1L A
valve 38E and a sixth solenoid valve 38F are respectively

arranged, so as to open/close the flow of the pipe (gas

passage) .



[f the oscillation wavelength is set wwthin the range of 1.099 to 1.106 ,u
m in particular, a seventh-harnonics which 5 generation wavel eng2i2 D&CI2§03
within the range of 157 to 158 /~ m that is, ultraviolet |ight having

al nost the sanme wavel ength as that of an F2 | aser beam can be obtai ned.
And, as a single-wavelength oscillation |laser, for exanple, an

ytteri bi um doped fiber |aser can be used. 40 As the exposure |ight source,
a Kr2 laser (krypton diner |aser) having a wavel ength of 146 nn), an Ar2
(argon diner) laser having a wavel ength of 126 nm can be used. A harnonics
generator such as a T Fa3er & as5%hbh cenrdaerdd [vadares whxhtgerd@Fatasse
light in the vacuumultraviolet light region) can 15 also be used as a
light source. SREREIPOLRF R dpharlft FOTdfraliiad @fodunieht veah be deserined

i ncor porati ngafnto]Eti c)al systemfor illumnation configured of a plurality
of lenses, and & ?) o?récti on optical systeminto a main body of the exposure
apparatus, and by 2 rf ) tical.adjustment. The.reticle stage and
waf er stage made of anlg%ye@r{eﬂéapﬁ' gg’le %gﬁﬁgﬂecn?népﬁlrsee%lasglir tc‘drﬁSf:gP d ?’h‘?o
the main bedy., Mipfka bihalisd BapaNdoR] PLdW A €8RNCCELL oY el LAB! 15t
overal | adjustnment (such as efectrical adjustment, operation chéck) 1s
performed. These@kh@@ne thiea 2xH@URASHI Be AVAAT {1 Snd S0 ORelerabbyc Peyd oy med
in a clean roomin which conditions such as tenperature, degree of

cl eanl i ness areoxwatted! ed. (the aleiéiNg, of) SENE CHOSNCHOF cHENG CENi S, (the
manuf act ur ed 2 2 DEC 2003 59 through the steps of: conducting function
and perf or manckodsing o fof tidd ldenicet ioamptaictal spgtamriet, ehé (@hdissete DN

t he design step; manufacturing wafers froma silicon material; transferring
the reticle pa®fkrithemueiant igaf epthiyatlheyatem5 oft tdisexpopuieeappanatns
of the enbodi ment above;, assenbling the device (including a dicing process,
a bondi ng18t epexhdds & lb’a%ﬁ'(af’gq'ngjiopf"g@é’@s)'—hea@lﬁh?ﬁs?fed:tqfor’F.heFéIOIA@vwlﬁgl ardt he
details of the gevi ce manufacturing nethod. 10 Device Manufacturing Method
A devi ce manuf 42t u?f RgF FRPROEL Ve Ko PRReGh8Fe exposure apparatus and net hod

in a lithographic progess wll.be descrihed i etail next. Fig. 7.is a

:‘I ow clhartgshgvm! ngpa%f%r;%(%rtr:p ee%%) Yy Sﬁ&ﬁ’l ac‘i”u‘?FHérg HRASS ’(’épger?i tohdtct or
hi h as r L L.QUi t al el a i N netic
hond. “a m oronmepend! @da | ikl o BenBBRClesk, Ot N LU JRINELL

(design step), Eupett ORLPeT f QLPRAGEa! SiAesboges ey adgeagge £Be 9 Xygen

circuit design for a sem conductor device) and a pattern to 1rnp

the functien isofleshgpgdiohNost @RedQd s( TAY IMRNUAHY | dihSEEP)piFe MAgks ON
whi ch the designed circuit pattern is formed is manufactured. I'n step 403

(waf er manuf achassagest ephhe devated nhrSBUIMAGE WHHE DY r 86 i0XG g St éh €88
material or the |ike.

442, 44B, and 44C are sent to the controller 20.

The controller 20 is structured with a microcomputer

(or a workstation) as a core, and controls the operation of

20 the respective components described earlier in the exposure

apparatus 10, as well as the opening/closing of the first to

sixth solenoid valves 38A to 38F. The controller 20 also can

perform calculation operations. It can calculate, for

example, the transmittance of the optical system from the 1ight

25 source unit 12 to the position of the beam splitter 1l4a

(hereinafter appropriately referred to as “a first

transmittance”) based on the output of the incident 1light

measurement device 22 and the output of the energy monitor



25 In step 404 (wafer processing step) , an actual circuit and tQ% i ke are
formed on the wafer by |ithography or the |ike using the mask an WBE &r2003
prepared in steps 401 to 403, as will be described later. In step 405

(devi ce assenbly step) , 2 2 DEC 2003 60 a device is assenbled by using
the wafer processed in step 404. Step 405 includes processes such as

di ci ng, bondi ng, and packaging (chip encapsul ation). Finally, in step 406
(i nspection step), tests such as 5 a test on the operation of the device
manuf actured in step 405, and durability test are perforned. After these
steps, the deVitdeh SEffi et Hirl Reapprnbier meehamisne h2¢| ol lawarthe
showi ng a detail ed exanpl e of step 404 described above in manufacturing the

seni conduct or SARFRLELES 2ReFRR FRyCEHR FE 1 trpR sBidfante poxthatariiaalep) ,
th f f ot f j i di.zed. | t 412 (CVD st ,

noulati ng. 1 ISMRET oFRBo R RIS e e orts Heelt Rl Bpt AR (0 ERe ke

f ti t l.ectr. is f d t f b it

o Step 14 (el SRR e B e R g Y YR a R BT RE o T R

Steps 411 §o 414 descri @Pqef;sg@néﬁi t—.ggeoatgﬁ% 8&933%5 s ddi& light

respective steps in the wafer process and are selectively executed i
accordance W tofbddif- di eSSV & efldli ERE tHet BRLHEEPSEH itvR Sé_ﬁpcsi-nQZQLi]\gW

t he above pre-process is conpleted in the respective steps in the wafer
process, a posiegEuntasent Sdexiealt®z,. as follows. In this post-process,
first, in step 415 (resist formation step), the wafer is coated with a
phot osensi ti ve agentNexMextheasel - s1egn 4 oplelra tdioncof ttibopat tal eyt dnne
mask is transcribed onto the wafer by the above exposure apparatus and

met hod. Then, (bean epatdeFiggevaicpiBWY . stEb)ymimet bposptinafiersyissem 14,
devel oped. In step 418 (etching step), an exposed menber on a portion other
than a potfi oPTOIRCLIPIE Q@ il 63y hheln eshatefroswre Jrparavved by
etching. Fi nalgr%r, in step 419 (resist_ remving, ste t he unnecessary

; P)
resist after tHe¥CHISR %Ss2PaNBvettibper epESELAry - pete SenmAgetraErate,
pre-process and 5 p -process, nultiple circuit patterng are forned on the
waf er. As deS(r}?q} 5&q§f%§3e€aw%epﬁgﬂtﬁgndaéi@ée S &ir‘-ﬂ‘&nﬁét hBUCB2E hi s
enbodi nent, si e a osure | he
Sbove are used {Ee o Kot 1 ST CUR e TH T o PEL BRT PR EER Y
to perform expas e dbitkled he 00 PHRAN$ et baBeatiBnt BE PR J@&ﬁ%?&.ler
optical system Then, the deterioration of the pattern transterred onto the
waf er canibe prevented, as well as sufficiently reduce the coherence on the
irradiating surface so as to inprove the 15 controllability of the pattern
line width (for examd e prewise dithenf{nstn ty)sDith heo Paid £d v Twesf rax ed
onto the wafer. Consequently, the exposure accuracy including the overlay
accuracy can beo i ApFoveery thasedukihmyravempossibregen mmzuflbatrimg a high
hi gh-integrated m crodevi ces which have a high 20 productivity (high
yi el d). The preargrniraeien of ioxvgen I(anfipet t3p s hansieroddnent 1 dcsemna sl
above, and each, enpodi ment can be nodified in other specific forms
dependi ng on rEgthieidd sntesipRmiStReXOrt t CABSLPYYLRE F theegptical
descri bed_above, the cleaning nethod of the optical elenents according to
the preseff i ¥ tS®n is suited to sufficiently clean the optical el ements

within a short 2 DE 6 eri of tipe. The expqosure method and
exposure appar at us g%%(?r%(ﬁyrﬁglqigo%flﬁesﬁfgé‘éiﬁaﬁﬁ%htt{ nh 5 %flﬂl_ﬁ'ﬁfl Oichp‘_ans
formng a fi ”etwf‘tsteecfclhd%” £Buast gﬁh.esﬂéffﬁ B a1k A '31;%“0958“&'1 £a
process for manufacturing a mcrodeviCce such as an |nategrafte 3 ErreuttS In
addi tion, the flgwi cgympRykachuripg Hetméidgfgﬁ Gdli g §S -
invention is suitabl ew?or nafﬁu%actarl'ng a ev?ce, Pm%ég%éﬁsg%asqflggérsgt%%rn.

the gas tank (not shown in Figs.) starts to flow into the beam

25 matching unit BMU, the illumination optical system 14, and
the projection optical system PL through the intake pipes 34A,
34B, and 34cC.

Next, the controller 20 starts sending the trigger pulse



2 2 DEC ypp~ 63 WHAT IS CLAIMED I'S: 1. A cleaning nethod of an opti cal

el ement which is arranged in an optical path of exposure |ight, whe?dBt g3
barrel housing said optical elenent is filled with a first gas contai ni ng
oxygen, 5 and the inside of said barrel is irradiated with ultraviol et
light for a predeterm ned period of tinme, said ultraviolet Iight having a
wavel ength which is absorbed by oxygen. 2.3¢The cl eaning nethod of an
optical element according to Claim1, wherein said first gas within said
barrel is replaced with a second gas which has a higher concentration 10 of
oxygen conpar exb ttheshighf voitagaspowuporsiprladilaidi;ngosaieduehtlgvihé etaddght .
3. The cl eaning nethod of an optical elenent according to Claiml1, wherein
said first gasefQitrsaicd Hhares tiosemiplticetlaset pemnt hBr d Ayashiki stage,
contai ns oxygen and ozone, upon irradiating said ultraviolet light. 15 4.
The cl eani ng rdthotPwEtemn i vl sl bheht aceb?edgstdtany one of ains 1
to 3, wherein said ultraviolet light has a wavel ength of approxi mately
193.23nm 5. An expd5urtk %‘&pﬁfn&tt&gf\%hf’éhtlﬁ?a%ﬁﬁ%? depmd B paet LRFEHRPD
substrate Ehro

2 0, optical .syst sai d, exposur e appar at us .
conprising’ a ﬁ?l&]fa‘é]b?ajﬁ%%%dﬁste &é}ygiﬁ%g}‘gfl%rﬂcﬁp t'fi°r“'sg Fi BRED JMRP ER%Nd
light, said fi i i X r n a sal d second |ight
hagi ng a Waveln{eerslég}%iﬂ% cﬂf%b\zg? gﬁgplg%%“pg@ggﬁg%g g%gat 21%1% har 1 h%cfmg?o%ai d
first light; nerabsd 2903 flefNsdhdsmnat irﬁ’@gﬂpé'gﬂnéyséfr@ﬂ@'{{'inge
irradiates light emtted fromsaid [1ght source unit onto sald mask; &
proj ecti on optpLedesyshed WAiFeRmAALACoh | 1t peXédi @ﬁef:&?mv%qiu@ s ke 1t 0

said substrate; 5 a controller which selects one of said first |ight and
said second | iggdtsolidmt2@aid first light is emtted fromsaid |ight
source unit upon exposure of transferring said nmask pattern onto said
substrat el0and upon Theawntg il eaplicatheth endints tar capgatg betofeehesataflon
204 (or the grating 206) which configure the laser resonator
12a through the driving mechanism 18, according to the
information from the beam monitor mechanism 12¢ so as to change
the wavelength of the laser beam to approximately 193.23nm.
15 Thus the wavelength of the laser beam LB emitted from the laser
resonator 12a is changed to 193.23nm.
The reason why the wavelength of the ArF excimer laser
beam is adjusted to 193.23nm is now described. Fig. 5 is a
chart showing the light intensity distribution in the case
20 of an ArF excimer laser beam having a wavelenéth around
193.23nm passing through a dry air environment. 1In Fig. 5,
the horizontal axis shows the wavelength (nm), and the vertical
axis shows the light intensity (energy intensity) of the laser
beam. In other words, Fig. 5 practically shows the absorbing
25 spectrum of oxygen of the ArF excimer laser beamn.
As is obvious from Fig. 5, only a small difference in

wavelength greatly changes absorption of oxygen around the

wavelength of 193nm. By looking at the light intensity



l.ight source and said substrate said second light is emtted fromniéi d
| ight source unit. 10 G The exposure apparatus according to d ai . DEC 2003
wherei n upon said cl eaning when said second light is emtted, said
controller purges a cleaning gas which contains at | east one of oxygen and
ozone al ong an optical path where an elenment subject to cleaning is
arranged. 15 7. The exposure apparatus acgoerding to Caim®6, wherein said
cleaning gas is a gas which sufficiently contains oxygen. 8. The exposure
apparatus according to Claim6, wherein said cleaning gas is a gas which
cont ai ns oxyg@hs&ndbuzana., Xheo liphd dvpemnmicwppeemns uso abeotlengeabe€kai m
6, wherein upon said exposure, prior to emtting said first light, said
control | er pupg§es¥nd gag wavelenddeefof 98efRamr i and| the labsorps ibn aAmoussi d

optical system ? 2 DEC 2003 65 10. The exposure apparatus according to
daim5, wher 8EnC¥RIET| FYHPS sruhe Ll FrRAkeatsi ri? Yhgymevedengshwrnage

aim S, wher 8roYKP &N P i € YHESIaRsE hRReRe
ght; and 5 B4i 1°BaACPaRPor S3aPBhr VERS "eRootbe BROAG (BERAX EPSrSFFEH:
f iddi L : [ ight f id d.light
Cource 1o gui B8P0 8k AT ATRS PR BT Ar by Eh 0T PHeC AR BRGne

appar at us accepdieRd1igne dorle MaGHS R 1Q,e8§it§o!nig%t}t ﬁég%ﬁet&{@i Lef@grd

A (o}
single light source and a swtching nechani smwhi ¢h changes a wavel ength of

light emittedahaomsai dilgipht isedngetyants saird gaantng! | geagWd s sehd
wavel ength of light emtted fromsaid |ight source via said sw tching
mechani sm on waivélexpahus£ 183 (@hnsai §o¢! @8en AE. tHS whire IR tOXPOSUHE AT F

apparatus according to Claim1ll, wherein said switching nechanismis a
drivi ng nechaexsimelri taseribezsn d spad] uiotedfta thamsr waw dhenlg by, ithieaerggi d
narr ow- bandi ng nodul e narromw ng a wdth of said wavelength of |light emtted
from sai Qi ghbssogpitéen @mount by oxygen will not increase so much. On the
other hand, as for the wavelength around 193.23nm, originally
the light intensity is strong, and in addition the 1light
intensity of the ArF excimer laser beam passing through the
dry air environment is weaker compared to the wavelength in
15 sequence. Consequently, this wavelength is presumably a
wavelength in which the energy absorption amount by oxygen
is the greatest, in the adjustable range. Therefore, in this
embodiment, by adjusting the wavelength of the ArF excimer
laser beam to 193.23nm, the oxygen allows maximum absorption
20 of the optical energy of the ArF excimer laser beam. A maximum
level of ozone 0, is thus, generated by photochemical reaction
and the optical elements can be effectively cleaned by the
oxidation of ozone.
In parallel with adjusting the wavelength as described
25 above, the controller 20 withdraws the half mirrors 56 and
66, that structure the beam matching unit BMU. The half

mirrors are driven off the optical path of the laser beam LB

as shown in Fig. 4 with the imaginary lines, in the directions



2 2 DEC 2003 66 13. The exposure apparatus according to Caim12, wherein
sai d narrow bandi ng nodul e can change said width of said 5 wavel engjtDECof0g3
lLight emtted fromsaid |ight source; and said controller changes said

wi dt h of said wavelength of |light which is narrowed by said narrow bandi ng
nmodul e to a width which include an absorption range by oxygen via said
driving nechani smon said cleaning. 10 14.3gThe exposure apparatus according
to Claimb5, wherein said second light is an ArF exciner |aser beam which
has a wavel ength of approxi mtely 193.23nm 15 15. The exposure apparat us
according to OfaitmeSprwhesernasdill whepddwer ¢ lddgaganeshani shenotostprwses an
adj ust ment uni t which can adjust an intensity of light emtted from said

| i ght source GH%S -andhies vatharged lalidnPes fogimedof sth Wt dat fha op iddat
optical path fromsaid |I§t source unit 20 to sajd_nask; and said

control | er cofteARE PO GGV LR Wi b§od8§cfbbﬁﬁk‘§e’]§ﬁl itRCeh3F By 1%ﬁa“%al d
d ligh t t

A oxposure. aptar AEFOThAAA G o SOLAE 'd”f?%%iﬁéstﬁé?ﬁ%oﬁ?is?%es%&ria% and

h h | t

oy oa" ot PRI % WA RS KT 402 1 3ARA1E) HE - EQIRY Bh0Faefe |69 Ene

predet er m ned 1"!%,‘(&1{ GO H M I vé?i X | NGyadidRg 13N %Egéid ﬁ%@ig ﬁ}”@ﬂjﬂoufﬁ‘gﬁe

illum nation optlca system irradi ates sai sard

source 5 unit @ &ﬁdtﬂd’ﬁsIﬂel%ypref?.le@\@dtoﬁZOBEBCEEesé’é&@HHV%\?thI UELd P
i ght exiting fromsaid mask onto said substrate; an adjustment unit which

can adj ust an dldnenst 5 0éabhohdt Bra 1 ted@menam .sarTlel & €ddos AleCEaBirtheand
is arranged along a part of an optical path, said optical path fromsaid
i ght 10 sour ceeds tta besdidentdl; inotldent, is because if the beam passes
10 through the first optical delay element 52 and the second

optical delay element 54, the intensity of the beam irradiating

the illumination optical =system 14 weakens. This

consequently decreases the amount of ozone generated by the
photochemical reaction, which in turn reduces the cleaning

15 effect caused by the oxidation of ozone. That is, the peak

power of the laser beam need to be maintained extremely high,

so as to perform effective cleaning of the optical elements,

and shorten the necessary cleaning time.

As soon as the withdrawal of the half mirrors 56 and

20 66 is completed, the controller 20 opens the shutter 12f, which

is arranged within the light source unit 12. Then the laser

beam LB is emitted from the light source unit 12, and the laser

beam LB irradiates the gas interiof of the beam matching unit

BMU, illumination optical system 14 and projection optical

25 system PL, and each optical elements configuring the beam
matching unit and optical systems. Self-cleaning is thus

started, by the irradiating ArF excimer laser beam (the second

light) which has a wavelength of 193.23nm. The first gas,



a controller which controls said adjustnment unit so as to nmake s 2
intensity of said light emtted fromsaid |ight source unit stro?]% rDELFp3W3
‘cleaning at least a part of said illum nation optical systemand said
projection optical system conpared with when said nask pattern is
transferred onto said substrate by exposure. 15 17. The exposure appar atus
according to Claim 16, wherein said adjust{ygent unit is arranged so it can
be inserted and withdrawn fromsaid part of said optical path, said
adjustnent unit includes a beamsplitter which splits a |ight beam passing
t hrough sai d opttitcial thet bp bibdahasy stten edst a bmes pEtangdle tadlyayepl enedtwit tth
guide one of 2 0 a split beamthrough a delay optical path and back to said
optical path; & &b d Tont reeferei mertiokiyiaf teanthplsekfercisrminnihhs
optical path upon said exposure and withdraws said beamsplitter fromsaid
optical path updtiseid cleaning. 2 2 DEC 2~3 68 18. An exposure nethod

which transfers a mask pattern onto a substrate through an optical system
sai d exposure met ho&%ﬁ"bri 57 t l’f'g‘est éﬁg%of .CESaHlFPr sgagt Pt Eedr aditt i ng

| t iolet ligh hat , I th . which ab i j
on, U L1186l 1P 0o el gL PR PR, e D
tical t | N0 ffici t i . .af | .
optical SvSUenlgy |0 sl Gt STRUDIEE OIYGHR, R LPBR 2 R%EL B

at |east a pardo PodiltSidke@lel 8k 1 WG LONE AldLS POHEET WRvE cWas2 i Sk iR an
i ndex of refraction close to 1; and a third step of transferring sald mask

pattern onto SaidesUufisé rpie] &bt Dohosi 8a0PsS§aEMSYEL €M ddd @ Btd R @N
15 ultraviolet light which has said exposure wavel ength. 19. The exposure
nmet hod accor disigmi bt Ghadvus 1) gattdesisn thd enskpytofosatle uliticd diealtetl i glght
irradiated in said first step is stronger than that of said ultraviolet
light in &4 d Pérshienent epeviOe 22 axdoshe cowephbdofntlcd ¢memsy enenitomsk
pattern onto a substrate through an optical system said exposure nethod
conpri si ng t hest¥epsuning Ahe bigiamsmoni bprofe¢hanismt | Tefecdhdcdightates a

the first and second transmittance, and drives the wafer stage
so that the exiting light measurement device 32 is withdrawn
from under the projection optical system PL. The process of

15 determining the position of the exiting light measurement
device 32 directly under the projection optical system,
measuring and calculating the transmittanées, and withdrawing
the wafer stage WST from under the projection optical system
PL is repeated at a predetermined interval.

20 By continuing the irradiation of the laser beam LB from
the laser resonator 12a during the state described above, the
organic contaminants adhered on the surface of the optical
elements of the illumination optical system 14 and the
projection optical system PL are shattered by the laser energy.

25 The oxidation of ozone generated by the photochemical reaction
also cleans the contaminants off of the surface of the optical
elements of the beam matching unit BMU, illumination optical

system 14 and the projection optical system PL, thus improving



predeterm ned period of time, said second |ight having stronger intensity
conpared to that of first light emtted on exposure; 2 2 DEC 20@2 BEC 2003
second step of replacing a gas of said optical systemin at |east a part of
Fts interior which contains oxygen to a gas which has an index of
refraction close to 1; and a third step of transferring said mask pattern
onto said 5 substrate through said opticalgsystemby irradiating said first
| i ght which has an exposure wavel ength. 21. A device nanufacturing nethod
including a lithographic process, wherein said |Iithographic process uses 10
sai d exposur e Hppdreansgmi ptamge vk the Orfiheab swstddmt o perform exposure.
22. A device manufacturing nmethod including a |ithographic process, wherein
said |ithographic pridteseenigesl ey 2 d agontioned erlc } Femmonhons e ns
18 to 20. 23. A device manufactured by enpl oying said device nmanufacturing
method in one G2 &%i h8 Sheadfdrer 28ecang| EZANSGLTERREE SPtRINSEhAt one
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predeterm ned period of time, salid secon ei ng changed trom sai

first light widiadaseednd® b3tt ke nlvenSa tura e PECHRIES 694111 OF 2o Edigdd V.

wavel ength, and wi dth of wavelength. 25 . . The cl eaning nmet hod accordi ng
to Caim24, wiedeicheseldases®id tbghletsdl i gile bavichgla cvayearat dnsdégh 5
absorption by oxygen is greater than that of said first light. 26. An
exposur e appar@dieisshnit dr | rardisatde s toprsstseniddiniy hael ngigpeexpatseeto the
wavel ength onto a substrate via a mask on which a pattern is formed, said
first 1igh® beitigh 1rkhige covennsurplyhi2doarrangedi in ekpobigkt apparae us
conprising a controller which sets. second |light to be incident on an
optical el emeri®tbpob? cl eaning of at |east one optical element which is

arranged between a light, source and a 15 substrate in said exposure
apparatus, said sec FRyAt eBrRgMERng P ¢h ofit 8aR4NY | PRETRIL4RE Ak nthe
respect to at |east_.n

of intensjt wavel engt.h, . and .wi dt h,of vel engt h.
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15 after the making of the exposure apparatus; after long hours
of stopping the operation of the exposure apparatus; and upon
changing the exposure conditions or the illumination
conditions (to be more specific, such as when changing the
aperture stop plate of the illumination optical system 14,
20 changing the reticle, and changing the pupil aperture of the
projection optical system PL). The downtime during the
operation of the exposure apparatus can be reduced to a minimum
and can perform effective cleaning of the optical elements,
so the full performance of the exposure apparatus itself can
25 Dbe maintained.
The exposure operation of the exposure apparatus 10 is

briefly described next.

First, reticle loading and wafer loading are performed



said controller selectively chooses one of said |ight 25 sourcepangg@ gsght
source which emts said second light to guide to said optical elenent. 58.
An exposure nethod which transfers a mask 2 2 DEC 2003 69/2 pattern onto
a substrate through an optical. systemwth first |ight having an exposure
wavel ength and being emtted froma |ight source, said nethod conprising
the steps of: a first step of irradiating gecond light onto at |east 5 one
optical element which is arranged between said |ight source and said
substrate for a predeterm ned period of time, said second |ight being
changed from guaide ithet cphghelvwp f lrardmeddtent 8 0at by gédst rend cdke 1odéesiang
wavel ength, and wi dth of wavel ength; and 10 _a second step of irradiating
said first |i g‘fﬁf%t]@%ﬁﬂ IR KERARrim A H0 91 1 st step, and transferring
said mask pattern onto sa bstrate, 29. A light source unit which emts
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pattern onto said substrate sal d secon I ght en~cleanng a

| east one optidydi &l enend e £H hSr B FRE@CLs betweshs sai d i ght source and -
said substrate. 2 2 DEC 2003 69/3 31. The light source unit according to

Clai m 30, wherein saimlsivirtshitgh FRE AN 101 1% 1€ 2050 DYt @heQslt &1 4 18F

whi ch controls overall operation of said exposure apparatus.

. A& AYy. A Ay. RfA(thé. AprtAfrlAElEmekts has been completed, it shuts the
.AaY. AFr. ANr. Ar. A Ar. Al A A DAL AL AaL Al Au. Ay A Ay, Au. A LA e A Ae. A Aa.

ANy Ay. AlR AWWVA&%,F An the 1light source unit 12. It then adjusts the

e. Ay. ASFy. Af . A(. Aay. Ay. Ay. A. ANe. AR A(y. Ay. Ase. Aa@ Aa. A;

3R A A[, . Ay. AVKE ng hAPfAYt}EF AllaA@ Reag LRSeMitAgsl Afpemo the laser

" FGNOzupkf a\ V\]c%]]éé%} %l}ééj\ﬂc , aj reg,ncidc'g%ln%%]igg]fa] ca]lca] ca] cal ca] ca] ca
] ca] ca] ca] caV]% t g Fc %zﬂ Aral 87to 193.30nm, which
is the exposure wavelength, while monitoring the output of
the beam monitor mechanism 12c¢. Thus, when the shutter 12f
15 is opened, the laser beam LB that has the exposure wavelength
(first light) is emitted from the light source unit 12,
However, at this stage, the shutter 12f remains closed.
When the shutter 12f is closed, the controller 20
simultaneously closes the second, fourth, and sixth solenoid
20 valves, 38B, 38D, and 38F, as well as open the first, third,
and fifth solenoid valves, 38A, 38C, and 38E. By this
operation, the from the gas tank not shown in Figs. a high
concentration of nitrogen gas (the first gas) that has an
oxygen concentration .not exceeding 1% is supplied
25 respectively to the beam matching unit BMU, illumination
optical system 14 and projection optical system PL via the
first, second, and third intake pipe 342A, 34B and 34C. After

a predetermined period of time, the dry air remaining within
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When the wavelength adjustment of the laser beam LB,

5 replacement of the interior gas of the optical system, and
the insertion of the half mirror 56 and 66 into the optical
path are all completed, the controller 20 then prepares for
reticle alignment and baseline measurement based on
predetermined procedures. The reticle alignment and base

10 line measurement uses a reticle microscope, a reference mark
plate on the wafer stage WST, and an alignment detection system
which are not shown in Figs. In this case, the controller 20
performs the reticle alignment by opening the shutter 12f,
and using the light with the exposure wavelength. The details

15 of preparations for the reticle alignment and the baseline
measurement, are disclosed in detail in, for example, Japan
Patent Laid Open No. 04-324923, and the corresponding U.S.
Patent No. 5,243,195. As long as the national laws in
designated states or elected states, to which this

20 international application is applied, permit, the disclosures
cited above are fully incorporated by reference herein.

In the case the reticle alignment is performed with 1ight
having a wavelength other than the exposure wavelength, it
can be performed in parallel with adjustment of the laser beam

25 wavelength, or with the interior gas replacement of the optical
system.

Then, the controller 20 performs alignment measurement

such as EGA (enhanced global alignment) that is disclosed in



g 10%0&:()- @.0%0&'I()- 10%0&'()-Iy|\/ﬂ.0?/(')00&'()l- o i\ 22 DEC
LT10% o0& ()-&3!'10% o0& ()-9p/dE:/ 10'0 s'10% o0& ()-Y¥d0% o0& () 2003
@10% 0& ()- & yl0% o& ()- S10% 0& ()- sl1l0% o0& ()-/b:pdE/ 10'o0
410% 0& ()- 2 10% o0& ()-/"10% o0& ()- -10% o0& ()- +l 10% o& () -
) 310% o0& () -pbC 10' osy 10% o0& ()-f&10% 0& ()- 10'0 10'o 10'o0::10% o0& () -
S810% o0& ()- 96@O0% o0& ()-'\1dEDC 10'0 L1024 0& ()-&33"10% o0& ()- 10% o&' () -
10% 0& ()- 10% o0& ()- 10% o0& ()-1f - ° dEbC 10'0 s10% o0& ()- nl0% o0& ()-z
10% o0& ()- 10(@5&:’9: for example, in Japan Patent Laid Open No. 61-44429,
and the corresponding U.S. Patent No. 4,780,617, by using the
alignment detection system not shown in Figs. As long as the
national laws in designated states or elected states, to which
5 this international application is applied, permit, the
disclosures cited above are fully incorporated by reference
herein.
After completing the alignment measurements, exposure
based on the step and scan method is performed as follows.
10 On exposure, the controller 20, first of all, moves the
wafer stage WST so that the XY position of thewafer Wis located
on the starting position of scanning exposure in the initial
shot area (first shot). The controller 20 also moves the
reticle stage RST, ‘so that the XY position of the reticle R
15 is located on the starting position of scanning exposure. The
controller 20 performs scanning exposure by synchronous'ly
moving the reticle R and wafer Wvia thereticle driving portion
24 and the driving unit 26 in a speed velocity with respect
to the projection magnification of the projection optical
20 system PL, in opposite directions along the Y axis. The light
amouﬁt during the scanning exposure is controlled in
accordance with the output of the incident light measurement
device 22 and the output of the energy monitor. For example,
it can be controlled by adjusting the pulse energy of the laser
25 beam emitted from the laser resonator 12a, or by adjusting
the oscillation frequency of the laser resonator 12a.

After the transfer of a reticle pattern in a shot area

is completed as described above, the wafer stage WST performs
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a stepping movement which covers one shot area, and the
scanning exposure of the next sho£ area begins. The stepping
movement and scanning exposure are, repeated sequentially,
and thus the necessary numbers of patterns are transferred
5 onto the shot areas of the wafer.

On exposing each shot area on the wafer W, the optical
elements of the optical system are cleaned in advance and in
the state that the optical properties can be exhibited to the
maximum. Therefore, the deterioration of ©patterns

10 transferred onto the wafer tlhat is caused by the deterioration
of the image forming performance of the optical system upon
scanning exposure can be suppressed. Also, on scanning
exposure, the first optical delay element 52 and the second
optical delay element 54 which structures the beam matching

15 unit BMU reduce the coherence on the irradiating surface. The
interference fringes and speckles, which occur on the pattern
surface of the reticle R and the conjugating exposure surface
of the wafer W, thus, can be effectively suppressed,
consequently improving the controllability of the pattern

20 1line width.

As 1s obvious with the description so far, in this
embodiment, an adjustment unit is structured by: the first
and second optical delay element 52 and 54; and the sliding
mechanism which inserts/detaches the beam splitter 56 and 66

25 configuring the first and second optical delay elements
into/from the optical path of the laser beam LB. The

adjustment unit is arranged along a portion of the optical

path from the light source unit 12 to the arrangement surface
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of the reticleR and the exiting light intensity can be adjusted
by this unit.

From the descriptions above, with the exposure apparatus

10, self-cleaning operation is performed in the optical system

5 (beam matching unit BMU, illumination optical system 14 and
projection optical system PL). To be more precise, the
self-cleaning operation of the optical elements within the
housing structuring the optical systems is performed by the
laser beam which has a wavelength adjusted so that the energy

10 absorbed by oxygen is at the maximum. Upon the self-cleaning,
dry air that has a high concentration of oxygen is purged into
the optical system so that there is a sufficient amount of
oxygen along the optical path. The laser beam then breaks down
the organic structure of the contaminants, and ozone generated

15 by the photochemical reaction is oxidized and effectively
cleans the contaminants adhered on the optical elements within
a short period of time. When this cleaning is performed, the
half mirrors 56 and 66 are withdrawn from the optical path,
so that the light intensity used for cleaning is stronger than

20 that of the light used for exposure, to result in a more
effective cleaning. Accordingly, by the improvement of work
efficiency, the production cost of microdevices such as
integrated circuits can be cut as well as reduce the damage
of glass material caused by irradiating a high-energy beam

25 (ArF excimer laser beam).

Furthermore, the optical elements of the optical system

can perform self-cleaning in advance (or just before) of

exposure, so that the transmittance of the optical system is
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at the optimum upon exposure, and the pattern transferred onto
the wafer can be kept from being deteriorated.

In addition, on exposure the beam splitter 56 and 66
are inserted into the optical path of the laser beam so that

5 optical delay can be performed by the first optical delay
element 52 and the second optical delay element S54. This
sufficiently reduces the coherence on the irradiating surface,
thus effectively suppressing fine interference fringes and
speckles on the wafer surface (image plane), and improving

10 the controllability (such as line width uniformity) of the
pattern line width transferred onto the wafer. 1In this case,
since the laser beam proceeds through the first and second
optical delay elements 52 and 54, the light intensity of the
exposure light irradiated on exposure weakens. This

15 suppresses the photochemical reaction of generating ozone
from the small amount of oxygen (within 1%) concentrated in
‘the nitrogen within the interior of the housing, which in turn
can suppress the absorption of e#posure light by ozone.
Consequently, the decrease in transmittance of the exposure

20 light can be prevented.

According to this embodiment, therefore, the yield of
microdevices such as integrated circuits can be improved, and
also from this aspect the manufacturing cost can be reduced.

With the exposure apparatus 10 in this embodiment,

25 cleaning only a part of the optical element, that is, cleaning
only one or two of the beam matching unit BMU, illumination
optical system 14, and projection optical system PL can be

easily performed.
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in the projection optical system which is the furthest from
the laser resonator 12a, and is the most difficult to clean,
the first solenoid valve 38A and the third solenoid valve 38C

5 can be kept open (in this case, the second solenoid valve 38B

and the fourth solenoid valve 38D are both closed), the fifth
valve 38E closed, and the sixth valve 38F open. With this
operation, the beam métching unit arranged on the upstream
of the optical path and the illumination optical system 14

10 are in a state where nitrogen gas is flowing into the interior.
And, in the projection optical system there is enough oxygen
supplied to effectively clean the optical elements arranged
in the projection optical system PL, while suppressing the
energy absorption of the laser beam by oxygen.

15 In the embodiment described above, cleaning of the
optical elements is performed in a state where the nitrogen
gas (the first gas) within the optical system is replaced with
the dry air (an example of the second gas having a sufficient
amount of oxygen). The present invention, however, is not

20 limited to this.

For example, as shown in Fig. 6, instead of supplying
dry air through the first, second, and third intake pipe 343,
34B and 34C, a configuration supplying a mixture of dry gas
and ozone 63(an example of a third gas containing oxygen and

25 ozone) can be substituted. In this case, the nitrogen gas
within the beam matching unit BMU, the housing of the optical

system for illumination, and the barrel (a type of housing)

of the projection optical system PL is replaced with the
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mixture of dry gas and ozone, and then the ArF excimer laser
beam (vacuum ultraviolet light) with a wavelength of 193.23nm
is irradiated on each housing. By irradiating the ArF excimer
laser beam, the energy of the beam then breaks down the organic
5 structure of the contaminants adhered on the surface of the
optical elements. The ozone generated by the photochemical
reaction of oxygen, along with the ozone mixed in the gas within
the system, further cleans the optical elements effectively
by oxidation.

10 Also, in the embodiment described earlier, the cleaning
of the optical elements in the optical system is performed
with the nitrogen gas within the beam matching unit BMU, the
housing of the optical system for illumination, and the barrel
(a type of housing) of the projection optical system PL

15 replaced by the dry gas. The present invention, however, is
not limited to this, and the cleaning can be performed without
replacing the gas. That is, the nitrogen gas can be supplied
to each hoﬁsing, and the wavelength of the léser beam emitted
from the laser light source 12 can be changed to 193.23 and

20 it can be irradiated on each housing for a predetermineéd period
of time for self-cleaning of the optical elements. 1In this
‘case, as well, thenitrogenwithin the housing contains a small
amount of oxygen (not exceeding 1%), therefore, the oxygen
absorbs the laser beam (the energy) and by photochemical

25 reaction, ozone is generated, and by oxidation of ozone the
contaminants on the surface of the optical elements are removed.

Changing the wavelength of the laser beam is more effective,

compared to conventional cleaning where the wavelength of the
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laser beam is not changed, accordingly, the time required for
sufficient cleaning can be reduced. The damage of glass
material due to long irradiation hours can also be reduced,
due to the reduction.

5 In the case described above where the gas is not replaced,
similar to the embodiment, if the intensity of the laser beam
irradiating the illumination optical system 14 is stronger
than that of exposure, changing the waveleﬁgth of the laser
beam emitted from the 1ight source unit 12 may not be required.

10 Because in such a case, the nitrogen within the housing
contains a small amount of oxygen (not exceeding 1%), therefore,
the oxygen absorbs the laser beam (the energy) and by
photochemical reaction, ozone is generated, and by oxidation
of ozone the contaminants on the surface of the optical

15 elements are removed. Enhancing the intensity of the laser
beam is more effective, compared to self-cleaning where the
intensity of the laser beam is the same as on exposure. Also,
in this case, since the intensity of the exposure light is
weaker compared to the light used for cleaning, it suppresses

20 the small amount of oxygen (not exceeding 1%) contained in
the nitrogen from photochemical reaction, thus suppressing
the exposure light from being absorbed by ozone generated by
the photochemical reaction. This prevents the transmittance
of the exposure light from decreasing.

25 In the embodiment described above, on-cleaning the
optical elements of the illumination optical system 14,

projection optical system PL, the ultraviolet 1light is

irradiated on the optical elements within the housing of the
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optical system for a predetermined period of time. However,
the present invention is not limited to this. That is, similar
to cleaning the optical elements of the beam matching unit
BMU as is previously described, the ultraviolet light can be
5 irradiated onto the gas interior of the housing. 1In the case
where there is a sufficient amount of oxygen in the interior
of the housing, by irradiating the gas within the housing the
oxyden in the gas generates ozone by photochemical reaction,
the optical elements can be cleaned by oxidation.

10 Furthermore, in the embodiment, the controller 20
switches the wavelength of the light emitted from a single
light source unit 12 via the driving mechanism 18 between the
wavelength of the first light (ultraviolet pulse light with
a wavelength of 193.30nm) and the wavelength of the second

15 light (ultraviolet pulse light with a wavelength of 193.23nm)
which energy absorption by oxygen is greater than the first
light. However, the present invention is not limited to this,
and a first light source emitting the light with the exposure
wavelength and a second light source emitting the light with

20 greater energy absorption by oxygen can be arranged. The
controller 20 can selectively choose either light to guide
to theoptical system for illumination (BMU, 14). 1In this case,
the controller 20 can selectively choose the first or second
light source unit or a shutter arranged on the light source

25 unit to operate the on/off. Alternatively, a switching unit
can be arranged on the optical path between each light source

and the illumination optical system 14, so that the optical

path can be appropriately switched.
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And, in the embodiment described above, the switching
of the wavelength of the first 1light (ultraviolet pulse light
with a wavelength of 193.30nm) and the wavelength of the second
light (ultraviolet pulse 1light with a wavelength of 193.23nm)
5 which energy absorption by oxygen is greater than the first
light is performed by switching the wavelength of the light
emitted from the light source unit 12, that is, wavelength
shifting. The present invention, however, is not limited to
this. For example, in the case of using the laser resonator

10 12a shown in Fig. 2, the controller 20 can drive the etalon
204 which performs fine adjustment and configures the
narrow-banding module, via the driving mechanism 18 so ‘that
the etalon 204 is insertable/removable from the optical path
as shown by the arrows A and A’. In this case, by removing

15 the etalon 204 from the optical path, the wavelength width
can be changed into a wavelength width that includes the range
where energy is absorbed by oxygen. Thus, the switching
operation to the second 1ight which energy absorption by oxygen
is greater than the first light can be achieved.

20 Alternatively, in the case of using the laser resonator
12a shown in Fig. 3, other than the etalon 204 that is used
for exposure, an etalon 207 can i)e arranged as shown in Fig.
3 by the dotted line for the purpose of optical cleaning. The
controller 20 can exchange the etalon 204 and 207 as shown

25 in Fig. 3 by the arrows B and B’, inserting the etalon 204

on exposure and the etalon 207 on cleaning. 1In this case, the

etalon 207 can be made of a material that extracts the range

of wavelength including the range that absorbs energy by oxygen.

()-
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1070 In this manner, the wavelength width of the exiting light from
the light source (excimer laser chamber 202) can be changed,
achieving the switching of the first 1light to the second light.
Also, in the embodiment.previously'deécribed, the first
5 optical delay element 52 and the second optical delay element
54 which have a delay optical path of a triangular shape are
arranged in the beam matching unit BMU, however, the present
invention is not limited to this. The optical delay elements
can have an optical path of a square shape, and in such a case,
10 the optical delay path can be arranged of a reflection optical
element such as four prisms, instead of four mirrors.
With the exposure apparatus in the embodiment, on
optical cleaning, the exposure apparatus can perform either
a wavelength shift which switches the wavelength of the light
15 emitted, change the wavelength width of the emitted light,
or change the intensity of the emitted light, or perform a
combination of these operations.
In the embodiment described above, the present invention
is applied to a scanning type exposure apparatus (a scanning
20 stepper) for manufacturing semiconductor devices based on the
step-and-scan method, which uses én ArF excimer laser unit
as a light source. The present invention, however, is not
limited to this. For example, the present invention can be
suitably applied to a projection exposure apparatus (a
25 stepper) based on the step-and-repeat method, which uses an
ArF excimer laser unit as a light source. Or, it can be

suitably applied to an ArF excimer laser stepper for liquid

crystal displays or an ArF excimer laser scanning stepper.
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Also, in the case of F, laser beam which belongs to the same
vacuum ultraviolet light region as of the ArF excimer laser
beam, a similar case can be assumed of the energy amount
absorbed by oxygen being different depending on wavelength.

5 The present invention, therefore, can be applicable to an
exposure apparatus using the F, laser as the light source.
With this exposure apparatus, the interior of the optical
system, the air in between the optical system for illumination
and the projection optical system, and the air in between the

10 prbjection optical system and the substrate are replaced with
helium gas. So upon cleaning the optical elements, a
wavelength of a large energy absorption by oxygen around the
157nm rangé is to be chosen and set, and the helium gas interior
of each optical system is to be replaced with a gas containing
15 oxygen (including a gas containing oxygen and ozone).

Self-cleaning is thus, similarly performed, producing the

same kind of effects as the embodiment described above.

In the embodiment above, nitrogen is used for the gas

supplied to the optical path. Alternatively, other inactive

20 gas, rare gas such as helium, neon, argon, krypton, xenon,
and radon can be used, or a mixture of more than two types

of gases can be used.

Furthermore, all optical elements are not limited to

lenses of a refraction system. The elements can be structured

25 of a reflection element (a mirror) being a reflection system,
or of a reflection optical element and a refraction optic
element configuring a reflection/refraction systemn. The

projection optical system used is also not limited to the



10% & ()- yl0% & ()- "10% & ()-&3!110% & ()--\d\\\\ ]A] dEYNC 10' 0
s'10% & ()-Y% 10% & ()- @10% & ()- & 10% & ()- 10% & () - 22 DEC 2003
110% & ()-Al p]]]175% ~"dEYNC 10' 0  410% & ()- 210% & ()-/ 10% & () -
Z10% & ()- +Y10% & ()- )10% & ()-i~nn + . bC 10" 0L10% & ()- % 10% & () -

10: 10: 10:1:110% & ()- f810% & ()- L610% & ()-. i # Z dEbC 10' 0
“10% & ()-&F10% & ()- ,t10% & ()- 10% & ()s5 10% & () -

10% & ()-Z °°°,aVaadEbC 10'0 10% & ()- 10% & ()-!110% & ()- z10% & () -
10% & () -

reduction system; it may be a one-to-one magnifying system

or an enlarged magnifying system.
As the reflection/refraction type projection optical
systemdescribed above, a reflection/refraction system having
5 a beam splitter and concave mirror as reflection optical
elements, which is disclosed in, for example, Japan Patent
" Laid Open No.08-171054 and the corresponding U.S. Patent No.
5,668,672, and Japan Patent Laid Open No. 10-20195, and the
corresponding U.S. Patent No. 5,835,275, can be used. 1In
10 addition, a reflection/refraction system having a concave
mirror and the like as reflection optical elements without
using any beam splitter, which is disclosed in, for example,
Japan Patent Laid Open No. 08-334695 and fhe corresponding
U.S. Patent No. 5,689,377, and Japan Patent Laid Open No.
15 10-3039, and the corresponding U.S. Patent Application No.
873,605 (application date: June 12, 1997), can be used. As
long as the national laws in designated states or elected
states, to which this international application is applied,
permit, the disclosures cited above are fully incorporated

20 for reference herein.

Also, a reflectidn/refractidn system disclosed in U.S.

Patent Nos. 5,031,976, 5,488,229, and 5,717,518 can be used.

In these disclosures, a plurality of refraction optic elements

and two mirrors (a main mirror which is a concave mirror, and

25 a sub-mirror which is a rear mirror having a reflecting surface
formed on a surface of a refraction element or plane-parallel
plate which is located on the opposite side of the incident

surface) are arranged coaxially, and an intermediate image
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of a reticle pattern formed by the plurality of refraction
optic elements is re-formed on a wafer by the main mirror and
sub-mirror. 1In this reflection/refraction system, the main
mirror and sub-mirror are arranged following the plurality
5 of refraction optic elements, and illumination light passes
through a portion of the main mirror to be seguentially
reflected by the sub-mirror and main mirror, and reaches the
wafer through a portion of the sub-mirror. As long as the
national laws in designated states or elected states, to which
10 this international application is applied, permit, the

disclosures of the U.S. Patents cited above are fully

incorporated for reference herein.

Furthermore, as the reflection/refraction type
projection optical system, a reduction system may be used,

15 which has, for example, a circular image field, and is double
telecentric on the object surface side and the image surface
side, which has a projection magnification of 1/4 or 1/5. A
scanning exposure apparatus having the reflection/refraction
type projection optical system may be of a type in which an

20 illumination area for illumination 1ight is determined so that
it is almost centered on the optical axis of the projection
optical system within its field of view, the illumination area
extending along a direction perpendicular to the scanning
direction of a reticle or wafer, and the shape of the slit

25 being rectangular. Withaascanningexposureapparatushaving
such a reflection/refraction type projection optical system,

a fine pattern almost equal to 100nm L/S pattern can be

transferred onto a wafer with high precision, by using, for
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O example an F, laser beam having a wavelength of 157nm as
exposure illumination light.
Also, instead of using an excimer laser beam, a harmonic
of a fixed laser such as a YAG laser can be used, which has
5 an oscillation spectrum for example, in one of the wavelength
of 284nm, 193nm, and 157nm. A harmonic, which is obtained by
amplifying a single-wavelength laser beam in the infrared or
visible range being emitted by a DFB semiconductor laser or
fiber laser with a fiber amplifier doped with erbium (or both
10 erbium and ytteribium), and converting the wavelength into

ultraviolet light using a nonlinear optical crystal, may also

be used.

For example, if the oscillation wavelength of a
single-wavelength laser is set within the range of 1.51 to
15 1.59 U4m, an eighth-harmonics which generation wavelength
falls within the range of 189 to 199 nm or a tenth-harmonics
which generation wavelength falls within the range of 151 to
159 nm is output. If the oscillation wavelength is set in the
range of 1.544 to 1.553 Um, in particular, an eighth-harmonics
20 which generation wavelength falls within the range of 193 to
194 nm, that is, ultraviolet light having almost the same
wavelength as that of an ArF excimer laser beam, can be obtained.
If the oscillation wavelength is set within the range of 1.57
to 1.58 Um, a tenth-harmonics which generation wavelength
25 falls within the range of 157 to 158 nm, that is, ultraviolet
light having almost the same wavelength as that of an F, laser

beam, can be obtained.

Also, if the oscillation wavelength is set within the
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range of 1.03 to 1.12 m, a seventh-harmonics which generation

wavelength falls within the range of 147 to 160 nm is output.
If the oscillation wavelength is set within the range of 1.099
to 1.106 U m, in particular, a seventh-harmonics which

5 generation wavelength falls within the range of 157 to 158
U4 m, that is, wultraviolet 1light having almost the same
wavelength as that of an F, l1aser beam, can be obtained. And,
as a single-wavelength oscillation laser, for example, an
ytteribium-doped fiber laser can be used.

10 As the exposure light source, a Kr, laser (krypton dimer
laser) having a wavelength of 146 nm), an Ar, (argon dimer)
laser having a wavelength of 126 nm can be used. A harmonics
generator such as a YAG laser or a semiconductor laser, which
generates light in the vacuum ultraviolet light region, can

15 also be used as a light source.

The exposure apparatus of this embodiment can be made
by incorporating an optical system for illumination
configured of a plurality of lenses, and a projection optical
system into a main body of the exposure apparatus, and by

20 performing optical adjustment. The reticle stage and wafer
stage made of many mechanical COmbonents are also incorporated
into the main body. Then, thewiring and piping are connected,
and finally, overall adjustment (such as electrical
adjustment, operation check) is performed. The making of the

25 exposure apparatus, is preferably performed in a clean room
in which conditions such as temperature, degree of cleanliness
are controlled.

In addition, a semiconductor device is manufactured
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{?{dEMC through the steps of: conducting function and performance
design of the device; manufacturing a reticle on based on the
design step; manufacturing wafers from a silicon material;
transferring the reticle pattern onto the wafer by the use
5 of the exposure apparatus of the embodiment above; assembling
the device (including a dicing process, a bonding step, and
a packaging process); and inspection.
Following are the details of the device manufacturing
method.
10 <<Device Manufacturing Method>>
A device manufacturing method using the above exposure
apparatus and method in a lithographic process will be
described in detail next.
Fig. 7 is a flow chart showing an example of
15 manufacturing a device (a semiconductor chip such as an IC
or LSI, a liquid crystal panel, a CCD, a thin magnetic head,
a micromachine, or the like). As shown in Fig. 7, in step 401
(design step), function/performance is designed for a device
(e.g., circuit design for a semiconductor device) and a pattern
20 to implement the function is designed. 1In step 402 (mask
manufacturing step), a mask on which the designed circuit
pattern.is formed is manufactured. In step 403 (wafer
manufacturing step), a wafer is manufacturing by using a
silicon material or the 1like.
25 In step 404 (wafer processing step), an actual circuit
and the like are formed on the wafer by lithography or the

like using the mask and wafer prepared in steps 401 to 403,

aswill bedescribed later. Instep 405 (device assembly step),
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a device is assembled by using the wafer processed in step
404. Step 405 includes processes such as dicing, bonding, and
packaging (chip encapsulation).
Finally, in step 406 (inspection step), tests such as
5 a test on the operation of the device manufactured in step
405, and durability test are performed. After these steps,
the device is completed and shipped out.
Fig. 8 is a flow chart showing a detailed example of
step 404 described above in manufacturing the semiconductor
10 device. Referring to Fig. 8, in step 411 (oxidation step),
the surface of the wafer is oxidized. 1In step 412 (CVD step),
an insulating film is formed on the wafer surface. In step
413 (electrode formation step), an electrode is formed on the
wafer by vapor deposition. In step 214 (ion implantation
15 step), ions are implanted into the wafer. Steps 411 to 414
described above constitute a pre-process for the respective
steps in the wafer process and are selectively executed in
accordance with the processing required in the respective
steps.
20 When the above pre-process is completed in the
respective steps in the wafer process, a post-process is
executed as follows. In this post-process, first, in step 415
(resist formation step), the wafer is coated with a
photosensitive agent. Next, as in step 416, the circuit
25 pattern on the mask is transcribed onto the wafer by the above
exposure apparatus and method. Then, in step 417 (developing

step), the exposed wafer is developed. In step 418 (etching

step), an exposed member on a portion other than a portion
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the etching is removed.

By repeatedly performing these pre-process and
5 post-process, multible circuit patterns are formed on the
wafer.

As described above, by using the device manufacturing
method of this embodiment, since the exposure apparatus and
exposure method described above are used in the exposure

10 process (step 416), it becomes possible to perform exposure
with the optimum transhittance in the projection optical
system. Then, the deterioration of the pattern transferred
onto the wafer can be prevented, as well as sufficiently reduce
the coherence on the irradiating surface so as to improve the

15 controllability of the pattern line width (for example, line
width uniformity) of the pattern transferred onto the wafer.
Consequently, the exposure éccuracy including the overlay
accuracy can be improved, thus making it possible to
manufacture high-integrated microdevices which have a high

20 productivity (high yield).

The present invention is not limited to the embodiment
described above, and each embodiment can be modified in other

specific forms depending on requirements.

25 INDUSTRIAL APPLICABILITY
As has been described above, the cleaning method of the
optical elements according to the present invention is suited

to sufficiently clean the optical elements within a short
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first gas within said barrel is replaced with a second gas which has a higher concentration

10  of oxygen compared to said first gas, upon irradiating said ultraviolet light.

3. The cleaning method of an optical element according to Claim 1, wherein said
first gas within said barrel is replaced with a third gas which contains oxygen and ozone,
upon irradiating said ultraviolet light.

15
4. The cleaning method of an optical element according to any one of Claims 1 to

3, wherein said ultraviolet light has a wavelength of approximately 193.23nm.

5. An exposure apparatus which transfers a mask pattern onto a substrate through
20  an optical system, said exposure apparatus comprising:
a light source unit capable of emitting first light and second light, said first light
having an exposure wavelength and said second light having a wavelength which

absorption by oxygen is greater than that of said first light;
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light source and said substrate said second light is emitted from said light source unit.

10 6. The exposure apparatus according to Claim 5, wherein upon said cleaning
when said second light is emitted, said controller purges a cleaning gas which contains at
least one of oxygen and ozone along an optical path where an element subject to cleaning

is arranged.

15 7. The exposure apparatus according to Claim 6, wherein said cleaning gas is a

gas which sufficiently contains oxygen.

8. The exposure apparatus according to Claim 6, wherein said cleaning gas is a
gas which contains oxygen and ozone.
20
9. The exposure apparatus according to Claim 6, wherein upon said exposure,
prior to emitting said first light, said controller purges a gas which index of refraction is

close to 1 into said optical system.
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optical system.

11. The exposure apparatus according to Claim 5, wherein
10 said light source unit has a single light source and a switching mechanism which
changes a wavelength of light emitted from said light source; and
said controller switches said wavelength of light emitted from said light source via

said switching mechanism on said exposure and on said cleaning.

15 12. The exposure apparatus according to Claim 11, wherein said switching
mechanism is a driving mechanism which drives a portion of a narrow-banding module,
said narrow-banding module narrowing a width of said wavelength of light emitted from

said light source.

20
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of light which is narrowed by said narrow-banding module to
a width which include an absorption range by oxygen via said

driving mechanism on said cleaning.

10
14, The exposure apparatus according to Claim 5,
wherein said second light is an ArF excimer laser beam which
has a wavelength of approximately 193.23nm.
15 15. The exposure apparatus according to Claim 5,

wherein said exposure apparatus further comprises an
adjustment unit which can adjust an intensity of 1light emitted
from said light source unit and is arranged along a part of
an optical path, said optical path from said 1ight source unit

20 to said mask; and
said controller controls said adjustment unit so as to
make an intensity of said second light stronger compared to

an intensity of said first light.

25 1l6. An exposure apparatus which transfers a mask
pattern onto a substrate through an optical system, said
exposure apparatus comprising:

a light source unit which can emit at least light of
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mask pattern is transferred onto said substrate by exposure.

15
17. The exposure apparatus according to Claim 16, wherein
said adjustment unit is arranged so it can be inserted and withdrawn from said part
of said optical path, said adjustment unit includes a beam splitter which splits a light beam
passing through said optical path and has at least one optical delay element to guide one of
20  asplit beam through a delay optical path and back to said optical path; and said
controller inserts said beam splitter into said optical path upon said exposure and

withdraws said beam splitter from said optical path upon said cleaning.
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a gas which has an index of refraction close to 1; and
a third step of transferring said mask pattern onto said
substrate through said optical system by irradiating an

15 ultraviolet light which has said exposure wavelength.

19. The exposure method according to Claim 18, wherein
intensity of said ultraviolet light irradiated in said first
step is stronger than that of said ultraviolet light in said

20 third step.

20. An exposure method which transfers a mask pattern
onto a substrate through an optical system, said exposure
method comprising the steps of:

25 a first step of irradiating secénd light for a
predetermined period of time, said second light having
stronger intensity compared to that of first light emitted

on exposure;
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a gas which has an index of refraction close to 1; and
a third step of transferring said mask pattern onto said

5 substrate through said optical system by irradiating said

first light which has an exposure wavelength.

21, A device manufacturing method including a
lithographic process, wherein said lithographic process uses

10 said exposure apparatus in any one of Claims 5 to 17 to perform

exposure.

22, A device manufacturing method including a
lithographic process, wherein said lithographic process uses

15 said exposure method in any one of Claims 18 to 20.

23. A device manufactured by employing said device

manufacturing method in one of Claims 21 and 22.

20 24 . A cleaning method of at least one optical
element which is arranged between a light source and a
substréte in an exposure apparatus, said exposure apparatus
irradiating first light which has an exposure wavelength onto
said substrate via a mask on which a pattern is formed, said

25 first light being emitted from said light source, wherein

second light is irradiated onto said optical element
for a predetermined period of.time, said second light being

changed from said first light with respect to at least one
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wherein said second light is light having a wavelength which

5 absorption by oxygen is greater than that of said first light.

26. An- exposure apparatus which irradiates
first light having an exposure wavelength onto a substrate
via a mask on which a pattern is formed, said first light being

10 emitted from a 1light source, said . exposure apparatus
comprising

a controller which sets second light to be incident on
an optiéal element upon cleaning of at least one optical
element which is arranged between a light source and a

15 substrate in said exposure apparatus, said second light being
changed from said first light with respect to at least one

of intensity, wavelength, and width of wavelength.

27. The exposure apparatus according to Claim
20 26, wherein
said second light is light having a wavelength which
absorption by oxygen is greater than that of said first light,
and
said controller selectively chooses.one of said light
25 source and a light sourcé which emits said second light to

guide to said optical element.

28. An exposure method which transfers a mask
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wavelength; and
10 a second step of irradiating said first light onto said

mask after said first step, and transferring said mask pattern

onto said sﬁbstrate.

29, A light sdurce unit which emits first

15 light having an exposure wavelength, said light source unit
comprising a switching mechanism which switches said first
light into second light having a wavelength which absorption

by oxygen is greater than that of said first light.

20 30. The light source unit according to Claim
29, wherein said light source unit is arranged in an exposure
apparatus, said light source unit emits

sald first light when transferring said mask pattern
onto said substrate, and:

25 said second light when cleaning at least one optical

element which is arranged between said light source and said

substrate.
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30, wherein said switching mechanism is controlled by a

controller which controls overall operation of said exposure

apparatus.



