FPO4- 0160- 00 SPECI FI CATI ON PROQJECTI ON OPTI CAL SYSTEM EXPOSURE APPARATUS,
AND EXPOSURE METHOD Techni cal Field 5The present invention relates to a
catadioptric projection optical system exposure apparatus, and exposure
met hod and, nore particularly, to a high-resolution catadioptric projection
optical systemsuitable for exposure apparatus used in product FEp®R40H160-00
sem conduct or devices, liquid-crystal display devices, etc. by

phot ol i t hogr aphy. 10Background Art The photolithography for
production of the sem conductor devices and others is inplenmented using a
proj ection exposure apparatus for projecti n%a pattern i mage of a mask (or
a reticle) through a projection o§%ﬁémk(§ét dfNnto a wafer (or a glass

e e SR AL S P e L

proj ection exp S becom ng increasingly higher and hi gher

Wi th increase Eﬁ%@g@ﬁ%‘:ﬁg&zree of the sem conductor devices and
others. As a r4qsiidical Ricdjder to satisfy the requirenents for the resolving
20 power of the projection optical system it is necessary to shorten the
wavel engt h A of il UFHengreb@it hivelfiod EMRRIUHS: bdt@iobtrad rcgecﬁéﬁbgﬁéﬁ the

i mage-side nunerical aperture NA of the projection optical system

Speci fical ly, $ysemgesekpdsuen appifacur ainelct éxgrosups | e@dthsd stapd | Inevepr essed
by kKA/NA (where k is the process coefficient). The inage-side 25nunerical .
aperture NA i spartipniasiyntea ightnesolution ediedieptrid prajectedn apticaksysidax of a
medi um (normal |y ?a%@such as air) between thefl projection, FPO4-0160-00
optical systensiable fer e¥RQWIe apparaing Wed inaRTadusan 0l semisangdugtorce t o

t he i mage pl ang. . . In this case, .if. the maxi j.nci dence angle O is

i ncreased i n ofdaFS BWWEWQ@@%@%GWQPF%&%&%@PE TaRRY-wi T result in
i ncreasipgng 5 t !@Q e to the image plane and the output angle. from
t he pr?joecti onﬁgf)t cg#ldgs em so as to increase reflection | oss on optical
surfaces and thus faiHe bRoERAHGSBhY 2R HbHRGIAY Sof TRECsS] il cal
aperture. For this reastgﬁ, ther%f ?s&t he Known technol ogy %‘?ﬂ%rllig&g?si ng the
nunerical aperdeviessNandy dthdrsi g mnplediiemted | ¥sing hi Prbfécribhh ekpbi@le
10refractive index in the optical path between the projection optical

syst em and t heappasajus orprejecting a pidavavisrageappd imwaki(on agkticke) shiomghnol ogy
to the ordinary dioptric ggﬁﬁj ection optical_ systeng caused such _.

di sadvant ages & RERIeston,gpueRl systamonty duavaler bt a glagsoplage 05 Hhei like)

aberr at;i.on and_¢t atisfy the 15 Petzval's . conditjion to well correct for
curvat dre of 160t Wi PheipRestt orapé e B bEM ST esBRE syt em
was i nevit abl il Ly i i was
difficult to ?S‘c‘%fr?%@ggﬂl g!r‘%g”%}{fepgé‘? gt :}‘%{g%g S ARHAT AR t@%éé%%r e while
wel | suppr essidipatdifis i£bb@hin@NincRexinly Hbh&2hnd bidlRGowith29rddse Sh 0bj ect
of the present ‘invention is to provide a relatively conpact projection
optical systenmtegvitig degred bEtite scmmigbndugier tlovioesand athesel | corrected for
various aberrations, such as chromatic aberration and curvature of field,
and bei ng capabl e ofAssemgultng erdentqeatesfy dhe requireraeuts fod thentasolving|

aperture while well ppressing the 25reflection | oss on optical surfaces.
In the2§ase WHEPET H}S’rBFé%‘fti%OBEF sYsteps flo i NecesAPOER §hgrten the

FPO4- 0160-00 _only refl.ecti opt.d cal ers and .in the case where the
proj ection opt‘?%‘fﬁxexﬁél}‘eﬂf f@%ﬁ%&&%ﬁ@%ﬁ%ﬁ%ﬁ&ﬁa& EFTas€t Phig
optical nenber; L1k [ ' S ' [ -ease j.n the
nuneri cal aper &ﬁ‘g,sﬁtlle{ %bhg%g{%ag%ﬁgrﬂgﬂ%%ﬁnggﬁﬁét%mﬁ% élngﬁ{lg%pgyétgp‘pat h
separation bet e i i 1 a beam
reflected by t%@%@?}l&ﬁ@ﬂ%@%@??@%ﬁh&%ﬁ?@%ﬁ@Q)ipi_'?l@?ls%%?fggsi b ge?s{ggdavoi d an
increase in thy keNA Qiwliche kefsl €ed i rocesnt icoaffidientder . The maganisidacr ease
in the scale of the projection optical system In order to achieve

si npl i 2% cat i omuoferpabdpertirenNANG répresienield by oatin®nwvhérenmitivial refichictise ment  of
optical nmenbers, it is desirable to construct a catadioptric projection
optical systemdsx af 8i mgdamp fapraaalla,gas; such anek) betwcemithe projecdase i n the
nunerical aperture, it also becones nore difficult to achieve the optical
path separation between the beamentering the reflecting optical nenber and
the beamrefl.ected 15by the reflecting optical nenber, and the projection
optical systemincreases its scale. -1 A second object -of the present

invention-is.to achieve a large nunerical aperture, wthout increase in the
scal e of optical nenbers form ng a catadioptric projection optical system:




20A third object of the present invention is to provide an exposure
appar at us and exposure nethod capabl e of perform ng an exposure to
transcribe a fine pattern with high accuracy through a projection opti cal
system havi ng excell ent inmaging perfornmance and having a |l arge effective

i mge-side nunerical aperture and therefore a high resol ution. i OSAIr e
of the Invention In order to achieve the above-described firSthﬁ%gﬁﬁb'@&
projection FPO4-0160-00 optical systemaccording to a first aspect of the
present invention is a catadioptric projection optical systemfor formng a
reduced image of a first surface on a second surface, t he

proj ection optagstadal systé@mndalpimsbs Plaie /DS b hakinigh lageld ofineidancer s, and
a boundary | ens whose surface on the first surface side has a positive
refracti ng powerthe image planer ei n, where a refractive index of an atnosphere
in an optical path of the projection optical systemis 1, an optical path
bet ween the boundar yn lthigscasedifithe wesvnamsmcideneeianglé O Sdingredsed inedi um

havi 10r ef tive ind I .t 1.1, o [ \ .

heving o 100 el o e e e et L, el Sk Boehopoer
consti {4119 it B8l BN B, ke AT 1 PERARC g e B0
et v | BBy et S6E 0 S5 SUPRRIRN ok Syl oP

proj ecti on Optyyefloes 4 SARHPIS!sBOu'eCa JurpECFRAIE HfflgeNidl HimpreeANt
invention is a catadioptric projection optical systemTor formng an inmage
of a first surdpasiaredn Forsbiorssen fheeeis theckivon esdhnolo@pbf Gedre2éay st em
conpri si ng. a first imaging optical systemconprising two mrrors,
for form ng arthé nueremed] apartiradgd wf filling & mativmiikaadiquaddvith a high second
i magi ng optical systemfor formng the internedi ate i mage on the_second
surfacd0 25whaeBagiivendndee dndthenwptisal gsth catwegrt e povpelier soptisl

foll owi ng conponents ip arder qf passage of a ray fromthe internediate
FPO4- 0160- 00 isﬁﬁfﬁgéﬁ%&elgaﬁer@?n&i eld mirror of a concave shape; a second

FPOI- 0160- 00 C AN or | |

| enses and havi ng 2 ReAPPRaridl of AR TRCATRIE B ACENiah aRREAL Vg
ses and havi ny | : _ nd FeAS’ Gl havi

bosi {1 ve 1of  aciogioR CUical P40y, et ARch CIFAvAllags: (BB M DWes Corond

object, a 10 plifficedt t@welptdoeict st eiroanter db&gation andhis atispeahe of the
present invention is a catadioptric projection optical- systemfor formng

an i mage of a Retnwal's sonfldem tn welb ecordt for cacaturehef fiedd,cand dhatogn i cal
system conprising: . : a first unit disposed_in an qptical path
bet ween t he f ilRaeass i thescakapigtherepticad shgtenyvra decdtablday ihgdditionsi t i ve

LS 2R o SRR kS B AT
cecond surf acseparerARe el HblGicfPrai Pl SR SURR Bl 4B a°
negative refragfiéddnle¥Eon opfital surfaces. | '

20 A first object of the present invention is to provide a relatively

compact projection optical system. having excelleni imaging

?erformance as well corrected for various aberrations, such as chromatic

aberration and curvature of field, and being capable of securing a large

effective image-side numerical aperture while well suppressing the
25 reﬂec;tion loss on optical surfaces.

In the case where the projection optical system is composed of
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a fourth unit disposed in an optical path between the third unit and the
second surface, conprising at |least three positive |enses, and having a
positive refracting power, wherein an internmediate i mage is
formed in the second unit and 25wherein an aperture stop is provided in the
fourth unit. In order to achieve the above-described second objE®i4-0850-00
FPO4- 0160- 00 projection optical systemaccording to a fourth aspect of the
present invention is a catadioptric projection optical systemfor formng
an imge of a first surface on a second surface, the projection optical
system conprising: 5a first inmaging optical systemconprising at |east siXx
mrrors, for f_SPE‘:I ﬁ%f?%tlﬁﬂigr%@fl¢§tléﬁmrﬁﬁédilﬁa ease wheesc tedprajeetioredi at e
i mge of the first ,surface; an i

bl

d second i magi ng optical system for
rel aying the sé& AT fr&)qsﬁéggﬁo’htc@ﬁﬂ@a@@g&ﬁr%’g?‘?%.oé@% or der
to achi eve the -d i Nir |€C e re apparat
hocordi g to sTeEs SRR | RERetik " QoRB her e BB L eRORRT 34
appar atus for } XRULb f i onto a
pﬁgt osensi ti veﬁgi:lj%gftb?giﬂ)ee?ﬂ]{ﬁ’eﬂexpo@l&?éngrggg]%gﬁlg t(t(’:gﬁlngrl si&ﬁg&p@ﬁaﬂl

i11uminadion sygimidmobetwdonm %@M@nﬁeﬁﬁg@?@ﬂ&ﬁﬁlgoﬁf)ﬁ&ﬁ thémber aHafACe, and

the projection optical system according to any one of the above-described
aspects, for fbearnmrgflectedingtheofefldvtingatptévab thembed and it einfaskbleow t he
photosensitive substrate set on the second surface. 20 In order to achieve
t he above- desc?YHedn merersepdbe scale efkihesteflecting ropdicat ommiberyieg am si xt h

aspect of the present i.nventiop.is an exposure nethod of effecting an
exposure of a W@?ﬁ“%}b’ﬁ?@k %ﬁth&%lﬁ@ﬁ%rﬂmw&lﬂ‘ﬁw@sensi tive substrate,

t he exposure nethod ;co i.sing: an-illum nation.step,of illum nating the
mask on which the 2 rg%rgf%r Eﬁneqfhﬂ)%‘fet eﬁwgﬁﬁ?%}%dpfarﬁogl‘}c%%o st ep
of perfgr m ng &p, Q8Hk - 0160-00 set on
the first surface, ontg ::aohe Bﬁ{)&%@@%}%ﬁe%gﬁf?ﬁg rlaifééﬁbseg%’ gnlgt%egﬁgé ond
surface, usingot &shspiiel 8atAlopRic pidlieditt 8Pt $8terh Ut sinB12BYHEsE Of
Cainms 1 to 44. Brief Description lgf"the Drg%/lvi ng%@SEFi g. 1Sig aﬁﬁue&ﬁ

il lustration sohgmi ithisl cyse howhninaeaanfin gleatiiorrichl apeppositr glsappar at us
according to an enbodi nent of the present invention. Fig. 2 is an

i | lustration sPRemMES moppdifficolido adiiews the bptivalepathisepoptionabetaveen and an
effective exposure areg af cuat e shape.fornmed on a_10wafer in the

enbodi nent . © be%ﬂ%?&%%f?ﬁ@%&%g@tﬂ@x maRbenend the Deamantlagted

confi gykati on ry; Lens..and a, wafer in .the first exanple of

t he errggdi mnt&ﬁw&igﬂ&tw:&gﬁ‘%} inéergheli’lm&&%tﬂrm"gﬁ‘ﬂeﬂﬁ??aﬁaﬁ%}e@how ng a
confi gurati on jhehgtmgansaidboundary lens and a wafer in the second exanple
of the enbodi nent. Fig. 5is an illustration show ng a | ens

configuration of a B scoatl cljeobl ¢ PRy ThpGRirid to behiche 4 4st exanpl e
of the enbodinent. 20Fig. 6 is a diagram show ng the transverse aberration.

in the first ewampical aperture, Fwithoilt iscressd It dls¢ rsahlcoof Diptichh gneinb@ss
configuration of a projection optical systemaccording to the second
exanpl e of t hdOERBEHR patAdioptric projection optical system.
20 - A third object of the present invention is to provide an exposure
| apparatus and exposure method: capable of performing an exposme to
‘transcribe a fine pattern with high accuracy through a projection optical
system having excellent imaging performance and having a large
effective image-side numerical aperture and therefore a high resolution.

25 Disclosure of the Invention

In order to achieve the above-described first object, a projection
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25Fig. 8 is a diagram show ng the transverse aberration in the second
exanpl e. FY04-0160-00 Fig. 9 is an illustration showng a |ens
configuration of a catadioptric projection optical systemaccording to the

third exanple. Fig. 10 is an illustration showing a Ilens configuration of a
catadi opftic projection optical systemaccording to the fourt l&.
S5Fig. 11 is an illustration show ng an exposure area on a waf Qﬁﬁgﬁmﬁg’m
third and fourth exanples. Fig. 12 is a transverse aberration di agram

showi ng the transverse aberration in the neridional direction and in the
sagittal direction of the catadioptric projection optical systemin the
third 10exanpldgptical systefi SecokdingStRalfi@naysect Dfaberprabé indémam ahow ng
the transverse aberration in the neridional direction and in the sagittal
direction of tdatadieptd mpjedtonpomstieat tsiysenofdr foanisy atreduéad inheed ofiat h
exanple. 15Fig. 14 is an illustration showing a | ens configuration of a
cat adi optri c pirs swtacsrompseeetd syficem according to the fifth exanple. Fig.
15 is an illustratign showing a l.ens configuration of a catadjoptric

proj ection opti cal gﬁs?@ﬂ?%@bpﬁtlﬁg LI Comprng dd dpass twoj igllegungs an

illustration show ng a,lens gonfjguration of a 20catadioptric .qrojection
opti cal glsyst e@%@éfﬁ‘?q@?{o&nﬁ?@’ ifg‘x? e Fon i@r. t i‘%f?"se %}H’?:ﬂ&ﬁsverse
aberration di . plen ansverse aberration in the neridional
direction and%ﬁ&‘?&%@t@%&ﬁ%cti on of the catadioptric projection
optical systemin t%eféiﬁ}@«h@i‘@gﬁ’%ﬁact?\% Fndex t Satfhotsp Iovlﬁra%eolﬂﬁ%!ﬂa“on

di agram show ng the transverse aberration in the nmner nal di‘rection and
in the sagitt gath bP@e PE6RcAbn opticar bBmofs 1 hgn @gﬁ@dﬁ pathbetwRERItREL | ON
optical systemin the sixth exanple. Fi'g. 19 is a transverse

- aberration di dguadashlent mpdtthe secemd serfaee abfitledtvindin ai medine hmving onal
direction and in the sagittal 5direction of the cataclioptric projection
opt i callOsyst emefractiveeingsy danghr thaanbile. Fig. 20 is a flowhart of a
met hod of. produci ng sem.conduct or devices as I]‘r;'jacr odeyi ces.

Fig. 21 is a flonwch¥ETdR &VEBK nBADYRIBREGRSAECR MGuPEEyr yfisrtingdi spl ay
device as a m_¢ vica. Detailed Descrinpti f the Preferred Enbodi nents
'n'the prof ectTORDE, oTiEN = 5 Beeffe.dtoen Ryniiufine' PR rSsEiGEionitalhe
present inventgy earfﬁ%.e j o far [ i ndex larger than 1.1
is inter posedtsblgdaﬁéﬁoptl aP%@%bggﬁggﬁﬁﬁeﬁﬁ%un%ry lens and 15 the

i mge plane (secondieuyirbi@tibn dotRAEDYstEMAEasE BE ctfeetivenagsinpdecayier i cal
aperture NA. In passing, "Resolution Enhancement of 157-inn Lithography by
Li qui -d18 mer siagrédetepnmeddhiape hvhaxhedingehe opticaltaxisut e of Technol ogy” in
"SPI E2002 M crolithography” by M. M Switkes and_ M. M Rothschild
describes Fluorinerin qdey Her fachisivep dhet aaove-descadednaneonst dugetusy) and

Dei oni zed Water as.candidajes for nmedi.a having the requjr transmttance
Do T et of BholBPUSE OpiRal STSthGY agrartingn Gy, aogsOth Shebhaf di PERERb

opti Cal. Syst e ARl g Eabifulid bR Chptilal system for forming an

mmage of a first surface on a second surface, the projection optical

20 system comprising: 7
a first imaging optical system comprising two murrors, for
forming an intermediate image of the first surface; and
a second imaging optical system for forming the intermediate
mmage on the second surface,
25 , wherein the second imaging optical system comprises the

following components in order of passage of a ray from the intermediate
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the present invention, the optical surface on the object side (first
surface 25side) of the boundary lens is provided with the positive
refracting power, whereby the reflection |loss is reduced on this optical
surface FPO4-0160-00 and, in turn, the large effective inmage-side
nunerical aperture can be secured. In the optical system havi nFRO4€0160-00
hi gh-refractive-index material like liquid as the nediumon the inmage side,
it is feasible to increase the effective inage-side nunerical aperture to
not less than 1 0 and, in turn, to enhance the resol ution. However, where
the projection_magnifjcation is constant, the object-side nunerical
aperture al so HABE@EEES with increase in the i mage-side nunerical aperture;

therefore, if the projecti optical systemjs constructed of only
refracting nenbers, ?&ﬁ%ﬁﬁq?gﬂé‘&f?f ia&?%Fa‘t’%S@%sfy the Petzval's condition

and it will 10resul ta-béhi)ﬁaiﬁé-fl&%ﬁh% avoid the increase in the scale of the
optical system ererore, The projection optical system according

to the first aspect_é)fﬁrgpfelgrﬁﬁ@%omgfésng%%%g?n%O%Q&t?\? %s@ﬁta{ﬂ& system

of the type conprising at |east two S; every
transm t§ing nhaviep Anspatveryfricidepoiveg menber with a refracting 15 power
(power) are arranged along the single optical axis and which has the

ef fective i magi ng arzsecohdtléms pritHaviegm pesitish agfeactiotg pove¢rydi ng t he opti cal
axis. In the projection optical systemof this type, for exanple, through
action of a concave dedp ¢ Atppoador, it is feasible to well correct for

the chromatic aberrat] or(ljcland to.readily satisfy the Petzval's 20condition
to well correct for aUrddgRsupiihavine 3 perlve pld260NE BEWFE of t he opti cal

system can be reduced. he . .proj.ection optical, systemof this,type has the
configuration wher ggnmé%egr ﬁgt ?Qﬂgﬁ?t ®n %ﬁgﬁﬁgﬁgﬁ?%ﬂsﬁg%ﬁ P i Be) and
every rgflecti -5@{?@ 1.tih 0 v, I j WLr t he

i ke) Z@are ar?’g)rgge a:bg%r{li%élt ﬁ%ﬁg@néfgorggg‘gglaegﬁgfs&ﬁ%%fﬁé g?%l?[;bl e
because the degiestion idi 4 fdagatlibptrich pRyjectict igplichP syoRsl d6f ablmidg®wer than
in a FPO4-0160-00 nulti-axis configuration wherein the optical nhenbers are
arranged al onginmaget iopl e forpit sudhcaonsa $dvocadesurface, tthe pragectioh bptical

singl e-axis configuration wherein the optical nmenbers are arranged al ong
the single optS¥SMERMPIISIMG chromatic aberration tends to be difficult to

well correct 5 for, put this problemof correction for chromati
aberration can be o@eﬁ@gﬁ‘é‘,‘t ¢ opHga dretyvgen the ﬁ&“ﬂt*‘“‘o‘{f@ﬁ a

narro spect i i i ln _this manner, the
first W??pect oéﬁi%gsgpg%%%ﬁ?‘h%\r/%ﬁi iﬁ‘%ﬁﬁggﬁ%%téﬁ Eegﬁcﬂggrp&“é% vely conpact
projection optical sy§k i : 'ﬁg@ nce as
wel |l corrected for the \%gari?%ﬂs&%g%&r@aﬁlg%?ﬁg%%‘hﬁg%% I’Of?g%ihg a gpfrﬂgti on and
curvature of fagl teaetohbintaonabdanpiisingeéns foemimége ef fective

i mage-side nunerical aperture while well suppressing the reflection |oss on
the optical surfaces. thidamsf disposehireapapiical pathabetivesndhe sexqabunit met hod

15 using the projection optical systemaccording to the first aspect of the
pr esent in_venti'?ﬂ%th?r secmdesuragse ommriang &t plessir bve megativeidenress and to

| i anscr,i,be th attern through the projection optical system having the
excel | @t i ma b“%@?‘?gfi‘%ﬁ?&a& Hgtfﬁ’é”éré%é effective i mage-side nuneri cal
aperture and therefqre t| [ gh. 1 l.ution...20ln.the first, aspect of the
present invention, g@%ﬁf@t%@ﬁ%@ﬁ@&ﬁ% @ﬁﬁﬂ? E)e %%fh;bﬁﬁrcgpp nged to
have an even nyab f i.N ] i , : i of the
first surface on t eeggsc(‘ajigzlgné surfggieﬂptﬁ-ﬁ?{cggah l%fr?tg]teér% %ﬁ%ﬁ‘e’% hg?éergggﬁgcti ons.
Wien the proj deiviga ppkiti&alrefid bWet his configuration is applied, for
exanpl e, to the ekposure 25apparatus and exposure nmethod, not a mrror
image (a flipped i madejeihum memEdiatenathgeusifbimpedd) themsgondendetnd mage or
inverted image) of b204-0160-00 the mask pattern, is foinied on the wafer,
wher eb$5t he origraimyamapdriarestar ol poyidednntibe fownth asiti n t he case of the -
exposur e appar at us ]elgui pped with.the dioptric projection optical system In
the first aspect. of It HdsF eierchigwge the opbovardessrhiedc seepndpolieat 8  system
preferably conpri-ses: a first imaging optical system conprising two '
mrrors, for formng an internediate i mage of the first surface; and a
second i nmagi ng optical systemfor formng the internmediate i nage on the
second surface; the second i maging opticab-system preferably conprises the .
foll owing conponents in order of passage of a ray from10 the internediate
image side: a first field mrror of a concave shape; a second field mrror;
a first lens unit conprising at |east two negative | enses and having a
negative refracting power; a second lens unit having a positive refracting
power; an aperture stop; and a third lens unit having a positive refracting




readily and securely achieve the optical path separation between the beam
toward the first surface and the beamtoward the second surface, even in
the case where the nunerical apertures are increased of the 20
catadioptric projection optical system Since the second inaging optical
system conprises the first lens unit having the negative refraghj ,
the total length of the catadioptric projection optical systen?%gﬁgygﬁﬁﬁé
reduced, and adjustnent for satisfying the Petzval's condition can be
readily performed. Furthernore, the first lens unit 25relieves variation
due to the difference of field angles of the beam expanded by the first
field nmirror, pwjesidnooptigdlr 88%racaieoidingetc0h fonR@4adhed fQhe gnersmt i on.
Therefore, the good imaging performance can be achi eved throughout the
entire regi on invenhen ax poatalioptee, peyjectiom dptieat aystewh doe fohringbjpact - si de
and i mage-si de nunerical apertures of the catadioptric projection optical
system are i nciagee@f s fopigsuriaee emhansecondesuréans) (he gprojection optiealt he
above-described configuration, preferably, the first inmaging optical system
conprises a f G0 ICORYPTIFME: having a positive refracting power, a negative
| ens, acconcave mr and .an %ﬁ%%gal ath - se arf ing.mrror: and the

i P

first r?agl ng opti c%loﬁr%gflwgé) SOHESIRE L SIKTRREOTS Veling in
the first | MgpgigPL!Fal iRYEHETRRATAES: BRA A oh Intepiichilhe e and

t he negative lens, enre € concavé mnor, a asses again
through the nefgtfirvesdride; ks be guided to the optical path separating
mn-or; the light reflected by the optical path separating mrror is
reflected by the fiamstefdml dnmigingr optichl 1 Systems dopnetidyiakdthe ree@ondnd
thereafter directly enters the first lens unit in the second imaging
optical syst ermtermediat¢ imaepe entodtheisgoond sarface. he projection optical system
can be_telecentric gn the first surface side because the first imaging

opt i calt¥syst em compf® gederitp achigye the rbake-dasariheshthivg abtiectper pxposure

negat ve Tens ARATTHH BERKLE 1 7 LT SNFCLCRARE PEsoatalRerPRgo AR -
Pet zval s CO”d'beBEm%aébﬂ%?athﬁﬂf Eﬁe?ﬁﬁ%%@%@ﬁrﬁa%@dt@?ﬂﬁf Z g&g@te ;/e | ens

and the concave*mrror. aspe
| nventi on, thenngol e o opidi6ensARRY SRR 9h8D!okpBAIRR | ftratuli TSt

i magi ng optical systemconprising at least siXx m rrorg, or rmng a first
i nternedi ate icoagwisingt a second FPO4-0160-00 internedi ate i nage of the
first surface, and a second jnmaging optical systemfor relaying the second
i ntermédi ate i nage amlﬂummtmwstbmdcp)f dbaninstmgehe maskesstfangiieafiison
conprises at least six mrrors, the first 5 internmediate i nage and the
second i nt er né8F38€ 3M¢hge can be formed without increase in the total

per for mance can b, IRHIBIGHRTABGGh TSRS REREdo PRy G o4 BerDBposur e
apertures of | ORRTABREMER, ot TomARLC iRleR 'the PRyl PPl P M oced i

order 1o enhangd bR thephbtseMtive substratd sétth HeQeepRAbhngaad conf i guration,
preferably, the first internediate inage 1s forne etween a m nor that

l'i ght 2@rer gi ng fronid belef ks athisws Hircsb@-@éstribed ahidd abfbcd 4 expusutdiat: t he
l'ight emerging from 15the first surface enters fourth, out of the at |east
six mirrors i methedfaceordingatyi rag sogth i asplect yoft the present ihwentivms is an
configuration, the first internediate i mage is forned between the mrror
that the |ighexpagigi mgthodopf eliectingsan syppsire ehecpatteractommednantdie nirror

that the light emergin romthe first surface 20 enters_ fourth, Therefore,
even in the ngaé%&oeaq p{],%togg}sggfq %‘?bf@ra&‘?\&ﬁ‘? RRPRIIES Hethodh SPIPRISIer t ur es

of the catadioptric,prai i.on tical .systemare increased in.order to

enhance the resol ut?]gr%ﬁhﬁ’gﬁ?tgoq gg@l t‘ﬂ%e11 %upg{fagltsleams e%r‘é’bvhagfﬁ eve the

optic pat h a0kl ﬁtt% toward the first surface and the
agkj tﬁ & Q%@r acggﬁlgﬁ%af%ma

beam t'owar d e secon chi eve the good i magi ng

per formance throug b ©8feh i i Bt _
F1304- 0160- 00 - e .xlsdyar SepdF Peefirifing n é"%")@m%@.lﬂf@ﬁi of the
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Incidentally, since it is necessary to formthe internedi ate i mage near the
pupi| position in order to construct the catadioptric projection optical
system of the single optical axis according to the first aspect of the
present invention, it is desirable to construct the projection optical 5
system as a reimging optical system In order to avoid nechanif4-0160-00
interference between optical nenbers while achieving the optical path
separation with the internedi ate i nage being fornmed near the pupil position
of the first imaging, the pupil diameter of the first inmaging needs to
be-set as small as possible even in the case where the object- 10 side
numerical aper MAsk sekon fheyarst spefpee.mgo the phetaseestting gubgraipseten thy/ st em

with the small nunerical aperture is.desirabl.y.a catadioptric, system In
the first aspeStcil SUtEacs, Bsim the RADIRGTEM. OPYSA Syatan asrct fPE a4

opti cal systen})ﬂégigﬁmsyl ﬁ)gﬂ)ri ses: a first imaging optical 15 system
conprising at leas th0 refleCting mrrors, for formng an internedi ate

i mge of the fi I : g{uﬁ} g&?ﬂ%in&ging optical systemfor formng
a final imge glr%frg&gie'%ﬁﬁl sur egigg on e basis of a beamfromthe
intermed ate i mage. Hip. 1l &ﬂ%at@ﬂ%%hﬁ@chﬂy_sh@ﬁjﬁ%h%bnﬁgﬁﬂd& opti cal
system can be constructed using a first lens unit with a 20 positive
refracting powea,expobirres appafahec acogrding rtor adi sppbediinént afi thpt peakntpat h
between the first |lens unit and the internediate i mage, and a second
reflecting m rHyeDdPBposed in an optical path between the first reflecting:
mrror and the interpedjate | Preferably, the first

reflecting mrror i 4% mggl%gfgﬁpﬁéhpﬁ@négrﬁqsﬁ&ﬂaéi@lﬁ gBdepesn thepupi |

I f the frrst i i | cal t d.at | ti I
s G sposed i OBt kR AR bi Bt ifn SPne sl GrendiBorndt el otte
concavey ef | e%ﬁeg iﬁgﬂiémbggﬁléﬂts configuration wherein the negative |ens

i s disposed in the - an( ont optical path formed by the concave
reflecting mirror i m?i%hg iéIarnsﬁmsﬁﬁabﬁ%&ehda%mfyshb%g'at cBRfigABRicheasi bl e
to well correct for the curvature of field 5SwhiTe readily satisfying the
Pet zval ' s condbdtivenn arsbundanellens emideat wWaber tifethehfissratxampleeofathicon as
wel | . The negative lens in the back-and-front optical path is
desirably di sp&B feat. t he pupil position, but the clear aperture of the
negative | ens becol smal | er._because the pupi). dianeter of fhe fjrst

i magi ng 10 needs tg%E% iéﬁ@a@&%ﬂpnﬁgﬁﬁ@gpﬁhﬁ;Shpﬁéﬁﬁfﬁ)F@? 1gWatiopyence

ener gy qanount it unit, pul.s tends to becone hi at the
negati\}g Iens.lp%g%gfaopg['ﬁw?ﬁgsn@éja iWé‘ﬁ%reWs %Sﬁﬁ%‘bf%a@mtf? g’ge{hs | ocal
i ndex change QfEsHtRRGEI on Wi Il becone likely to occur due to volunetric
shrinkage under irradiation with laser light, ‘and, in turn, the 15i magi ng

performance of the Ppi@j 6cid af §IRish&flons ¥E&RMaN 4 |]el‘1’§g§oi‘ﬂi[%uration ofLhkew se,

the boundary lens located in the vicinity of the inmage plane also has a
smal | cl ear apgmojestienanptice sibteencacdomdingkaby the fiestorrahiplh thethe.
Therefore, if the boundary lens is nade of silica, it will result in likely
causi ng 't he C(ﬁmm@ﬂtand degradi ng the i magi ng 20performance. In the

first pect of the_present .invention, the degradation of inagin

per f or Zﬁnce‘ due to Ff% éilér?pg’é‘gf%ﬂ QWIB%%%V@%S%?ID‘&“@W i“bg%‘agf%n
wherein the n%%ghligxe | ens di sposed in the back-and-front optical path
formed b% the C e reflecting mrror in the first imaging optical system
and the boundary le dy sposed:ti %@ng i of e ane in

t he second i maging 13 'i?:a{g gﬁsltﬂedr%ugdpgngha e o Pi:géc()l}si tcgbﬁﬁ}g LiébOJ‘.)gg-LOO

In the first Betio®l odtha] Pé t ¢ I R, tHe i ahﬁf]' optigal system
desirably sat ?)zfs'l;%es Con%i ti on}%?élagi %%%m% gacgﬂrﬂi%ﬁg%lﬁl(l , FF ?E ttﬁ%e f ocal
kengt h of theembglimeas unit, and Yo a maxi num i mage hei ght on the second
surface. 55 <F1/Y0 < 15(1) ) The range above the upper limt of

Condi t2dn (1) is undigsi§ aplae dirgrams showing ting |tratisuesste ezbarfatidre it ithst
imaging is too large to avoid nechanical interference between optical ,
menbers as de§§¢qfﬁg‘%¥aélﬁaﬁe. On the other hand, the range below the | ower
limt of Condition (1) is 10 undesirable because there occurs-a |arge

di f f erence dependi ng upon object hei ghts anong angl es of incident light to
the reflecting mrror (field angle difference) and it beconmes difficult to
achi eve correction for-aberrations such @%-coma and curvature of field. For
better denonstrating the effect of the present invention, the upper limt
of 15Condition (1) -is nore preferably set to 13 and the lower limt thereof
to 7. °  In the first aspect of the present invention, the first |ens
unit preferably conprises at |east two positive |l enses. This configuration
permts the positive refracting power of the first lens unit to be set to a




correct for coma, distortion, astigmatism and so on. It is difficult
to produce a reflecting mrror with high reflectance and hi gh endurance,
and use of many reflecting surfaces will result in loss in optical
guantity. In the first aspect of the present invention, .25therefore, where
the projection optical systemis applied, for exanple, to the exppNE6_00
appar at us and exposure nethod, the second i magi ng FPO4-0160-00 opti cal
systemis preferably a dioptric systemconprised of only a plurality of
transmtting nmenbers, in view of inprovenent in throughput. Fluorite is a
crystal material having intrinsic birefringence, and a 5 transmtting
menber made of fluotige9 s annslivktrationy shéwverd ad léys kiondfoiraigpenad, a
particularly, for light of wavel ength of not nore than 200 urn. For this
reason, an optdatzdiopfEteidohionngiticgl syséemracgording to thenturid eangplaenber s
needs to suppress the degradatigon of .the i magi ng perfornmance.due to

bi refri ngence by com-nﬁagist AR ilugation shoyaRs 2 deny YRR offa

g;fnfn;{ " Comp! creghioaReIeEE iR ReE soabifhals i il Spmbe. o
di stribiti on | nsi det A eeR! pmstraion PN A Shabilfe i 8 oL iErr i

variation in YRelisitd a8 fy&th gﬁl&,ﬁﬁ&si ncl udi ng such high-frequency conponents

causes flare to easily degrade the 1 nmaging performance of the projection

optical system thekgfore, it a raisetseakiberiationV disbrufe showingorthée as
much as possi ble. For decreasing use of fluorite as nmuch as possi bl e,

t heref ore, thdrgmsesmat abematwn on the mertleymb| direoticanged o thehangitdd or nore
of the 20transmitting nmenbers constituting the second imagi ng optical
system of t he difespioni ef $het eatndioptrigduoisiction| ppecal “system mnt&w@ hirdt aspect
of the_present invention, desirably, the effective inmagi ng area has an

ar cuat éUshape SFaHP$e projection optical system satisfies Condition (2)

bel ow. In Conditiong{?2),,-R..s _a,radi of .2 rvatar f r fining
the effective imagiﬁ 'arlg’a,lsaﬁd [Vgﬁgg’%'ﬁxi ﬁﬁ%ﬁ%géﬁ]ﬁfi@ht&g’wgeqﬁ%cond
surface as desgiishede PAIRHAIGH th the - fSrididal Uifec®hind in thd Bakiftl T st
aspect of the present 1 nvention, the projection optical systemhas the

ef fective i mgiiRgtiahesf Fhe JaaidSiriRNdRFcHN | dpticalisRSteinan Ot Eabrtlaxi s,
whereby the optical path separation can be readily achieved 5 while

avoi di ng t he iemampdse in the scale of the optical system However, for
exanpl e, where the projection optical systemis applied to the exposure
appar atds and exposE?& Ketinoan lustration fshpwimg a dengicpafigigation @fi date an
illum nation area,_.of arcuate shaﬁe on ihe mas thod to be

. Therefore, a
adopted i s on&2HRNPRIRLHIRIECHAN OP Gk Y8 qlﬁﬁcc‘irél%g’rﬁhﬁfﬁélé@%‘% -ar shape
corresponding to a {ect I Legl qn. | lt’{’@' t r e arcuate
shape, by a field s?](%% gfgglgn%{ a{ﬁﬁsé‘bi}%ﬂugée é%% Igﬁsaggﬁﬁgﬁaﬁ%&pgitfon) of
ar cuat e shape, TR il L 9‘??%’ i i antity due
to the field Sctagdgfééﬁléiééﬁgtéggggél?ﬁfggstéé‘%g@t e %ﬁfﬁlg S&_‘tgfggg} vg't ure of the
arc defining the effpcti@dslai MRG§tRGIGH Shodéng af denPeoBfASEIMRR of a
Nanely, the range below the lower Iimt of Condition (2) is undesirable
becausg0t he r adtadsogiriofprojectian opacalsystens amatorditmto theesebentindxaspldue to the
field stop. beconmes so large as to decrease the throughput due to reduction
of illunination effFi@ eddy i®nat lixansverse badatiome dgramgeshapong the upper

limt of Condition (2) .is undesirable hecause the radiuyus R_of curvature is
so | arge that UAREVETEe ANCERIABHY he JReRdionaL iFectigpeand daofhes SpgiFgk in

order to securg the ef tive k.maging area in a,. required.w dth r
educti on i GUFHTR PG nSReiPRGHS b Efipns ppicAlC SYREE" it el it
increase in tté? Eﬁ:@ée of the optical system For better 25 denonstrating
the effect of ‘the present invention, the upper limt of Condition (2) is

nore pygterably SetFigd §3and hNerahQVSke! hBbafille" BRferafl SHBWingLeER: 00

~ transverse aberration in the meridional direction and in the sagittal
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1.07. In the catadioptric projection optical systemof the

af orenenti oned type, even in the case where the optical path to the inmage
pl ane (second surface) is not filled with the mediumlike liquid, 5 when
the projection optical systemsatisfies Condition (2), it is feasible to
avoid the reduction of throughput due to the decrease of il umpRI4-0060-00
efficiency and to avoid the increase in the scale of the optical system due
to the increase in the required aberration-corrected area. \Were the
projection optical systemof the present invention is applied to the 10
exposur e appargtgus.and exposure nmethod, it is preferable to use, for

exanpl e, ArF | 84&¢tion (o e satadiopiie Poajegien (eptjcalssystiemeupdber sixth ght, in
view of the transm ftance of the medium (liquidor the like) filled between
the boundary | &&™Bifd the i mage pl ane, the degree of narrow ng of the |aser

l'ight, and so on. 15]he p#§oj.ecyli Lcal tem according to thg second
aspect of the prese?tglgi n\ﬁ/)éenltl%eo% ?Irsgmg%crg a%%ﬁtﬁcﬂ: gﬁﬂgf%’%}t isgﬂw(%gi system
for formng anubif@ese'ablrbtibn tin® Hid 3isidBndl WieeHb SHd 4 StheC SAMELP! N0 2
first inmaging optical systemconprising two mrrors, for form ng an
intermed ate i gireetic ofefdatadiopttid peCjecAdE PtRAF APSkeiBAithe Rehrl
20system for formng the internedi ate i'mage on the Second surface, wherein
the second i nagkamplepti cal system conprises the follow ng conponents in
order of passage of a ray fromthe internediate i mage side: a first field
mrror of a concave 188ap@is a Sewchattfafel method of prfa?udmgtsenncmdnﬁtmr
conprising at l,east two,negat.ive |enses and having a negative 25refracting
power; a secon@e‘fl‘é‘i’?sasdm"cma%‘w?r"g a positive refracting power; an aperture

stop; and a third | i t \A ositihve refractin ower, .

FPOI. 0160- 00 25 AT, 2 RO ef P Foinsnog o O A srvstalge of
the firgt surf i JR, i i,y st imagi ng optical system it is
feasible to rea a;r%é:frx{gf secuir]gﬁ(l)agg{ﬁeéve the optical path separation

bet ween the bebgidiR@DEdristion of the PréfsPed Einhbgikeafy t ovard the second
surface, 5 even in the case where the nunerical apertures of the

cat adi optric proj ectlirdbe ppdjecibn ypticalspstemi aoedingdio Henist taBgectasgond

i magi ng optical systemconprises the first lens unit having the negative
refracting povide, Presentt imvantiomntheh mediamehavingdibeptefrastiveoindexi kangarpt i cal

system can be decreased and the adjustnent for satisfying the Petzval's 10
condi ti on can @nrlegéﬁ W@BMH} .Ptﬁg'fpﬁmhwenttﬁe)ﬁqunéw lens andi t .
reliev the variation difference.of .field angles of the beam
expanddd byt 1R plate {ppf SilcB], RERS, indrBatnB 0B iutiesidh
aberration.. TherREEAR apsMeR NA L N B3SE, ' =S

i mage-si de numeri clgéﬁggerturlgg'ofﬁ%ﬁe cﬂgﬁgwgogﬁﬁcc |‘%ﬁ @gﬁ%al 15
systemare | nQ’fIﬁaE'ﬁﬁO%@pﬁ?dBy LipgahpaaRriiba" repeted g, dadchi®eisng
performance can be achi eved throughout the entire region in the exposure

ar ea. hi Instiiate of | Bchitologyfit inc 88 PES2002nMicralitiopphy” tie Mechhd aspect
of the present_ invention, preferably, the first inmaging optical system 20
conprises a fowwitkes engndni t Mravi MYa ﬂ%@ﬂlsch&kdrefdaﬁcﬂgﬁ'g pdifgerinertnegat i ve
| ens, concay, jrror,. apd an opti cal rating .myrror; and the
first 2ﬂag| ng @S{H‘EEPP%IQ’QE ﬁﬁ:it?‘ffr?%ﬁf‘ﬁ%}za iﬁ&@&d ql@%*?egr‘yﬂf@lfiaﬁg in the
first imaging j stem-passes through.the fourth |l eng unii, and the
negative | ens,cgigghﬁﬁégnﬁ%ehegﬁ)gﬁ ttﬁg @gﬁﬂ'gaeﬁﬁ?w NCS 5 dﬂggtsé’gs agai n
t hrough the ng,gﬁ;ell' GHLA -the optical path separating
mrror; the |ight %@*gﬁﬁgg&t‘ehe ogtgloca " path separating FPO4-0160-00

m nor is reflected hytHderdidé } ) I : ! irror
and thereafter directly grn erﬁs;dqt %%ﬁﬁlrﬁsﬁi&g#gegﬁl{légi%ﬁqtﬁﬁgﬂgte%%}ﬁéggi%gi ng
optical syst erthe Siasent invehtions, thowiptgul airfsve dibehd dbbjett sideqiing sephiceal
system 5 conprises the fourth lens unit having the positive refracting
powver , 2% he pr sjdsgt obithe froiuadarys yenens qoviiedmmdth tthe epesitivé aefiactibg fir st
surface side. Since the first imaging optical systemconprises the negative
| ens and the OEWEHE Wherghyothe. refe lnsgeifitrefieed am Hriyiopficehsuraceval s
condition -can be readily-performed by adjusting the negative |ens and 10t he
concave mrror. In the projection optical system according to the
second aspect of the present invention, preferably, the first field mnor
outputs light entering the first field m®%ror, so as to bend the light into
a direction toward the optical axis of the catadioptric projection optical
system 15 1n the projection optical systemaccording to the secondl aspect
of the present invention, preferably, the second field nmnor has a convex
shape. According to these configurations, a ray incident to the
first field mrror is outputted as bent into a direction toward the opti cal



141' 04- 0160- 00 In the projection optical systemaccording to the
second aspect of the present invention, preferably, the two mrrors in the
first imaging optical systemare a mrror of a concave shape and a mrror
of a convex shape which are arranged in order of incidence of light from
the first 5surface, and wherein the second field mrror in th

i magi ng optical systemis a mrror of a convex shape. A?é%@g':bﬁgof%o
this configuration, the two mrrors in the first inmaging optical systemare
of the concave shape and the convex shape, and the second field m nor

has-t he convex shape; therefore, it is feasible 10to readily and securely
gui de the beanamlyengung theokrideffbetivd imapgsite Apieeiehl syatae cimbkhe
second i magi ng optical system In the projection optical system accordi ng
to the second sesprxk oflnt bee poptsmbt sysieranthasing tthe apgr-tafractsicapdes

di sposed between the first field mrror and the second surface, and

t he proj ect i ormaistiat dikeshauidnas heamediuaon the fmagowidey it tnfiasitdn to017 <
Ma/ L < 0.6, ] wglere Ma.is, a di stance on an opti cal aimgenthe
first field nilAgieaghihe Flcctieimpasoydeaam Epﬁtfeﬁes@aﬁmﬁe Ut he
first surface and.the second surface. ,20Acc ing to this,configuration,
M L i 95 ot it s B Bl {ih S0 < ofPmet b the pRokEtbR

i nterference 1St fi 1T i - j . i wth
the_ secon_d Ie%a%ﬁgiﬁtcgﬁ |n1(§’e GV;%/E??H}’S@m%%&%‘?gnﬁwﬁghc%f%gﬁés@g eto
avoi d an incrqagRabds With ihefcbe e At ﬁnégb-dsilﬂe HMEé5E8 Speftutd) Ghetefre0f the

catsdioptric projection optical system~ 25In the projéction opticaf system
according to tiﬁethsepmjdc@&pe%bti@ﬂ tysternr @S aftinstrovedt iofnonlyr ebRtely, the
first lens unit in the second FPO4-0160-00 inmaging optical system has at

| east one aspheembeits, itemd] be difficolidoaatisfygthe Pataval'scamiditgur and anwilht | east
one of optical elenepts constituting the first lLens unit is a |lens of
aspher L@al shapRiltdagme iawidithegicneassdnithe seale of damoptical skisteed

t hr oughout the enti region,in 5the exposure area, even in the case where
the o) ect -1 de- anc T TfHsgaes e TrRISHPE AP g sy Sieas 24P g fo dbe st * "o The
proj ection opty e -di g 1.0 Ir f e _present
invention is gsggt%ta%% El}%%%fr)(ﬁ)ﬁg‘}ecgﬁoéna% %IS E:tg%: C%&%ﬁgﬁﬁcogysft%@moﬁéﬁean i mge
of a first surfaeeciipAsingCaPdieall fALe refOOIg SifiGor? fit'-WhichNidy

di sposed in an opti(gg? path between therefi rstgsurfgléé and tﬁe seglg)‘gd
surface and haransgrttingosicoilyee fed reveiy neflpeigr ;mémbee onth unirkfrdétdaosed in
an optical path between the first unit and the second surface and

conpri $#ng at posesi{power) arerartangedalody the single aptsqd swts amd sihidphacal pat h
bet ween the second, unit_ and the segond surface, conprising at |east tw 15

negative | ensdie cHeelvaimaging aved et theepredetcamined) shanmenot melnding he t h uni t.
di sposed in an tical path between the.third unit . and the second surface,
conpri sing at ,Opﬁggltaxt‘ﬁr eﬁ' B@sﬁ"@ﬁ@%&éﬁ?%ﬁﬁ%‘éﬁ%gﬁ’ep i?’f@éﬂpef racting
power, wherei i [ I el rmed in t i nd
wherein an ap%&%%ﬁdéeggaépgg\b%dr%ﬁna{ﬁ '_:fJ'rO?htlﬂ% ?&fsg@g W"%‘ﬂ@

proj ection opiifatt forStheBHREH ﬁﬁe'aﬁ@?faﬁoﬁ iy fé&dﬁ?%‘%ﬁkfy‘) d PerRhESent
invention, the internediate 1nage of the tirst surface I's fornmed in the
second2@ni t aesdnditionstot wel coeest Bhretheureadid v et sarlitr! scabe bf giee t he
optical path separation between the beamtoward the first surface and the
beam t oward 't optisadsysttns cal beeedwedn i n t he case where 25t he nuneri cal
apertures of the catadioptric projection optical systemare increased.

Si nce the proj ect i ohb®prejeeiion pptiesh systesm jod dbist ypethisribie wonfigurpon 0160- 00

havi ng the negative refracting.power, the total |ength of the catadioptric
proj ection opg‘f B GRQTY N 12H Hemdhﬁﬂﬂest RE &'ﬂi QEF 12\{ 784

i sfyi h zval ' dia b disl y,- f. d. .Ther ef , th
Good i Maging PG RANERCEE Nk SR lnicaP dbtnuRE milot br 1 BELgi on i
go ean B BiRe £ *8“Vegi on
numer i Bo1  aperyur SO o F SHIRE HIRAT AR RER T PP ERUIE e B,

increased in giddegree SMARAEEILY e eﬂr@aﬁéf;ﬁtsﬂ D condiBletdMy RERE thirPin QP 1 cal

system according to the third "aspect ‘o

- -10-



the present invention, preferably, the second unit conprises.' the 10
foll ow ng conponents in order of incidence of light fromthe first surface,
a first reflecting mrror of a concave shape; a second reflecting mrror of
a convex shape; a third reflecting mrror of a concave shape; and a fourth
reflecting mrror of a convex shape. According to this confi guFE4oN]6¢00
second unit conprises the 15 concave mirror, the convex mnor, the concave
mrror, and the convex mrror in order of incidence of light fromthe first
surface, and it is thus feasible to readily and securely guide the beam
energing fromthe first inmaging optical system to the second inaging
optical systenfldH-a%% 2HF3LI Qo voERn the yeptioal dpembers e carrargadhi r d

aspect of 20 the present invention, ef er abl t he se d unit conprises
at | east one n@‘&élﬁp{}’é’?ﬁlﬂﬁsf?l’% %ﬁs'opﬁoé’yﬁveél C%ngﬂe SOEIEdKIS o ¢ he
third unit in b 1t 1s the th.reflecting
m nor or a dou%&gﬁ%géggﬁg]@{sﬁrtgéghﬁw @%%%6%%%@%@&%@%&8 St Ie
Accordi ng to tBhcARid IhE e ISABET R [ SR ed
nearest to the h?rd uii t inolttﬂ%etu%%tl ca pgﬁﬁégﬁ%he s%o@?ﬁ%??ﬁggfthe
fourth refl ect forg bt rthey pesblehe offoctit@ctivns Sorl @Rforh IO UeribaNcdd e

FPO4- 0160-00 |ight passeS twice, the adjustnment for satisfying the

Pet zval ' s condovércomeadohexamplti Iby pser 6D lased light aviithu ot hagowbé specigal n t he
third unit having the negative refracting power, and the fourth reflecting
mrror or the I %ﬂglalséhbgh%l n the projection optical system according

to the third aspect ,of ,the present invention, preferably, the third

refl ecting mnor outIBufthés Im&ﬂereﬁi"e frolg aspRet Off e muesest nMeNten (81, so as
to bend the Ii - ] irection toward the optical axis .of .the

cat adi optric pl%gji%%&i] nf%&%ﬁeiﬁl C%B%ﬁni’f%%tﬁ?% Wgﬁyﬁfﬁm ARG pihgs

m ni at ury zatiQ J J.N l r Lheldent to
the t h:{_rod refl '_ge}g%hﬁgpﬁlﬂr%é ih%érg% pu dtee%sgéAF E{l)fe)n(iol}fe%t%{f :fogi ?ge\étxl}agﬁd"gomr d
the optical axiberfitichbesueat asli Ppéibfic PARIRRONC And Phiraurs Yott S81d har ef ore,
it is feasible to readily and securely achieve the optical path separation
bet ween the 15beihgacapabierod sdverihior the damtacfeeativt tihmgeedde tranacdcdlhe
second surface, even in_the case where the oghect-side and i mage- si de
numeri cal aperangrase awkile nwicHagepprcssing dthe wotleetirtndess han rthe obpti¢adn. 1 n
the projection optical stfem according to the third, aspect of t he
present inventd ,cef-he]j%éq‘f’{ﬁea%t??ﬁ’q i YPFEEs perdwesposre tagthad

20refl geting mik . face, and the,project-ionoptical
eyst ermidat | of | B¢ o PEpbBforh SEEA SR StenRhs 0B s et b e

where Ma is a 4} I i tg\ﬁi% t.hj ing
mrror and th s%%ﬁ@%ﬁ&%%&l’ﬁgﬁl@%ﬁ%@nc é]%é\;\ggnA]th ﬁg;eilnﬁgg) surface
and the secondraistiibe ehe lpaitbhi threagh iths! padjeetion Mptical SysdtemoRsvihBane0. 17,
and it is thus FPO4-0160-00 feasible to avoid nechanical interference of
the third ref lexcelleng mnagmg \performiaecs eamd dihenilargandffective tineagehsidd uni t .
Since Ma/L is smaller than 0.6, it is feasible to avoid an increase in the
total |ength dneneical apedwsandtherpfors the lagh reselatiemdi opt ri ¢ proj ecti on

optical,,system 5 n,th rojecti optical system.accordi to.the third:
agpecthgf_yt he pr esehf'ﬂ}enﬁﬁgtaﬁ ot Oéfﬁ ePEﬁSFBt %%UEB%W%%%%&QOM
aspherical le | j is..configuration at |east one af .l cal

el ement s cons{g%tgﬁ R%%r%%rétﬂ?r%%ﬂ%qd ?%%1‘{8 %ﬁﬁg?i%lgpg?léﬁg,mgggéngnagi ng
per f or mance C?ﬁﬁﬁﬁs,ai‘?@,' RV reCiHﬂ%‘éLHfﬂlgﬁ'gﬁfgdrgﬁ:er&gﬂfénséggndtsﬁffaﬁg exposure
area, even in the case” where the object-side and 1 nagée-si de nuneri cal
apertures ar e thidtighagedven numbelhsf REMIENEON WhRER 4B prYRCEBhasRRAgI Ng to
the fourth aspect of the present invention is a catadioptric projection
optical systesyftem fmrhisngordipuratioe iofapplibds $or enampls; tentr egsemge sur f ace,
the projection 15 optical systemconprising: a first imaging optical

syst emZonpri epparags hadsxpesute miethods not ar miwoniimgga (hiflipped ntvargeedi ate
i mge and a second inter ?i ate inmage of the first surface; and a second

i magi ng opti cgllt §9§#€ﬁp¥$ yeliRpedlyimage {areshimpge of iavered ingggkobnt o t he
second-surface. 20Since the projection optical system according to the
fourth aspect of the present invention conprises at least six mrrors, the
first internediate imge and the second internedi ate i mage can be forned,

wi thout increase in the total |ength of -tlHe catadi optric projection opti.cal
system and good imagi ng performance can be achi eved t hroughout the
25entire regi.on in the exposure area, even in the case where the

obj ect - si de - K ‘



and i mage-si de nunerical apertures of the catadioptric projection optical
FPO4- 0160-00 system are increased in order to enhance the resol ution.

In the projection optical systemaccording to the fourth aspect of the
present invention, preferably, the first internmediate inmage is forned
between a mirror that |light enmerging fromthe first surface e Jf_oi?g_qmj
5and a mrror that the light enmerging fromthe first surface enters tourth,
out of said at least six mrrors in the first inmaging optical system

In this configuration, the first internediate imge is fornmed between the
mrror that the light emerging fromthe first surface enters second and the
mrror that thkelhgkt pstengisnforivednoi hie fwafst, wherbbe ¢hd Ordinhey sdskert h.
Therefore, it is feasible to readily and securely achieve the optical path
separ at i on bet(retmies)vaneansedoasamndtheheaseiaf the sxpbsire appdrathectpapped owar d
the second surface and to obtain good inmagi ng performance throughout the
entire regi on With thtedieppisprajecitanopata $ypistt.ne case where the obj ect-side

St SEE T P O R IR
i t] ti | di te t.he f th,. ft . t
o] et kon 0Bt oy S ERPESREARS A bl BB B oSS
I ens unit comppi.Skeofs ?oﬁf‘of’i‘r?%ﬁg hﬁ'iﬂfbrﬁﬁﬁﬁz@é"imﬁlg@%? Phe FPstORPERRY LAY 2
an e a eas

positive refracting potwer, sIX"mrrors are arranged so as

to conti nUOUS"aYséc%ﬁBEiﬁiag%ﬂgg@ﬁda!l ayseEnt FRdfdpnihf e ittdneding Mikide on

Since in this configuration the first inmaging optical systemconprises the
field | ens unifie védcbird sr€ageosihici wecamt riaviging gptival RAscanppiefecibdy t he
transmtting optical element, distortion or the Iike can be corrected for
by this fieldcompgisenithe foldowing goropenentsnnapter af passigemf FrI0ONE0- 00
can be made tel ecentric on the fjrst surface side. Since no Ile]ns is

di spost® in opes serpegipte BRagRae: Relipyt feld srEps obfnmnsave shageifasi bl e
to secure a region, f hal di n a mrrqr and.t.o readily, hold each m nor.
S'nce the |1 GRECTE! GBI FREGEfy PG Ao B S PHRRe At BTt TDGoRBR G al - o
5condition ca I i LSt I i Ng i . . .1 n the
proj ection op?ff]%:)sgﬁ a@g&“%%@%@&%‘%gm% C@ﬂgﬁ%ﬁt ﬁ(gg(géglé‘(:ieﬂg?]n _%thheavgl)l%%s_ent
invention, thg bﬁiﬁﬁre'x%%ﬂﬂg;&w&é'aﬁy SN REST B Ya GRHR! TehSSurdt f1 el d

l ens unit conprised of a transmtting optical el'enent and havi ng-a positive
refracting pohavingengositiee tefimdtivgnpaveg optical 10 system preferably
conprises at |east one negative |ens between a mirror that |ight energing
fromthe first surfhcéiecoefigumition; tenmtermnediaierimagst of the fiisysvrfaeer gi ng

fromthe first surface enters sixth, out of the at | east si irrors. Since
in this confi#u m%mﬂ@ﬁstgm%pﬁgcabww, apddbps thasc ﬁ&‘bﬂ%& t he

trans £ ng B Warnd SERBRY aelvgr BiCEplicn Baf terrdl BEPedin 1 raae
tel ecentr1c_oRehfitcllidine HPGRERE A e 58wh EwAR HEPbe YR SR T oeo

at | east one negative lI'ens e mrror energing from

the first surbage ;8Nther Saski Whereafitt hiitheFdal %e%@réshéfe it@eddednbf eREr 9i NQ
fromthe first surface enters sixth, correction for chromatic aberration
can be2@ eadi | yatadilgpthiy prljjeitionn@ptisab sysganl veSihemsthandeddnd smaghyg t o make
such adjustnent as to satisfy the Petzval's condition. ‘I'n

t hewr oj ect i onoppealc alystens tcomprisssr dhengfitss ldns fomulr thavanpethe otgaiivde
present invention, preferably, every optical elenent constituting the
second i magi nielEptMEaPOwyE tthntptal dergthnahihe ralgdiopinie arojertap pticsl f or m
FPO4- 0160- 00 ‘a reduced imag@fof the, first surface on.the -second syrface.
Thi s confi gur BYJIER €80 b dedyced, Akl @dgutment Hos PHGHRG he o hE 8k use

every optical el nt_formng.the s ndy i kg opti gal stemis, a
CransntCti g GOPRRGR et bEnplal heRSAY. | TRAMIGLER 7 ahREN A

apert of. thg: i i rQj tid?e i - i ased and
t he rLejzﬁ_ced_ i%lgeggég‘ﬂdIg@F)?‘ofaﬁg(}Ba a |g%ﬂ%%3?cﬁﬁpﬁlh§g{e§% t e%gfelgond.
surface. It igx df Basthe! firdt ofiglgaghitnorc b £ o féiﬁ)p?é’s@%@dlﬁfeﬁﬁ@%f cal . -
aberration. |athe projection optical systemaccording to the fourth aspect
of 10 the present invention, preferably, the second imaging optical system
conprises the follow ng conponents in order of passage of |ight emerging
fromthe first inmaging optical system ajhirst lens unit having a positive
refracting power; a second |lens unit having a negative refracti ng power; a
third lens unit having a positive refracting power; an




15aperture stop; and a fourth lens unit having a positive refracting power.
According to this configuration, the first lens unit with the positive
refracting power, the second lens unit with the negative refracting power,
the third Iens unit with the positive refracting power, the aperture stop,
and the fourth lens unit with the positive refracting 20 power FpogstigdoLpong
the second i magi ng optical system advantageously function to satisfy the
Petzval 's condition. It is also feasible to avoid an increase in the tota

| ength of the catadioptric projection optical system | ake

projection optigcal syst according to, the fourth aspect of 25the present
i nvention, a nEPFERl -sgﬂ]&"éﬁf%&?: taepgnad BRIRE desformgRee eaB by aievedm t he

first surface |48 St gilst nt fromthe optical axis of . EPO4-0160-00 the
catadioptric phBPBER ihe pite e indhe SROSEE Alf eyEn i 4% CASWARE or 5 i s
f bl i - . h t op. i f bl
preferably 2 T 050k SONCRE:e DRt RONCANBAREL! HESus Rdifpllct o 20V
Preferably, thﬁrcﬁé&i(ﬁitﬂdpgl%z?ippéysﬁéh \;\i%ée:@&h%ﬁ{:dé Sig g?%gépeté’f&mhﬁ% NGhe

p)

condition: 0.2 <"MJ/L < | tance on an opti cal

axi s betsween tfmohitiohor of the concave shape and the second surface and L a
di stance between the first surface and the second surface. 10In this
configuration, sincdnMiid aloveadegeribetlarco@ifiguration s pfefemibby,e the ivsti d
mechani cal interference of the mrror of the concave shape |ocated at the
position nost @nagiagophicahsysiemoprmpeisesrifoush lene undahaxdngp positiveoj ect i on
optical system fr\M .h the first lens,unit, the second Iecqs unit, and the
third | ens unitcTaciig DORYST 2 Neealivg s, airgRcave; mifror,; andi an oa8cal patho avoi d
an increase._in ot al. nat h zan n.increase.ip the size of the o
catadi optric proj eg@%o%%éﬁi%gﬂ%%glr%ﬂmagmg OPacﬂP lsggteg} & aUArERC 8Bt i cal
syst emjaccor di ot gl 8YiLinASipe -esent.. Lavention ferably,
the second | ens Snift g@& tﬁﬁ{é IF%%_rslt ee(r?grstﬁ%ﬁ%eﬁ?éﬁegﬁt&@ngagﬁgheri cal
l'ens. 20Si nce thioddh theCntthdléndtirRNadd the a8kadne s, MW haPlefRIEIEDYS
constituting the second lens unit and the fourth lens unit is a |lens of
aspheri cal shdpe,cdncave ntieas) bhé passescaghihythnmbgh thee napstiveaidmntecbder ect i on
and to avoid an increase in the total length of the catadioptric projection
opti cal - syst ergvidektethe eptigadopathreeparafinge nfionatheclightnraflectash by ibe

25t hroughout the.eptire region in the exposure area, ev in_the case where
the obj oct - si RPUCALPRHSRPRLAIRE RS s AFHSHER( B HFE feldywien an

FPO4- 0360- 0Q Qj.ect i i Gal emaccor di-ng t0 the .fourth
aspect glgf t he ﬂr}?g%ceon |1ér1§e' Uné)‘{las&%%éea%%ir é%i)ééhgsen?%ﬁ% .rsgttlﬁlés B’éﬁé‘&i optric
proj ection optthggécoﬁmtha@ﬁ SLArd {magi ng (three-time inmaging) optical
systemfor formng the fi rs?oﬁtrl]‘%zgrsyé%%te i mage being an internedi ate i mage

- e

of 5 the first surfhrcahisacdnfiperaReonthe PiGjetBoh abidAIOgRtHB RenaPei Mage of
the first internediate imge, in an optical path between the first surface
and the secondelsoertaceon the first sutfacs sodmbegausat thenfirdthiengyiop espticab opt i cal
systemis the thrice imaging (three-tinme inmaging) optical system whereby
the first 10 iSksternsamprses thedopsthalensnueit thavingdhe positive refiastingur f ace,

t he Sﬁg nd i nternmedi Ste ;tgage is an. erect iimage of the.first surface, and
the i '@e f or AOYDn PHECIBEJHF pREWEoplcal SyStc coapriseadie negati¥¢ ore, in

Lhe case uner b Pend RARCL S LR b ATt PR e
the first sur fc%ﬁ&it%gdcénhﬁe %@&cﬁgﬁﬁﬁﬁﬁﬁéﬁ byt Qgilﬁﬁﬁ% '?l&é‘%eg{aﬁ?@tiélﬁn?ﬁ& the

first surface can made oppo e to the-scannin rrection o e second
surface, and itie £GncR®8 Yaib@rper f orm such adj ustnent as to decrease a change
in the center of gravity of the entire exposure apparatus. It is also
feasible to reduce lnithedirspaspett ofithepteadnopventionr theqabjeetiopmiptival 20
system caused by the change in the center of gravity of the entire exposure
appar atls, andy&j@@dpﬁeﬁﬁgbg'gcmpﬂmmfust tmaging epifdadsydtenh conghitsing t he
entire region in the exposur afrea._ The projection optical systens
accordi ng to %Eﬁa,s,‘e%ﬁal% pELpa st ieragshate imagenandpseeon
invention are characterized inthat a lens 25surface on the first surface
side of a | ens |ocated nearest to the second surface out of lenses in the
cat adi optric projection optical system h(ﬁ a



FPO4-0160-00 positive refracting power, and in that, where a refractive

i ndex of an atnosphere in the catadioptric projection optical systemis 1,
a medium having a refractive index larger than 1.1 is interposed in an
optical path between the |ens nearest to the second surface, and the second
surface. 5 In this configuration, the nedium having the refracﬂ,dg_oil@g_

| arger than 1.1 is interposed in the optical path between the 1Tens Tocated
nearest to the second surface in the catadioptric projection optical system
and the second surface, the wavel ength of exposure light in the mediumis
1/n tinmes that in air where the refractive index of the-nedium 10is n, and
thus the resolmtarmedmte inagerdfatheefirst surfaceThed pr ep@uid tnagipgi epticatyst ens
according to the second aspect to the fourth aspect of the present

i nvention ar e systsherfabirglayong ithersegond mietmediatoptage oatd shofseevndy
optical element with a predeterm ned refracting power in the catadioptric
proj ecti on optH €systemis 15 arranged substantially on a single straight

line, and so that aiteqion of an i e forned t he .second surface by the
fﬁt adi ;)pt r: c proj ects?ll‘f% @bﬁ FQ%@%??BE&WWS??&Q@&@X%%% ﬁ’&;gisgfl udi ng

e optical ax SR rdi S [ i.on, axi s
of ever;s/ opti ég%%g%enﬁgggt%gn@gt %&#’ggﬂ?&%ﬁgﬁqé%}%ﬁ "c?%‘thﬁ%ﬁ“@%?t emis
arranged 20 subshcittihdlehde AN B | BBldibhER: oh distidalUs
feasible to reduce theed_eegr ee of mai ?@é@uﬁﬂg}eo% pr %@t?@ypﬁhpdr@ﬁgti on of
the cat adi opt rgiyStep, 2indCthe Pdodntapihg PEFotfhAds ch® beertidvwdRBFfuphdat el ati ve
ctor ding 10 the ohiifoigiompinchoGipblare2iipa cventinify 6até wheicbartget
according to e e e2drpa,esentin ithy eadd wheresthern osure
apparatus for _eckaecti ng an exposcge of a pattern for rt[eghon aadn}ask,_ onto a
phot osensi t i véidsundr dhe imagesidsi mypmengady -apedoreg0 ofathe | ¢atadioptiion system
opt 1 calyst cFalEEIR! ARG SH§IoBnATSY TREAEHr 38 BlBcto | GHIAEe! duf t b
opticatVsyste i f r ctot f th
aspect of the gsroﬁtgg invention, for formng an i nage of the pattern forned
on the mask, 8 I%Jhot osensitive substrate set on the 5second surface.

According to this pﬁpf{'hgyr&&f%nﬁdﬁde%%;ﬁgﬁaﬁgﬁaﬁﬁ%%zﬂﬁgﬁ%gseﬁrS{ he

conpact catadioptric projection optical em w’t rge nunerical
aperture, andiitepfediie: RxRRSHOraed Befiesh A ittdrthitdishtidndtbihgPRoORPT M an

, exposure of a fine pattern on the photosensitive 10substrate In the
exposur e appatixt fisstsodface entgrs seddnel did a miasweahat e ligt eprergary fonvent i on,
preferably, the illum nation systemsupplies illumnation Iight which is
s- pol al? zed | thhiirstisunfage sptars Tourthheutsel thedatslepstagis. mirngrs indheifyst at i on
enhances the contrast of the imge forned 15 on the photosensitive
substrate andVBagpesptical ¥eMdept h of focus (DOF). Panicularly, the

proj ection optical gyst- i.Ng.t0 e-first.aspect to.the fourth
aspect of the pr ese@t ﬁ?lﬁ\?%ﬂ%é%l%%@n; © tﬁhﬁ brbtp{rgéﬁhaiegtnﬂaaggplgr gcfli—‘%er’#lto be
achieved with e T mA ROk : ef:l Gl ' j mrror)
having a func'??%% of B el}lmt}():tl ngﬂﬁ]gg%%gé‘légfﬂ’%@%@ﬁfﬁg?‘g@?@gﬁ I'gh risk
of causing a k@t RidtRe Ghid@ ﬂm%@eﬁglﬁe&n@réﬁgaﬁbﬁﬁmé s s@Face _
s-polarized light reflected by the optical pat eflecting mnor, and in
use of20 he opentesd fpatlh dEhéeferengven rindhe ¢dse beharethedobtikside arml supply
ilTumnation |ight of s-polarized light with respect to the second surface,
because of t himagesidgcrimanpalaepentlgsf ¢k it catadmpteicyprojéeiion aptisels a
problemthat the illum nati%ﬁ(zr_ light is pot s-polarjzed light o,g t he second
surface even FYSEMgHCdBeTeasad Bromler fo eabanes) Bis: rysolbions iteasiblerto he

[ nf ial di [ ith . i cal [ f th

{1 1 nat i on BRERYEidsGreEh AEbERRRe<otical Ralk separagiot e o 19 occur s
11 uminat i on BtFaf™ : . . o
tour th spect PoRnRReRE Bie TS ABBRcBTAR i Fodrd sb8Grd e beQRERLAR '

accordiqug to i ﬁﬂﬁ?ﬂ ﬁ&gﬁs i N{ rabdy, the
pr oj egztﬂiqon ex%%‘ggéeé%]?bﬁgﬁ@pgg?grn 0 % e nargkdh\oéﬁto ?ﬁ%hd&ﬁ??%sgﬁﬂgéti ve
substrate-is ﬁgﬁénﬁﬁnﬂéemwohgemggﬁﬁg the mask and the photosensitive ‘
substrate along a predetermned direction relative to the projection
optical system 10The exposure nethod according to the sixth aspect of the
present i'nvention is an exposure method of effecting an exposure of a
pattern formed on a mask, onto a photosengi_tive substrate, conprising: an-
illumnation step of illum nating the mask on which the predeterm ned '
pattern is formed; and an exposure step of performing an 15 exposure of
the pattern of the mask set on the first surface, onto the photosensitive
substrate set on the second surface, using the projection optical system
according to any one of the first aspect to the fourth aspect of the




, FPO4- 0160- 00 In Fig. 1, the exposure apparatus EX has a reticle
stage RST supporting a reticle R (mask), a wafer stage WST supporting a
waf er Was a substrate, an illum nation optical systemIL for illum nating
the reticle R supported by the reticle stage RST, with exposure light EL, a
5 projection optical systemPL for perform ng a projection expgpyieqeso-on
image of a pattern on the reticle Rillumnated with the exposure |ight EL,
onto the wafer Wsupported by the wafer stage WST, a liquid supply device 1
for supplying a liquid 50 onto the wafer W a recovery device 20 for
collecting the liquid 50 fl owing out of the wafer and a 10controller
CONT for totally conbichianially, smsedt vy ngaesspitatfoon the mtaemediatasimage

appar at us EX The .present .enbodi ment will be described using as an
exanpl e a case el PYRT BRFHONIB STYSR L3 QST @eé%éﬂﬁﬁﬁmp%%%me

%;’%‘L?é“?é%ﬁ@ﬁ?&&%%?@i‘;ﬁ% ﬁ%ﬁ%ﬁeﬁ%a%?tﬁ%&ﬁrﬁéﬁé’iﬁq B et lht or W
Geacri bt on bels, PHEER ifptish, A3 dicRuBCaMOnat OO icctith Wifigal c | e
proj ecti®on opt kpabmSys hebhoing SeiddIagshina Fr aXls B 496id Ridch

N Ba
synchronous novenent direction (scanning direction) of tﬁle retl%]:lllﬁe ]R 20and

waf er Wi n t heigitdaenoe betkedio optical Znaniberdiniglet achieviag ths optidsl path
direction, and a direction (non-scanning direction) normal to the Z-axis
direction and s¢paratiexivathlithe anteomedsata ihagei beitigr fomexh nefi ke tpupils ar ound
the X-axis, around the g’-@ta is,. and arqQund the Z-axis are defined as OX, OY,
and Oz di r ect i BAgtoR &fy ﬁcséugnagm& theapupll dinewsigraetdke dirssamagingnduct or

f ted with i st the " icle". .Wwith
Houce pat tor nngsisiio B SRS 0 Goshibi RyShin ihe CReOMS TR B0 SbIRStIC | of
e o . _ A b

aystem i s o088 el et s lorees thereiforte MR BRaRR.OBhedn,
reticle stage 8alemWyith tHees®%ROSHheribal9Rberkire Raaeéir&ﬂ%tﬂpi%gﬁa%ﬁﬁegwl e light

froma light source 100 for supplying 5 the il'lumnatio the
ultraviolet regystsm. The illum nation optical systemIL has an optical
integrator for nniformzing the illum nance of a beamenmtted fromthe

| i ght source 100, aloémiBrta@spéatnd thoprasentmveitign} therafopysiliee | ght EL
fromthe optical .integrator, a relay I%frlls system a variable field stop for
defining an i | PiQ¥RSken eptical system prefembly jcompriges: arfiishdmaging pptiealni t h t he

exposure . light EL._and so .on. re.the illunj.nation opti.cal. systemIL is

pr ovi de]fg with safﬁ%égn poTEPHSLE F‘Pjﬁimcgﬁ%?ﬂég{@&oﬁflﬁf}f otRfef?' g PRearly
polarized lig Aol i u i ' ' ,

s--pol ari zed {]?15{“ w#ﬁq'rﬂé‘?gz‘?ﬁ ﬁ@oﬁfﬁe%c?t %‘aggﬁ%‘%?’&?giﬁi’ﬂﬁﬁ%‘
substanti al | ag&tedh fér fRiniflea T Ymagh Onsthe 5N PEiAR bh G LEGOYEL er  of
this type is-disclosed, for exanple, in Japanese Patent No. 3246615.

A predet eni i nelsbaint from bl inetormediateoninafe 1B ilds @akt,i pecifivatlyndicedrai th the
exposure light  EL of a uniformillum nance distribution by the illum nation
optical syst ertimagingrppties] systone chi: digt cabistranted: wsing raofirst 26nst weit iwithuei nat i on

optical systemlIL.is, [for. exanple, deep ultraviolet_light (DUV |light) such
as t he28ni ssi dwstivsestiaghing mewas. o fiset refleating migeor dispesed i) an eptical et
region froma ury | a d . I.CrF exciner .laser |ight (wavel ength 248
urn), or vacu&%%ﬁﬁ@?%@?%%ﬁ?%\?@flﬁhﬁe %ﬁnﬁgla&‘? én@g@i Raser

l'i ght (wavel e - . |0 e 54 N The

pr esent errbodiryr%éér;li?&?%ﬁ%&?sﬂ&?e tgg%%}%kﬂelhiﬁoégé%ﬁéghﬁ Qg@?eeﬂﬁl @Wtﬁ}ﬂ

FPO4- 0160- 00 inol } AR oy stage supporting the reticle
R and is two- 5?%%?%%0%2??6%%9}-&?2 |nd§§§ﬂa§§§é normal to the optical axis
AX of the projecti oRrefptabbal they ft@mdllectingemirror tifi 8 ¢RRaAY RfRBEngnd =
finely rotatable in the 02 direction. The reticle stage RST is driven by a
reticl 25st age milirfori digpatedi wear RSFEpis pdineasf thd fingaimagingroptitak sysitingl e st age
driving device RSTD is controlled by the controller CONT. The

t wo- di nensi onahdpgskeastorneanegativealagisaisolispesed: inoa rotntHepr eptical aton t he
reticle stage RST are neasured in real tinme by a |aser interferoneter, and
the.result of the nmeasurenment is-Jed to the controller CONT. - The 10
controller CONT drives the reticle stage driving device RSTD on the basis
of the measurenent result of the |aser i-fMtSerferoneter to position the
reticle R supported by the reticle stage RST. The projection opti cal
systemPL is one for performng a projection exposure of a pattern on the..
reticle Rat a predeternmined 15 projection magnification f3 onto the wafer
W and is conposed of a plurality of optical elenents (lenses), which are
supported by a lens barrel PK as a netal nenber. In the present enbodinent,




25The wafer stage WST is a stage supporting the wafer W and is provided
wth a Z-stage 51 holding the wafer Wthrough the wafer FPO4-0160-00

hol der, an XY stage 52 supporting the Z-stage 51, and a base 53 supporting
the XY stage 52. The wafer stage WST is driven by a wafer stage driving
devi ce WSTD such as a linear notor. The wafer stage driving dey [ S
controlled by the controller CONT. As 5 the Z-stage 51 is dri %ﬁr)]gf"tﬂx\gg\—%d er
Wheld by the Z-stage 51 is controlled as to the position in the Z-axis
direction (focus position) and as to the position in the OX and BY
directions. As the XY stage 52 is driven, the wafer Wis controlled as to
the position ifortned Xy dh¢ eedncans tdfieetingsiniin®r. | NByhéhidli ¢@did@iton
substantially parallel to the image plane of 10 the projection optical
system PL). Nawbérnein thendastvadendis disposal m-theebdokearsl-front vpocalgpadh angl e of
inclination of the wafer Wto match the surface of the wafer Wwith the

i mge pl ane offormedpbytbe taopsavprellesting suisrorPn the Ny Huagingcepticabt hod and
aut ol evel i ng nethod, . and the Yé}i;%e 52 positi otns t]t]he waf er V\éi he
X-axi s directiYFeERditi PEGORESYICagIg it Wek arresh 1071 the Cupvabuiees menti on

mrror 8471 BrBUF deeiln AT RENDe atkby SthopdidoS: SELAEY R ggrect 57 ™

i nterferoneter i i: éﬁﬁj position opposite to the noving mrror
54. The tm-ditﬁgﬁgogﬁ%léggm |cg]tna§aﬁ’gﬂt he angle of 20 rotation of the wafer
Won the wafer stagqhe\Wekafiv® IdRARUNE hacR-diRRfroh agttia?l gafﬂgg dSiably

interferoneter 55, and the result of the neasurene to the

control | er COMispoEed mantthepupil gosiior] riutehe tdiearaieeturs o gle (ih'é%mii’{?@ devi ce
WSTD on the basis of the neasurenent result of the |aser interferoneter 55
to position tHensvhEeomey sumbler bedalse theepembaliameter agfetheirst Thmgge sent
enbodi nent adopts the liquid imersion nethod, in FPX-0160-00 order to
subst ahbial Iy n§ﬁ§$ tt%ﬁ)etk@te%sp%al} as\pesaibigi gharefercadhe dluener fvenergy

Space. bet vieen AHURE BT Goq HBGBFE PTG (P cloo RECIF THEREH Follss 1 ace) 7
of the opti cal (I r I £.he projection
opti cal syste%e l%ﬁ?% ) e v&fgﬁe’g?ﬁ%gg}%@rmlﬁﬁé% ?ﬂ(ﬂ%o&f%ﬁg’} E’Iloié)a during
the period of jhda@hSanbkNgr tdindd®ioa it t fegt elyye! & R onto
the wafer W As descri bed abov£ t he Ienslf%%‘rﬂ?lg3 g&g%éﬁ gﬁc%htgugigqal end
side of the prohaotirtnstapikagslunslys ireadiktionnith fesek ilight, hrl) it urdl Kighged in
contact with only the |l ens 60. This 10 prevents corrosion or the |ike of

t he | eh8 bar r ainapiigpeiéoarancetadithe Brajeetiothepticatsysteanwili degrafleof the | ens

60 is sufficiently | ler than the |l ens barrel PK of .the projection
optical system PL aﬁﬂé"ﬁé@v&éﬁ doupdanydlens rﬂ@@t@i@' ﬂlQ]UICHﬂBOOFQ‘leklé@QgeI n

contact with gnly the.lens 6 s descri bed ove, the Ljiguid.,50 is arranged
Lo be' | ocal |y PG 2155 pS et e’ b FARg dRismof e skl ©beomeopt | cal
system PL. Na e hhauled:] i bet DI 0§ i on :
optical syst e%ﬁﬂéér{g' t hlré]gi\#}afg%ér qﬁ%@&ﬁ?f‘@: geﬁ*sl@ I\sﬁg?lcgglf@%nﬁt '21 wafer W
The present eplQdi 7% Mikdls eSnRid t € a1 0 can
transmt not only the Ar1€— excl r%grm?ac?enr} iﬂg’ t?hgﬁ‘?égﬁé%gtﬁggp sure |ight
EL if 20e exppetoembhght ZWElthé sfitdie agean Wit tayiprlesént! iiBRntdaUViHd ght)
such as the emssion lines (g-line, h-line, and i-line) in the ultraviolet
regi on em-ttedegradatian ofimagyg pexfoanantdelukaio dhieiommpictionr chn dhet

(wavel ength 248 nm., for exanple. . The_ 4rexposure apparatus EX is
provi ded wi t haversefi by pdcadiguspion whereln the negativeslans| dispesedhm the

pr edet er m ned, | i,qui 0 to.the space 56, petween the distal end face (distal
end face of |Qﬁ%kﬂ63~§015f0m¥éfmﬁtﬁlwéo Dohe coneats Eifleshng dANTay M em PL

dth f d a liqui [ 2 d . devi
For col eat | nbid AEH it Bpled SRAS hutscSoundBly FemCORPR BRCHR Y e °°

Space o iho (BN (TG 08 BRKE O the oBnd A ARg Rt B 001

the 1iquid 50mpiehiffugitevi ded with a tank for storing the"liquid 50, a
conpressi on punp, and a tenperature regulator for regulating the
tenmPerature of the liquid 50 to be supplied to the space 56. One end of
supply tube 3 is connected to the |iquid supplying device 1 and the other
end of, the supply tube 3 is 10 connec;gg_to a supply nozzle 4. The liquid
supplying device 1-supplies the liquid 50°to the space 56 through the
supply tube 3 and supply nozzle 4 _ The liquid recovery device 2 is provided
with a suction punp, a tank for storing the collected liquid 50, and so on.
One end of 15recovery tube 6 is connected to the liquid recovery device 2
and the other end of the recovery tube 6 is connected to a collection nowe




25i n the space 56 between the distal end face 7 of the projection optical
system PL and the wafer Wto forma liquid-imersed portion. Here

FPO4- 0160-00 the controller CONT can arbitrarily set the liquid supply
amount per unit tine to the space 56 by controlling the liquid supplying
device 1, and can also arbitrarily set the liquid collection arPt)psF-00
unit tinme fromon the wafer Wby controlling the liquid recovery device 2.
5 Fig. 2is an illustration showing a positional relation between the
optical axis and an effective exposure area of arcuate shape fornmed on a
wafer in the present_enpbodi nent In_the present enbodinent, as shown in Fig.
2, a region wel | corlndbe dast aspegbef the present ingentiomh dhe projsatien opsisekd

region AR is defined,in an arcuate, s e circle with .an t si de
radius (radi usﬁ"y%nc%{@ﬁé(osagtsﬁ%g:anﬁ]@?%ﬁl)c@qlo‘é’xi &,’n Jﬂe}lrdﬁe[‘o % h an
i nsi de radius ' ' e t ical.- axis AX_and two |ine
segnent s par al fﬂgaﬂicgf %%?ﬂ&gg:ﬁﬁ%@f&ol%ﬁg%c@gﬁb@?é ﬁ@%mgﬁtﬂ% n
effective expogﬂﬂﬁagﬁghgguﬂg&gective imging area) ERis set in an arcuate
shape by two arcs wth a radius R of curvature spaced 15in the X-direction,
and two 3 ine segnents<®i/yhe 1Ength D parallel '1?h the X-direction as
spaced by the distance H, so as to be substantially inscribed in the
aberration-correct edheeginga abBvefthauppet dnshapEondition (1)nistimidesirablzer, the
entire effective imaging area ER of the projection optical system PL exists
in the regi on bedause dhe pupdadiameter ok the firshemeiing & tow latge to divoidct i on of
the effective i i ng .area ER of arcuate shape i H, and the zée al ong the
I

X-di rection i sWC W%ﬂd@&ﬂ{fﬂeﬂc%%@m@e& RBUE § 8R desedb P¥&at e
shape (i.e., the effectiwve jllum nation area) havi.ng t si,ze and shape . .-
optically cor r@gptg‘ﬁd%%ﬁed liwgldt’ #ée éﬁ@cb&?@v E@Fp@ﬂ?reflmgtgf’gﬁj‘)@éﬁbqn Eﬁchqat e
shape-ijg t hus %E?h 0 | j e oft.d . I . reticle R
The exp@sure_ a%lgg_ra ulg %?&?ﬂﬁgc%%egsg%%: G%O%%%%?gﬁ?féhg?f%%$§§§ﬁ£§&ﬁ01eo_ 00
so that the indi§etioheightst MoRE AUndedd OF iBBIdeRRLighY $6 QHE Refb&ikERhirdd? an
airtight state between an optical nenber |ocatéd nearest to the reticle
among t he opt i(feld erglbaliffefence) agl ithecongsadiffiant tidkieve syséetioPior( whi ch
is lens L11 in the first and second exanples, lens LI inthe third 5 and

fifth exanpl esabertions 2 su¢ih ahecdmwar tamdareirgatard ekafipldes, DBor | kefterL51 in

the seventh ex | e) and boundar ens Lb (lens_ L217 in the first and
second exanpl éfe ‘P‘?-:%@QE‘SS&H%G #d ?ﬁi Q1 RIgsERb i@ventaor, thegupper Hanit ¢y ¢ h

exanpl | ens 4N .fifth e. lens, LA/ L. in the.sixth exanple, or
Cenar 136 1 et ieOREHEN G i b o set 23 ol o oiilidier st
projection optjcal systemPL is replaced with an inert-gas such as helium
gas or nitrogen, or the inside is kept in a substantially vacuum state.
Furthernore, the nelpehs fGyc st (dfethiecptbat Bramdionetths fisflafeulRe are

di sposed in the narrow optical path between the illum nation optical system
| L and the pr gireferably caphprsds atyleasntwb, positiveaierises.er This ¢oefigatieni ng (not
shown) for hernetically enclosing the reticle R the reticle stage RS

etc. is filledomnity the popitive rgracking poaerrofi tho fust lenshulit torbgast toa kept in
a substantial Ly vacyum state. Fig. 3 is.an_illustration schematically
Showi nd0a. configs ANl TaMiEsAER-CoBORIsR (IRaAst itbus Hessbiedo vt ho
-first exanpl 0 present enbodipent. \Wth reference to Fig. 3, the
boundary lens%fﬁgFtﬁﬁﬁ@%F¥g@§0§§%hﬁ$€g¥¥é§%9’gaxggin%urface kept toward the
reticle (first surf : el e--gi i b of the
boundary | ens Lb hagqghé%igmt%gﬁ ?g%g? F%%&;ﬁ)lc%;\lg'?}r B{Fﬁvélﬁiogﬁh?%pegg@ﬁébet ween
the boundary laafshikh @lﬂﬂrdﬂ&%“@ﬁ@rusWéﬁmﬁh§/|r%ﬂeEﬁﬁ$' strfABEd WIIL@LIRANG 25
the refractive indéx larger than 1.1. In the first exanple, deionized water
is used as thdossedi optitah qudrtitd- OL6QhOTirst aspedti of the psesht ithVéigiomt i on
schematically showi ng a configuration between the boundary | ens and the

waf er Zh t he $harofateecwhens the pirojehtiopoptieal systdinds applied, \for bxamphe, ¢éoce to
Fig. 4, the boundary lens Lb in the second exanple al so has_a convex :
surface kept tREVEEPOSWE pppatgfus sngngxpoare emethad, sthee seopndicaaging her eof
has a positive refracting power as in the first exanple. However, the
second exanple is different fromthe first exanple in that a plane-parallel
plate Lp is detachably arranged in the optical path between the boundary

| ens Lb and the wafer Wand in that the-dptical path between the boundary

| ens Lb. and the plane- 10 parallel plate Lp and the optical path between
the plane-parallel plate Lp and the wafer Ware filled with the nmedi umLm
having the refractive index larger than 1.1. In the second exanple

dei oni zed water is also used as the nediumLmas in the first exanple. The
present enbodi nent is arranged so that during an exposure 15 by the



FPO4- 0160-00 and, consequently, the wafer-side optical surface of the
boundary lens Lb reaches the inside of the |iquid. In this manner, an
at nrosphere with [ittle absorption of the exposure light is forned '

t hroughout the entire optical path fromthe 5 1|ight source 100 to the
substrate P. As described above, the illum nation area on the EP@%ﬁhﬁgaxﬁnd
the exposure region (i.e., the effective exposure region ER) o € fer W
are of the arcuate shape extending in the X-direction. Therefore, the
positions of the reticle R cad substrate Ware controlled using-the reticle
stage controller R&D, 10 the substrate stage driving device, the |aser

i nt er f er onet eraptical Gystem Sy neleferablys by divpudc (Serm ddieprigdd ofeosliyage RST
and the substrate stage W5, in turn, the reticle R and substrate (wafer) W
al ong the X- diplaliton of wiranstittinge reembeis)giexpesar of ofmptovenmtritclie patt ern
is perfornmed ip the exposure region having a width equal to the
Y-directionalﬂﬂ@kﬁﬁm%f the 15effective exposure region ER and a | ength

according to a scan_anouynt. (nmov nt. a nt) af the substrate W on the
substrate W In eacﬁ‘@(ﬁﬁﬁé," d&‘ﬁ‘i‘?&g}fg‘é NG IPFIRSEC pye %Eﬁeé’é’%épqo)?

mat hemati cal eSSt ONn el ow, r . epresent.s hei ght. i,n, a

di rectidn nor ?{q. LR Ié%%’]’%alm ds \é\é}eztﬁg’xfg?s%aﬁggﬂfj ffg’)lya?%%(&eflhhyopti cal
20 axis from a;t318 ' 0 a
position on t_ﬁ)élt asp%éei?ciegg Sgf%gggogpgﬁgfﬁg{}g@@qhgﬂpggggﬁsfﬁ%?ogur vat ure
at the apex, ifina CR& Ghis ¢eafohi CiitNéptidildsfste@SRAGUUAR £RBf RSt s of
order n. In each exanple, a lens surface fornmed in aspherical shape is

47?r ovi ded wi t Hramsnitttingometrbers hedils o sippressaths Wlekpatiovandthe 2%ty 2h. )/ (1
(1 _e4.y4c6.316¢crys IO Y r Cl2.3712 10 , _E ciery. 14c18. 3718c20. 3720

Cl16. 3716(a) - PROMmasce:doe to birefringench dyf ¢argbiningithecoonitectxammmhitng t he

val ues 6f t he aspgeric I %fficients_cm to C20_are O, and thus the

descri pPi on t masTBbers; o1 @y, orientationsy, of aeyskal ad¥Rse, bihevsRoSBe | on
optical system F>|_i i S i

oL congosed of, a firslttgitlrra ing opti gal %ys em 01 for
formng an i ntePHEHISIRPRs JEBOL: CORPISIEEY o HPBFESShe et IPEFOTHEDEE sposed
on the object g@?ﬁ i : and a second inmagi ng optical system 02
for formng adfe ucgéﬁi&rirl%gg%(&)gfehﬁéénrcgti cle pattern. on the wafer Wdisposed
on the .imge plane fseh&nhrel il ACRAoWR hAe thaTbfadivd ittix HidbEtcn
intermedi ate image. Here the first imaging optical systemO1 is
a, cat adi-opt r i énsigs tfhworitachasdhigh-fefjuendy Woogreeus, rafd ebé ivigiationr @@ CML and

a second concave reflecting mrror CM2, and the second inmagi ng opti cal
system®2 a direfprciive sdicesminglmbng: sesta dpkifrequency Reampénends agauses -

accor di ng 1o THE Hd Paslvaleammsialsfimassis pedarmancs Chibsarmsstionanisal of or cnce
to Fig. 5 in_t jectior tical t P, ' to the,first
example, i he PIEEE TS, B8 bsfEeb R BhAvoid ufE G fdfiect TREM B | owi ng
conponents ar P?%St Ié: ! To?{%ﬁf/eg&ﬁ%&%*lﬁff}ﬁéﬁt%’z& Dhos a%%@&pié‘%ér%?&%' ' N9

direction of a bi whose ‘conveXx“surtace of aspheri cal
shape is kept tHeoprisent QeH@bE s pl%fé’i‘%bB’ AN L& ApatL AR, ¢ MBEALY YR MeNi scus
| ens L13 whose concave surface of aspherical shape is kept toward the
reticl2y- and wrahsmiting anembersroviknitingothei second Ghigingl aptidad systeat of magi ng
optical systemd, a reflecting surface of second concave reflecting mrror
CMe for O ref thecdipplyia sistemgine madeladstleeh.by the first concave reflecting
mrror CML 25and transmtied by the negative meniscus |ens L13, toward the
second i magi ng opti alﬂl%yé'tsén@s@ﬁct 0fp the cprepenta pvegtion, ndesiiabty,uding t he
optical FPMX-0160-00 axis AX hetween the hiconvex lens L12 and th
negative neni SEEEIYGHUagIRg arey Jasan, arcuaig.s p@oﬁ@@q BHYCEHan gpfiicahe

povor . The 11 FEanaRSGE hafich (Y bel P, bR ORI Wadif b '

reflecigng m ggRhture of an arc defining the effective imaging area, and Yo a

bt

- maximum image height on the second surface as described previously.
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5di sposed near the pupil plane of the first inmaging optical systemGl .

On the other hand, the second inaging optical system &G is conposed of the
foll owi ng conponents in order fromthe reticle side along the traveling
direction of light: a positive nmeniscus |ens L21 whose concave surface is
kept toward,the reticle; a biconvex lens L22; a 10 positive mypoICysH-90S
L23 whose concave surface of aspherical shape is kept toward the wafer; a
negati ve neni scus | ens L24 whose convex surface of aspherical shape is kept
toward the reticle; a negative neniscus |lens L25 whose convex surface is
kept toward the reticle; a biconcave | ens L26 whose concave surface of
aspherical shape i s kBpt<R{¥s ddard the reticle;(Z positive meniscus |ens
L27 whose concave sg&ﬂgge i s kept £ ward the reticle; a negative nmeniscus
| ens L28 whose conv Afrstaspsrt g resent igNapdon.sthg dpeechon opticak

reticle; a bicqnyex e L29:; ..a biconvex lens L210;. a posi.tive.nmeni scus

| ens L211 V\hosgy%mq‘glﬁre%éggv?émﬂgﬂg ?8@\&?&“”( eF]éQHe&l‘g;mﬁlﬁl%é‘b% Cire stop
AS;, a.positive -'%ﬁ%ﬁ. oFz\ ceyd Sakept, toward
the reticle; aogﬁgggég§ engﬁfgﬁﬁhaé%%ggﬁf$§%ﬂﬁéﬁ}g@iﬁé%%M?ﬂé%HF se
concave surfacgigik y C L SinK rest Wﬁ%ﬁ itive
meni scus | ens L215 \%Zgg%ﬁ%oﬁi\?ejﬁsur %clg ?gék%%@t ga/a?%t e rﬁletsﬁ(ggelﬁ a

posi tive neni sHesvever,Sot 2¢omple) 3ehaae ke pojsctidnoptiodl Herheld sgplicdh@pe 25i s
kept toward the wafer; and.a planoconvex lens L217 (boundary Tens Lb) whose
pl ane is kept thevexposuteeappsirams andR@podl@Qnethod, it is difficulietd imigdrnalyanpl e,

all the transnitting menbers (lenses) and all the reflecting nenbers with a
pover (the firYdlungateaan rdumaisatioy Arasorofcvrcaate sheapeeennéha omeslkie

~reflecting mreor ) constituting fhe projectign qptical systemPL are
‘arr anged alongfﬁﬁggggs@dﬁpauﬁ%ﬁ? SIw%%mgPRkandgglﬂpgﬁgl%QIluﬂﬁﬂﬁgpnthe
transmq+ i ng rsef 1 h econd i magk:n tical .system & are nade
of sil ilt(ga. Thgﬁé%{;i §%|r%%{a%"%g£a%t Shae t‘i?éreﬁP%ﬁ%gng x4 lé*%‘r'éal{gﬂaf 45810
boundary | ens xbi the € ' j ot e [ l,sting of
dei oni zed water In the fi%?% gﬁgﬁ%ﬁggk#hgﬂﬁ'gh?négbﬁgﬁﬂgﬂ%% reti %g R
passes t hr oughapditure €lighs trhddmitting briion pof afcddi® shipst HPHES\ase, 8 | ecting
mrror CML. The light reflected by the first concave reflecting mrror CM
travel s via t herdeetsrddige doss inHeght emanttycdme b ther 8éldestop nig isvhedessargNL2 t o
forn1an;internedLate jmage, of the reticle R near the first concave
reflecting m ricokegmvihe Tadiusi Bnof rawvaisre efbthel are wefisme tbe affesctive

reflecé%ng mrror .CM2 travels throu&ﬁ the lenses L21 to L217 (Lb) to forma
r educed?i nage WG RE K ISR BSRPSSRIE af er VT In the first exanple,

PL aro mdo of si |1 Suirpose rafeRRlav ShE B B B CoiffintI Re A

exci mer | aser \yid@Birable RGabRCHRRAR R dfl @fbatuse 1930 30BNt g;édl_)%ﬁﬁg 1 x

refractive index of silica near 193.306 nmvaries at a rate

10- 6 per wavellesgihe whtirdieldfstop begomensb kapé as t@idedrthase te thte®Slpu 10- 6
per wavel ength change of -1 pm |In other words, the dispersion n/ dX) of
the refracti velientiegedifct@Bs pf ithamisaticn SflicizndP- 60pntheeathet IarRDGhem The
refractive index of deiqgnized water near 193.306 nmvaries at a rate of
-2.6 x290-6 péﬁng@bﬁ%ﬁmummﬁw@r@@mdlanar@é ipundasirpble bacauseithe at a

In other words, the

te of +2.6 x_10- | engt h ch f-1
O spersi on (PO R IHONWAIBRS 20 oo Jerte et e el SBerTinesOREctsd. o x
10- 6/ pm n £ le, gthecretractive index of sili
For the cont er b berangt Hia pobtsndd Ruft o B g Thie BRENACR ' | ndo

of silica for g@@ﬁ : = 13511200 3 a t he
refractive inde d%pg?ﬁgia??géu#%%{%%%é?ﬁ%p%:@.1d%ﬁ%;:%"u%§%§éﬂFn%gis
1.560326259. Heeor@biledhiineraaseox thé scalei ontiredptadlcsyst@n. t Myragieer 10
wavel ength of 193.306 umis 1.47, the refractive indéx of deionized water
for 1935306 -nremodstraping thd IFFRAGAS the psestni 6ICSRibA, mduspgljm higifir a€tive

i ndex of deionized water for 193.306 nm-0.1 pm = 193. 30 nmis

1. 47000026. T&Bmgitian (Beisomops peafetably attutes8 ehdshedotvier dinhibriherebf the 15
projection optical systemPL according to the first exanple. In Table (1),
A represents the center wavel ength of the exposure light, /3 a projection
magni fi cation (imging magnification of the entire system, NA the

i mge-side (wafer-side) nunerical aperturl®- Ro and R the outside radius
and inside radius of the aberration-corrected region AR 20and D the
Y-directi-onal size and X-directional size of the effective exposure region
ER, R the radius of curvature of the arc defining the effective exposure
region ER (effective inmaging area) of arcuate shape, and Yg the nmaxi num

i mage height. Each surface nunber represents an order of nsurface fromthe




Therefore, the sign of the surface separation d is negative in the optical
path fromthe first concave reflecting mn-or CML to the second concave
reflecting mrror CM2, and positive in the other optical paths. The radius
of curvature of each convex surface kept toward the reticle is 10positive,
and the radius of curvature of each concave surface kept tomar?P@%%ﬂkﬁﬁbﬁle
I s negative, regardless of the direction of incidence of |ight.

notations in Table (1) also apply to Table (2) hereinafter [ TABLE 1]

Princi pal Specification 15X--=193.306nm 1-3=4-1/4 NA=1.04 Rs:17.0rnm R =11
5rnm 20H=26 Orm D=4. Onm R=20. 86mm Yo=17. Onm Speci ficati on of Opti cal
Menbers 25 Surf.8ge nunberrdn (reticle surface)70.25543

1444.2810045. 45677 2*-192. 240781. 00000 Optical Menber 1.5603261 (L11) 5 3
471.20391 35.53423 In56ihd26tatpdiodiric 4 prafebiidas38ptieal 199G4m of the

aforementioned fype, even in the case where the optical path to the
image plane (second surface) is not filled with the medium like liquid,
5 when the projection optical system satisfies Condition (2), it is feasible
to avoid the reduction of throughput due to the decrease of illumination
efﬁcieﬂcy and to avoid the mcrease in the scale of the optical system
due to the mncrease in the required aberration-corrected area. Where
the projectien optical system of the présent invention is apphed to the
10 exposure apparatus and exposure method, it is preferable to use, for |
exampie, ATF laser light (wavelength 193.306 nm) as the exposure light,
in view of the transmittance of the medium (liquid or the like) filled
between the boundary lens and the image plane, the degree of narrowing
of the laser hight, and so on.
15 The projection optical system according to the second aspect of
the present mventton is a catadioptric projection optical system for
forming an mnage of a first surface on a second swrface, comprising: a.
first imaging optical system comprising. two miurrors, for forming an
mtermediate 1mage of the first surface; and a second imaging optical
200 - system for forming the intermediate image on the second surface,
- wherein the second imaging optical system comprises the following
 components i order of passage of a ray from the intermediate image
-side: a first field mirror of a concave shape; a second field mirror; a first
| lens unit comprising at least two negative lenses and having a negative i
25 refracting power; a second lens unit having a positive refracting power;

-an aperture stop; and a third lens umit having a positive refracting power. -
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5* -159. 65514 13. 00000 1.5603261 (L13) 6 -562.86259 9. 00564 7 -206. 23868
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Since m this configuration the intermediate image of the first
surface is formed in the first imaging optical system, it is feasible to
readily and securely achieve the optical path separation between the
beam toward the first surface and the beam toward the second surface,

5 even in the case where the numerical apertures of the catadioptric
projection optical system are increased. Since the second imaging
optical system comprises the first lens unmit having the negative
refracting power, the total length of the catadioptric projection optical

system can be decreased and the adjustment for satisfying the Petzval's

10 condition can be readily performed. Furthermore, the first lens unit

relieves the variation due to the difference of field angles of the beam

expanded by the first field mirror, so as to suppress occurrence of

aberration. Therefore, even in the case where the object-side and

image-side numerical apertures of the catadioptric projection optical

15 system are increased in order to enhance the resolution, good imaging

performance can be achieved throughout the entire reglion in the
exXposure area. ‘

| In the projection optical system according to the second aspect

of the present invention, preferably, the first imaging optical system

20 comprises a fowrth lens unit having a positive refracting power, a

negative lens, a concave mirror, and an optical path separating mirror;

Vand the fist mmaging optical system is arranged as follows: light

traveling in the first imaging optical system passes through the fourth

-5 lens unit and the negative Ieils, is then reflected by the concave mirror,

25 . and passes agan through the negative lens to be guided to the optical
path separating mirror; the light reflected by the optical path separating
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mtrror is reflected by the first field mirror and the second field mirror
and thereafter directly enters the first lens unit in the second imaging
optical system.
Since in this configuration the first imaging optical system
5 comprises the fourth lens unit having the positive refracting power, the
projection optical system can be made telecentric on the first surface
side. Since the first imaging opticai system comprises the negative

lens and the concave mirror, the adjustment for satisfying the Petzval's

-condition can be readily-performed by adjusting the negative lens and .- -+ - -

10 the concave mirror.

In the projection optical system according to the second aspect
of the present invention, preferably, the first field mirror outputs light
entering the first field mirror, so as to bend the light into a direction

' toward the optical axis of the cafadioptm'c projection optical system.

15 : In the projection optical system accofding to the second aspect
of the present invention, preferably, the second field mirror has a convex
shape. ' |

According to these configurations, a ray incident to the first field
11111, is outputted as bent into a direétion toward the optical axis of the

20 - - catadioptric system, whereby the second field mirror can be constructed
'-in a compact size even in the case where the numerical apertures 6f the
catadioptric projection optical system are increased. Accordingly, the

- optical path separation between the beam toward the first surface and
W the beam toward the second surface can be readily performed even in
25 ~ the case where the object-side and image-side numerical apertures are

“increased in order to enhance the resolution.
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In the projection optical system according to the second aspect
of the present invention, preferably, the two mirrors in the first imaging
optical system are a mirror of a concave shape and a mirror of a convex
shépe which are arranged i order of incidence of light from the first

5 surface, and wherein the second field mirror in the second imaging
optical system is a mirror of a convex shape.

According to this configuration, the two mirrors in the first
imaging optical system are of the concave shape and the convex shape,
and the second field mirror has-the convex shape; therefore; it is feasible

10 to readily and securely guide the beam emerging -ﬁ‘om the first imaging
optical system, to the second imaging optical system.

In the projection optical system according to the second aspect
of the present invention, the aperture stop is disposed between the first
field mirror and the second surface, and the projection optical system

15 satisfics the followmg condition:

0.17<Ma/L <06,

where Ma 1s a distance on an optical axis between the first field
mirror and the second surface, and L a distance bétween- the first surface
and the second surface.

20 According to this configuration, Ma/L is larger than.0.17, and it |
S is thus feasible 1o avoid mechanical interferenceé of the first field mirror
ﬁrith the first lens unit and with the second lens unit. Since Ma/L is
smaller than 0.6, it is feasible to avoid an increase in the total length and
an increase in the size of the catadioptric projection optical é,ystem. '
25 . In the projection optical system according to the second aspect

of the present invention, preferably, the first lens unit in the second
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-imaging optical system has at least one aspherical lens.

Accordjng to this configuration, at least one of optical elements
constituting the first lens unit is a lens of aspherical shape and thus good
imaging performance can be achieved throughout the entire region in

5 the exposure area, even in the case where the object-side and image-side
numerical apertures are increased.

The projection optical system according to the third aspect of the
present invention 1s a catadioptric projection optical system for forming
an mmage of a first surface-on a second surface, comprising: a first unit

10 disposed in an optical path between the first surface and the second
surface and having a positive refracting power; a second unit disposed
in an optical path betweeh the- first unit and the second surface and
comprising at least four mirrors; a third unit disposed in an optical path
between the second unit and the second surface, comprising at least two

15 negative lenses, and having a negative refracting power, and a fourth
unit disposed m an optical path between the th;'rd unit and the second
surface, comprising at least three posifive lenses, and having a positive:
refracting power, wherein an intermediate image is formed in the second
umit and wherein an aperture stop is provided in the fourth unit.

20- . ' In the projection optical system according to the third: aspect of

| the present invention, the intermediate image of the first surface is
formed in the second unit and it is thus feasible to readily and securely

- achieve the optical path separation between the beam toward the first
surface aﬁ_d the beam toward the second surface, even in the case where

25 the numerical apertures of the catadioptric projection optical system are

increased. Since the projection optical system comprises the third unit
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having the negative refracting power, the total length of the catadioptric
projection optical system can be decreased and the adjustment for
satisfying the Petzval's condition can be readily perfbxmed. Therefore,
the good imaging performance can be achieved throughout the entire
5 regton in the exposure area, even in the case where the object-side and
image-side numerical apertures of the catadioptric projection optical
system are increased in order to enhance the resolution.
In the projection optical system according to the third aspect of
' ~the present invention, preferably, the second unit comprises~:the
10 following components in order of incidence of light from the first
surface: a first reflecting mirror of a concave shape; a second reflecting
miurror of a convex shape; a third reflecting mirror of a concave shape;
and a fourth reflecting mirror of a convex shape.
According to this configuration, the second unit comprises the
15 concave mirror, the convex mirror, the concave mirror, and the convex
mirror in order of incidence of light from the first surface, and it is thus
feasible to readily and securely guide the beam emerging from the first
1maging optical sysiem, to the second imaging optical system.
In the projection optical system according to the third aspect of
20 . . the present invention, preferably, the second unit comprises at least one
negative lens, and an optical element located nearest to the third unit in
the optical path of the second unit is the fourth reflecting mirror or a
double pass lens through which light passes twice.
A According to this configuration, since the optical elemrent
25 Jocated nearest to the third unit in the optical path of the second unit is
‘the fourth reflecting mirror or the double pass lens through which the
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light passes twice, the adjustment for satisfying the Petzval's condition
can be readily performed by adjusting the lens in the third unit having
the negative i'efracting power, and the fourth reflecting mirror or the
double pass lens.

5 In the projection optical system according to the third aspect of
the present invention, preferably, the third reflecting mirror outputs light
entering the third reflecting mirror, so as to bend the light into a
direction toward the optical axis of the catadioptric projection optical

e SYStem. “

10 This configuration enables miniaturization of the fourth
reflecting mirror because a ray incident to the third reflecting mirror is
outputted as bent mto a direction toward the optical axis of the
catadtoptric projection optical system. Therefore, it is feasible to
readily and securely achieve the optical path separation between the

15 = beam toward the first surface and the beam toward the second surface,
gven 111 the case where the object-side and image-side numerical
apertures are mereased in order to enhance the resolution.

In the projection optical system according to the third aspect of
-the present invention, the aperture stop is disposed between the third
20 reflecting mirror and the second surface, and the projection optical
system safishes the following condition:
0.17 <Ma/L<0.6,
where Ma 1s a distance on an optical axis between the third
| s reflecting mirror and the second surface, and L a distance between the

25 . first surface and the second surface.

In this configuration, Ma/L is larger than 0.17, and it is thus

-26 -



5C4=7. 66590 x C8=-&53660x10' 7 C12=3. 14967 x 10-24 16th surface 1c=0
10C4=-3. 79715x10-8 (C8=9.40364 x 10-17 C10=3. 33573 x1021 Cl12=-7.42012 x
10-26 Cl14=1.05652 x 10-3 17th surface K=0 15C4=-6_69596 x 10-8 C6=1.67561 X
1042 C8=-6.18763x 1047 Cl10-2.65428x 10-21 Cl2=-4.09555 x 10-26 Cl14=325841
x0-33 21st surface K=0 20C4=-&68772x108 C6=-1.30306 x 1042  FP04-0160-00
C8=-265902x1047 Cl10=-6.56830 x 10-21 C12=3.66980 x 10-25 Cl4=-5.05595 x10-2
25t h surface 1c=0 25C4=-1.54049x108 C6=7. 71505 x 10-14 C3=1 .75760x 1048
C10=1. 71383 x10-23 FPM-0160-00 Cl12=5.04584 x 10-29 Cl4=2.08622 x 10-32
39th surfacé x=0 C4=-3.91974x10-11 C6=5.90682x10-14 5C8=2. 85949x1048

C10=- 1. 01828x 1{apibictio ayoubmeghanical artexterpnce . cgcctbaahwdwszﬁng mdirsarr f ace

i c=0 C4=8. 33324 8 Cb=1 .42277 x, 1 0Cr- 1. 13452
C10=1. 18459x 10 Y@é@sefoségw t AB Wﬁhdg@—éﬂ 198 % |1§e°§naller

cort espondi ng._ b Q9RTE | RasfEle 18 4bR T GO A5 B85 LA Gl Yo=0. 66

mcrease m the size of the catadioptric projection optical system.

5 In the projection optical system according to the third aspect of
the present invention, the third unit comprises at least one aspherical
lens. Since in this configuration at least one of .optical elements
constituting the third unit is the aspherical lens, good imaging
performance can be achieved - througheut the entire region in: the =

10 exposure area, even in the case where the object-side and image-side
numerical apertures are increased.

The projection optical system according to the fourth aspect of |
the present invention is a catadioptric projection optical system for
forming an image of a first surface on a second surface, the projection

15. optical system comprising: a first imaging optical system comprising at
least six mirrors, for forming a first intermediate image and a second
mtermediate image of the first surface; and a second imaging optical
system for relaying the second intermediate image onto the. second
surface.

.20 Since the projection optical system according to the fourth
| aspect of the present invention comprises at least six mirrors, the first
.intermediate image and the second intermediate image can be formed,

- without increase in the total length of the catadioptric projection optical
system, and good imaging performance can be achieved throughout the

'25 - entire region in the exposure area, even in the case where the object-side

B and image-side numerical apertures of the catadioptric projection optical .. -
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Fig. 6 is a diagram show ng the transverse aberration in the first exanple.
In the aberration diagram Y indicates the inage height, each 20 solid |ine
the center wavel ength of 1913060 nu, each dashed line 193.306 nm+ 0.1 pm =
193. 3061 urn, and each chain line 193.306 nm- OA. pm = 193. 3059 nm The
notations in Fig. 6 also apply to Fig. 8 hereinafter. As appar e
aberration diagramof Fig. 6, though the first exanple secureslglftﬁfie'b\['7éﬁ%}jd1

| arge i mage-side numerical aperture 25(NA = 1.04) and the relatively large
effective exposure region ER the chromatic aberration is well corrected
for the exposure light with the FPO4-0160-00 wavel ength band of 193.306 nm
0.1 pm [ SecongstexpsieliBtreased in &itder td chibarte thé kesdln@én on showi ng a | ens
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of asphbri cal MAdyETTe’ (e Bal Smireng e B8 Tastsuta GuédoRlihe "
flecti ' ot | ] ' : %0 t , reflecti
Gurface of a SupsfAMatichl B2 hiohs i TROKRE BREF bR L 0 TR T gnt
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kept tbward t hatadspine projacBobioptinalasystdm mee idGreatabm onlec 40 @enbamdeace of
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PL are arranged along the single optical axis AX. In the second .
exanpl e: Thus, the light fromthe reticle R travels through the |enses L11
10 to L13 to enter the first concave reflecting mrror CML. The |ight

-
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Since m this configuration the first imaging optical system
15 - comprises the field lens umt with the positive refracting power
‘comprised of the transmitting optical element, the projection optical
system can be made telecentric on the first surface side. Since the
optical system comprises at least one negative lens between the mirror
)  that the light emerging from the first surface enters first and the mirror
20 that the light emerging ﬁfom the first surface enters sixth, correction for
chromatic aberration can be readily made by adjusting this negative lens
and it 1s easy to make such adjustment as to satisfy the Petzval's
- condstion.
In thesprojection optical system according to the fourth aspect of ah
25 the present invention, preferably, every optical element constituting the

- second imaging optical system is a transmitting optical element to form
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a reduced image of the first surface on the second surface.

This configuration is free of the optical path separation load
because every optical element forming the second imaging optical
‘system 1s a transmitting optical element. Therefore, the image-side
5 numerical aperture of the catadioptric projection optical system can be
increased and the reduced image can be formed at a high reduction rate
on the second surface. It is also feasible to readily correct for coma
and spherical abexraﬁon.
In the projection optical system according to the fourth aspect of =
10 the present invention, preferably, the second imaging optical system
comprises the following components in order of passage of light
emerging from the first imaging optical system: a first lens unit having a
posttive refracting power; a second lens unit having a negative
refracting power; a third lens unit haviang a positive refracting power; an
15 . aperture stop; and a fourth lens unit having a positive refracting power: )
According to this configuration, the first lens unit with the
positive reﬁacting power, the second lens umit with the negative
refracting power, the third lens unit with the positive refracting power,
-the aperture stop, and the fourth lens unit with the positive refracting
20 power constituting the second imaging. optical system advantageously
function to satisfy the Petzval's condition. It is also feasible to avoid:
an mcrease in the total leﬁgth of the catadioptric projection optical
system.
Insthe projection optical system accbrding to the fourth aspect of A
25 the present mvention, a mirror disposed at a position where light

~emerging from the first surface is most distant from the optical axis of
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the catadioptric projection optical system, out of the at least six mirrors
1s preferably a mirror of a concave shape, and the aperture stop is
preferably disposed between the mirror of the concave shape and the
second surface. Preferably, the projection optical system satisfies the
following condition:

0.2 <Mb/L<0.7,

where Mb is a distance on an optical axis between the mirror of

the concave shape and the second surface and L a distance between the

- first surface-and the second surface.

In this configuration, since Mb/L is larger than 0.2, it is feasible
to avoid mechanical interference of the mirror of the concave shape
located at the position most distant from the optical axis of the
catadiopiric projection optical system, with the first lens unit, the second.
lens unit, and the third lens unit. Since Mb/L is smaller than 0.7, it is
feasible to a?oid an increase in the total length and am increase in the
size of the catadioptric projection optical system. |

In the projection optical system according to the fourth aspect of
the present invention, preferabiy, the second lens unit and the fourth lens
unit have at east one aspherical lens.

Since in this configuration at least one of optical elements

'constituting the second lens unit and the. fourth lens unit is a.lens of

| aspherical shape, it is feasible to readily make the aberration correction

and to avoid an mcrease in the total length of the catadioptric projection
optical system. Therefore, good imaging performanee can be achieved

throughout the entire region in the exposure area, even in the case where

‘the object-side and mmage-side numerical apertures are increased.
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The projection optical sysiem according to the fourth aspect of
the present invention is preferably as follows: the catadioptric projection
optical system is a thrice tmaging (three-time imaging) optical system
for forming the first intermediate image being an intermediate image of

5  the first surface, and the second intermediate image being an image of
the first intermediate image, in an optical path between the first surface
and the second surface.

In this configuration, the projection optical system is the thrice
imaging . (three-time 1maging) optical system, whereby: the first

10 intermediate image is an inverted image of the first surface, the second
intermediate image is an erect image of the first surface, and the image
formed on the second surface is an inverted image. Therefore, in the
case where the catadioptric projection optical system is mounted on the
exposure apparatus and where an exposure is carried out with scanning

15 of the first surface and the second sorface, the scanning direction of the
first surface can be made opposite to the scanning direction of the
.second surface, and it is easy to perform such adjustment as to decrease
a change in the center of gravity of the entire exposure apparatus. It is
also feasible to reduce vibration of the catadioptric projection optical

20 - system caused by the change in the center of gravity of the entire

- exposure apparatus, and good imaging performance can be. achieved
throughout the entire region in the exposure area.

The projection optical systems according to the second aspect to

@ the fourth aspect of the present invention are characterized in that a lens

25 surface on the first surface side of a lens located nearest to the second

-surface out of lenses in the catadioptric projection optibal system has a -

-3 -



(AS) 34 -11881.91854 30. 00000 1.5603261 (L212) 35 -631.95129 1.00000 20
36 1465. 88641 39.89113 1.5603261 (L213) 37 -542.10144 1.00000 38
336. 45791 34.80369 1.5603261 (L214) 39* 2692.15238 1.00000 40 112.42843

FP04-0160-60

positive refracting power, and in that, where a refractive index of an
atmosphe;e in the catadioptric projection optical system 1s 1, a medium
having a refractive index larger than 1.1 is interposed in an optical path
between the lens nearest to the second surface, and the sec_ond surface.

5 In this configuration, the medium having the refractive index
larger than 1.1 is interposed in the optical path between the lens located
nearest to the second surface in the catadioptric projection optical
system and the second surface, the wavelength of exposure light in the
medium i1s 1/n times that in air where the refractive index -of the-medium

10 1s n, and thus the resolution can be enhance;d.

The projection optical systems accérding 1o the second aspect to
the fourth aspect of the present invention are preferably configured so
that an optical axis of every optical element with a predetermined
refracting power in the catadioptric projection optical system is

15 arranged substantially on a smgle straight line, and so that a region of an
image formed on the second surface by the catadioptric projection
optical system is an off-axis region not including the optical axis.

According to this configuration, the optical axis of every optical
clement in the catadioptric projection optical system is armranged

20 . substantially on the single straight line, and it is thus feasible to reduce
| the degree of diﬁi(_:ulty of production in production of the catadioptric
projection optical system and to readily perform relative adjustment of

each optical member. |

The exposure apparatus according to the fifth aspect of the

| 25 present invention is an exposure apparatus for effecting an exposure of a

‘pattern formed on a mask, onto a photosensitive substrate, comprising:
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1.47(Lm (wafer surface) (Aspherical data) 2nd surface 10C4=9.57585x 10-9

C6:z. 09690x 1043 C8=1.30845x 1046 Cl10=-5.52152x1022 Cl2=4. 46911§,Eé9_-021%0_00
Cl4=-2.07483x10-29 5th surface and 9th surface (sane surface) Xx=

15C4=1. 16631x10-8 C6=6. 70616x10-13 C8=-1.87976x10-17 C 0=1. 71587x
C=-2.34827x1024 C/ 4=1.90285 x 10-28 16th surface tc=0 20C4=-4.06017x104
C6=2. 22513 x 10-12 C8=-9.05000x 10-17 C10=3. 29839 x10-21 Cl17=-7.46596x10- 26
C14-106948x 1CamBilitithinatiom fsystent forQllamidating thetDadl2 xdih Hefirst 2hiFaect0- 12
C8=-5.65516x10-47 C10=2.48078x 10-21 - 61 - FPO4-0160-00

and the projection optical system according to any one of the first aspect

to the fourth aspect of the present invention, for forming an image of the

pattern formed on the mask, on the photosensitive substrate set on the

5  second surface,

According to this configuration, the exposure apparatus
comprises the compact catadioptric projection opﬁcal system with the
large numerical aperture, and thus the exposure apparatus is able to
suitably perform an .exposure of a fine pattern on the phetosensitive
.10 substrate. _

In the exposure apparatus according to the fifth aspect of the
present invention, preferably, the illumination system supplies
illemmation light which is s-polarized light with respect to the second
surface. This configuration enhances the confraét of the image formed

15 on the photosensitive substrate and secures a Iarge. depth of focus
(DOF). Particularly, the projection optical systems according to the
first aspect to the fourth aspect of the present invention permit the
optical path separation to be achieved without use of an optical: path
deflecting mirror (bending mirror) having a function of deflecting the

2 0 - optical axis. There is a high risk of causing a large phase difference
_between p-polal_.ized hght and s-polarized light reflected by the optical

.path deflecting mirror, and in use of the optical path deflecting mirror, it
becomes difficult to supply illumination light of s-polarized light with

respect to the secomd surface, becanse of this reflection phase

25 . difference; namely, there arises a problem that the illumination light is

not s-polarized light on the second surface even through generation of
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Cl2=-2.91653x10- 26 Ci 4=1.53981 x10-31 21st surface ic=0 5C4=-7.97186x 10-8
C6=-1.32969x 10-12 Cs=-1.98377x 1@17 Cl0=-4.95016x 10-21 Cl12=2.53886x10-25
Cl4=-4.16817x10-28 25th surface ic=0 10C4=-155844x 10-8 C6=7.27672x 1044
C8=1.90600x 10-18 C10=1 21465x 10-23 R=-7.56829x10-29 Cl4=1 .86889x 10-32
39th surface_x=0 15C4=-6.91993x10-11 C6=7.80595x 10-14 C8=3312X3040d850-00
C10=-1. 39159x10- 22 C12=3_69991x 10-27 Cl4=-4.01347 x 10-32 43rd surface KO
20C4=8. 30019x 10-8 C6=1.24781x 104 C8=-9.26768x 10-16 C10=1.08933 x 10-18
Cl2=- 3. 01514x10- 22 Cl14=5.41882x10126 (Val ues correspondi ng to Conditi on)
F1=178. 98nmm 25Y0=17. Onm R=20. §6mm _ FPO4- 0160-00 (1) F1/Y0=10.53

(2) R/ YO=1. 227 polarizafipg inghe crgumfsraniaal shicssting with respacs vethe apbisel at i on
in the second exa . Lt i.s also rent fromthe gberrati.on di.agram of 5
Fig. 8 as was amgg’ic%eﬁmﬁaﬁ% OP?iBEI? deNigey| & CPH%?S%ttﬁelts DREORLENDI e

al so secures t r 1 I i rtune ( = 04) and
the relativel yﬂﬁra&r1 egcgh%gfi%%%gggﬁew &%%&gpﬁﬁéqféfﬂﬁhw&ﬁ? h'Fﬁ iC
aberration is t j ~with the wavel ength
band of 193.302@&6%%6:%&)&11 I%BE§C%§§£%%§?%£5@gggbri bed above, the high

i mage- sigle nuneri cal nages extscduss a%g%uh§a§ té Qhe T Aspe@xsf tRY | aser
light with the wavel ength of 193.306 urn, and the effective exposure region
(still exposur prasegi mventibnaprederablys e erofectitn GxposuredoDttenpatagmbef
secured; therefore, the scanning exposure of the circuit pattern can be
15per f or med at thei grask oste dhe photpserditive isubstxpiesia merfasgiednwhile maovinggul ar

shape 0126. X 33 for, exagnple. .. xt, the third exanple of the
present i nvent i%n 1ask agd Has phasesensitivg sg‘:\)lgigatgn Mg fedstmHeE ng a

| ens configurakion. of e atadi optric .projection optical system 1
according to t%gﬁﬁnrﬁﬁag&?r}&tge?foﬁﬁﬁ%ngggleéﬁ'tggqlﬂventi on. The catadioptric
proj ectjgon optical syst i he, thir i nposed
of the 1f(r(;I | owi ng opt ca%é%%gngﬁ:ﬂﬁ&gr ar (?Pgmﬁf hdé:ueo Jgféfa@g%e%eo?i &% , the

reticle Rl sidgjesest fiveffion MRehH 6 Eﬁiﬂecﬁﬂetlﬁjtﬁbﬁ'éﬁ@éﬁﬁ?%nf&{ﬁﬁsﬂ& 8 a
intermedi ate image of th reticle RL |ocated on the first surface; and
a second i magi patterptioomtd 2hsy stask) GAtd arphotosensigiversubstrateredingrisingrage of
the reticle R1L on_a wafer (not shown) |ocated on the second surface.

FPO4- 0160- 00 an illumpinatippr step nefi mating  thestwaslol ons whighosthe of a
lens unit with a.positive refracting power (fourth lens unit or. first unit)
Gl1, after-desﬁrpflg@amF %‘m%@mm? | BEEXRASURR HePLImertoingBa | ens

ani - Gis funct b fobe Tk paoh"6 W 1iRlk SUSLETHE EPSIALS QMo

photosensitive substrate set on the second surface, using the projection

optical system according to any one of the first aspect to the fourth
aspect of the present invention.
In this configuration, the exposure is performed by the exposure
20 -apparatus including the compact catadioptric projection optical system
- with the large numerical aperture, whereby a fine paﬂem can be suitably
exposed.
Embodiments of the present invention will be described below

with reference to the drawings. 2

C o
e

25 Fig. 1 is a schematic configuration diagram showing an

embodiment of the exposure apparatus of the present invention.
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5 reticle Rl side. The second inmagi ng optical system 02 is conposed of
after-described two reflecting mnors M3, M4, a lens unit with a negative
refiacting power (first lens unit or third unit) 021, a lens unit with a
positive refracting power (second lens unit) G2, an aperture stop ASl, and
a lens unit with a positive refracting power (third lens unit) e
| ens unit 021 functions to adjust the magnification and to rel‘]i:‘%@%%?ﬁg'dﬁ]
variation due to the difference of field angles of the beam expanded by the
reflecting mrror M3, so as to suppress occurrence of aberration. The |ens
unit 022 functions to converge the, diverging beam The lens unit 023
functions to condende Ripe 1belnegpoqset apphvatebi EXehishg reficlgestage R ST al
aperture on the wafer side. Here the lens unit 011 is conposed of the
fol | owi ng conpuppattsng arctiideR (hasigs s agdenstaga W ST suppottenghj r %V de
(reticle R1L side): a plane-parallel plate Li; a negative neniscus |ens L2

whose concave aSud fabsirae, saphismination piieal syrtept Ibolearillunisatingdbe si de; a
20bi convex lens .L3;_ and a itive iscus_]lens L4 whose conc surface
of asphor | cal TeHSeR SPROHET BMF deRRE SaEoRST with cXRGSWe A tabeh (¢ od by
t he positive nenj | ens: L4 trapel.s through the negative neni sgus |ens
(negat Ve | endol SRR artRRLshish Bekd notfineiReca BrelSai Hhovely BERT | <
reflected by t ' f i ng: ' ( o flih.et

ot octing. i s S PRIER oF the RUACR MmiiARE R e Efodio LekE,
passes agai n tgYr O Meewmaawv@pp%ﬁ@a-ﬁﬁ%eoﬁaf@nstﬁgé&mﬂﬁa LRyui@nd s
reflected by the convex reflecting ' mrror” (optical path separating mrror
or second ref Isapplyndevicer10fo) sivBphyind atlivmid Gvextosthie fvagfer Képi réawary t he

waf er. The negative neniscus lens L5 functions for satisfying the Petzval's
condi.ti on. »5Thievisealfl fatidiccaugbie linuid 50 owmef dudaxfithe wafer 8; aud2a f orms an
i nternedi ate i mge_of Cié]e r%éricle Rl at the position_a shown in Fig. 9, in
order 19 securcé’Flg‘c’H@%i sptelly seorpealling ciher avergl ppefatien ehdbgeam

toward the reticle Rl and,t Xaﬁe]amtoward the wafer. Here the -position a
i s located onSEPOSHEIPRAS ose normal is the optical-axis 10AX1 where

t he concave refl ect g 1 [ ; : . | ect ed
by the convex refl edclzv@fgl?gés%a? For oe_gmlgllslfiﬁﬁ@ibge%?scpggﬁﬁrgmé)%%%{_\?é%irgledﬁée’cti ng
mrror. (first Ghed dviéer tHe %prmdapgaﬂaﬁfs_t B9 {§ ROGarin Epddige coOncave
surface kept toward the object, to bebent into a direction t rd the
optical ~axi's Appiradis fdreetforndng adiesporine ¢f 9jpatitimforarid ethesigickn PL1,
and is outputted fromthe concave reflecting mnor M3. The beam energing .
from t he. conc®R.comtef thecwaky W wivle sgnchrogoiglyl novory dheeeticlesRr aid ect ed by
the convex reflecting mrror (second field myrror or fourth reflecting
mnor) M4 wit Wff%\’@amgxa seaERg drsstion sp called @ seanaing %ﬁ@p@rg. diect |y

i nci dent 20 0o the negati ye nmeniscus |lens.L6 form.ng the.lens i &1.
The. convex r eRIEOEICHRTMIHRIT Ak OHEt tian GSEHling PR IC PP AR D due o
field angles . 1| | 1] &Or. . MBs: S
(1l anal s SKPRRBEGY opiEC AMBCPLoK! BEHIA0TY Vbl irdfofS b\
reflecting ni whrbimu§ﬁm&%mén@fdiﬁ;%ﬁbﬁg(sehﬂ%ﬁ%e&m§wm%f@ti?s%HVB, and
convex reflecting mrror MA constitute a second unit.” FPO4-0160-00

The | ex® unit ahd wafer ¥nnahe dlaie hbanilotd the Aeade ddeeton sas an K dsis. of
passage of rays: a negative neniscus |lens L6 whose convex surface of
aspheri cal shédpeciien,kapst 2 dusetion (hen-sbimung diredtianpnounabicethecA<axis7 whose

. concave surface of aspherical shape is kept toward the 5 wafer. Since the
negative meni dE@eton d they Ydaxippsctionc av e easis dirpelien. t NPmestienss ur f aces

of aspherical shape od. i magi per.f or mange can,hbe gchi.eved .t broughout
t he tenti re rtng _ '@e%ﬁf@xésxﬁﬁ‘gﬂf )%gh ﬂ’i(rag'é‘?ﬂwd_ ﬁé‘:@ B?en_g'qxﬁw_%aﬁaﬁj@%’%ﬁlneri cal
aperture on, - Hop ¢ nRrojaction optical _
systen1PLl.wTﬁgesgﬁg?Sﬁ#9%5%?4ﬁ§%§d%§§%%§§%3 oﬁhFh§m$§1ﬁ%ﬁ§ﬂE%§% nents in
order pass : ; i+L s i nLS Who surface
el oo SRR e S VR SRl IS,
posi tive nmeni gchmsk eRethl W dBoiRe FARGAY €0 Sh d agPher éflateetiane is kep
toward the object; a biconvex Iégs L11; andIg6 i convex | ens Eﬁz. The lens
unit 15 623 is conposed of the follow ng conmponents in order of passage of
rays: a positive neniscus |ens L13 whose convex surface is kept toward the
?EjecL; atpositivetneniscus Lens|L14 EQE V\Hconvex surfacefis keptktorard

e object; a positive nmeniscus |ens ose convex surface is kep
toward the object; a positive neniscus |lens L16 whose concave 20 surface of
aspherical shape is kept toward the wafer; a positive neniscus |lens L17

whose concave surface of aspherical shape is kept toward the wafer; and a
pl anoconvex lens L18 with a positive refracting power whose convex surface




The catadioptric projection optical systemPL1 is constructed to satisfy
the condition of 0.17 < Ma/L < 0.6, where Ma is a distance on FPO-0160-00
the optical axis AX1l between the reflecting mrror M3 and the aperture stop
AS1l, and L a distance between the reticle RL and the wafer. Wien Ma/L
satisfies the lower Iimt, it is feasible to avoid nechani cal FPM4LdpsROgE
of the concave reflecting mrror M3 with the lens unit Q1 5 and the |ens
unit &2. When Ma/L satisfies the upper limt, it is feasible to avoid an
increase in the total Iength and an increase in the size of the
catadioptric projection optical _system PL1., For securely avoiding the
mechani cal i nt BERcQr wHbmagah@UEnLLMe dhewalete i ncrease in the tota

| ength and the incregse..in thee size of the projection ti.cal . 10system
the proj ecti on opt i cofe Updninafipe qrieahavstemetle s 8 ysicndbr iliminatdesar i sf y
the condition . ) . e ; tadi Qptri [,0j ection
optical system L%“g??@f’g?@%‘g%’? &%%%%F\gpdg% %g??ﬁ@@%%ﬁgsgﬁgp@% e
appar at us, purpgpwyl p t r i i A LS H r posed
apparat s, DU LSRRI bh e Chod BE M ! B SbuRRoil ot sl ie”
refractidve i ndthe ilthndineicn ligkiihahe vltadibRt ¢adiof] Ol ifluBlifkest bpcapt i cal
systemPL1 is |I. Therefore, the wavel ength of the exposure light in pure
wat er i s about sydtem I has as)opticabmtegratori for thifoamimiag ks dlumianebywfiahe
resol uti on can be enhanced. 20The optical axis AX1 of every optical elenent
i ncl uded in theamt ernitégst riremprtbg e bighb nsapee c 2005 yast emdepseradensafang t he

predeterm ned refracting power is.p a;%ig substantially on the single

strai ght |ine, CONENSIAg teggosgre {ight bl from dhaeaptisal iniesraeera sylayhe
catadioptiic prQqjection _optical temPL1.is .the off-axis region not . :
351 ncl udi ng 't nERSSTTERy atbie i RERL s dethyipe o WoaEfafieh B4 Buoe™ ne
degree 1@f diffyd i o r 1.0, 195t h io i.C

degr e 19 ' FEhhye 08 RS ANIL RO AU REEEE A OTEES,
adj ustment  of @aGluRMdtiR opBeHlSystem TL is ipRovided GARInORbbiariAHdi AR | ON
optical system PL1 of the third éxanple, Since the internedi ate image of
the reticle Ricdmefter 140 for thevétingi lintaryrqwilmgzeabliphal froystiesniight it is

feasible to readily_and securely achieve the optical path separation
bet ween -t he ber¢ohRf),dntthpolasized |lighRias sndpalamezdselight withr wspeet tadther, even

in the case wher.e the nunerical. apertures of the catadioptric projection
opti cal ‘s’ysterﬁeé’%f gr@#ﬁ’fci@aé@@‘g{trﬁ‘gsﬁaﬁgig@érﬂf %hfg‘ﬂ‘i?gﬁﬁ}ﬂti F’Jssystem @
has t hegzl ens i it h e tive refracti ower, .t i.S

f easi bﬁg to s#gorl?rg%ry{i %@ﬂé’ﬁg{%{%ﬂ@jﬂﬁﬂ? ?ﬂg @afiﬁg&f%ﬁa? |f§r p‘?’@f@%‘?i R optical
system PLI .anan&lésgq%kéﬁ}@&rgﬁgg]ghe adj ustment for satisfying the

Pet zval 's condition. Furthernore, the lens unit G21 relieves the variation
due to the differengeprellefehahftdiliihana®dn bia Hedd RERIREY imifRegoncave
15 reflecting mrror M3, so as to suppress occurrence of aberration.

Ther ef ore, goowith theyexppspes lightEhcef & anifoemaitinisinanicd Histrilgitiorn bytkeentire
region.in the exposure area, even in the case where the reticle Rl- side
and waf er - si ddlinimgationapptagalr tyistars 1+ tHee eapesiropightcEbr epstad &romopt i cal
system,PL1 are, increased in order to enhance the resolutjion.. 20  Next, the
fourtgngar'rpl 3‘1%%}%@&@9@5%10 ﬁ”%?ﬁpiﬁﬂl "i’rl'e’E?énH]@séF?lP)é‘hTWf’f?trl@ér ence to
the draw ng. Fi bs..an 1] hustrati on.show Lens configuyratjon of the
catadi optric: Wé&h&s@&%&c e ?{’?Flgﬁqﬂ@o@ﬂﬁﬁ&a}?@nﬁh@nadﬂﬂ Bl e of
the present i R j j i i i PL2 of
the fourth exgmb% r%é@%rr%%g%gi 81?&{;%13 P%rﬁbg%dn?gg?%%%@rs%ﬁfe% I'n order
from the obj e¢ivastidfigth 248 nnd))drciGmCulfdvidiee ligh (VUG Ui iRgndpagpt i cal
system G3 for formng FPO4-0160-00 an intermedi ate'image of reticle R2

| ocat ed on thé\rki estinsarr fapee, hgnd (waseleapth i ¥80ing) apid G layat eigho4 for
formng an internmediate image of the reticle R2 on a wafer (not shown)

| ocat e on -t héwaedengthsl¥? any. THe picseit ¢mbodinpndps iassimsg so ese@Be i s
conposed of a lens unit. 5 with a positive refracting power (fourth |ens
unit or f,i,r-stNﬁiﬁxﬁlmgfll,a.sﬁflﬂéht—descri bed lens L24, and two reflecting
mrrors M21, M22. The lens unit 031 functions for making the optical system
telecentric on the reticle R2 side. The second imagi ng optical systemO4 is
conposed. of after-described two reflecting mrrors. M3, M4; a lens unit
with a 10 negative refi-acting power (fiBst- lens unit or third unit) 041, a
|l ens unit wi-th a positive refracting power (second lens unit) 042, an _
aperture stop AS2, ‘and a lens unit with a positive refracting power (third
lens unit) 043. The lens unit 041 functions to adjust the magnification and

to relieve the variation due to the difference of field angles of the beam
15 expanded by the reflecting mrror M3, so as to suppress occurrence of




FPO4- 0160-00 M21 with the concave surface of aspherical shape kept toward
t he object, passes again through the negative neniscus lens L24, and is
then reflected by the convex reflecting mrror (optical path separating

m nor or second reflecting mnor) M22 with the convex surface of aspherical
5shape kept toward the wafer. The negative neniscus |lens L24 fpp@%bq@§4kpr
satisfying the Petzval's condition. - The beamrefl ected by e convex
reflecting mnor M2 forns an internediate inage of the reticle R2 at the
position b shown in Fig. 10, in order to securely achieve the optical

pat h- separati on between the 10 beamtoward the reticle R2 and the beam .
toward the wafer. Hdhe rehelepsiage RS s hstagecsupmbriing dhe neticle R phdrie whose
normal is the optical axis AX2 where the concave refl ecting mnor M1 is

pl aced. tRexdimensionadlynmorablecinetherylane aovwal &x theppcaliaxds diXXor M2
is incident to EBe concave reflecting_m nor (ti %ld mrrqor_or third 15

[rst fli
reflecting mi fdhs PrpJscpr RPHifal SEHIRVE-d & f W et Xt¥opkane apddinsdy ect, to

be bent into a _direction t rd the optd cal .axis AX the.catadioptric
proj ecti on oprgaé?ﬁgﬁt %@g‘fﬂp@s ?Irgg%dﬁﬁgetz%g}clﬁn E\/E %@f?‘ecti ng
mrror 3. They efl. t 0, v, { | I m IS

qui ckl yg/gonve:}gtégtéaslt%éer é#llgg{cg[e g%\l}ié?/ l{%ﬁc%%geé ég&'lggf%d;%ngﬂ% F%ﬁe (second
field mrror QfadeOdtivileRIACRKTY) ' @?‘JSTS ce of
aspheri cal shapaeg kept goward tﬁe mg‘éeéﬁ(gln%?l s\ﬂcliﬁt' ?gf(izt yér?(gm e'ntuT%l%1 t he

bi concave | enswb2dinfeasivnad pbhitiones] anakglebt rotdlenCetie tetieltReehithg mrror
M24 relieves the variation of the beamdue to the fiel ckangl es expanded by
t he concave r eétidetsiage RiSToareVBRassedam 25 dimedyr adasarcinterfaonetert

aberration. The negative peniscus |ens L24, concave reflecting mrror M1,
convex refi ecepddheiresudl oftie measursment ppisd to1 8 contrellarcONY nThe or- V23,

it 0 is iéhﬁﬁék%gsfﬁl{lﬁgéré%%ﬁ%ﬁié‘é%%e?@ﬁ%%%ﬂg%f%fR%?D_p%lé%%% of
cont tovar -t RASSy(ale ERGRRRc FRRICHP e B Tt R ERR A A i a0 o °

aspherical sh i I i the bi concave |l ens L25 and
ﬂ%rétﬁi&R%}xgggi"tt%ﬁ%ﬂﬂs r¥Gig fsgacggslﬂg :

t he bi concave ns L26 e"lens sur aspherical shape, it is
feasible to achi evefm@%k "ém‘gjnng)ﬁg@af Qi ERAE PL Nisowmbofr pebRr@Mg r£ regi on
in the exposure area,; ilTe 10achieving the |arge nunerical aperture on the
i mage side of préjecisan axpoptrei of pr pattarni om thetretiale By at anpfeidetermined The
lens unit A2 is conposed of the follow ng components in order of passage

of rayk’ a bi PEaIvelon amgnibeatipm $b ostm bk veafer aWe agd isspomppsed offmpe i s
kept toward the opject.; n tive ni scus | ens L28 15 se gonvex
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toward the object; a positive neniscus | ens L33 whose convex surface is
kept t2ward t hesteinBcmayabpeither ofa fehsgstem dmhan leflargingssystoncava sur f ace
of aspherical shape .is kept toward the wafer; a positive neniscus |lens L35

whose concaveoptealr¢lamenb(leasp 68 isc axpededpfroms thedens bamel lEheonwtlicer ; and a
pl anoconvex | ens L3 ose convex,surface is kept toward the object. The

| ens FPO2- O.lgﬁt%@narﬁwe &%@rg%é‘@%r‘g@f’@ﬁoﬁgﬁfmmc sstemiRL &1&3
constitute a fourth unit .- The. cat adi optri e projgct.i on ical system
PL2 i s constrPCred s di]t'%ergati s?slst h%&&%idi ) Il%bf h@ 17 g€%&‘ﬁﬁ§"< 0.6,

where M2 is ardi i | 2 between the reflecting
mrror M3 angggE&?ﬂgﬁ%ééhéﬁﬁigagb%ﬁ&kégﬁggn L2 the distance between the
reticly R2 and the TR fafer\Wigse WSTLZ asgégé; ﬁorﬁhg theWekfel W dng id 1S
feasible to avoid nmechanical Tnterference o e concave reflecting mrror
M23 with the peyvsdethimittGhl Zagidpé 150 hehbingthe W4Rr Whahrdigh/ Bk salfésfies the
upper limt, 1t is feasible to avoid an increase in the total |ength and 10
an increase in the size of the catadioptric projection optical system PL2.
For securely avoiding the nechanical interference and securely avoiding the
increase in the total length and the incggase in the size of the projection
optical system the projection optical systemis nore preferably
constructed to satisfy the condition of 0.5 < Ma/L2 <0.-2. .15 When the

cat adi optric projection optical systemPL2 of this exanple is applied to

t he exposure apparatus, pure water having the refractive index of about 1.4
is interposed in the optical path between the I ens L36 and the wafer, where



straight line, and the region of the inmage fornmed on the wafer by the
FPO4- 0160- 00 catadioptric projection optical systemPL2 is the off-axis
region not including the optical axis AX2. Therefore, it is feasible to
reduce the degree of difficulty of production in production of the
catadioptric projection optical systemPL2 and to readily achi gr4.elatigpe
adj ust nent 5of each optical nenber. Since the catadioptric
projection optical systemPL2 of the fourth exanple forns the internediate
imge of the reticle R2 in the first inmaging optical system 03, the optical
pat h separatiogef n be readily and securely_achi eved between the beam

toward the ret TRAN 1 & Yo iRgen 2 paummarBngr thet Kestage Y, avdm basen® case
where the nunerical .apertu f t catadioptric proj.ectiaon. optjcal system
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total length o@%ﬁﬁgg%gés%gppﬁ%%r@j%g@?;@ﬁhﬁﬁililparssjﬁt% F;tlﬁe °to 15
readi ly achiev &rAsh t ! i P : i t4on.
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to adopt a configurati ereih anot her nedium having a 15 refractive
i ndex |arger than 1AlnidvihgugirRRSSS is WrevRlcihsn r@éfﬁﬁ%&%&gfnwy—t he
at nosphere in the catadioptric projection optical system PL1 or 2 is 1.
Present ed bel afage 81)al Arsnteffesqmetef i55aisidisposet 4t ke patitidnagipasiteooj ection
optical system PL1 according_ to the third exanple. In the 20

speci f i cat i onghe asowngunirarny4si gTha twoalimepsisneh pesitionaatiditeodngle mdi t i on
wher e e exposure light is_blocked by the optigal elenments constituting

t he cabﬁdi opt P tﬁﬂ"o?ggﬁ walep |eﬁlm§9¥%‘fgﬁﬁm&e,-&&$Tﬁf@ mecaserace &9alt he

optical axis he catadi.optri.c projection optical systemPLL, B a
radi us of the%ﬁ?’%?ﬁ@é&ﬁlﬁﬁ}wew Sﬁ %%‘gh??e’fﬁsgﬁ %ﬁﬁ? ﬁ%éla&ﬁqn(l,%‘ilﬁ Bixi s
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speci fications, represents the numerical aperture, d the surface
separation, nthddaseefintsforvmetord®X to gnmsitiorn ke cpaeerwhayploerd! by the =
Furthernore, in the specifications Mrepresents the distance on the optical
axi s AX3 5Sbet wedor stage Mé8Tecting mirror MB and the unrepresented wafer, and
L the distance between the reticle RL and the wafer. _ Table 3 presents
the specifications &heprscapembafimentnsioptothet iguid dmaaetsismy methadjiect i on
optical system PL1 according to the third exanple. In the specifications of
the optical nmenbers in Table 3,-,each 10 surface nunber in the first
colum indicates an order of a surface along the traveling direction of
rays fromthe object side, the second cel3¥m a radius of curvature of each:
surface (m), the third colum an on-axis spacing or surface separation
(mm of each surface, and the fourth colum a glass material of each
optical nenber. 15Table 4 presents the aspherical coefficients of the

|l enses with a |l ens surface of aspherical shape and the reflecting mrrors
used in the catadioptric projection optical systemPL1 in the third




seventh colum the 10t h-order and 20t h-order aspherical coefficients

FPO4- 0160- 00

In the third and fourth exanples, each aspherical

surface

is expressed by the aforenentioned Eq (a). [Third Exanple] (Specifications)
5| mage- si de NA: 120 Exposure area: A= 14 nmB = 18 nmin H=
C=4 nm | magi ng magni fication. 114 Center wavel ength: 193.306 npg4_g
10Refractive index of silica: 1.5603261 Refractive index of fluori tg
1.5014548 Refractive index of liquid 1: 1.43664 D spersion of silica
(dn/dX): -1.591E - 6/ pm Di spersion of fluorite (dn/dX): -0.980E 6/ pm
15D spersion of liquid 1 (dri/c)): -2.6E - 6/pm Val ues correspondi ng
Condi tion M =ordedicSubstastitdly shortehRES-XposuROnivABdth 3p {sSpewigirosat i ons of
Optical Menbers) 1t2 #3 #4 #1 oo 50.0000 1. oo 8.0000 2- oo 33.00
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15

20
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the resolution and substantially widen the depth of focus. For this
reason, the space between the surface of the wafer W and the end
surface (lower face)7 of the optical element (lens) 60 on the wafer W
side of the projection optical system PL is filled with a predetermined
liqmd 50 at least during the period of transcribing the image of the
pattern of the reticle R onfo the wafer W. As described above, the lens
60 is exposed on the distal end side of the projection optical system PL
énd the liquid 50 is arranged in contact with only the lens 60. This
prevents corrosion or the like of the lens barrel PK made of metal.
Since the distal end face 7 of the lens 60 is sufficiently smaller than the
lens barrel PK of the projection optical system PL and the wafer W and
since the hiqud 50 18 kept in contact with only the lens 60 as described
above, the liquid 50 is arranged to be locally filled on the image plane
side of the projection optical system PL. Namely, the hquid-immersed
portion between the projection optical system PL and the wafer W is
sufficiently smaller than the wafer W. The present embodiment uses
pure water as the hquid 50.  Pure water can {ransmit not onlj the ArF
excimer laser light, but also the exposure light EL if the exposure light
EL 1s the deep ultraviolet light (DUV light) such as the emission lines
{g-line, h-lme, and i-line) in the ultraviolet region emitted from a

mercury lamp and the KrF excimer laser light (wavelength 248 nm), for

| example.

The zexposure apparatus EX is provided with the liquid

- supplying device 1 for supplymng the predetermined liquid 50 to the
space 56 between the distal end face (distal end face of lens 60) 7 of the

- 40 -
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projection optical system PL and the vfafer W, and a liquid recovery
device 2 as a second recovery device for collecting the liquid 50 in the
space 56, i.e., the liquid 50 on the wafer W. The liquid supplying
device 1 1s a device for locally filling the space on the image plane side
5 of the projection optical systemy PL with the liquid 50, and is provided
with a tank for storing the liquid 50, a compression pump, and a
temperature regulator for regulating the temperature of the liquid 50 to
be supplied to the space 56. One end of supply tube 3 is connected to
s : the liquid supplying device 1 and the other end of+the supply tube 31s =~ * - °

10 connected to a supply nozzle 4. The liquid supplying device 1 supplies
the hquid 50 to thé space 56 through the supply tube 3 and supply

nozzle 4.
The hquid recovery device 2 is provided with a suction pump, a
tank for storing the collected liqgmd 50, and so on. One end of
15' . recovery tube 6 is conmected to the liquid recovery device 2 and the
other end of the recovery tube 6 is connected to a collection nozzle 5.
The hquid recovery dewvice 2 coliects the liquid 50 in the space 56
through the collection nozzle 5 and recovery tube 6. For filling the
space 56 with the liquid 50, the controller CONT drives. the liquid
20 - supplying device 1 to supply the liquid 50 in a predetermined amount
| | per unit time through the supply tube 3 and supply nozzle 4 to the space
56, and drives the liquid recovery device 2 to collect the liquid 50ma
predetermined amount per unit time through the collection nozzle 5 and
o fecovery tube 6 from the space 56. This results in placing the liquid 50
25 . in the space 56 between the distal end face 7 of the projection optical

- system PL and the wafer W to form a liquid-immersed portion. Here

-4] -
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the controller CONT can arbitraﬁly set the liqmd supply amount per
unit time to the space 56 by controlling the liquid supplying device 1,
and can also arbitrarily set the liquid collection amount per unit time
from on the wafer W by controlling the liquid recovery device 2.

5 Fig. 2 is an illustration showing a positional relation between the
optical axis and an effective exposure area of arcuate shape formed on a
wafer 1 the present embodiment. In the present embodiment, as
shown in Fig. 2, a region well corrected for aberration, i.e., aberration-

o - comrected region AR 'is-; defined i an arcuate shape by a circle with an
10 outside radius (radius) Ro centered around the optical axis AX, a circle
with an mside radius (radins) Ri centered around the optical axis AX,
and two hne segments parallel to the X-direction, spaced by a distance
H. Then an effective exposure region (effective imaging area) ER is
set in an arcuate shape by two arcs with a radius R of curvature spaced
15 ~ 1n the X-direction, and two line segments of the length D paraflel with
| the X-direction as spaced by the distance H, so as to be substantially
iscribed in the aberration-corrected region AR of arcuate shape.
In this manner, the entire effective imaging area ER of the
projection optical system PL exists in the region off the optical axis AX.
20 -The size along the Y-direction of the effective imaging area ER of
:' arcuate shape is H, and the size along the X-direction is D. Although
not shown, the illumination area of arcuate shape (i.e., the effective
illumination area) having the size and shape optically corresponding to
i the effective exposure fegion ER of arcuate shapeus thus formed not
25. . including the optical axis AX, on the reticle R.

The exposure apparatus of the present embodiment is arranged

4
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so that the interior of the projection optical system PL is kept in an
airtight state between an optical member located nearest to the reticle
among the optical members forming the projection optical system PL
(which is lens L11 in the first and second examples, lens L1 in the third
5 | and fifth examples, lens 121 in the fourth and sixth examples, or lens
. L51 1n the seventh example) and a boundary lens Lb (I‘ens L217 in the
first and second examples, lens L18 in the third example, lens 136 in
the fourth example, lens L.20 in the fifth example, lens L41 in the sixth
s = example, or lens L70 in:the seventh example) and so that the gas inside
10 the projection optical system PL is replaced with an inert gas such as
helum gas or nitrogen, or the inside is kept in a substantially vacuum
state. Furthermore, the meinbers such as the reticle R and reticle. stage
RS are disposed in the narrow optical path between the illumination
optical system IL and the projection optical system PL, and an interior
15 - of a casing (not shown) for hermetically enclosing the reticle R, the’
- reticle stage RS, etc. 1s filled with an inert gas such as nitrogen or
- hehum gas, or kept in a substantially vacuum state. _
Fig. 3 is an illustration schematically showing a configuration
between the boundary lens and the wafer in the first example of the
20 present embodiment. With reference to Fig. 3, the boundary Jens Lb in
the first example has a convex surface kept toward the reticle (first
surface). In other words, the reticle-side surface Sb of the boundary
lens Lb has a positive refracting power. The optical path between the
boundary lens Lb and theswafer W is filled with a medium Lm having
25— - the refractive index larger than 1.1. In the first example, deionized

- water is used as the medium Lm.

- 43 -
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Fig. 4 1s an illustration schematically showing a configuration
between the boundary lens and the wafer in the second example of the
present embodiment. With reference to Fig. 4, the boundary lens Lb in
the second example also has a convex surface kept toward the reticle

5 and the reticle-side surface Sb thereof has a posttive refracting power as
in the first example. However, the second example 1s different from
the first example in that a plane-parallel plate Lp is detachably arranged
in the optical path between the boundary lens Lb and the wafer W and

5o = in that the optical path between the boundary lens Lb and the plane-
10 - parallel plate Lp and the optical path between the plane-parallel plate Lp
and the wafer W are filled with. the medium Lm having the refractive
index larger than 1.1. In the second exami;le deionized water is also

- used as the medium Lm as in the first example.
The present embodiment is arranged so that during an exposure
15 by the step-and-scan method of performing a scanmng exposure while
moving the wafer W relative to the projection optical system PL, the
hquid medimﬁ Lm 1s continuously filled in the optical path between the
boundary lens Lb of the projection optical system PL and the wafer W
from start to end of the scanning exposure.  Another pctential
20 _configuration 1s such that the wafer holder table WT is constrnicted in a
| chamber shape so as to accommodate the liquid (medium Lm) and that
the wafer W is positioned and held by vacuum suction in the center of
the mner bottom part thereof (in the liquid), as in the technology
disclosed i Japanese Patent Application Laid-Open No. 10-303114, for
25 example. In this configuration, the distal end of the lens barrel of the

- projection optical system PL is arranged to reach the inside of the liquid
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and, consequently, the wafer-side optical surface of the boundary lens
Lb reaches the inside of the liquid.

.In this manner, an atmosphere with liitle absorption of the
exposure light is formed throughout the entire optical path from the
light source 100 to the substrate P. As described ‘above, the
illumination area on the reticle R and the exposure regic;n (i.e., the
effective exposure region ER) on the wafer W are of the arcuate shape

extending in the X-direction. Therefore, the positions of the reticle R

«and substrate W are controlled using-the reticle stage controller RSTD,

the substrate stage driving device, the laser interferometers, etc. to
synchronOuSly move (scan) the reticle stage RST and the substrate stage
WS, in turn, the reticle R and substrate (wafer) W along the X-direction,

. whereby the scanning exposure of the reticle pattern is performed in the

exposure region having a width equal to the Y-directional size H of the
effective exposure region ER and a .length- according to a scan amount
(movement amount) of the substrate W, on the substrate W.

In each example, an aspherical surface is expressed by
mathematical expression {a) below, where y represents a height in a

direction normal to the optical axis, z a distance (sag) along the optical

- axs from a tangent plane at an apex of the aspherical surface to-a.

- position on the aspherical surface at the height y, r a radius .of curvature.

at the apex, x a conical coefficient, and C, aspherical coefficients of

order n. In each example, a lens surface formed in aspherical shape is

', sprovided with mark * on the right side to a surface number. )

z= I+ {1 -1+ V] + eay' + cey® + epy® +

10 12 14 16 13 0
Ciy toewpy tCwy Ty Fowy 020'3; ‘ (a) .
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FPO4- 0160- 00 #1:1st surface #2: Radius of curvature #3: Surface spacing #4:
Medi um 5#5: silica glass #6: reflecting mrror #7: aperture stop #8: pure
wat er #9: 2nd surface 10( TABLE 4) (Aspherical Coefficients) Ul2 It 13 k 64
66 68 c 10 612 814 6113 614 620 ASP]
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In the first and second examples, the values of the aspherical
coefficients C;s to Cyp are 0, and thus the description thereof is omitted.
In each example, the projection opﬁcal system PL is composed
of a first imaging optical system G1 for forming an intermediate image
5 of the pattern of the reticle R disposed on the object plane (first surface),
and a second imaging optical system G2 for forming a reduced image of
the reticle pattern on the wafer W disposed on the image plane (second
surface) on the basis of hight from the intermediate image. Here the
first imaging optical system G1 is a.catadioptric system including-a first
10 concave reflecting mirror CM1 and a second concave reflecting mirror
CM2, and the second imaging optical system G2 a dioptric system.
[Frrst Example]
Fig. 5 is an illustration showing a lens configuration of the
projection optical system according: to the first example of the present
15 embodiment.  With reference to Fig. 5, in the projection optical system
PL according to the first exainple, fhe first imaging optical system G1 is
composed of the following components arranged in order from the
reticle. side along the traveling direction of light: a biconvex lens L11
- whose convex surface of aspherical shape i$ kept toward the wafer; a
20 - biconvex lens L12; a negative meniscus lens L13 whose concave
surface of asphernical shape is kept toward the reticle; and a first concave
reflecting muror CM1L. - In the first imaging optical system G1, a
reflecting surface of second concave reflecting mirror CM2 for
; reflecting the hight reflected by the first concave reflecting mirror: CM1
25 . and transmutted by the negative meniscus lens L13, toward the second

imaging optical system G2 is placed in a region not including the optical _
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axis AX between the biconvex lens 1.12 and the negative meniscus lens

L13. Therefore, the biconvex lens L1l and the biconvex lens L12

constitute a first lens unit having a positive refracting power. The first

concave reflecting mirror CM1 constitutes a concave reflecting mirror
5 disposed near the pupil plane of the first imaging optical system G1.

On the other hand, the second imaging optical system G2 is
composed of the following components in order from the reticle side
along the traveling direction of light: a positive meniscus lens 121

. whose cancave surface is kept toward.the reticle; a biconvex lens L22;a =
10 positive meniscus lens L23 whose concave suiface of aspherical shape -
1s kept toward the wafer; a negative meniscus lens 124 whose convex
surface of aspherical shape is kept toward the reticle; a negative

meniscus lens L25 whose convex. surface is kept toward the reticle; a

-biconcave lens 126 whose concave surface of aspherical shape is kept
15 toward the reticle; a positive meniscus lens 1.27 whose concave surface

is kept toward the reticle; a negative meniscus lens 128 whose convex
surface of aspherical shape is kept toward the reticle; a biconvex lens

- L29; a biconvex lens 1L210; a positive meniscus lens 1211 whose

convex surface is kept toward the reticle; an aperture stop AS; a positive
20 . memscus lens L212 whose concave. surface is kept toward the reticle; a

. biconvex lens L213; a positive meniscus lens 1214 whose concave

. surface of aspherical shape is kept toward the wafer; a positive

~meniscus lens L215 whose convex surface is kept toward the reticle; a

posttrve meniscus lens 1.216 whose cancave surface of aspherical shape

25 - is kept toward the wafer;, and a planoconvex lens L217 (boundary lens

Lb) whose plane is kept toward the wafer.
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In the first example, all the transmitting members (lenses) and
all the reflecting members with a power (the first concave reflecting
mirror CM1 and the second concave reflecting mirror CM2)
constituting the projection optical system PL are arranged along the

5 single optical axis AX. Specifically, 100% of the transmitting
members forming the second imaging optical system G2 are made of
silica. The optical path between the planoconvex lens L217 as the
boundary lens Lb and the wafer W is filled with the mediwn Lm

.. consisting of detonized water. In the first example, the light from-the
i0 reticle R passes through the lenses 111 to 1.13 to enter the first concave -
reflecting muror CM1. The light reflected by the first concave
reflecting mirror CM1 travels via the lens 113 and the second concave
reflecting mirror CM2 to form an intermediate image of the reticle R
near the first concave reflecting mirror CM1. The lLight reflected by
15 the second concave reflecting mirror CM2 ftravels through the lenses
'L21 to L217 (Lb) to form a reduced image of the reticle R on the wafer
W.
| In the first example, all the transmitting members (lenses)
forming the projection optical system PL are made of silica (8i0O).
20 ' The lasing center wavelength of the ArF excimer laser light being the
c expésure light is 193.306 nm, and. the refractive index of silica near
193.306 nm varies at a rate of -1.591 x 10°° per wavelength change of
+1 pm, and varies at arate of +1.591 x 10® per wavelength change of -1
7 pm. In other words, the dispersion (dn/dA) of the refractive index: of
25  silica is -1.591 x 10°/pm near 193.306 nm. 'The refractive index of

deionized water near 193.306 nm varies at a rate of -2.6 x 10° per
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wavelength change of +1 pm and varies at a rate of +2.6 x 10° per -

wavelength change of -1 pm. In other words, the dispersion (dn/dA) of
the refractive index of deionized water is 2.6 x 10°/pm near 193.306
nin.

In the first example, the refractive index of silica for the center

wavelength of 193.306 nm is 1.5603261, the refractive index of silica

for 193.306 nm + 0.1 pm = 193.3061 nm is 1.560325941, and the

refractive index of silica for 193.306 nm - 0.1 pm = 193.3059 nm is
1560326252 The refractive index of deionized=water for the center
wavelength of 193.306 nm is 1.47, the refractive index of deionized
water for 193.306 nm + 0.1 pm = 193.3061 nm is 1.46999974, and the
refractive index of deionized water for 193.306 nm - 0.1 pm = 193.3059
nm is 1.47000026. '

Table (1) below presents values of specifications of the
projection optical system PL. according to-the first example. In Table
(1), » represents the center wavelength of the exposure light, § a
projection magnification (imaging magnification of the entire system),
NA the image-side (wafer-side) numerical aperture, Ro and Ri the
outside radius-and inside radius of the aberration-corrected region AR,
H and D the Y-directional size and: X-directional size of the effective
exposure region ER, R the radius of curvature of the arc defining the
effective exposure region ER (effective imaging area) of arcuate shape,
and Yo the maximum image height. Each surface number represents

an order of gsurface from the reticle side along the traveling direction

of rays from the reticle surface being the object plane (first surface) to

~ the wafer surface being the image plane (second surface), r.a radius of
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curvature of each surface (radius of curvature at an apex: mm in the
case of an aspherical surfacé), d an on-axis spacing or surface separation
(mm) of each surface, and n the refractive index for the center
wavelength. '
5 The surface separation d changes its sign every reflection.

Therefore, the sign of the surface separation d is negative in the optical
-path from the first concave reflecting mirror CM1 to the second concave
reflecting mirror CM2, and positive in the other optical paths. The
radius of curvature of each convex surface kept toward {he reticle is. ===

10 positive, and the radins of curvature of each concave surface kept
toward the reticle is negative, regardless of the direction of incidernice of
light. The notations in Table (1) also apply to Table (2) hereinafter.
[TABLE 1]} ' -
Pﬁncipal Specification

15 =193.306nm
P=+1/4
NA=1.04
Ro=17.0mm
Ri=11.5mm

20 H=26.0mm

| D=4.0mm
R=20.86mm
Yo=17.0mm _
Specification of Optical Members ' h

25 . A

© Surface
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number T d n  Optical Member
(reticle surface) 70.25543
1 44428100 4545677  1.5603261 (L1D)
2% -192.24078  1.00000
5 3 47120391  35.53423  1.5603261 (L12)
4 25424538 122.19951
5% -159.65514  13.00000 1.5603261 (L13)
6 -562.86259  9.00564 ' _
i : 7 -206.23868  -9:00564 (CM1) e i s

10 8 -562.86259 -13.00000 1.5603261 (L13) -
9%  -159.65514 -107.19951 '
16 316283419 144.20515 (CM2)

11 -389.01215 43.15699  1.5603261 (L21)
12 -198.92113  1.00000
15 13 391527567 42.01089  1.5603261 (1.22) .
14 43252137 1.00000
15 203.16777 62.58039  1.5603261 (L23)
16* 51592133 1852516
17%  356.67027 20.00000 1.5603261 (L.24)
20 - 18 269.51733 28526014
| 19 66561079 3516606 1.5603261 (L25)
20 24055938 3243496
21* -307.83344  15.00000  1.5603261 (L26)
& 22 258.17867 5824284 #
25 23 -1143.34122 5143638 15603261 (L27)
24 23625969 667292

- 51 -



' 2.66745E-08 -3. 15463E-13 7. 16318E-17 1. 41053E-21 -222572E-25 1 68093E29
0. OOOOOE+00 0. O00OOE+00 O OOOOOE+00 ASPI O 0. M 117107 OOOOOE40
2.45701E-07 4.19793E11 4. 83523E-15 202242E-18 -1 59072E-22 1. 41579E-25
8. 00000E+00 0. O0O0OOOE+00 O OOOOOE+00 #12: Aspherical surface nunber

FP04-0160-00

25% 106755487  15.00000  1.5603261 (L28)
26 504.02619  18.88857
27 405697655 54.00381  1.5603261 (L29)
28 28304360  1.00000

5 29 77231002 2896307  1.5603261 (L210)
30 -8599.87899  1.00000 |
31 667.92225 5294747 15603261 (L211)
32 36408.68946  2.30202

- L 33w, - 4227703 (AS)

10 34 -2053.34123 - 30.00000  1.5603261 (L212)
35  -514.67146  1.00000
36 153045141 3999974  1.5603261 (L213)
37 -54023726  1.00000
38 37056341 36.15464  1.5603261 (L214)

15 39%  12719.40982  1.00000
40 11892655 41.83608 - 1.5603261 (L215)
41 19040194  1.00000
42 15152892 5242553  1.5603261 (L216)
43* 10867474  1.12668

20. 44 - 91.54078 3550067  1.5603261 (L217:Lb)
45 o 600000 147  (Lm)
o (Wafer surface)
| | (Asphernical data) |
& 2™ surface

.25 : =0
T Ce-8.63025%10°  Ce=2.90424x1078
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#13: Curvature 15Fig. 12 s a transverse aberration diagram show ng the
FPO4- 0160- 00 transverse aberration in the neridional direction and in the
sagittal direction of the catadioptric projection optical system PL1
according to the present exanple. In Fig. 12, Y indicates the inmage height,
each dashed |ine the transverse aberration at the wavel ength oFP093) 1660
tun, 5 each solid line the transverse aberration at the wavel ength of

193. 3060 run, and each chain line the transverse aberration at the

wavel engt h of 1933057 nm As shown in the transverse aberration di agram of

Fig. 12, the catadi ic projection optical systemPL1l of the present
exanpl e has 't&f?—ﬂgg‘iémmrib@ﬂ*la&ﬂﬁw, and is corrected in a good

10bal ance for ery.at4,0n s oughout d re exposure area though it has
no | arge opti cg?z_é'%ﬁtx.lb L@I"‘TﬁéBbEﬁﬁi@bof speci fications of the
catadioptric pegj i i V ccording to the fourth exanple
wll be pr esen?@ﬁggcgv%aﬁhb@%gésggﬁ@?%e specifications of the optical

menbers of theglg projection optical systemPL2 in the fourth exanple.
Tabl e 6 presents the aspherical coefficients of the lenses with a | ens

surface 5f asplge7.66590tHPE @e6t09920efbdtting nirrors used in the
catadioptric projection optjcal system PL2 according to the fourth exanple.

The speci fi cat Cgn®,53660xdpati Ggad 4d825e10the optical 20 menbers, and the
aspherical coefficients wll, be described wgth use of the sane reference

synbol s as t hoSe=uddd6htthé d6scrd BRIt he specifications of the

catadioptric pgjﬂ;acti on optical systemPL1 in the third exanple. [Fourth
Exanpl e] 25(Sp PURGEons) | mage-side NA: 1.20 FPO4-0160-00 Exposure
area: A= 13.5 nimB= 17 5 nm H26 Om C=4_nm | nagi ng nmagni fi.cation: 1/5
Center wavél enQth: 193.306 nm 5Refractive index of silica: 1.5603261

Ref ractiipve i ndex_af7ds4qQihte: L. fractive index of liquid 1:

1. 4366 IODi spe?% o%ﬂogfﬂgi FPca ((‘612&?%? : -dlq.e591E - 6/ pm Di spersion of
fluorite (dn/d@=9-/93849F0"" 6/mp-18BK$per@tlon of liquid 1 (dn/dX): -2.6E -

6/ pm Val ues corresponding to Condition Ma = 424 85 nm 1400 mm ( TABLE 5)
(Speci fi cat i on€et7.4p61 2610 enBesd) 056524843 44 41 cc
17th surface
k=0
15 C/=-6.69596x10° Cg=1.67561x10™
Ce=6.18763x10"7 | C14=2.65428%10
C1=4.09555x102%  (1,=3.25841x10™
21st surface
k=0
20 Cy=8.68772x10° Ce=1.30306x10"2
S Cg=2.65902x10"7  Cp=6.56830x107
 C1=3.66980x10%  Cy4=-5.05595x10

25th surface
=0 &
25 Ce=-1.54049x10"  C¢=7.71505x10™""

Ce=1.75760x107*  C14=1.71383x10%
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C12=5.04584x10%  C1,=2.08622x107
39th surface

=0

‘Cy=3.91974x10"  Ce=5.90682x107"
Cy=2.85949x10™"  Cy¢=-1.01828x107
C1=2.26543%x1077  C14=1.90645x10™
43rd surface

x=0 _
C=8.33324x10" (Ce=142277x10"
Cy=-1.13452x10"  C)=1.18459x10™®
Ci7=-2.83937x10%  (C14=5.01735x107°
{Values corresponding to Condition)
F1=164.15mm.

Yo=17.0mm

R=20.86mm

(DF1/Yy=9.66

(DR/Y=1.227

226_68450 59. 5357 Its 6:

ASP1 22.9375 45 4:
-908. 69406 202. 7480 *6 7:

FP04-0160-00

Fig. 6 is a diagram showing the transverse aberration in the first

example. In the aberration diagram, Y indicates the image height, each

~solid line the center wavelength of 193.3060 nm, each dashed line

193306 nm + 0.1 pm = 193.3061 nm, and each chain line 193.306 nm.~

0.1 pm = 193.3059 nm. The notations in Fig. 6 also apply to Fig. 8

hereinafier. As apparent from the aberration diagram of Fig, 6, though

the first exzimple secures the very large image-side numerical aperture

(NA = 1,04) and the relatively large effective exposure region ER, the
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wavelength band of 193.306 am + 0.1 pin.
[Second Example]
Fig. 7 is an illustration showing a lens configuration of the
projection optical system according to the second example of the
5 present embodiment.  With reference to Fig. 7, in the projection optical
system PL according to the second example, the first imaging optical
system G1 is composed of the following components in order from the
reticle side along the traveling direction of light: a biconvex lens L11
=% whose convex surface:of aspherical shape is kept toward the wafer; a
10 biconvex lens L12; a negative meniscus lens L13 whose concave
surface of aspherical shape is kept toward the reticle; and a first concave
reflecting mirror CMI. In the first imaging optical system Gi, a
reflecting surface of a second concave reflecting mirror CM2 for
reflecting the light reflected by the first concave reflecting mirror CM1
15 and transmitted by the negative meniscus lens L13, toward the second
imaging optical system G2 is placed in the region not including the
optical axis AX between the biconvex lens L12 and the negative
meniscus lens L13.  Therefore, the biconvex lens L11 and the biconvex
~ Iens L12 constitute a first lens unit having a positive refracting power.
20 The first concave reflecting mirror CM1 constitutes a concave reflecting
mirror disposedlnear the pupil plane of the first imagihg optical system -
- Gl
On the other hand, the second imaging optical system G2 is
# composed of the following components in order from the retiéle side
25 “along the traveling direction of light: a positive meniscus lens 121

“whose concave surface is kept toward the reticle; a biconvex lens L22; a
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posttive meniscus lens 123 whose concave surface of aspherical shape
1is kept toward the wafer; a negative meniscus lens L24 whose convex
surface of aspherical shape is kept toward the reticle; a negative
meniscus lens L25 whose convex surface is kept toward the reticle; a
5 biconcave lens 1.26 whose concave surface of aspherical shape is kept
toward the reticle; a positive meniscus lens 127 whose concave surface
is kept toward the reticle; a negative meniscus lens L.28 whose convex
surface of aspherical shape is kept toward the reticle; a biconvex lens
=i-L29; a biconvex lens L210; a positive meniscus lens L211 -whose
10 convex surface is kept toward thé reticle; an aperture stop AS; a positive
meniscus lens 1.212 whose concave surface is kept toward the reticle; a
biconvex lens L213; a positive meniscus lens L214 whose concave
surface of asphenical shape is kept toward the wafer; a positive
meniscus lens L215 whose convex: surface is kept toward the reticle; a
15 postive meniseus lens L216 whose concave surface of aspherical shape
is‘kept toward the wafer; and a planoconvex lens L.217 (boundary lens

Lb) whose plane 1s kept toward the wafer.
In the second example, a plane-parallel plate Lp is disposed in
the optical 'path between the planoconvex lens 1217 as the boundary
20 ‘lens Lb and the wafer W. The medium Lm consisting of deionized
: water 1s filled in the optical path between the boundary lens Lb and the
plane-parallel platé'Lp and in the optical path between the planc-parallel
|  plate Lp and the wafer W. In the second example, the transmitting
_ smembers (}enses) constituting the projection optical system PL are:made
25  of silica or fluorite (CaF,). Specifically, the lens L13, lené L216, and
o lens L217 (Lb) are niade of fluorite, and the other lenses and plane-
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parallel plate Lp are made of silica. Namely, approximately 88% of
the transmitting members forming the second imaging optical system
(32 are made of silica.

Furthermore, in the second example all the transmitting

5 members (lenses and plane-parallel plate} and 2all the reflecting
members with a power (first concave reflecting mirror CM1 and second

concave reflecting mirror CM2) forming the projection optical system

PL are arranged along the single optical axis AX. In the second

- ~example,thus, the light from the reticle R travels through the lenses L11 .=

10 to L13 to enter the first concave reflecting mirror CM1. The light -
reflected by the first concave reflecting mirror CM1 travels via the lens

L13 and the second concave reflecting mirror CM2 to form an
mtermediate mmage. of the reticle R near the first concave reflecting

mirror CM1. The hght reflected by the second concave: reflecting

15 mirror CM2 travels through the lenses 1.21-L217 (Lb) and the plane-
paralle] plate Lp to form a reduced image of the reticle R on the wafer

W.

In the second example, the lasing center wavelength of the ArF

‘éxcimer Iaser light being the exposure light is 193.306 nm, and the

20 . refractive index of silica near 193.306 nm varies at a rate of -1.591 x
- 10° -per wavelength change .of +1 pm and varies at a rate of +1.591 x

10°° per wavelength change of -1 pm. In other words, the dispersion

(dn/di) of the refractive index of silica near 193.306 nm is -1.591 x

10%pm. The refractive index of fluotite near 193.306 nm varies at a

25 rate of -0.980 x 10 per wavelength change of +1 pm and varies at a

 rate of +0.980'x 10°° per wavelength change of -1 pm. ' In other words,
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the dispersion (dn/dA) of the refractive index of fluorite near 193.306
nm is -0.980 x 10°%/pm.
-Furthermore, the refractive index of deionized water near
193.306 nm varies at a rate of -2.6 x 10 per wavelength change of +1
5 pm, and varies at a rate of +2.6 x 10" per wavelength change of -1 pm.
In other words, the dispersion (dn/dA) of the refractive index of
deionized water near 193.306 nm is -2.6 x 10%pm. In the second
example, thus, the refractive index of silica for the center wavelength of
+193.306 nm is 1.5603261, the refractive-index of silica for 193.306 nm 6%
10 + 0.1 pm = 193.3061 nm is 1.560325941, and the refractive index of
sitica for 193.306 nm - 0.1 pm = 193.3059 nm is 1.560326259.
The refractive index of fiuorite for the center wavelength of
~ 193.306 nm is 1.5014548, the refractive index of fluorite for 193.306
nm + 0.1 pm = 193.3061 nm 1s 1.501454702, and the refractive index of
15 fluortte for 193306 sm - 0.1 pm = 1933059 nm is 1.501454898.
- Furthermore, the refractive index of deionized water for the center
wavelength of 193.306 nm is 1.47, the refractive index of deionized
water for 193.306 am + 0.1 pm = 193.306] mm is 1.46999974, and the
| refractive index of deionized water for 193.306 nm - 0.1 pm = 193.3059
200 . nmis 1.47000026. Table (2) below presents values of specifications-of
S the projection eptical systemPL.in.me.‘second. example.
[TABLE 2]
(Principal Specifications)
3=193.306mm |
25  Pp=tl/4
. NA=104
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#4: Medi um
stop #8: pure water
Coefficients) #12

#5:

silica glass 5#6: reflecting mrror #7: aperture
#9: 2nd surface #14: Fluorite 10(TABLE 6) (Aspherical
s -c4 c& c& cl0 el2 c14 G 6 elS c20 ASP1

- 0. 00388454 000000E400 2.22245E-08 1.47956E-13 -1.470nE-17

FP04-0160-00

Ro=17.0mm
Ri=11.5mm
H=26.0mm
D=4 0mm
5 R=20.86mm
Yo=17.0mm
(Specifications of Optical Members)
Surface
Number =¢ d ° n Optical member e
10 (reticle surface) 72.14497
1 29566131 46.03088. 1.5603261 (L11)
2% 22807826  1.02581
3 847.63618 4034103  1.5603261 (L12)
4 -207.90948 124.65407 |
15 5% -154.57836  13.00000  1.5014548 (L13)
6 -667.19164  9.58580 |
7 20952775  -9.58580 (CM1)
8 -667.19164 -13.00000 1.5014548 (L13)
9% _154.57886 -109.65407
20 10 2517.52751 147.23986 (CM2)
11 35771318 4175496 15603261 (121)
12 -196.81765  1.00000
13 837953651  40.00000 15603261 (L22)
14 45481020 823083 %
25 15 20630063  58.07852  1.5603261 (L23)

C16*  367.14898  24.95516
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17* 25866863  20.00000 1.5603261 (1.24)
18  272.27694 274.16477 _
19 67142370 49.62123  1.5603261 (L25)
20 225779907 3551978
5 21% -283.63484 1510751  1.5603261 (1.26)

22 261.37852  56.71822
23 -1947.68869 54.63076  1.5603261 (L27)
24 227.05849 577639
25% 788897953 15.54026  1.5603261 (L28) : 53

10 26 460.12935 18.83954
27 192575038 © 56.54051  1.5603261 (1L29)
28  -295.06884  1.00000
29 861.21046 5250515 1.5603261 (1.210)
30 -34592.86759  1.00000

15 31 61486639 3734179  1.5603261 (1.211)
32 39181.66426  1.00000
33 o 4627520 (AS)

34 -11881.91854 30.00000  1.5603261 (L212)
35 63195129  1.00000
20 - 36 146588641 3989113 15603261 (L213)
C 37 54210144 1.00000
38 33645791 3480369  1.5603261 (L214)
39% 269215238 1.00000
40 11242843 4353915 15603261 (L215) | 3
25 41 18975478 100000
© 42 14991358 4241577 1.5014548 (L216)

260



ASP3 -006060795 0. 003130E+CO -4. 111. 58E- E1S 1. 53090E-13 -4. 47592E-18
-2.64998E- 26 6. 12220E-31 030000E+30 0. 0O0300E+CO 0. O0O000E+00

4. +313099E- 22
' ASP4 -000254948 0. 05000E+Q0O 1.56073E-D9 1.95837E-34 134538E-18

- 8. 80327E- 23

10

15

20

25

1. 81493E-27 - 1. 48193E- 32

43% 10’7.28888 1.06533
44 90.28791  31.06087 1.5014548 (1.217:.Lb)
45 o 100000 147  (Lm)
46 o 300000 1.5603261 (Lp)
47 o 500000 147  (Lm)
(wafer surface)
{Aspherical data)

2nd surface

: 1=0 L e e

C=9.57585x107 C¢=7.09690x107"
Cs=1.30845x107"° (C;=5.52152x10%
C1;=4.46914x10%°  C14=-2.07483x10%
5th surface and 9th surface (same surface)
k=0

C,=1.16631x10%  (Ce=6.70616x107"
Cy=-1.87976x107 Cy¢=1.71587x107%

Cp=2.34827x10%  C1=1.90285x102

16th surface

x=0

C4=-4;06017'XI0“3 Ce=2.22513x107

Cg=9.05000x10"7  C;;=3.29839x10™
Ci7=7.46596x10%°  C14~1.06948%107°
17tk surface

=0 . !

Cy=6.69592x10"  Ce=1.42455x10"
Cg=5.65516x10""" - C;=2.48078x10™

.61 -
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0. OO0O0OE-00 0. 00300Et CO 0. 00000E+00

ASP& -000102929 0. 00000030 -3

92817E-11 1.56504E-13 -2. 89929E-16 138400E-20 -5, 96465E-25 1. 20191E- 29
0. 001305E-00 0. 03000E+00 0. 00000E+00

10

15

20

25

C1=-2.91653x10%  C1,=1.53981x10"

21st surface

=0

Cy=-7.97186x10% C¢=1.32969x10™"
Ce=-1.98377x10"7  C1¢=-4.95016x107*!
C1=2.53886%10% Cp=4.16817x10%
25th surface

‘é K-_O i 7 [

C=1.55844x10° Ce=7.27672x10""
Ce=1.90600x10"  Cy=1.21465x107
C1=7.56829x10% Ci,~=1.86889x107
35th surface

k=t
- C6.91993x107"  C=7.80595%x107

Ce=331216x10"%  Cy=-1.39159x10°%2
C1=3.69991x107 C1;=4.01347x10°%
43rd surface

=0

C4=8.30019x10° Cg=1.24781x10"

- Ce=-9.26768x10"° (,5=1.08933x1071®

C1z=-3.01514x10%2 (1,=5.41882x107%°
(Values corresponding to Condition)

' F1=178.98mm
Y,=17.0mm
R=20.86mm
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(1F1/Y=10.53
(2R Y=1.227 _
Fig. 8 is a diagram showing the transverse aberration in the
second example. It is also apparent from the aberration diagram of
5 Fig. 8, as was the case with the first example, that the second example
also secures the very large image-side numerical aperture (NA = 1.04)
and the relatively large effective exposure region ER, while the
chromatic aberration is well corrected for the exposure light with the
I ~ = wavelength band of 193.306m + 0.1 pm. b i
10 . In each example, as described above, the high image-side
numerical aperture of 1.04 is secured for the ArF excimer laser light
with the wavelength of 193.306 nm, and the effective exposure region
(still exposure region) of arcuate shape of 26.0 mm » 4.0 mm can be
secured; therefore, the scanning exposure of the circuit pattern can be
15 performed at high resolution within the exposure region of rectangular
shape of 26. om x 33 mm, for example.
Next, the third example of the present invention will be
described.  Fig. 9 is an illustration showing a lens configuration of the
| catadioptric projection optical system according to the third example of
20 the present invention. The-catadiobtﬁc projection optical system PL1
according to the third example is composed of the following optical
'systems in order from the object side (i.e., the reticle R1 side): a first
imaging optical system G1 fbr forming an intermediate image of the
reticle R1 located on the first surface; and a second imaging optical
25 . system G2 for forming an intermediate tmage of the reticle R1 on a..

~ wafer (not shown) located on the second surface.
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The first imaging optical system G1 is composed of a lens unit
with a positive refracting power (fourth lens unit or first unit) G11,
after-described lens L5, and two reflecting mirrors M1, M2. The lens
unit G11 functions for making the optical system telecentric on the

5 reticle R1 side. The second imaging optical system G2 1s composed of
after-described two reflecting mirrors M3, M4, a lens unit with a
negative refracting power (first lens unit or third unit) G21, a lens unit
with a positive refracting power (second lens unit) G22, an aperture stop

v, -+ AS], and a lens. unit with a positive refracting power (third lens unit)
10 G23.  The lens unit G21 functions to adjust the magnification and to
relieve the variation due to the difference of field angles of the beam
expanded by the reflecting mirror M3, s0 as 10 suppress occurrence of
aberration. The lens unit G22 functions to converge the diverging
beam. The lens unit G23 functions to condense the beam so as to

15 achieve the large numerical aperture on the wafer side.

Here the lens umit GIil is . composed of the following
components in order of passage of rays from the object side (reticle R1
side): a plane-parallel plate L1; a negative meniscus lens L2 whose

~concave surface of aspherical shape is kept toward the object side; a

20 ‘biconvex lens L3; and a positive meniscus. lens L4 whose concave
surface of aspherical shape is kept toward the wafer.

| The beam transmitted by the positive: meniscus lens 1.4 travels

through the negative meniscus lens (negative lens) L5 with the concave

surface kept toward the ébject, is reflected by the concave reflecting .

25 - mirror (concave mirror or first reflecting mirror) M1 with the concave

- surface Kkept toward the object, passes again through the negative
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-424581E- 23 481058E- 30 0. 00000OE- OD 0. 05000E+00 0. 00O0O00E+00 ASPI O

0. 131060914 0. 05030E+0 2. 60785E-07 4. 78050E-11 5. 21548E-15 1. 26801E- 18

1. 53552E-22 4. 32477E-26 0. 00000E-00 0113000E+CO 9. 00000E+00 #12:
Aspherical surface nunber #13: Curvature 15Fig. 13 is a transverse
aberration di agram showi ng the FPO4-0160-00 transverse aberr afFppa-¢1sa3-0e
meridional direction and in the sagittal direction of the catadioptric

proj ection optical system PL2 according to the present exanple. In Fig. 13,
Y indicates the image hei ght, each dashed line the transverse aberration at

the wavel engt hm%fnislc?lgll?égg 3L5n,mand is reflected by the convex reflecting mirror
(optical path separating mirror or second reflecting mirror) M2 with the |
- convex surface kept toward the wafer. The negative meniscus lens L5
- funetions for satisfying the Petzval's condition.

5 The beam refiected by the convex reflecting mirror M2 forms an
mtermediate image of the reticle R1 at the position a shown in Fig. 9, in
order to securely achieve the optical path separation between the beam
toward the reticle R1 and the beam toward the wafer. Here the

-sposition a is located on ormear a plane whose normal is the optical-axis
10 AX1 where the concave reflecting mirror M1 is placed.

Next, the beam reflected by the convex reflecting mirror M2 is
incident to the concave reflecting mirror (first field mirror or third
reflecting mirror) M3 with the concave surface kept toward the object,

_ to be bent into a dumection toward the optical axis AX1 of the
15 catadiopiric projection optical system PL1, and is outputted from the
concave reflecting mirror M3. The beam emerging from the concave
reflecting muror M3 is quickly converged, is reflected by the convex

- reflecting mirror (second field mirror or fourth reflecting mirror) M4

with the convex surface kept toward the wafer, and is directly incident

20 1o the negative meniscus lens L6 forming the lens unit G21. The.
| éonvex reflecting mirror M4 relieves the variation of the beam due to

field angles expanded t-)y the concave reflecting murror M3, so as to

suppress occurrence of aberration. The negative meniscus lens L5,

goncave reflecting murror M1, convex reflecting mirror M2, conéave.

25 - reflecting mirror M3, and convex reflecting muror M4 constitute a

- second unit.
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5 each solid line the transverse aberration at the wavel ength of 193. 3060,
and each chain line the transverse aberration at the wavel ength of 193. 3057 -
nm As shown in the transverse aberration diagramof Fig. 13, the
catadioptric projection optical systemPL2 of the present exanple has the

| arge nunerical aperture and is corrected in a good 10bal ancerjf.‘(t)lﬂf4 0-00
aberration throughout the entire exposure area though it has '%@ h
optical el enent. The fifth exanple of the present invention will be
descri bed below with reference to the drawing. Fig. 14 is an illustration
showi ng a | ens configuration of the catadioptric projection optical system
15 according to theThefleds aNRGEEiLEomPBsEd 65 BiY folWARk inpditdits in
catadioptric projection optical systemPL1 of the fifth exanple is

conpri sed of tonderf of Ipardape ofptdysal sysitsesmeniseusdend L.onwhbes ebpeed si de
(i.e., thereticle Rl side): a first imaging optical system Gl for form ng
a first intesndacatof dspherecal rsliape de kept towansk thedvtyee; iand gebioncaee reticl e
20RI located on the first surface; .and a second inmagi ng optical ,system &
for relaying fens Ldcwhese rergarediuatase; plagapbsricahshang: isdrept heward dhey waf er

(not shown) locagted gn t secqnd surface, The first jmagin ti.cal system
1 s combsedv bt a Sg B REEAveHTEMISOGs a6 and 3os PROTGETRIREA bl o | ons
unit) 011, an 5 i.b X - ef ti i : |~ e lens
ani ¢ G T uncorar i JedoNEEiGes B intric 1l aod sk MrtpHians”, e
optical syste hﬂi‘@ - I reLi } Jhe | ens
unit G func???)n%.séqtbo egptﬁﬁ]&ﬁgﬁgg{% ﬂtt ﬁge maggtg .e%‘(hgs%ta;f%%gﬂﬁ{é‘ .
unchanged eveRegdriigretheeldret enffheritab| dpeetird bh €RY iiffage N sfdeodft fige desired
position in the direction of the optical axis AX1l; therefore, the

per f or.mance =okatadgoptat apicjettionc appical eykicen Ripl.i cdlhes faisemPL G22ais be

mai nt ai ned hi gh. The second imaging optical system @& is entirely
conposHY of t campesed ioighegollewing componentsnur prles ageonf 2ayers unit
with a positive refractin ower irst lens unit) 1,.a.lens unit with a
negative ref r ROBYAYE Iggq@gl%(gg\é\%\&r P% CORYFYE @Ceé’%’éﬁgﬁmﬁ?ﬁﬁﬁﬁ B a 10
positive refract]j r hird Lens uniit 3, an erture st ASI, and
a lens unit W%FB{ E&ﬁmevégpgg’r%k’f‘f%eﬁok%§ %o%rﬂoﬁﬂ@n@emﬁq 4. Since
t he second i N Li ' kel 0 :
transmitti ngrrggltgi ?ﬁ%l%ﬁ%, | { c!@go#’ rsdg@éol?éa?h%lﬁ%gg% %ﬁﬁoﬁq‘?’%‘}g%“’m h
separation; t@bjetos dicdexi I8AgE:13F dadni BRidneek IBReTar e Te IR kit
catadiopiric projection optical system PL1 can be set |arge and a reduced
i mge tan be edcapesdd gf the fhitdwory comeonentsha ovdbe of Ipassdgedobn t he
second surface. The lens units (21- X4 advant ageously function for

sati sfying t heayseamasiiv meatscus ans Thk whese icguvex pardaest istkept tewardini t s

&R1-&X4 is able tp. avoid an increase Hr]lzlgﬁih total |ength of. %he

catadi optric HKoPBIECEMPEPPVE neyesainos 1 P QOBNEX FHIAES 13 X€P23 are
effective to correchion-fqQr_ var.i.ous ratio S S.C . e the lens
unit Gl is cﬁ%%@é%‘e(ﬂ%ﬁ(ﬁea P@%‘F‘X%“ﬁ%ﬁg‘%ﬁa%ﬂ%ﬂﬁé Vﬁ&gfcc?élly g’gg”ﬁéég"[é gsge of
rays fromthe J i i - I : - l.el.: te Li; a
positive neni ggﬁ‘sﬁfvgﬁ? éﬂ?&%%?ﬁ?i‘\‘,’é?’?ﬁr agseq‘g?é %gghﬁg?géalcg}sl_ﬁg%% is kept
t owar h( he obgghée aof Iﬁédplfe?% Osiele0%s Ot nusVarde fite LidafeaNt ?dsiwvex | ens
L4. The beamtransmtted by the biconvex lens L4 is reflected by the
concave ref | eatednigrusi leno L IVLwhbss eoncavcaswfsce bfiaspladricat ghape cakephape i s
kept toward the object, the convex reflecti n&m rror M2 whose convex
surface of aspheaidcthe wafeneamsl a plankeprveoleas d. ¥ withet positive teftagingoncave

reflecting mnor M3 whose concave surface is keq%t@ taoward t he object, to
formthe firsPOWRT a¥hAsgi owex saEface th&epkiwarer theetiecthy Theelensumilct i ng

mrror M3 is reflected by t conyex ref. ing nmrror whose convex
surface is ké‘t&zl’ 89&‘3&5‘3-9‘?1?1331@%5?61{8&&11@%&?38@? écff’%gb Uk For M whose
conca sarface of I i e pt e 4 he j nd the
concazﬁ reflecting ﬁ??@@%@gﬁ@ggﬁ%@@g@ﬁfﬁﬁﬁ qu‘sl Ee%@%&gerdd&)t he
wafer. - g I SF t Lnugaskyo t lgcting

m nor's- ML- M6 \%tt Ot}%@?ﬁggﬁi\?gnﬁgﬁﬁof any |eﬂ-§?%*ﬁe§5§§?%aa| &gta?:lgf?] I'tion can
be readily net by adjustnent of each reflecting mnor M-M6.. A 15 region
for hol ding each reflecting mnor M-Ms can be secured and it is easy to
hol d each reflecting mn-or M-M. The (_:@gv_ature of field can be readily
corrected for by changing the radius of rvature of each reflecting

mrror M-Ms. The beamreflected by the reflecting mirror M6 forns the .
second i nternedi ate inmage. S .




20l n this case, the concave reflecting mnor M3 is placed at the position
nost distant fromthe optical axis AX1 and the beam can be focused by this
concave reflecting mnor M3; therefore, the beamcan be set largely apart
fromthe optical axis AX1L of the catadioptric projection optical system
PL1, without intervention of any |ens between 25t he refl ecting R0 E50-00
ML- M6, whereby interference can be avoi ded between beans. Wen the beamis
continuously reflected by the four FPO4-0160-00 reflecting mrrors M- M,
it is feasible to avoid an increase in the total |length of the catadioptric

j ecti ti.cal t l. Th it 021 i d of th
ol | owi ng. conpIfcARicnl X A& btwisss shg Ecdeciing Birmar LA od 66 RRATSELS | ons
L5 whose convex 5 face s kept toward the,.object; posjtjve ni scus
| ens L6 whose ggﬁc%&@’%ﬁfgc@ @g%aggsﬁﬁ?wsp Ebr‘i’albé‘qtlg ﬁép%“(l rwgﬁ’ﬁe waf er ;

i . _ o f _ bi ect -
o Ve N S A RSB N rRSa R Bl ARt o
14 b oD ect inté@ibrende BPBRY éotRaTB ReAEUMg Blifrok HIIRORR tROIYRN Y iAce Of 10

aspherical shape 1s kept toward the object. The lens unit conposed
of a bi doncaveahdnte UMsvi@sie G2ONC A eaUMAL esatfsfias piher h?ﬁér fhepeit & kept
toward the wafer. The lens unit &3 is conposed of the Toll ow ng conponents
in order of pafssipe ¢ avellsan angreaseanc they total kmgth hhdvhoseredsenm tife
aspherical shape is kept toward the object; a 15 negative neniscus |lens L12
whose convex stir¢ afethescatagiepicisnprajeetion siptisat systeni Pddvexforesecudly, a
\i\ﬁrd t he object;

positive nmeniscus. .l ens L14 whose. convex surface ig kept. .to
and a bi convex2Vaidng the mechap H%te%ﬁetmmdi @CBWiAS@§@Eh%$. @QUKTeBRvex | ens

L e S

shape iip kept ol - Jofd i e _concave

surfac e1 ®of as p%?g#%’gﬁhk Eﬁ%{lﬁﬁfﬁg OEQ%@%SS\E\%# ZS gﬁ@%@ﬁ&ﬁgﬁd’l@ %gﬁg%oﬁc Snvex

| ens L20 whosesatifyvee contitisicof ®5keRfa/fovard the object. The catadioptric

proj ection optical system PLI is Ttonstructed to 25satisfy the condition of

0.2 < Mb/L < 0.7, wh¥éhen Nhiss catadioptan gerofectione opntalc systemi PIAXbfbgeween t he
reflecting minor M3 and the aperture stop FPO4-0160-00 AS1, and L the

di st ance . bet wadesaHexagmle ie appliethdo tthe exppsure agpanatis, puteswalber wigh t han

the lower limyg, it. becones difficult | ace and ,keep, the |enses L5-L15
constituting tthﬁ Teé-‘?"i’é"ﬁﬁﬁi e’@‘i{ G%?“T ntjgsgel’fgﬁﬂ?%eflom &b reptiqal npathy

vari ous zaberr gt j i.cuiarl y, 5 t hei r_accur at 0Si kions.
Narel'y anen TR AREJorsc §lah g Wirer, vibre 1R FomBREVE 68 X e
mechani cal i ntgpde e; 9@%‘69 1 QG g r it B, the | ens
units 021-1323. V\hgﬁé}elvblllflifﬂé%?%ﬁe thg%%ggﬁlﬁﬁl ig)'%&?ﬁ;{BFggsﬁ Ilg to
avoi d an i ncr efggeloic,t the Waldbngth el theaddporird ligheas putd waler & dlsoaf - t he
catadioptric projection' optical 10 system PL1. For nore accurately place
and keep each (.2h§lilsh)iiBestidt sethe atnyospherealiwlereby the cesehstéon vat be. t ot al

| ength of . the catadioptric projection optical system PL1, the projection
optical syst erfohaneask preferably constructed to satisfy the condition of

0.25 < M/ L < 0.6. this fifth anple the first internediate ipmage is

f or rred2§g bet ween t ha® GPRCEL XY 'rggrevﬁﬂ’ grbcalielement dagludg rﬁ“rtj{gr M4,
but the first ] i -] e . formed i any_opti.cal path between
the reflecti ngaﬁcﬁé@gw%%ﬂ%%e :;%ﬁcggt iSP@tem'r r%irfwn?ncp hawr,\éxt 1€t he

si xt h ‘exanpl e | SRRk chi ' =W i j T, ence to
the draw ng. I’E?gqét?lgm}ag&an |FPE%%%%%W?AA%%%%%ﬁﬁﬁéﬁc%% isg{ﬁéti on of
the cat adi opt rshreight AirRS tandthe Rebioal of YIsd @M ps TBFAEA G thd Hafsd Bi:hhexanpl e
of the present invention. The catadioptric projection optical system PL2 of
t he sixth exarptadidpstricoprojdciion opti¢diesysodinoPl.doisofid off-asiy Stegidn inptor der
fromthe object side (i.e., the reticle R2 side): a first inmaging optical
system@d3 for mdﬂdmggéla aeicial axisi AKdr nebhereforentige faasible tevashie the -
internediate image of fhe reticle R2 | ocated on the first surface; and a
second i.magi nge8Re 8k diiadynoEprodpesion 1eo poeducsion, of Hieneatedopite ond
internedi ate image of the reticle R2 onto a wafer (not shown) |ocated on
the second surface. The first inmaging optical system 03 is conposed
of alens unit with a positive refracting power- (field I ens unit) 031,
after-described 5 | ens L25, and six refF&dting ninors M 1-M6. The |ens
unit 031 functions to correct for distortion and others and to make the
optical systemtelecentric on the'reticle R2 side. The lens unit 031

functions to keep the size of the image of the reticle R2 unc_hanged'evén”if
t he




- reticle Rt2 is placed with deviation ,fromthe desired position in the
10optical -axis direction; therefore, the performance of the catadioptric
proj ection optical system PL2 can be mai ntai ned high. The second

i magi ng optical systemO4 is entirely conposed of transmtting optical

el ements and is conposed of a lens unit with a positive refrac

(first lens unit) 041, a lens unit with a 15 negative refractf&%ﬂ%8$§§ﬁﬂ)
(second lens unit) 042, a lens unit with a positive refracting power (third
| ens unit) 043, an aperture stop AS2, and a lens unit with a positive
refracting power (fourth lens unit) 044. The second inmagi ng optical system
G4 is free of propctioadpotabpisteralPIpiabid sepsiddli Rhidiecrlat e ddjisinnti rely
conposed of the transmtting optical 20 elenents; therefore, the image-side
nuneri cal aperdfwach opticlenesabadi opi ri ¢ projection optical system PL2 can be

set large and a reduced i mage can be fornmed at a high reduction rate on the
waf er | ocated on thén dee eatadioptrigcprojaeion epticansystemaRLaf they fhirdgeous! y

function for satisfying the Petzval's .condition. The 25configyratjon of the
lens units 04?2‘633135%@‘8‘&&\%?? 1S l@ﬁgﬁﬁéquqﬁl?ﬁh@ﬁmls mdhgyt h of
the catadioptrd c, proj.ection eptical stem PL2 PO4- 0160- 00 The.l ens
units 031- 3 fir%ﬁg ch‘?&f“@? Syﬁfeﬂ%.ﬁﬁaﬁelﬁ rgﬁlhlﬁ;’sﬁéﬁ 5 B FFOUELY T T ey e
the I ens unit 1 f £ 0l ' i of
passage of r aﬁls _ %%%%gﬂ gﬁljeéact%l Sgb %{2&%@3%@8&3@@9&@?{@%&? %Fé;cﬁdé?par al I el
plate L21; a goshdd #fe B fewerd BEWAER VBATE HROBLRUShSW th afinRiricaspher i cal
shape is kept toward the object; a biconvex |lens L23; and a biconvex | ens
L24. The beamapesussi tdfedhdy cathdioptionpryjeditons bﬁ&calasyaani hpbuglard he
negative nmeniscus lens tn(negative lens) L25 with the concave !surface kept
towar d t he objimareaseds: Sioce ¢h¢ eecand byaging-opticah\aystepd (@2 tHasgheilaoy M

with the concave surface of aspherical shape kept toward the object, and

passesi@gai n BREIISh WiHe theebesative Teliaring powensit 9 easihle toshatter A it t ed
by the negatiye ni sgus. l,ens L25 is reflected b he conv reflecting

o nor M2 i t Hoteh dehe3fi 3 Eptaibnie ASiERoBapP Lol I Pk byt he
wafer, to for LT i i L r ted by the
reflecting m r?‘]f%r@h/ﬁgﬁfgé rtg%léecg{]%‘g{%g i?hgsa@%%eﬁggg%g@snga%&ﬁ)gr. ML3

Wi th the. concaugheHhbRL etHESMéns Y G CreBRVES el YEriSEHY Sdud ab! @ | N9
mrror M4 with the convex surface kept toward the wafer, the concave
reflecting m differbiiée voft Hicld eartias ok theirbaame efpansliptiebicthe Joapsavkept 20
toward the object, and the concave reflecting mirror M6 with the concave
surf ack’ kept tefleotingt mareaf M3, By aslj s suppresh eocsgmnee cofrmiesration] ens 125,
it is feasible to readily correct for chromatic aberration and to readily

satisfy the P pres sogHdMRasIRg Nyioemanse rgl: bre ackigved thrawshautithe of each
reflecting mrror ML1-M6, it is feasible 25t Vreadib¥ cgﬁgeﬁt ﬂ@%
curvature of FREiEFeEMLN.hE FXPOFE AR, %S?ntlﬂéﬁ? SAYLYBRR s teRsle R’ds f or ns

n di . , oL ] . th
Eoﬁczs‘gopef: géﬁe%m%a?%#% [ %‘F‘% agi]eg@u %ggfp%%i%altd@noﬁr@scts p@é@ﬁﬁ 1? rom
the optical agpficabegsteRiBL i ARGEALATNRRAECRHUGRAEY thdteSoRfRAAY S

reflecting mrror 3; therefore, the beamcan be set |largely apait from
the om0 cal axis AXfextf thbefmatladi:epiplecob ther present divemiore alilb st em PL2,
W t hout intervention of any |ens between the four reflecting mrrors
ML3- M16, - and desdrtbetlewdthbrefetancavts dhé rdrawineg. enBiz. bE} vieean hHuastsatidiy
continuously~ref|ectin%3the beam by the four reflecting mrrors ML3- M6, it
i s feasible t8hewWigd 2aalens,eprligerationt pk thet eafedpirio f projeetva Hptispl r i c
projection optical system PL2 0 .The lens jt 041 is conposed_of the

fol | owi ng conﬁ%@ﬂt%&/’ g dethe dowrth example #%%Pr%ﬁeﬂt)é@‘fq Dep us | ens

ons 27 whostpdRbmE oleabi el G HAR A 8 ms ToRAR, Hafalen e

waf er ; posi Lj j ' . I j . oward the
obj ot a 15 COBoRRIRFAtolBny Cpt PORRIGRE I IR B Th R e e © 1
aspherical shgpe ihe &fele k2 - bR i : i 'ﬁﬁm%~rens‘L30
whose convexgur?ace IS kep?ﬁFgmgrdsfﬁéﬂ%g?ggﬁgﬁlQﬁﬂaﬁﬁﬁg;?%gg uni't 42 is
conposed of a biconcave lens L31 fornmed in the aspherical shape on the

waf er side. The lens unit 043 is 20 conposed of the followi ng conponents
in order of passage of rays: a biconvex_kens L32 fornmed in the aspheri cal
shape on the object side; a negative meniscus |ens L33 whose convex surface
is kept toward thefl object; a biconvex |lens L34; a biconvex |ens L35; and-
a biconvex lens L36. The dens unit 044 is.conposed of a biconvex |ens L37; -
a 25positive neniscus | ens L38 whose convex surface is kept toward the
object; a positive neniscus |lens L39 whose concave surface of FPO4-0160-00




10 A1l- A3 indispensable for correction for various aberrations,
particularly, coma, at an accurate position. Nanely, when Mb/L2 satisfies
the lower limt, it is feasible to avoid nmechanical interference of the
concave reflecting mn-or ML3 with the lens units (41- G43. When M2b/ L2
satisfies the upper Iimt, it is feasible to avoid an 15 i ncred5d4L016HMhe0
total length and an increase in the size of the catadioptric projection
optical system PL2. For placing and keeping each | ens L26- L36 at a nore
accurate position and securely avoiding the increase in the total |ength of
the catadioptric projection optical systemPL2, the _optical systemis
nore preferabl 9“&&%‘}!‘? @ énage saupticle RAdosaisdian die Srstoowiass; apdy L2

<0.6. . In the sixth.exanple, .the firsi. jpnternedi ate.imge,is fornmed.between
She r et acti ngSRon dROgAE Shtical et B ToPRine o igRTc Bt gt ot o
internedi ate i . f.wﬁﬁi' i.cal e reflecting
mrror M2 andmt%%gh?%ﬁggﬁagg m r@%%ﬁé@fl&ﬁ% Slsggéé\%?@_fé anpl e of the
present invention Wwffe ﬂf\stqﬁ,sggg' 8HEMIt N sfSH]REBRER 588 of 2B YmifF1 9- 16
is an illustration FPO4-0160- [%é)sﬁo&"vén Sa ens cog@é)ur atolﬁ}on o?glfnﬁHeZ

cat adi ot ri ¢ pwithes tpasitivap réRadtinpy pbrr (fe@tiilegs it be fiey enity Gxanpl e of
the present invention. The catadioptric projection optical system PL3 of

t he sevent h exafigrtdescabeddpns $2d, ahdtthe fefldotingrmimots M1, y@2endten or der
fromthe object side 5 %ime._, the reticle R3 sidey a first inmaging optical
system 05 for less wnitda3al fmeftonsnios mpakdngithe ontigel syistem telecentriciont thenedi at e

image of the reticle R3,1ocated on the first .surface; d a second | magi ng
opti cal systenﬁ%@feﬂg{z SIS oy g, S90BASBIEHRE PRHCARYTeR 64 Teiurtps reticle

nging opt 1 oot aeeeigs e Rifisibeohiol MET R RIER iR v

ref ractjigng po {1 el ) . &jﬁﬁ; -hed s | ecting
m rrorsmlvm- l\/\é%rga E}/lg%l%@’ﬁé&ﬁPPW&%fﬁ%ﬁglgf‘gﬂgaé%ﬁgrorreg G:‘agf' ad]{eéf (rl)lr ti on and
others and to wile pdsttivPidfERting )RR (bedHERRE uhit) G4 an'Rletiet S sidp si de.
The lens unit 051 f}?mcti ons 15 gto kee(g t he size ot? t hé irfa?gee of Sﬁe
reticle R3 unchSAgenk aviensivnit hathr 2tpositeveRBfractinigapeden(thivddwks aidin from
the desired position in the direction of the optical-axis AX3; therefore,
the performance4d the lens amitobdl | lonphons te iadinse she cuagrafisataon pud toan be
mai nt ai ned hi gh,. The secand i i ng, optigcal sys 6 is entirely conposed
of 20 t'ransmng{‘?YF'g VppghoR, the éﬁf&r?@%ﬁm‘g@gﬁa" Q?%{’Wt with a
posi ti refr i i | en j 061:.a le upit with a

negat i V8 rer -apefi?BYhe YEhEGA AT 0 Sl Ut et
positive refragli#a8oR0 (tder 3 Ui : ta.e S3; and
alens unit with aﬁggérﬁh\?el%ﬂgfg%}éﬁ}%%u%%}v%?ﬁ ?tgué?%@cf}gﬁsﬂ%mdﬁd)%gg

25Si nce the sdgaind | Tholas @it GB cadeness it beark Rbi dseloyadhidrad 4 Ugiged of the
transmtting optical elenents, it is free of the load of optical path

FPO4- 0160- 00 smymarital apertoirecom ther wafer 8eld. mage- si de nunerical aperture of

the catadioptric projection optical system PL3 can be set |arge and a
reduced i mage can bEerortasy lepsaumitgo3bdist comppsed of thee fwglfoé\’lﬂgocat ed
on the_,second surface, The Jens units 061-064 advantageously f.unctjon for
ot 1 o1 PGt hEOPBPGEIS B Sisleh oF RaRsace ol BRI HE BRI Bk et &
061- 064 effect}yel I i.Qcr In the total. | ength t he

oot adioptri o pideduRERt Darlk PEESEEE, bibsstye HeistRhe 168 Wibse can
correct. for vap ahes L‘)lfﬂ&? Otdeb£at .unig ,051 is
conposed of t%ie)h?%% ow n%@corrp %ﬁ%si Iﬁ%p%?lg‘;l?e%tf pa%ga‘glg %lﬁ@?%;{sﬁc# Fom t he
obj ect side (meédisleg 1BRs I.28) : The MeaRftraAsmiti’] byl Mkehikedverd IQRSIDEVE

meni scus | ens L52 whose concave surface of aspherical shape is kept toward
the object; apasmsrtieoughetie nédtivandemsbiclng dregaince lend) LDHewithaie B
transmtted by 15 the biconvex lens L54 is reflected by the concave

refl ec2¥ ng m cepeave? sunkaed kiepe towarditke sabjéetc as atflastetdeby dhe ehmpee kept
toward the object, the convex reflecting mrror M2 with the convex surface
of aspherical T Sk BBITOF dRapepvieneelipetiag, marar oxelinss fellgeling MBEe) ng
mrror M3 with the concave surface kept toward the object, to formthe
first 20 internedi ate i mage. The beamreflected by the reflecting mrror
M3 is reflected by the convex reflecting mrror M24 with the convex
surface kept toward the wafer, the conveX¥%eflecting mirror M5 with the .
convex surface of aspherical shape kept toward the object, and the concave
reflecting mrror M6 with the concave surface kept toward the 25wafer
Since the beamis continuously reflected by the reflecting FPO4-0160-00
m nors M21-M26 wi thout intervention of any lens, it is feasible to readily
satisfy the Petzval's condition through adjustnment of each reflecting



The lens unit G51 is conposed of the follow ng conponents in order of
passage of rays: a biconvex |ens L55; a positive neniscus | ens L56 whose
concave surface of aspherical shape is kept toward the 20wafer; a positive
meni scus | ens L57 whose convex surface is kept toward the object; a
negative neniscus | ens L58 whose convex surface is kept tom;ﬁ@%«%@ @t;
and a negative neniscus |ens L59 whose convex surface of asph 1| é@
is kept toward the object. The |ens unit G62 is conposed of a

bi concave | ens L60 whose concave surface 25o0f aspherical shape is kept
toward the wafer The lens unit G563 is conposed of the follow ng components
in order of pasdgevith thé@yoncave SEHcO IT0aftheriRhl @RYEX KephIoWid VRese
convex surface of aspherical shape is kept toward the object; a negative
meni scus | ens difectypasses agamehrounglf theamdeative phertiomarleng b4 objcett thea

bi convex lens L63; a biconvex lens L64; and a positive nmeniscus |ens L65
whose concave tefieetgddy thekemvex gellectinghmigobjeptical Path sepasating miget i s
conposed of the foll Qwi pg conmpgonents_in ordt%r of passage of rays. a

bi convex | ens FE¥HCOB ﬁ'éﬁﬁtl%m%ﬁl’ Wethsthe arpnyps %@gﬂsﬁﬂﬁﬂ%e is

kept t d the objegect,; i N ' I L6§ wh
o o8 SBPLEES (8T e T SO AR bRy

meni scus | ens m 55@'?/ ' erical shape is kept toward
t he wafer; an ag% anoggﬁge é@?ﬁé}g&a\?ﬁ%%ﬁgg%ex surface is kept toward

t he object. Belf g ] ] L tigfga : 3\2@2 LS
constructed to sati ;i]tﬁg the g%%%ﬂl g%r&g? (%ﬁgbgqﬁ/ﬂéﬁ <%1u§¥1$ e.rgbﬁﬁbi S a

di stance on hn inpenelistedinaps of hEJetieleVREmitthe positioact shewhl inf Pfg. M3 and
the aperture stop AS3, and L3 the distance betweén the reticle R3 and the

mwaf er. When M3OL 2n iosdemtal seenrdlirachiche thewptichl path;separabieadrateredn fthée cul #=2t o
pl ace and keep each of the I enses L55-L65 constituting the lens units

G61- 630i ndi speasninvearddthe gghiclscR? emdsthe heam sowarshther wefesns Heredhe

Phe | over 1 masion s Rbaliibim St febiva plangoihass Gertials o GPHFRVGE & e
St of st e spaimEift oSt Red i hdtBr MO LREE e, case i n the tota
length and an increfgg itgﬁg,ggmslieﬂgcﬁh %%egﬁi@%gg?ﬂ%%%ﬁﬂwmﬁqg opti cal

system PL3. For placin eepi ng ea t a nore accurate
position and sesidest Yo alei eineavé hefletineafifirdm (fifsPPHelld 160r8P drhehitdt al

| ength of the catadioptric projection optical system PL3, the opti cal
system$s nor ecilecing mivtvor)Qdi2Stwith thel concaet sisfacetkept tonatid therolgéct). 25 <
M3/ L3 <O06. In this seventh exanple, the first _internediate

| mge i s foridl bcbaerions Fuprien loyarr iy MESaRKis hXPerofetheng
pat h_bet ween CHEHGRTIECPIOIREHAT, OBRCRRSYHRM b 889 detiaalseind b tha. | n
e Tt o CohbsCPARIARE hisiol RS L AR GPU SPheUOE s il
(dei oni zed wakgnoerhigtBifrbE NS Tghicksy LoAfireel, AlRMeakaty tyd Bbaesed 1o

vaf er,2gher e réfedtitiel Alroy ¢sdcBl@ G hiforabMiGIae refledtingRigshpNIpptri ¢

projection optical systemPL1-PL3 is |I. Therefore, the wavel ength of the
exposur e’ | i ghwitintheucarveatsarfacs oflzspherical shapé kep) tahbauidntbe: whker, awd t he

at nosphere, whereby the resolution can be enhanced. The optical axis
AX1- AX3 of evi giregly Bwidant doridha bicaptartelns 4. 2hbromarg tholens ivnipGdjlect i on
opti cal syste[&‘PLl- PL3 %?él havi ng the pr}eidetern‘i ned refracting power is
arranged subst8RGORVEY reflechng i M2ddehgyemthe) vasiatiogof the beaB@eh of the

L??ﬁgo{ o7t g el Bhes Rt by e gﬁﬁil?%c{fiﬁﬁlegﬁé 5@5033{12%@33%?%%
- pr oot 1 ontbFHIEES deetelob BFBGAGh | ShEGsRrush MepBub oML BIS and to
readi |y’ achi eygndRledeftsting tifidr Mﬁﬂ?&ﬂm@x RARRGAR Uil 19022 Bhcave '
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25Si nce the catadioptric projection optical system PL1-PL3 according to the
fifth to the seventh exanples includes the six reflecting FPO4-0160-00
mrrors Ml-M5, MI-M6, M21-M26, it is feasible to readily and securely
achieve the optical path separation between the beamtoward the reticle
R1-R3 and the beamtoward the wafer, w thout an increase in th@&Ral60-00

| ength of the catadioptric projection optical system PL1-PL3, 5 even in
the case where the reticle kl-R3-side and wafer-side nunerical apertures of
the catadioptric projection optical system PL1-PL3 are increased in order
to enhance the rgesol utiqgn. The catadjoptric projection optical

syst em PL1- PLsr%fimv& mgrren M23,nand cpnwex retledngnimirmex At cepustituie a
thrice-imging optigal. systemfor 10 forming the first internediate imge
and the secondSPYRE4 YL ate image, in which the first intermediate imge is

orect i mmge of the r b s UiE 1T CStpnbta GEARO RS TBH Bl LR 50"
i nverted i nage i e WRer i i ngl%' tion
optical syst gmor%%ﬂ_ PL 1 Pi;rér%ugtqggsgn t h%ng}gzggmg%%g%??%us and where

the exposure i of agphidriRel Shifpewstideps eaRatd theOdbibbie ah8tl BicBnéiveRBna T d he
wafer, the scanning direction of the reticle R1-R3 can be opposite to that
of the wafer, wimsetconsave asifbiee of asphedéalystmpei BVieeptuoivaad) thet wafdr. as to
decrease a change in the center of gravity of the entire exposure 20

apparatus. |t S8cglthe bieonsase densol2 2 @ndehe iheendave lofs Lhe haxe dbie dens ¢

projection optical system,PL1-PL3 due, tp the_change i.n the center, of
gravity of thes‘gﬁﬁqqseoéﬁ SpARG-atiuts _%‘“rﬂﬁllﬁ% tacasligee gned imaging

Pe L e CLaKIIRHs ek RSy RS TSRS SEe b,
crarml 0, DUt o i O MG CAl bt SHF°RC siShUce B b

| ocated nearest to the wa _ _ ano _

FPO4- 0160- 00 hgathdidptdeprogédtmt dptioal Bpl@¥m BL.ger than 1.1 may be interposed,
where the refractive index of the atnbsphere in the catadi ophic projection
optical system PL1- HieSlens uhit Gdtis coalposed aff thpdolldwant compoabnishiax
catadioptric projection 5 optical systemPL1 according to the fifth

exanpl e~shown ¢kderiod passage|of Bgs: 1 binomvey lenh L2 R evhgrectdrivexntsusfese afs shown
in Fig. 11 described above, represents a radius of a partion where the
exposur e | i ght 33P8CHE ge Bi/ﬁ\?mégﬁ’ﬁf‘fgﬁ olyeet@fIcgalyn STHERYSHGDS heS _
catadigptric jecti i.cal -systemP with.-the center en t.he optical
a0 A or ¢ HBb ohBPef Rt i KBh Iobndt, ol pPic Rl Benifs T ot s
of the maxi mungjeegeg hg | t-er P 8%l Sfy<Y of the
catadioptric g're%j ectl gﬁhg%i icﬁg%ﬂg/gmg I_I%kﬁﬁat[%%rgt &Héél%gr\g&t he a
X-direction ofndgativeihamiidusdex D0 witoseaBinVBx stffdcEofatpiRgical shanoist he
Y-direction of the effective exposure region. hi the specifications, NA

i ndi cat es t he Xcpitoward-the vegfer.t ke lahstuiet GdBfincempepead of thenfolidwihpe
refractive index, and _the_center wavel ength. Furthernore, in the

speci f i cat i onscomponsts & exdarrel passage of rayis:t h@osisivecbniseis lensi LBt ween

the congave ref]ecting mrror M3 and the represented wafer, and L the
(i St andD et vekhoTh EOREM SHidheq s, Rk Vet 16 OBIPHLA POFCC AN
speci fication t Lcal nmenbers of the catadipptni-c projection
optical syst e%e%{}%gg&é% ﬁ%n?’ i~ t @?f?ﬁ(%gamaé& tgﬁ (flﬂﬁdsr?ebf’?'l&lgﬁti ons of
the optical mgpbe; , r]ﬁ,gfc- i i fiSt..colum is
an order of a sur glcl:é;jeé]l;?%gj?t eos?f(gdgl&%#n% |Fqu% tgﬁa%&;?/l%ép; éﬁtt e obj ect
si de, the secqniiut@ HiFRistud MRAL3SP WhostUtRIaVE Subfac FhspHEASASHaPR) . T he
third columm an on-axis spacing or surface separation (m) of each surface,
andgt he fourt hs kepOowardOthe Oy afel:uanposityicamenivete féal 1L.395 velasse epidasal

menber . Tabl e 8 presents the aspherical coefficients of the |enses
with tB2 | ens sutfabeof asphersphehipsals keiph pewanbithehwafeef awt #iptgnodonvexs used
in the catadi aptri c projection optical system PL1 according to the fifth 5
exanpl e. In t AeladgReWhess conesy seifage ds deptdpward they obrati cdheslensace
nunbers in the first colum correspond to the surface nunbers in the
specifications of the optical nenbers of Table 7. The second col um
represents the curvature of each aspherical surface (1/m), the third

col um the conical coefficicent k and the 72t h-order aspherical 10
coefficient, the fourth colum the 4th-order and 14t h-order aspheri cal
coefficients, the fifth colum the 6th-order and 16t h-order aspheri cal
coefficients, the sixth colum the 8th-order and 18t h-order aspherical -
coefficients, and the seventh columm the 10t h-order and 20t h-order
aspherical coefficients. 15In the fifth to seventh exanpl es, each



(Specifications) |Inmage-side NA: 1.20 20Exposure area: A =14 mmB = 18 nmH
= 26.0 mm C = 4 nmmImaging magni fication: 1/4 Center wavel ength: 193. 306 nm
Refttactive index of silica: 1.5603261 25Refractive index of fluorite:
1.5014548 Refractive index of liquid 1: 1.43664 FPO4-0160-00 Di spersion of
silica (dn/dX): -1.591 x 10-6/pm Di spersion of fluorite (cln/ ﬁ,m_@@% X
1026/ pm Di spersion of pure water (deionized water) (dn/ L= 2.
10- 6/ pm 5Val ues corresponding to Condition Mo = 524.49 nm 1400 mm
FPO4- 0160-00 (TABLE 7) (Specifications of Optical Menbers) 112 1t3 215
at co 45.0000 1: co 8.0000

unit G42, aperture stop AS2, and lens unit G43 constitute a fourth unit.

The catadioptric projection optical system PL2 is constructed so

as to satisfy the conditio_n of 0.17 < M2a/lL.2 < 0.6, where M2 is a
distance on the optical axis AX2 between the reflecting mirror M23 and

5 the aperture sfop AS2, and L2 the distance between the reticle R2 and
the wafer. When M2a/L2 satisfies the lower limit, it is feasible to

avotd mechanical interference of the concave reflecting mirror M23

with the lens unit G41 and the lens unit G42. When M2a/L2 satisfies

- the upper lmt, it is feasible to avoid an increase in-the total length and ER

10 . an mcrease in the size of the catadioptric projection optical system PL2.
For securely avoiding the mechanical interference and securely avoiéing
the mcrease in the total length and the increase in the size of the

~ projection optical system, the projection optical system is more
preferably constructed to satisfy the condition of 0.5 <M2a/L.2 < 0.2.

15 | When the catadioptiric projection optical system PL2 of this
example 1s applied to the exposure apparatus, pure water having the
refractive mdex of about 1.4 is interposed in the. optical path between
the lens L36 and the wafer, where the refractive index of the atmosphere
in the catacioptric projection optical system PL2 is 1: Therefore, the

20 - -wavelength of the exposure light in pure water becomes about 0.71

| - {1/14) times that in the atmosphere, whereby the resolution can: be
enhanced.

The optical axis AX2 of every optical element mcluded in the

catadioptric projection optical system PL2 @nd having the

25 predetermined refracting power is placed substanti‘ally on the single

S straight line, and the region of the image formed on .the wafer by the

-T2 -



25 2: co0 9.4378 3! ASP t 252802 4: -244.04741 1.9583 5 2654. 01531
492092 Its 6: -15925154 1.1545 7: 294 54453 34.3095 #5 3. -572-08259

FP04-0160-00

catadioptric projection optical system PL2 is the off-axis region not
‘including the optical axis AX2. Therefore, if is feasible to reduce the
degree of difficulty of production in production of the catadioptric
projection optical system PL2 and to readily achieve relative adjustment
s of each optical member. 7

| Since the catadiopiric projection optical system PLZ of the
fourth example forms the intermediate image of the reticle R2 in the
first mmaging optical system G3, the optical path separation can be
= readily and securely achieved between ithe beam toward the reticle R2
10 and the beam toward the wafer, even in the case where the numerical
apertures of the catadioptric projection optical system PL2 are
mcreased. Since the second imaging optical system G4 has the lens
untt G41 with the negative refracting power, it is feasible to shorten the
total length of the catadioptric projection optical system PL2 and to
15 readily achieve the adjustment for satisfying the Petzval's condition.
Furthermore, the lens unit G41 relieves the variation due to the
difference of field angles of the: beam  expanded by the concave
reflecting mirror M23, so as to suppress occurrence of aberration.
Therefore, good imaging performance can be achieved throughout the
20 _ entire region in the exposure. area, even in the case where the reticle R2-
| side and wafer-side numerical apertures of the catadiopuic projection

-optical system PL2 are mcreased in order to enhance the resolution.
The catadioptric projection optical system PL1 of the third
example. descibed above 15 arranged so that the light reflected by the
25 . convex reflecting mirror M4 is incident to the lens unit G21, but the

_.',6ptical system may also be. arranged so that a double pass lens is
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1562051 9; ASP2 -136.2051 26 10: ASP3 412=6346 26 11. -413.20026
-205-0204 26 12: -604. 04130 160. 2153 "6 13: ASP4 -211. 6246 26 14:

32-0. 60531 226. 6245 15:

FP04-0160-00

disposed between the convex reflecting mirror M4 and the lens unit
G21. In tlus case, the light reflected by the concave reﬂe.cting mirror
M3 passes through the double pass lens, is reflected by the convex
reflecting mirror M4, passes again through the double pass lens, and
.5 then enters the lens unit G21. Similarly, the catadioptric projection
optical system P12 of the fourth example is arranged so that the light
reflected by the convex reflecting mirror M24 is incident to the lens unit
G41, but the optical system may also be arranged so that a double pass
=+ lens is disposed between the convex reflecting mirror M24 and the lens
10 - unit G41.

In the catadiopiric projection optical systems PL1, PL2 of the
respective examples described above, pure water was interposed
between the lens located nearest to the wafer, and the wafer, and it is
also possible to adopt é configuration wherein another medium having a

15 refractive index larger than.1.1 is interposed, where the refractive index
of the atmosphere n the catadioptric projection optical system PL1 or

PL2is 1.
Presented below are values of specifications of the catadioptric
. projection optical system PL1 according to the third example. In the
20 specifications, as shown in Fig. 11, A represents a radius of a portion
where the exposure light 1s blocked by the optical elements constituting
the catadioptric projection optical system PL1, with the center on the
optical axis AX] of the catadioptric projebtion optical system PL1, B a
| radins of the maximum image height with the center on the optical axis
25 AX1 of the catadioptric projection optical system PL1, Ha length along
: - the X-direction of the eﬁfecti\}e exposure region, and C a length along
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224.13260 25.2194 25 16: 34635878 1.0000 17- 215 47954 34.3600 25 18:
ASPS 1.0000 19- 266.87857 10.9905 25... 20: 329.19442 1.0000 21_
155. 43240 20. 0000 a5 22:

EP04-0160-00

the Y-direction of the effective exposure region. In the specifications,

NA represents the numerical aperture, d the surface separation, n the

refractive index, and A the center wavelength. Furthermore, in the

specifications M represents the distance on the optical axis AXI

5 between the reflecting muror M3 and the unrepresented wafer, and L
the distance between the reticle R1 and the wafer.

Table 3 presents the specifications of the optical members of the

catadioptric projection optical system PL1 according to the third

=2 example. In the specifications of the optical members in Table 3;each

10 | surface number in the first column indicates an order of a surface along
the traveling direction of rays from the object side, the second column a
radius Aof curvature of each surface (mm), the third column an on-axis
spacing or surface separation (mm) of each surface, and the fourth
colummn a glass matenial of each optical member.

15 : Table 4 presents the aspherical coefficients of the lenses with a
lens surface of aspherical shape and the refiecting mirrors used in the -
catadioptric projection optical system PL1 in the third example. In the
aspherical coefficients of Table 4, aspherical surface numbers in the first

- column cormrespond to the surface numbers in the specifications of the

20 - optical members m Table 1. The second column represents the
curvature of cach aspherical surface (}/mm), the third column the

conical coefficient k and the 12th-order aspherical coeﬁiéient, the fourth

column the 4th-order and 14th-order asp_herical coefficients, the fifth

gscolumn the 6th-order and 16th-order aspherical coefficients, thessixth

25 ‘ column the 8th-order and 18th-order aspherical coefficients, and the

seventh columnn the 10th-order and 20th-order aspherical coefficients. =
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115. 87410 2. 4756 23: ASP 39. 3045 26 24: 99.87482 55.9109 25-
-412. 64757 24.7282 25 26: ASP? 94.8545 21: ASPS 57.3966 25 28:

-227.16104 1.0000

FP04-0160-00

In the third and fourth examples, each aspherical surface is
expressed by the aforementioned Eq (a).
{Third Example]
(Specifications)
5 Image-side NA: 1.20
Exposure area: A= 14mm B =18 mm
H=260mm C=4mm
Imaging magnification: 1/4 |
i Center wavelength: 193.306 nm :
10 Refractive index of silica: 1.5603261
Refractive mdex of fluorite: 1.5014548
Refractive index of hquid 1: 1.43664
Dispersion of silica {do/d)): -1.591E - 6/pm
Dispersion of fluorite (dn/dA): -0.980E - 6/pm

15 ' Dispersion of liquid 1 (dn/d).): -2.6E - 6/pm '
Values corresponding to Condition Ma=374.65 mm L=
1400 mm | '
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29. 504. 83819 20. 0000 as 30. 407. 86902 122535 31: 595. 98854 43. 0398
as 32: -2001. 40538 1. 0000 48 33- 711.19871 32.6046 us 24: 8598. 79354
32. 0466 35- 36209. 93141 30. 0000

FP04-0160-00

(TABLE 3)
{Specifications of Optical Members)
2 #3 T
1 oo 50.0000
1. oo 8.0000 =
g ©0 33.0000
i ASP1 250422 85
4. -183.98521 10060
& 35531617 A0, 7391 a5
8: -261.34115 1.0000
iz 27733354 28.0108)%
8 ASP2? 224 5285
& | 7651872 20.0000 |5
10 -51R.60710 104614
3 T ASP3 . E04614]m5
i2: -515.60710 —30.0000 s
i3 —1 7661872 =204 5285
14 ASP4 51837066
i5: -517 308842 ~241.3807 |#5
15 —G52 07484 1313807 |#s
7 ASPS 39000005
8: 171.50360 21.4743
1% —245 34525 20.0000 ) xs
prisy ASPS 851415
7L ASP7 283718
23 —273.72281 1.60300
23 57831684 AR E0TSes
24: 502898420 1.8000
25 AsP2 ' 23.1140} 5%
28: -113.30127% 1.6000
27 1454 26847 33.5453 |25
28: -1302 23688 1002723
24 1382.10341 241681 8%
3 284413303600 5.3079
31: o0 LR R
3z ~__506.50080 37.1298]
33: 52385820543 1.6000
34 36783725 41.0485|%5
a5 1341.08674 1.0000
a6 180.61255 61 4605(xs
37: 464.28786 1.6000
38: 12516761 48 268543
35: ASPS 1.3000
40: 88.27447 o AR.361 5 a5
27 ASP10 11254
42 F79.35451 31011 Es
43 on [
43 f2e]
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'co 12. 6069 4? 38:
192_53-858 61. 7603 25 41:

503. 84491 53. 3626,
521. 19424

-1731. 78793 1. 0000 37:
-1088. 61181 1. 0000 40.
42: 122. 70200

25 36-
ir5 39:
1- 0000

¥P04-0166-00

#1:1st surface

10

#2: Radius of curvature

#3: Surface spacing
#4: Medmum

#5: silica glass

#6: reflecting mirror

#7: aperture stop

#8: pure water

. #9: 2nd surface
(TABLE 4)
(Aspherical Coefficients)
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#12: Aspherical surface number

#13: Curvature

15
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transverse aberration in the meridional direction and in the sagittal
direction 6f the catadioptric projection optical system PL1 according to
the present example. In Fig. 12, Y indicates the image height, each
dashed hine the transverse aberration at the wavelength of 193.3063 nm,
5 each solid line the transverse aberration at the wavelength of 193.3060
nm, and each chain hine the transverse aberration at the wavelength of
1933057 nm. As shown in the transverse aberration diagram of Fig.
12, the catadioptric projection optical systemn PL1 of the present
kG example has the large numerical aperture and is cérrected in a good -

10 balance for aberration throughout the entire exposure area though it has

no large optical element.
The values of specifications of the catadioptric projection optical

system PL2 according to the fourth example will be presented below.
Table 5 presents the specifications of the optical members. of the

15 catadioptric projection optical system PL2 in the fourth example.
Table 6 presents the aspherical coefficients of the lenses with a lens
surface of aspherical shape and the reflecting mirrors used in the
eatadioptric projection optical system PL2 according to the fourth
example. The specifications, tﬁe specifications of the optical

| 20 . members, and the aspherical coefficients will be. described with use. of
the same reference symbols as those used in the description of the
specifications of the catadioptric projéction optical system PL1 in the
third example.
 [Fourth Example]
25  (Specifications)
o Tmage-side NA: 1.20
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FPO4- 0160- 00 #1:1st surface #2: Radius of curvature (mm #3: Surface

spaci ng (nmm #5. silica glass #6: reflecting mrror #7. aperture stop
#8: pure water #9: 2nd surface #14: Fluorite - 10#15: Name of gl ass
material (TABI E 8) (Aspherical Coefficients) tit lit) k c4 c6 c8 el O
cl2 el4 418 c18 e20 ASFi t FP04-0160-00

Exposure area;: A=13.5mm B=17.5mm
H=260mm C=4mm
Imaging magnification: 1/5
Center wavelength: 193.306 nm
5 Refractive index of silica: 1.5603261
Refractive index of fluorite: 1.5014548
Refractive index of liquid 1: 1.43664
Dispersion of silica (dn/dA): -1.591E - 6/pm _
Dispersion of fluorite (dn/dA): ~0.980E ~6/pm : S
10 Dispersion of liquid 1 (dn/dA): -2.6E - 6/pm '
Values corresponding to Condition© Ma =424 .85 mm L=
1400 mm
(TABLE 5)
(Specifications of Optical Members)
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‘g2 #a %4
#1 0 14.584 1
1: o0 S.0000f =5
2 &0 33.0000
3 ASP1 22.8375] s
4 238837112 1.0000
5 22888450 595387 *°
& -908.69408 202.7480| *°
7 -165.20601 200000 =
8: -0 093148 46 4417
& ASP2 -45.44 17} *5
10: ~-568.93146 ~20.0000| #5
-11: ~-165.20501 ~182.7480
12: ASF3 416.5531) #e
137 TL410.00644 ~182.7518] #¢
14: ASP4 164.80642] #s
15: ASFY 284827 **
15: 239.45485 38.2383
17: 487 63245 20.0000] &*
18: ASDPS £6.8638
18: ASPT 487904} #5
20: —-2900.43245% 1.0000
21: 103603127 g0.0000] *3
22: 101553584 197285
23: —2533.07822 §3.4343| ==
24 —27882069 31.4485
Zh: -1383.38324 408430 | *7
28 . ASPE 1.0000
2F: o0 1.000D) #7
28: 47900778 35.643 2 *5
25: 163725836 1.0000
a0 32932813 44 1312
31: 1053.37530 1.0000
32; 200.35148 57.3982] #5
aa: 215.90441 1.0000
34: 118.38758 60.5521| *5
35 ASPY 1.D060
36: 31.03425] 37.8815[*%
37: ASP10 1.00600
38: 81.71932 35.7388) #n
38 oo 1.00001*°
*Hy O

#1:1st surface:
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ASP3 -13000585432 0. 00000E+00 -0 92554E-09 1. 39659E-13 -1

'37519E-23 -1 45.573E-27 2279512-32. 0.80000E+00 0. 00000E+0D 0 00000E+00

09671E-18 3

ASP4 -000123249 D. 00000E-+00 1.03713E-09 1.07135E-12 -3345522-16

10

15

#2: Radius of curvature

#3: Surface spacing

#4: Medium
#5: silica glass

#6: reflecting mirror

#7: aperture stop

#8: pure water
#9: 2nd surface

FP04-0160-00

#14: Fluorite - ey
(TABLE 6)
- (Aspherical Coefficients)
it 12 2t -k <4 ) [=i] . 10
ci? cid clf ath <20

ASPI ~5.8035845h4 LA3000E+E0 | 2.22345E-08 1.42958E~33 | ~1.477c-17 ] 1.B3827E-21
—3.TORT2E-24 | . 22408E-3] DODH0JE~00 | DODODELLD | 000N0SESDD

AR P2 -Q_GGZ'ITSS'EBI DQOTA0E+ED | -1 37638E~05 | -0.272A3F-14 | -2 28568=-18 | -4 78720E-77 | .
413B48E-25 | —222006E—00 | OLOGUDE=D0 | DODIODECE | 0.00000EXGD |

AP DOO0GD 5 DEDOGOEFES | —4.13158E-00 [ 1.53030E-13 [ -4.375925—18 | £ 8BNG8E-22 |.
~2 04998578 | §.12220GE-31 DG000DES00 DO0000E+CG | 0.00000E+DD" |.
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AP} 000102803 GOICACE+CD | —314DG4E-DA | 2.8790BE~13 | -1.32587E-17 | 2N2315E-22
545818527 | -4.97090E-22 | €.00000E:00 | Sa0Q0GE«0e | @ LADOOEHH]

ASF3 —DO0012575 | DORODDEI00 | —5 21260E-08 | 87670614 | ~457867C-19 | 11608 1E-23
~8.40702- 23 |- B.O4TE7E-34 | Q.00003E-08 | GOHSOGDERED | 0 00000DEYDD

ASPD 0.0025 3277 DON00BEHED | £ 9277AF-08 | ~A.90272F-13 | BH27BFE-17 | 4.3B434E-27 |
4 74581 5-25 | 4.B51058E-30 | COODODE-U0 | DOS000EFCE | U.0000BEYDL

2S00 51060078 | DOI000E+ED | 260785607 | A.780506-11 | BA1G48E-15 | 1.06881E-18
15355997 | 4 32877E-25 | DIOOUDE~0N | DH000DE+E0 | 0.00GO0ERI0

#12: Aspherical surface number

. #13: Curvature

- Fig. 13 18 a transverse aberration diagram showing the
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transverse aberration in the meridional direction and in the sagittal

direction of the catadioptric projection optical system PL2 according to

the present example. In Fig. 13, Y indicates the image height, each

dashed line the transverse aberration at the wavelength of 193.3063 nm,

5 each solid line the transverse aberration at the wavelength of 193.3060,
and ecach chain line the transverse aberration at the wavelength of

193.3057 nm. As shown in the transverse aberration diagram of Fig.

13, the catadioptric projection opﬁcal system PL2 of the present

=~  example has the large numerical aperture and is corrected inza good

10 balance for aberration throughout the entire exposure area though it has

no large optical element.

The fifth example of the present invention will be described

below with reference to the drawing.  Fig. 14 is an illustration showing

a lens configuration of the catadioptric projection optical system

15 accbrding to the fifth example of the present invention. The
catadioptric projection optical system PL1 of the fifth example is
comprised of the following optical systems in order from the object side

(i.e., the reticle R1 side): a first imaging optical system G1 for forming a.

first intermediate image and a second intermediate image of the reticle

20 ~ R1 located on the first surface; and a second imaging optical system G2
o -"for relaying the second intermediate image of the reticle R1 onto a |

- wafer (not shown) located on the second surface.

The first iniaging optical system G1 is composed of a lens unit

with a positive refracting power (field lens wnit) G11, and after-

25 . described six reflecting mirrors MI-M6. The lens unit G11 functions

_toll correct for distortion _,and others and to make the optical_ system
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telecentric on the reticle R1 side. The lens unit G11 functions to keep

the size of the image of the reticle R1 unchanged even if the reticle R1

18 placed with deviation from the desired position in the direction of the

optical axts AX1; therefore, the performance of the catadioptric

5 projecﬁoil optical system PL1 can be maintained high.

The second imaging optical system G2 is entirely composed of

transmitting optical elements and is composed of a lens unit with a

positive refracting power (first lens unit) G21, a lens unit with a

=  negative refracting power (second lens wnit) G22, a lens unit with a

10 positive refracting power (third lens um't) (23, an aperture stop ASI,
and a lens wnit with a positive refracting power (fourth lens unit) G24.

Since the second imaging optical system G2 is entirely composed of the
transmitting optical clements, it is free of the load of optical path
separation; therefore, the image-side numerical aperture of the
15 catadiopiric projection optical system PL1 can be set large and a-
| reduced 1mmage can be formed at a high reduction rate on the wafer
focated on the second surface. The lens umts G21-G24
advantageously function for satisfying the Petzval's condition. The
 configuration of the lens units G21-G24 is able to avoid an increase in
20  the total length of the catadioptric projection optical system PLT. The
- lens wnits G21-G23 are effective to correction for various aberrations

. such as coma.

Here the lens umt Gl1 is composed of the following

components i order of passage of rays from the object side (reticle R1

25 . side): a plane-parallel plate L.1; a positive meniscus lens L2 whose

concave. surface of aspherical shape is kept toward the object; a
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biconvex lens L3; and a biconvex lens 1.4. The beam transmitted by
the biconvex lens 14 is reflected by the concave reflecting mirror M1
whose concave surface of aspherical shape is kept toward the object, the
convex reflecting mirror M2 whose convex surface of aspherical shape
5 1s kept towar& the wafer, and the concave reflecting mirror M3 whose
concave surface is kept toward the object, to form the first intermediate
mmage. The beam reflected by the reflecting mirror M3 is reflected by
the convex reflecting mirror M4 whose convex surface is kept toward
=2 the wafer, the concave reflecting mirror M5 whose concave sutface of
10 aspherical shape is kept toward the object, and the concave reflecting
mirror M6 whose concave surface is kept toward the wafer.
Since the beam is comtinuously reflected by the reflecting
mirrors M1-M6 without intervention of any lens, the Petzval's condition
. can be readily met by adjustment of each reflecting ‘mirror M1-M6. A
15 region for holding each reflecting mirror M1-M#6 can be secured and it
1s easy to hold each reflecting mirror M1-M6. The curvature of field
can be readily corrected for by changing the radius of curvature of each
refleching mirror M1-M6. The beam reﬂected by the reflecting mirror
- M6 forms the second intermediate image.
20 In this case, the concave reflecting mirror M3 is placed at the
. . position most distant from the optical axis AX1 and the beam can be
| focused by this concave reflecting mirror M3; therefore, the beam can
be set largely apart from the optical axis AX1 of the catadioptric
projection optical system PL1, without intervention of any lens between
25 - the reflecting mirrors M1-M6, whereby interference can be avoided

| between beams.  'When the beam is continuously reflected by the four
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3

reflecting mirrors M3-M6, it is feasible to avoid an increase in the total
length of the catadioptric projection optical system PL1.

The lens unit G21 1s composed of the following components in
order of passage of rays: a positive meniscus lens LS whose convex
5 surface is kept toward the object; a positive meniscus lens L6 whose
concave surface of aspherical shape is kept toward the wafer; a positive
meniscus lens L7 whose convex surface is kept toward the object; a
negative meniscus lens L8 whose convex surface is kept toward the
+z0bject; and: a negative -meniscus lens L9 whose convex surface of
10 aspherical shape is kept toward the object. The lens unit G22 is
composed of a biconcave lens L10 whose concave surface of aspherical
shape is kept toward the wafer. The lens unit G23 is composéd of the
following components in order of passage of rays:_a planoconvex lens
L11 whose planc of aspherical shape is kept toward the object; a
15 negative memscus lens L12 whose convex surface is kept toward the
| object; a biconvex lens L13; a positive meniscus lens 114 whose

. convex surface is kept toward the object; and a biconvex lens L15.
The lens unit G24 is composed of: a biconvex lens L16; a
‘posttive meniscus lens L17 whose convex surface is kept toward the
20 . object; a posittve meniscus lens L18 whose concave surface of
- aspherical shape is kept toward the wafer; a positive meniscus lens 1,19
~whose concave surface of aspherical shape 1s kept toward the wafer; and
a planoconvex lens 1.20 whose convex surface is kept toward the object.
. b The catadtoptric projection optical system PL1 is éonstruct"ed to
25 | satisfy the condition of 0.2 < Mb/L < 0.7, where M is a distance on the-

o optical axis AX1 between the reflecting mirror M3 and the aperture stop -
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Fig. 17 is a transverse aberration diagram showi ng the transverse
aberration in the nmeridional direction and in the sagittal direction of the
catadioptric projection optical system PL1 according to the present

exanple. In Fig. 17, Y indicates the imge height, each 5 dash@l)(]zﬁ.@pﬁm@e
transverse aberration at the wavel ength of 193.3063 nm each solid line the
transverse aberration at the wavel ength of 193.3060 urn, and each chain

| ine the transverse aberrati on at the wavel ength of 193 3057 nun. As shown
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preferably constructed to satisfy the condition of 0.25 <Mb/L < 0.6.

In this fifth example the first intermediate image is formed

15 between the reflecting mirror M3 and the reﬂécting mirror M4, but the

- first mtermediate image may be formed in any optical path between the‘
reflecting mirror M2 and the reflecting mirror M4,

Next, the sixth example of the present invention will be

described with reference to the drawing. Fig. 15 1s an illustration

200 - showing a lens configuration of the catadioptric projection optical

.- system according to the sixth example of the present invention. The

catadioptric projection optical system PL2 of the sixth example is

‘comprised of the following optical systems in order from the: object side

(i.e., the reticle R2 side): a first imaging optical system G3 for forming a

25 ﬁrst mtermediate image and a second intermediate image of the reticle

'R2 located on the first surface; and a second imaging optical system G4
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for relaying the second intermediate image of the reticle R2 onto a
wafer (not shown) located on the second surface.
The first imaging optical system G3 is composed of a lens unit
with a positive refracting power (field lens unit) G31, after-described
5 lens 125, and six reflecting mirrors M11-M16. The lens unit G31
functions to cormrect for distortion and others and to make the optical
system telecentric on the reticle R2 side. The lens unit G31 functions
to keep the size of the image of the reticle R2 unchanged even if the
: . reticle R2 is placed with deviation $rom the desired position:in the -
10 optical-axis dwection; therefore, the performance of the catadioptric -
projection optical system PL2 can be maintained high.
The second 1maging optical system G4 is entirely composed of
transmitting optical elements and 1s composed of a lens unit with a
positive refracting power (first lens unit) G41, a lens unit with a
15 | negative refracting power (second lens unit) G42, a lens unit with a
- posttive refracting power (third lens unit) G43, an aperture stop AS2,
and a lens vmt with a positive refracting power (fourth lens unity G44.
The second imaging optical system G4 is free of the load of optical path:
separatton because 1t is entirely composed of the transmitting optical
20. - . clements; therefore, the image—side- numerical aperture of the
o catadioptric projection optical systemr PL2 can be set large and a
- reduced image can be formed at a high reduction rate on the wafer
- located on the second surface. The lens umits G41-G44
| advantageously function for satisfying the Petzval's condition. The
25 :conﬁguration of the lens units G41-G44 effectively avoids an increase
| in the-total length of the catadioptric. projection optical system PL2.
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The lens units G41-G43 can correct for various aberrations such as

coma. -
Here the lens wunit G31 is composed of the following
components in order of passage of rays from the object side (reticle R2
5 side): a plane-parallel plate L21; a positive meniscus lens 122 whose
concave surface of aspherical shape is kept toward the object; a
biconvex lens L23; and a biconvex lens L24. The beam transmitted by

the biconvex lens 124 passes through the negative meniscus lens

&
¥
e

3 (negative lens) 125 with:the concavessurface kept toward the object, is
10 reflected by the concave reflecting mirror M 11 with the concave surface
of aspherical shape kept toward the object, and passes again through the
negative meniscus lens L25. The beam transmitted by the negative
meniscus lens L25 is reflected by the convex reflecting mirror M12 with
the convex surface of aspherical shape kept toward the wafer, to form
15 the- first intermediate image. The beam reflected by the: reflecting
- mirror M12 1s reflected by the concave reflecting mirror M13 with the
concave surface kept toward the object, the convex reflecting mirror
M4 with the convex surface kept toward the wafer, the concave
reflecting mizrbr M15 with the concave surface of aspherical shape kept
20 toward the object, and the concave reflecting mirror M16 with the
concave surface kept toward the wafer. By adjusting the negative
meniscus lens L25,, it is feasible to readily correct for chromatic
aberration and to readily satisfy the Petzval's condition. By changing
the radius oficurvature of each reflecting mirror M11-M16, it is feasible e

25 - to readily correct for curvature of field. The beam reflected by the

- reflecting mirror M16 forms the second intermediate image.
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In this case, the concave reflecting mirror M13 is placed at the
position most distant from the optical axis AX2, and the beam can be
focused by this concave reflecting mirror M13; therefore, the beam can
be set largely apart from the optical axis AX2 of the catadioptric

5 projection optical system P1.2, without intervention of any lens between
the four reflecting mirrors: M13-M16, and it is feasible to avoid
interference between beams. By continnously reflecting the beam by
the four reflecting mirrors M13-M16, it is feasible to avoid an increase
i the totaldength of the catadioptric projection optical system PL2, - g

10 The lens unit G41 is composed of the following components in
order of passage of rays: a positive meniscus lens L.26 whose convex
surface is kept toward the object; a positive meniscus lens L27 whose
concave surface of aspherical shape is kept toward the wafer; a positive
meniscus lens 128 whose convex surface is kept toward the object; a

15 positive meniscus lens 129 whose concave surface of aspherical shape
1s kept toward the wafer; and a negative meniscus lens L30 whose
convex surface is kept toward the object.

The lens unit' G42 is composed of a biconcave lens L31 formed
m the aspherical shape or the wafer side. The lens unit G43 is

20 - composed of the following coﬁlponents in orde_r of passage of i”ays: a
biconvex lens 1.32 formed m the aspherical shape on the object side; a
~ negative meniscus lens 133 whose convex surface is kept toward the.
object; a biconvex lens L34; a biconvex lens 1.35; and a biconvex lens
L36. The ens wnit G44 is composed of a biconvex lens L37; a 4
_ 25 - positive meniscus lens L.38 whose convex surface is kept toward the

object; a .positive meniscus lens L39 whose concave surface of
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aspherical shape is kept toward the wafer; a positive meniscus lens L40
whose concave surface of aspherical shape is kept toward the wafer; and
a planoconvex lens L41 whose convex surface 1s kept toward the object.
The catadioptric projection optical system PI.2 is constructed to
5 satisfy the condition of 0.2 < M2b/L2 < 0.7, where M2b is a distance on
the optical axis AX2 between the reflecting mirror M13 and the aperture
stop AS2, and L2 the distance between the reticie R2 and the wafer.
When M2b/L2 is smaller than the lower limit, it becomes difficult to
X - place and keep-each of+the lenses 1.26-1.36- constituting the lens :unitsr
10 G41-G43 mdispensable for comrection for various aberrations,
particularly, coma, at an accurate position. Namely, when M2b/L2
safisfies the lower limit, it 1s feasible to avoid mechanical interference
of the concave reflecting mirror M13 with the lens units G41-G43. .
When M2b/L2 satisfies the upper limit, it is feasible to avoid an
15 mcrease m the total length and an increase in the size of the catadiopiric.
projection optical system PL2.  For placing and keeping each lens 1.26-
L36 at 2 more accurate position and securely avoiding the increase in
. the total length of the catadioptric projection optical systefn PL2, the-
optical system is more preferably constructed to satisfy the condition of
20 . 025 <M2b/L2<0.6.

In the sixth example, the first intermediate image is formed
between the reflecting mirror M12 and the reflecting mirror M13; but |
the first intermediate image may be formed in any optical path between

e R the reflecting mirror M12 and the‘reﬂectmg mirror M14,
25 - © Next, the seventh example of the present invention will be

- described with teference to the drawing. Fig. 16 is an illustration
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showing a lens configuration of the catadiopiric projection optical

system according to the seventh example of the present invention. The
catadioptric projection optical system PL3 of the seventh example is
comprised of the following optical systems in order from the object side

5 (1.c., the reticle R3 side): a first imaging optical system G35 for forming a
first intermediate image and a second intermediate image of the reticle
R3 located on the first surface; and a second imaging optical system G6
for relaying the second intermediate image of the reticle R3 onto a

- . wafer {not:shown) located on the second surface. - |

10 The first imaging optical system G5 1s composed of a lens unit
with a positive refracting power (field lens unit) G51, and after-
described. six reflecting mirrors M21-M26. The lens unit G51

functions to correct for distortion and others and to make the optical -
system telecentric on the reticle R2 side. The lens unit G351 functions

15 to keep the size of the image of the reticle R3 unchanged even if the
reticle R3 is placed with deviation from the desired position in the
direction of the optical-axis AX3; therefore, the performance of the

catadioptric projection optical system PL3 can be maintained high.

The second imaging optical system G6 is entirely composed of

20 - transmitting optical elements, and is composed of a lens unit with a~
| | positive refracting power (first lens unit) G61; a lens wonit with a
| ‘negative refracting power (second lens unit) G62; a lens unit with a
| . positive refracting powef (third lens unit) G63; an aperture stop AS3;
i and a lens unit with a positive refracting power (fourth lens unit) G6é4.
25 - ' .Since the second imaging optical system G6 is entirely constrncted of
N _- the transmitting.oi)tical elements, it is free of the load of optical path
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separation; therefore, the 1image-side numerical aperture of the
catadioptric projection optical system PL3 can be set large and a
reduced image can be formed at a high reduction rate on the wafer
located on the second surface.  The lens units G61-G64
5 advantageously function for satisfying the Petzval's condition. The
configuration of the lens units G61-G64- effectively avoids an increase
in the total length of the catadioptric projection optical system PL3.
The lens units G61-G63 can correct for various aberrations such as
=t comma. B <& : R &=
1G . Here the lems unit GS51 is composed of the following -
components in order of passage of rays from the object side (reticle R3
side): a plane-parallel plate 1L.51; a positive [ﬁeniscus lens L52 whose
concave surface of aspherical shape is kept toward the object; a
biconvex lens L.53; and a biconvex lens L54. The beam transmitted by
15 the biconvex lens L54 is reflected by the concave reflecting mirror M21
o with the concave surface of aspherical shape kept toward the object, the
convex reflectmg mirror M22 with the convex surface of aspherical
~shape kept toward the wafer, and the concave. reflecting mirror M23
with the concave surface kept toward the object, to form the first
_'20‘ . intermediate image. . The beam retlected by the reflecting mirror M23
‘15 reflected by the convex reflecting mirror M24 with the convex
surface kept toward the wafer, the convex reflecting mirror M25 with
the convex surface of aspherical shape kept toward the object, and the
concave reflecting mirfor M26 with the concave surface kept toward the
25 wafer.

~ Since the beam is continuously reflected by the reflecting
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mirrors M21-M26 without intervention of any lens, it is feasible to
readily satisfy -the Petzval's condition through adjustment of each .
reflecting miror M21-M26. In addition, a region for holding each

reflecting mirror M21-M26 can be sccured, and the curvature of field

can be readily corrected for by changing the radius of curvature of each
reflecting mirror M21-M26. The beam reflected by the reflecting
mirror M26 forms the second intermediate image.

In this case, the concave reflecting mirror M23 is located at the
position most distant from the optical axis AX3,:and the bedm can be
focused by this concave reflecting mirror M23; therefore, the beam can
be set largely apart from the optical axis AX3 of the catadioptric
projection optical system PL3, without intefvention of any lens between
the reflecting mirrors M21-M26, and it is feasible to avoid interference
between beams.  Since the beam is continuously reflected by the four
reflecting mirrors M23-M26, it is feasible to avoid an mncrease in the
total length of the catadioptric projection optical system PL3.

The lens unit G61 1s composed of the following components in

. order of passage of rays: a biconvex lens 1.55; a positive meniscus lens

L.56 whose concave surface of aspherical shape is kept toward the

~wafer; a positive meniscus lens L57 whose convex surface is kept

toward the object; a negative meniscus lens .58 whose convex surface.

s kept toward the object; and a negative meniscus lens 1.59 whose

convex surface of aspherical shape is kept toward the object. The lens

unit G62 is composed of a biconcave lens L60 whose concave surface

of aspherical shape is kept toward the wafer. The lens unit G63 is

- composed of the following components in order of passage of rays: a
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- biconvex lens L61 whose convex surface of aspherical shape is kept
toward the object; 2 negative meniscus lens 162 whose convex surface
is kept toward the object; a biconvex lens L63; a biconvex lens 1.64; and
a positive meniscus lens L65 whose concave surface is kept toward the

5 object.

The lens unit G64 is composed of the following components in

order of passage of rays: a biconvex lens L66; a positive meniscus lens

L67 whose convex surface is kept toward the object; a positive
==smeniscus lens L68 whose concave surface of aspherical: shape is*kept

10 - toward the wafer; a positive meniscus lens L69 whose concave surface
of aspherical shape is kept toward the wafer; and a planoconvex lens

| L70 whose convex surface is kept toward the object.

The catadioptric projection optical system PL3 is constructed to.

satisfy the condition of 0.2 < M3/L3 < 0.7, where M3 is a distance on

15 the optical axis AX3 between the reflecting mirror M23 and the aperture
stop AS3, and L3 the distance between the reticle R3 and the wafer.

When M3/L3 is smaller than the lower limit, it becomes difficult to.

place and keep each of the lenses L55-1.65 constituting the lens units
G61-G63  indispensable for correction for various aberrations,

20 particularly, coma, at an accurate position. Namely, when M3/L3
satisfies the lower limit, it is feasible to avoid mechanical interference -

of the concave reflecting mirror M23 with the lens units G61-G63.

When M3/L3 satisfies the upper limit, it is feasible to avoid an increase

#in the total length and an increase in the size of the catadiéptric

25 projection optical system PL3. For placing and keeping each lens L55-

- L70 at a more accurate position and securely avoiding the increase in
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the total length of the catadioptric projection optical system PL3, the
optical system is more preferably constructed to satisfy the condjﬁon of
0.25<M3/13 <0.6. '
In this seventh-example, the first intermediate image is formed
5 between the reflecting mirror M23 and the reflecting mirror M24, but
the first intermediate image may be formed in any optical path between
the reflecting mirror M22 and the reflecting mirror M24.
In application of the catadioptric projection optical Systerﬁs
a2 PLI-PL3 of the fifth to seventh examples to the exposure apparatus,
10 pure water (deionized water) with the refractive index of about 1.4 is
mterposed in the optical path between the planoconvex lens L20, L41,
or L70 and the wafer, where the refractive index of the atmosphere in -
- the catadioptric projection optical system PL1-PL3 is 1. Therefore, the
~ wavelength of the exposure light in pure water is about 0.71 (1/1.4)
15 times that in the atmosphere, whereby the resolution can be enhanced.
The optical axis AX1-AX3 of every optical element included 11-1‘
the catadioptric projection optical system PL1-PL3 and having the.
predetermined refracting power 1s arranged substantially on the single.
- straight line, and the region of the image formed on the wafer by the
20 - catadioptric projection optical system PL1-PL3 is the off-axis region not
including the oi)tical axis AX1-AX3. Thercfore, it is feasible to reduce
the degree of difficulty of production in production of the catadioptric
- projection opiical system PL1-PL3 and to readily achieve relative
% adjustment of each optical element.
25 . Since the catadioptric projection optical system PL1-PL3

according to the fifth to the seventh examples includes the six reflecting
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MITOrs Mi—Mﬁ, M11-M16, M21-M26, it is feasible to readily and
securely achieve the optical path separation between the beam toward
the reticle R1-R3 and the beam toward the wafer, without an increase in
the total length of the catadioptric projection optical system PL1-PL3,
5 even in the case where the reticle R1-R3-side and wafer-side numerical
apertures of the catadioptric projection optical system PL1-PL3 are
mncreased in order to enhance the resolution.
The catadioptric projection optical system PL1-PL3 according to
- .the fifth=to seventh examples is a thrice-imaging: optical system for
10 forming the first intermediate image and the second intermediate image, -
n which the first intermediate image is an inverted image of the reticle
R1-R3, the second intermediate image is an erect image of the reticle.
.RI—R3; and the 1mage formed on the wafer is an inverted image.
* Therefore, in the case where the catadioptric projection optical system
15 PLI-PL3 is moimted on the exposure apparatus and where the exposure
is carried out with scanning of the reticle R1-R3 and the wafer, the
scanning direction of the reticle R1-R3 can be opposite to that of the:
wafer, and it is feasible to readily achieve such adjustment as to
decrease a change in the center of gravity of the entire exposure
20~ apparatus. It is also feasible to reduce vibration of the catadioptric
projection optical sysiem PL1-PL3 due to the change in the center of
l gravity of the entire exposure apparatus and to achieve good imaging
performance throughout the entire region in the exposure area. _
In the catadioptric projection optical system PL1, PL3 of cach of
25 the above examples, pure water (deionized water) 1s 1terposed between

the lens located nearest to the wafer, and the wafer, but another medium _
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having the refractive index larger than 1.1 may be interposed, where the
refractive index of the atmosphere in the catadioptric projection optical
system PLI- PL3 1s 1.
Next, values of specifications of the catadioptric projection
5 optical system PL1 according to the fifth example shown in Fig 14 will
be presented. In the specifications, as shown in Fig. 11 described
- above, A tepresents a radius of a portion where the exposure light is
blocked_by the optical elements constituting the catadioptric projection
_optical system PL1, with the center-on the optical axis AX1:of the =
i0 catadiopfric projection optical system PL1, B a radius of the maximum -
mmage height with the center on the optical axis AX1 of the catadioptric .
projection opfical system PL1, H a length along the X-direction of the
effective exposure region, and C a length along the Y-direction of the-
effective exposure region. In the specifications, NA indicates the
15 . numerical aperture, d the surface separation, n the refractive index, and. -
A the center wavelength. Furthermore, in the specifications, M
indicates the distance on the optical axis AX1 between the concave
reflecting mitror M3 and. the unrepresented wafer, and L the distance.
- between the reticle R1 and the wafer.
20 - Table 7 presents the specifications of the optical members of the
| catadioptric projection optical system PL1 according to the fifth
example. In the specifications of the optical members of Table 7, each
surface nuwmber in the first column is an order of a surface along the
| traveling direction of rays from the object side, the second column a
25  radius of curvature of each surface (mm), the third column an on-axis

spacing or surface separation (mm) of each surface, and the fourth
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column a glass material of each optical member.
Table 8 presents-the aspherical coefficients of the lenses with the
lens surface of aspherical shape and the reflecting mirrors used in the

catadioptric projection optical system PL1 according to the fifth

example. In the aspheﬁcal coefficients of Table 8, aspherical surface -

numbers in the first column correspond to the surface numbers in the
specifications of the optical members of Table 7. The second column
represents the curvature of each aspherical surface (I/fnm), the third
column the conical ‘coefficient k. and the -d2th-order aspherical
coefficient, the fourth column the 4th-order and 14th-order aspherical
coeflicients, the fifth column the 6th-order and 16th-order aspherical

coefficients, the sixth column the 8th-order and 18th-order aspherical

-coefficients, and the seventh column the 10th-order and 20th-order -

asphericai coefficients.

In the fifth to seventh examples, each aspherical surface is

expressed by Eq (a) described above.

[Fifth Example] |

{Specifications)
Image-side NA: 1.20

- Exposure area: A= 14 mm B=18mm

_ H=260mm C=4mm
Imaging magnification: 1/4
Center wavelength: 193.306 nm
Refractive indeﬁ; of silica: 1.5603261
Refractive index of fluorite: 1.5014548
Refractive index of iquid 1: 1.43664

- 99 -



-1 _16948E-26 511646E-31 0. O0000E. 00 0. 013000E*00 0. 00DCO ECU ASP9
0. 00113802 0. O0O300E+00 421089E-08 -8 075i OE-13 5. 31944E-17 -4.151304E- 22
-0 28946E-27 1. 60653E-30 0.008006. 60 0. 06000E100 0. 94000E*00

FP04-0160-00

Dispersion of silica (d]l/d)u): -1.591 x 10%pm
Dispersion of fluorite (dn/d)): -0.980 x 10%/pm
Dispersion of pure water (deionized water) (dn/dL): -2.6 x
10°%/pm
5 Values-éorresyonding to Condition .Mb=352449mm . L=
1400 mm o
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Fig. 18 is a transverse aberrati on di agram showi ng the transverse
aberration in the neridional direction and in the sagittal dir&P0dehiaF-00he
catadioptric projection optical system PL2 according to the present

exanple. In Fig. 18, Y indicates the i mage height, each 5 dashed |ine the
wavel engt h of 193.3063 nm each solid |ine the wavel ength of 193. 3060 nm

and each chain ele th of 3. 7n As shown in the
transverse abeQWfJgfnﬂdl \2@ t}ﬂn& ijlzgptl 348 &Eﬁ)optrl c pI’OJ ection

optical systenjf PLZ of tThefpresent exanpl € has t e & ge nungrical aperture
and is correctied #h_a goop=l0bal ance for absmoepl on t hroughbut the entire
exposure area fthough it hps no | arge opti caldosb@nmernts. Next, the
specificationsj.of t&e catfsdi optric projecti @888kt i cal system PL3 according
to the sevent h_gx_a_u%ﬂ_e shBWPlin Fig 16 wi|2B.38hr d&ented.  ffable 11
presents the slpeciffcati T4t i cal h98B¥rs 15 of the catadioptric
1 1 Ao | ot =¥y 1 4] 9 - .

proj ecti on optj-eal—Systes ev8hth-—exanpl e. Table 12
presents the gspherteal—¢ et B ey of—t ..%4 359.5(—:3 1=;ﬁﬂ'—t—h—t—h{-}’l ens surface of
aspherical shape d.lls): tire—f-ef 159?208 qlll 1O SEUSE] ) tuc catpdi optric
proj ection optfical _gystenjydpg accor di gt 358858 e,M-,enL exanple. In the
specificationg, tThepspeci faspali ons o1t Ne 412@3841THs rs, and the
aspherical codfficiients, fhe -Gesggizet on Vvaobh2od o ven usi ng t he same
synbol s as thdse 1n2the descri6pébdrssof t hets¢ateai*éptric proj ecti on opti cal
system PEE accg_Ldl_dg to tH¥EPRifth exanpl ex21f fth Exanple] . .
25(Speci f i cat ijons) imAge-ki de 3RABIRI 20 - 139.8245 FPO4 0160-

15: 22413260 25.2194

18: 346.15878 [.0000

17- 21547854 34.3600] #5

18: ASPY . 16000
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20: 325.19442 1 0000

21 156.43240 20.0000] =3

2Z: 11537410 G47T56

23: ASPH 393045} #5

24: 89.57482 359109

25" -312.64757 24.1282] #=

28: JASPY 84 83545

21 ASPS a7 3086] s

28: —227.16104 1.0000

25. 504.8381% 20.0000) ==

30. 40286802 12 3535

31 58553854 43.0398] 5

3Z: ~2031.40538 1.0000]+3

33 711.18801 32 8048] #5

34: 85988.79354 320466

35" 38208.53141 30.0000] &5

38- —1231.38703 1.0000§

31 oo 12.8068] #7

38 503 84481 53.3628| =s

39: -~ —188845118) : 1.0060

A0. 182 53858 £1.7803] #5
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33 ASPD _1.0060D
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Exposure area: A= 13 nmB = 17 mm H=26 Omm C=4 nm | magi ng magni fi cati on:
1/5 Center wavel ength: 193.306 nm 5Refractive index of silica: 1.5603261
Refractive index of fluorite: 1.5014548 Reitactive index of liquid 1:

1. 43664 Dispersion of silica (dn/dk): -1.591 x10-6/pm Di spersion of

fluorite (dn/dX): -0.980 x 10"6/pm 10D spersion of pure water I ORIAE _
water) (dri/dX): -2.6 x 10-6/pm ConditionMy = 508 86 nmL = 40016%%1%56?@8 -

FPO4- 0160- 00 (TABLE 11) (Specifications of Optical Menbers) it2 443 ass
41 op 63.0159 co 8_0000 #5
#1:1st surface
#2: Radius of curvature (mm)
#3: Surface spacing {mm}
#5: sihica glass
5 #6: reflecting mirror
#7: aperture stop
#8: pure water
#9: 2nd surface
a #14: Fluorite - =
10 #15: Name of glass material
(TABLE g)
(Aspherical Coefficients)
#iZ At k <4 of cd cid
o2 cls cif =18 20
#EPT -BO00590231  OAD0RDE+DDR] -2.B7641E-08] -1.70437E-11{ 2462BLE-1% -2.74317E~-18
20025623 -1.79530E-238] QEO00PE+00] D.OGOGOELGD|  D.ODODDEBR
ASP2Z ~RO020GIRD DODOOOEHRD  2.50612E-0% ZA5324FE~14F  3.37607E-18) -5.35258E-22
) 3837480261 —1.i3016E-30| O0O000E+00! DOAGDODE+DD]  0.0DAGOE+ DG
#5P3 -DE00%8R62)  DODBUOETDD| -4 93554E-09]  1.38659E-13] -1 J8BTIE-18[ 3 37519E-73
-1 43593827 223851E-32{ O.COCODE+IG| DODOODEHED] O BOOSDEDD
ASPY -~B90123245] 0GDOOOETOD| 1.93713E-DG| 1.DI185E-12] -3 34352E-16] 3.54315E-20|
-5 05218E-24| 3.41809F-28| OUCD0BEHIS| QO0000E+GD!  0.0DODOEFDD
ASPS O 00JZ0I0%]_ DODDODEYDD|  1.37534E-09] -1 OB3BJE-11]  7.70BRaE-171 40028830}
-3.22126E~34| B I6BI4E-18} {I0000E+0D| DOPOCOE+S3]  0.00000E: D0
ASPE 000588235 DODDODE+QD| 2.471559E-07) -1.D376BE-11] -5 75114E~17 111214819
“FASARE-24f 3.53081E-23] QCO00CE+00)  DODOQOEHCR|  0.00GD0E:DD]
ASPF 000664255 DODOANE+DD| 2.8 150E-03| -0.25480E-12] -1.37B45E-16] G.BRA7?5E-10
~381546E-24 6. 80450E-30] O.00000E+00] _D.00000E+60| _D.008C0CH00
ASPS Q003500301 COOGODE+O0 —1.26430F-08| 1.64038E-12{ -6.24373E-18] 2.07576E-27
~SOTIONE-27| 1.49848F-31] L.COO0DEHID| GODOOOEHE3|  0.DOOSOEIDD
ASPE 0003A5728]  ODOD00EGS 5.52_232& DE| -1 5664DE-12] 1.38582F-18] -407%66E-21
1.ABISE~35)  1.1DBESF~30( G.00000E+00| 0.0O0DOOE:GD|  0.0DDG0OFE+00
ASPigQ C.01G36085]  DOCOODE+DG| 2 4ZB02E-0F| 4.90632E-11] 162330e-15%| E.50272E-18
L 323667622 -B.2177IE-28] GOCDOODE+OD]  0OROOOESDD|  0.00000E0D| .
#12:; Aspherical surface number
15 '

#13: Curvature,
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Fig. 17 is a transverse aberration diagram showing the
transverse aberration in the meridional direction aﬁd in the sagittal
direction of the catadioptric projection optical system PL1 according to
the present example. In Fig. 17, Y indicates the image height, each

5 dashed line the transverse aberration at the wavelength of 193.3063 nm,
each sohd line the transverse aberration at the wavelength of 193.3060
nm, and each cham line the transverse aberration at the wavelength of
193.3057 nm. As shown in the transverse aberration diagram of Fig.

= 17, the catadioptric prejection optical system PL1 of the>present
10 example has the large numerical aperture and is corrected in a good
balance for aberration throughout the entire exposure area though it has

no large optical element.

Next, the specifications of the catadioptric projection optical -
system PL2 according to the sixth example shown in Fig. 15 will be

15 presenfed_ Table 9 presents the specifications of the optical members
of the catadioptric projection optical system PL2 according to the sixth
cxample. Table 10 presents the aspherical coefficients of the lenses
with the lens surface of aspherical shape and the reflecting mirrors used
in the catadioptric projection optical system PL2 according to the sixth

-20 E example. In the spectfications, the specifications of the optical

o _members, and the aspherical coefficients, the description will be given
using the same symbols as those in the description of the catadiopiric
projection optical system PL1 according to the fifth example.

[Sixth Example] £
25 (Specifications)
o Image-sideNA: 1.20
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8: -509. 23840 143. 7025 9: ASP2 -123.7025 #6 10: A SP3 394. 2980 so
11: "398.57458 -201.7192 so 12: -48511237 151. 8027 #6 la A SP4

FP04-0160-00

Exposure arca: A=13mm B=17mm
H=26.0mm C=4mm

Imaging magnification: 1/4
Center wavelength: 193.306 nm

5 7 Refractive index of stlica: 1.5603261
Refractive index of fluorite: 1.5014548
Refractive index of liquid 1: 1.43664
Dispersion of silica (dn/dA): -1.591 x10%/pm

S - Dispersion of fluorite (du/dr): -0.980 x 10%/pm =
10 Dispersion of pure water (deionized water) (dn/dA): 2.6 x
10%/pm "
Values corresponding to Condition ~Mb = 482,14 om L=
1400 i
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-206. 6789 *6

14: 32027813 2216789 #6 15:

- 389138387 11778 17:

141. 65647 33. 4870 us

18:

(TABLE 9)  (Specifications of Optical Members)
2 13 15
T [ 50.3535
1 = 8.0000[ #5
Z: oo 12.7478
3: ASP1 32.5508] #5
&: —184.4305% 10000
5 D3z.86at 45.8762] u5
B: —271.53626 1.83173
7 374.46315 38.0103] #s
8 —361.42851 142117
B: —363.08052 26.0000] =5
10 58449774 5.5356
11 ASPZ =% 5358) v6
2 ~554.49774 ~Z0.0000| #5
2 -389.08052 -127.0301
i4: ASP3 . 430.8032 86
15: 45023317 ~2158303(#e
15 —704.67685 163 5032] #5
17 ABPA —506.3833 =5
15 317.07485 238,32 75(ns
18: 248.80032 30.3188[ =5
20: 564.03405 1.0000
21 170.07823 20.0000] #5
27; ASES 10778
23 174.13926 20.8002] %5 _
24, 204.93424 10798
25; 160.77848 331276/ 85
76 ASPE 93775
PF 1185.57325 700000} #5
28: 103.9026D 46.3708
29: ~G 1561025 24.5184[5
30: ASD] 83.5410
3t ASFS 37.4275(#5
3z —317.19307 10000
3% 688.27057 200000 #>
3% 513.84357 11.2568
35 88325368 30.1774]25
36: —95941738 1.0000
37. 122233357 34.5841[#>
38: -1403.11945 16.903 |
38 218946706 37.3055]#5
ag; —889.78387 1.0000
ai oo D.BA6T[ *°
iz 35832781 52.3568[8s .
43: —1741.65958 10000
44 215.86566 59.3939{#5
"45: 659.70674 10000
46: 184.64784 58.8510]#5
47: ASPS 1.0004
45 55.95608 G5011[#s
29 ASPID 10194
BO: 8022245 402056 75
51 oo 1.0060
#9 oo
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19:
22-

216. 09570 286534 #5

11739321 26054

-5

10

15

20:

461. 77835 1. 0000

21:

20212479 202182 #5

FP04-0160-00

23: ASPO 20. 0000 25 24: 98.31887 51.9992
#1:1st surface
#2: Radius of curvature (mm)
#3: Surface spacing {mm)
#5: silica glass
#6: reflecting mirror
#7: aperture stop
#8: pure water
#9: 2nd surface
=#14; Fluorite 3
#15: Name of glass material
{TABLE 10)
{Aspherical Coefficients)
B2 #13 E ed ] 8 i
el2 ald el cid c2h
AZHF1 3000578101 BO0I00E+CEI -DO3ISHE-US 3.283945-12] -4.08402F~18 2578B0E-20|
-3.18284E-25 2.02085E-30 COCCEOE+00)  QBBOOCE+DD 000000 +00
I
ASEY ~DOda3R7el  GODIODE+DD] 3 3ISUIGE-09  2SBIERE—{4] BTIAEBE—1§| —TODALIE-32
421327E-26] D89N 4F-21 BOCBLOE DD QL00G0ESRE BOOCLOE+0D
ASP3 —00003225F)  S00JO0E+D0]  -§.53400E-03 115038013 081655619 A51651E~-23
—3 $TRT{E-27 3G0D17E-32 DOOCROEDDT  OUCQOCEXOR|  BOODLOE+00
ASP3 —0.0085850 | G00AM0E+D0] 543 70E-09]  G.B81523c—13| i J4A74E—16]  B2IBISE—2]
~7 2541 5E-25 5457141 E~26 BOORCOEL0R]|  ODROADEHBD BODBIOE +00
A5P5 Q005742101 RODIODELDD) 280000E-081 -1.85072C-12] -2 2I058E-|6 208519E-20
—22?032E_-24_ GACB2IE-28] DOGHOCE-DO|  OGDOOCE+DE BO0CL0E+0D
ASPE SE0ZEIS30)  GEGI0CE+OR]  ~7.99356E-D8 11414551 1) —~£8739VE-16 6. 76G22E-20
-3 B3008F—24 1 B42G0E-25 DOOBEOS:00] (QOOMDEHGL]  BOOGBIOEO0
ASFF QDEGG7 /S8 BOOIODEYBO ~1.01256E-03] -5.A055¢-12] -6.85243E-17 21B857E-20]
—¥ 2463524/ - =1.57363E-53 BOOBOCE-DD|  0.0GO0ODE+DD COCROE-DD
ASPS GEE00B9T0 0000 00]  ~1.83383E-08 1907ISE—13] B 11478518 337339E—22
|~ iG0$8E-25 521646E=21 GOORGOAE-RO 0.0600DE+B0 DOOGCOE-C0
ASFY Q083 13862] eOBIGNELDOn] 421089 E—b& ~BO¥5I0E-13]  5.3I844E-17| -4, )5004E-22
-5 28948E-27 160B5IE-30 GOODGCEYDO]  C.OCOODE+RD D.OGGO0E~0D
ASFI0 QODP3sTBE]  BOUIIGERD| 2 1BIJIE-OV] 3I2TRIE-H 1.11B31E-18 112837E~18
~3 818356—=F3 182202E-39] - GLAGUREHDD BOORLOE+]0

#1 3_: Curvature

- #12: Aspherical surface mumber
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Fig. 18 is a transverse aberration diagram showing the
transverse aberration in the meridional direction and in the sagittal
direction of the catadioptric projection optical system PL2 according to
the present example. In Fig. 18, Y indicates the image height, each
dashed line the wa_tvelength of 193.3063 nm, each solid line the

- wavelength of 193.3060 nm, and each chain line the wavelength of

193.3057 nm. As shown in the transverse aberration diagram of Fig.
18, the catadioptric projection optical system PL2 of the present
example has the large numerical aperture and is corrected in a good
balance for aberration throughout the entire exposure area though it has
no lérge optical element.

Next, the specifications of the catadioptric projection optical

system PL3 according to the seventh example shown in Fig. 16 will be -

presented. Table 11 presents the specifications of the optical members

of the catadioptric projection optical' system PL3 according to the

seventh example. Table 12 presents the aspherical coefficients of the
Ienses with the lens surface of aspherical shape and the reflecting
mirrors used in the catadioptric projection optical system PL3 according

to the seventh example. In the specifications, the specifications of the

| optical members, and the aspherical coefficients, the description will be
‘given using the same symbols as those in the description of the

~ catadioptric projection- optical system PL1 according to the fifth

example.

.

'[Séx}enth Example]
(Spectfications)
| Image-side NA: 1.20
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11. 9006 Si: 811.09260 45.2273 #5 32 -813. 38538 1. 0000 33:
1012. 41934 42.1336 ; 45 24! -973.64820 ----21.5611 35: -3238227410
29. 5159 #5

FP04-0160-00

Exposure area: A=13mm B=17mm
H=260mm C=4mm

Imaging magnification: 1/5
Center wavelength: 193.306 nm

5 Refractive index of silica: 1.5603261
Refractive mdex of fluorite: 1.5014548
Refractive index of liquid 1: 1.43664
Dispersion of silica (dn/di); -1.591 x10%pm
Dispersion of fluorite. (dn/dh): -0.980 x 10%/pm

10 Dispersion of pure water (defonized water) (dn/dh): -2.6 x
10%/pm

Conditton Mb = 508.86 mm L= 1400 mm

aoe
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36:
39;

-107505582 1. 0000
- 458927545 9. 3746

40:

27: co 6.3202 #7
20482419 53.7618 #5

41:

28: 371.59007 56.0505 # 5
494. 59116 1_0000

FP04-0160-00

(TABLE 11)
(Specifications of Optical Members)
#2 #+3 &5
51 o 630169
1 2 BOG0G| #5
2; 20 11.6805
3 AP 307011185
4: 24487575 10000
5 52072375 B06283]%5
&: —283.00134% 10000
7 45576731 470794} %5
8 ~509.23540 143.7025
g ASP2 —123 7025 x5
10: ASP3 3942980 w5
11; ~39857488 ~201.7192] #¢
12 = ~485.11237 157802726
13 ASP4 —2066785| %5
14 32937813 2216788 %5
15; 411 95851 26,1592/#5
i6: —3890.38337 11778
17 14465647 3348705
18 ASPS 1.0000
19 21609570 28,6534 #5
20 461 77835 L0000
2t 202.12479 202182[ss
22 117.79321 26034
2% ASPE 206000[%¢
24; 98.31887 519992
25; —251.39135 35.2622(%5
26 ASP7 881855
27 ASP3 420591 [**
28 —30333648 51164
29 B06.1 8864 2BE748[%5
30 48885228 11.9005
3 £11.09250 45927385
37 -81338538 1.00C0
33, 101241934 42,1336 45
24 —97354820 918811
35 ~3938257A10 2BH159] #5
36: . — 107505682 10000
3% o 83302 v
38 37159007 56.0505]% 5
39, ~4689.87545 8.3746
40 20425419 53 7618]%5
it 43453116 10000
42 12585227 57.4813]#s
43; ASPg 10101
4 9258525 434772[%5
45 ASPI1G 1.0360
4G 5528679 422468 %5
47 o 10000} as
%3 20
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45:

FP04-0160-00

e

42 12525227 57.4813 #5 43; ASP9 1.0101 44. 92.58526 43A772 #5
ASP10 1. 0360 46: 85.28679 412466 1" 47. co
#1:1st surface
#2: Radius of curvature (nm)
#3: Surface spacing (mm)
5 #5: silica glass
#6: reflecting mirror
#7: aperture stop
#8: pure water
- #9: 2nd surface Gk
10 #14: Fluorite
#15: Name of glass material
(TABLE 12)
(Aspherical Coefficients)
[#12 z1 & o4 cf ol e1@
clz (38 alé ciB £20
ASPT -0.0004478 b.DUQDﬁE+80 ~6.2R500FE--04 207003E~12] —1.BB17IE-1B 4 72866E-21
4253000261 -B8.362396-30]  ©O000CE+DD]  ODOOPOE:00]  GOUOCOEDRG
ASP2 —0.007T2308]  0.0000EE+D0: S530847E-09F  282457E-13| -9.86657E-18 1.35214E-~211
=8 2B4ORE=76 Z2ST30E=30 S00000E+CE [RELEGE T HE] GODOCOE+ED
- 1ASPE EEC0es3S5 QO00GCRE+D0] -1 469717E-D8{  238BVRE-13 LBSMEE-18]| -1.0B670E-22
- 155322 K-3¥] -1.00341E~37] ©CO00DE+QD]  GRODOEYDR|  DOCOCUE+DS
ASPa 50009742 0OUO0DED]  Z25001E-00]  8.15904E-13] —1.75977E16] 184720E20|
i —2.44657E-24 237932E-2R| £.00D00E0D BODOCOETDO BGDOCOEDG
ASPE DOLABAGS| GOUD00E 00| 77993108 -BA2591E~18] 3B0RTIE-16]  B7IBOZE3|
221 816E-06] —2.2523BE-30f  SO0U00NCE+GD BOTOB0EDD SOBOGDELDD
LY BOD7SI25]  GONNOBEYG0] 1 BBIDIEDI Fi7ISBE-11| 187RATE T3] Z5aaear-19
. LI0711E-23] ~1.55659E-27  60000DE+00] DBLOCGEFDD] OGOOCOE+DD
ASPT DED3E1el  QOOODEHID|  350205E-0DF -BBORZFOE-12] -285920E-15] 2H5MEBE-8D
| 2 2A0RE24]  3.142ME20]  G00DA0ECR]  DBLOROEDO| DOLOSYE=DD
Aspg BECEISIS S TSTRE-08] 2 07275E-13] ~18800E-18] 790860F 77
D2BIGTE-27]  3.18AIRE-3i SA000DE+G0|  ODOGEOEHDD| BOROCHE+DD
ASPS REDGI40] QOGOODE+GN] 494024508 -39B172E-13 §R2B83E1 Y] 594025E-22
: . -6 1Q68E-26} 437I0SE-30F ©00Q0DE=0D|  OBGADLJELDD DORICOE+LD
ASP10 BL0A3466 D.0000BE+DD]  2.176G63E-D7 2751 50E~11 1.B8592E=-15 345060E=-19
1.230680E-25] -1.1BCB8E-26 GO00000E+SD G LEACOEHRD DACACO +k_}D
15

#12: Aspherical surface numbet
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1.0000 tta Its 00 - 109 - FPO4-0160-00 #1:1st surface #2:

Radi us of curvature (nm #3. Surface spacing (nm 5#5: silica glass
#6: reflecting mrror #7: aperture stop #8: pure water #9: 2nd surface
10#14: Fluorite #15: Nane of glass material (TABLE 12) (Aspherical
Coefficients) -1t 12 S 13 k 44 46 c 8 c1 0O cl1l2 414 416 FP04-0160-00

#13: Curvature

Fig. 19 is a transverse aberration diagram showing the
transverse aberration in the meridional direction and in the sagittal
direction of the catadioptric projection optical system PL3 according to
5 ~ the present example. In Fig. 19, Y indicates the image height, each
dashed Ime the wavelength of 193.3063 nm, each solid line the
wavelength of 193.3060 nm, and each chain line the wavelength of
193.3057 nm. As shown in the transverse aberration diagram of Fig.
19, the catadiﬁptric projection optical system PL3 of the present
10 example has the large numerical aperture énd is corrected m a good
balance for aberration throughout the entire exposure area though it has

no large optical element.

The projection optical systems of the respective examples -

desenibed above can be applied each to the projection exposure
15 apparatus shown in Fig. 1. The projection exposure apparatus shown
| in Fig. 1 is able to inc:reése the effective numerical aperture on the wafer
W side to 1.0 or more and to enhance the resolution, because pure water
with the refractive index of about 1.4 for the exposure light is mterposed
between the projection optical system PL and the wafer W. Since the
,‘20 . projection exposure apparatus shown in Fig. 1 has the projection optical
- system PL consisting of the catadioptric projection optical system
according to each of the aforementioned examples, it is able to readily
and securcly achieve the optical path separation between the beam
- toward the reticle and the beam toward the wafer in the projection
25 optical system PL, even in the case where the reticle-side and wafer-side

‘numerical apertures are - increased. Therefore, good imaging
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performance can be achieved throughout the entire region in the
exposure area and a fine pattern can be suitably exposed.

Since the projection exposure apparatus shown in Fig. 1 uses the
ArF excimer laser light as the exposure light, pure water is supplied as
the hqud for liquid immersion exposure. Pure water is easily
avatlable in large quantity in semiconductor manufacturing facilities and
others and has the advantage of no adverse effect on the photoresist on
the substrate (wafer) W, the optical elements (lenses), and others.
Since pure.water has no adverse effect-on environments and contains an
extremely low amount of impurities, we can also expect the action of
cleaning the surface of the wafer W and the surface of the optical

element located on the distal end face of the projection optical system

- PL.

Pure water (water) 1s said to have the refractive index n of about
1.44 for the exposure light of the wavelength of approximately 193 nm:.
In the case where the ArF excimer laser light (wavelength 193 nm) is

used as a light source of exposure light, the wavelength is reduced to

‘1/n, ie., about 134 nm on the substrate to achieve a high resolution.
Furthermore, the depth of focus is increased to about n times or about

- 1.44 times that in air.

The hquid can also be another medivm having the refractive.

~ index larger than 1.1 for the exposure light. In this case, the ]iquid can
~ be any liquid that is transparent to the exposure light, has the refractive

index as high as possible, and is stable against the projection optical

- system PL and the photoresist on the surface of the wafer W.
Where the F, laser light is used as the exposure light, the liquid

-112-
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222427E-12 -9. 96057E-18 1. 35214E-21 -128498E- 26 273795E-30 0130000EPOO
1013000E+00 0. 0OO003E+00 ASPS aecocess 1143000E400 -1.46917E-09
239872E43 1. 99016E-18 - 308670E-22 1. 543922E-27 -1.05341E-32 000000E400

0. 011000EV40 D. 013000E+00
v FP04-0160-00

can be a fluorinated liquid, for example, such as fluorinated oils and
perfluorinated polyethers (PFPE), which can transmit the F, laser light.
The present mvention is also applicable to the exposure
apparatus of the twin stage type provided with two stages independently
3 movable in the XY directions while separately carrying their respective
substrates to be processed, such as wafers, as disclosed in Japanese
Patent Applications Laid-Open No. 10-163099, Laid-Open No. 10-
214783, JP-A-2000-505958, and so on.
: When the liquid immersion method is applied as described
10 above, the numerical aperture (NA) of the projection optical system PL
can be 0.9 to 1.3. In cases where the numerical aperture (NA) of the
projection opfical system PL is so large as described, use of randomly-
polarized light conventionally applied as the exposure light can degrade
the imagiixg performance by virtue of its polarization effect, and. it is
15 thus desirable to use polarized illumination. A preferred configuration -
| in those cases 1s such that linearly polarized illumination is effected in
alignment with the Jongitudinal direction of line patterns of Vline-and~
-spacé patterns on the reticle (mask) R so that diffracted light of the s-
polarized component (component in the polarization direction along the
20 longitudinal direction of the. line: patterns) is more emitted from the
| patterns of the reticle (mask) R. When the liquid fills the space:
between the projection optical system PL and the resist applied on the
surface of the wafer W, the. transmittance becomes higher on the resist
surface for the diffracted light of the S-polarizéd component
25 - contributing to improvement in contrast than in the case where air (gas)

-fills the space between the projection optical system PL and the resist

-113 -



" ASP4 -000742 0_OOOO6E-100 225661E-09 8. 15504E-13 -1. 75777E-154 1. 64720E-20
-2.44697E-24 2.57932E- 28 000000E+00 0. 1210- O0OE100 100080E100 ASP5
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applied on the surface of the wafer W. For this reason, the high
imaging performance can also be achieved even in the case where the
numerical aperture (NA) of the projection optical system PL exceeds
10. 1t is more effective to use the phase shift mask, the oblique
5 mcidence illumination method (particularly, the dipole illumination) in
alignment with the longitudinal direction of line patterns as disclosed in
Japanese Patent Application Laid-Open No. 6-188169, etc. properly in
combination.

2 The:exposure apparatus of the aforementioned embodiment can
10 produce microdevices (semiconductor devices, image pickup devices,
liqmd-crystal display devices, thin-film magnetic heads, etc.) by
ifluminating the reticle (mask) by the illumination device (illumination
~ step) and performing an exposure of a transcription pattern formed on:
the mask, onto the photosensitive substrate by the projection optical
15 system (exposuwre step). An- example of a method for producing
semiconductor devices as microdevices by forming a predetermined
circuit pattern on a wafer or the like as a photosensitive substrate by use
of the exposure apparatus of the present embodiment will be described

below with reference to the flowchart of Fig. 9.
20 ' First, step 301 m Fag. 20 is to.form an evaporated metal film on
| . each of wafers in one lot. Next step 302 is to apply a photoresist onto
the metal film on each of the wafers in the lot. Thereafter, step 303 is
to sequentially perform an exposure to transcribe an image of a pattemn
& - on a mask info each shot area on each of the waferssin the lot through
25  the projection optical system, using the exposure apparatus of the

. present embodiment. Step 304 thereafter is to perform development of
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the photoresist on each of the wafers in the lot, and next step 305 is to
perform etching with the resist pattern as a mask on each of the wafers
in the lot to form a circuit pattern corresponding to the pattern on the
mask, m each shot area on each wafer.
5 Thereafter, through formation of circuit patterns of upper layers
and others, the devices such as semiconductor devices are produced.
The semiconductor device production method described above permits
us to obtain the semiconductor devices with an extremely fine circuit
== pattern at high throughput. Step 301 to step 305 are to perform the
10 respective steps of evaporation of metal on the wafers, application of the
resist onto the metal film, exposure, development, and etching, but it is
needless to mention that the method may be so arranged that, prior to
these steps, a silicon oxide film is formed on the wafer and thereafter
the resist is applied onto the silicon oxide film, followed by the
15 respective steps of exposure, development, etching, and so on.
| The exposure apparatus of the present embodiment can also
produce a liquid-crystal display device as a microdevice by forming.
predetermined patterns (bircuit pattern, electrode pattern, etc.) on a plate
(glass substrate). An example of a method of this production will be
| 20 descobed below with reference to the flowchart of Fig. 21. In'Fig. 21,
| * pattern forming step 401 is to exccute a so-called photolithography step
of performing an exposure to franscribe a pattern of a mask onto a
.photosensitive substraie (a glass substrate coated with a resist or the
, like) by the exposure apparatus of the present embodiment. This
25 photolithography step results in forming the predetermined pattern

“including a number of electrodes and others on the photosensitive
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substrate.  Thereafter, the exposed substrate is processed through
respective steps of development, etching, resist reinova], and S0 on to
form a predetermined pattern on the substrate, and is then transferred to
next color filter forming step 402.
5 Next, the color filter forming step 402 is to form a color filter in
a configuration wherein a number of sets of three dots corresponding to
R (Red), G (Green), and B (Blue) are arrayed in a matrix, or in a
configuration wherein a phurality of sets of filters of three stripes of R,
= (G, and B are arranged inthie direction of horizontal 'sean hines.* After
10 the color filter rforming step 402, cell assembly step 403 is then
executed. The cell assembly step 403 is to assemble a liquid crystal
panel (liquid crystal cell), using the substrate with the predetermined
‘pattern obtained i the pattern forming step 401, the color filter obtained
in the color filter forming step 402, and so on. In the cell assembly
15 step 403, for example, a hiquid crystal is poured into the spacé between
tﬁe substrate with the predetermined pattern obtained in the pattern
forming step 401 and the coior filter obtained 1 the color filter forming
- step 402, thereby producing a liguid crystal panel (liquid cryétal cell).
Module assembly step 404 thereafter is to attach each of
20 components such. as an electric circuit, a backlight, etc. for display
operation of the assembled liquid. crystal panel (li'quidr crystal. cell),
thereby completing. a hiquid-crystal display device. The production
method of the hiquid-crystal display device described above permits
_ ‘liquid-crysta] display devices with the extremely fine circuit pattern to
25 be produced at high throughput.

As described above, the projection optical system according to
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the first aspect of the present invention comprises at least two reflecting
mirrors and the boundary lens with the surface on the first surface side
having the positive refracting i)ower, has all the transmitting members
and reflecting members arranged along the single optical axis, and has
5 the effective imaging area not including the optical axis, wherein the
optical path between the boundary lens and the second surface is filled
with the medium having the refractive index larger than 1.1. As a
result, the present invention successfully realizes the relatively compact
sx3 projection optical system having thewexcellent imaging performance as
10 - well corrected for various aberrations such as chromatic aberration and
curvature of field and being capable of securing the large effective
image-side numerical aperture wlliie well suppressing the reflection loss
on the optical surfaces.
In the projection optical system according to the second aspect
15 of the present invention, the mtermediate image of the first surface: is
formed 1 the first imaging optical system, and it is thus feasible to
readily and securely achieve. the optical path separation between the
beam toward the first swrface and the beam toward the second surface,
| even in the case where the numerical apertures of the projection optical
20 system are increased. Since the second imaging optical system is
provided with the first lens unit having the negative refracting power, it
-is feasible to shorten the total length of the catadioptric projection
| optical system and. to readily achieve the adjustment for satisfying the
wPetzval's condition.  Furthermore, the first lens unit relieves the
25 © variation due to the difference of field angles of the beam expanded by

the first field murror, so as to suppress cccurrence of aberration.
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Fig. 19 is a transverse aberration di agram showi ng the transverse
aberration in the neridional direction and in the sagittal direction of the
catadioptric projection optical systemPL3 according to 5 th W&-%%b-oo
exanple. In Fig. 19, Y indicates the imge hei ght, each dashe I ne the
wavel engt h of 193. 3063 nm each solid |line the wavel ength of 193.3060 nm
and each chain line the wavel ength of 193.3057 nm As shown in the
transverse aberration diagramof Fig. 19, the catadioptric projection
optical systenrrefos¢, goed pmegmg padormaaeptan basachievedahpmughovtrtheal
aperture and is corrected in a good bal ance for aberration throughout the
entire exposurdditise &210R 6% e expasHEe M2l evaseindbeicass whicsntheobigefesigeoj ect i on

optical systens ,of the.respective ex | es descri.bed. above can be applied
each to the p%ﬁm%%ﬁléiaggwmaﬁ@erﬁggw mfsca;wimﬂﬁmpfmgﬁ.ﬂ% OHEPF@T

proj ection ex . in f£ig. i_,s_abl.e to increase the
effective nun@%@éﬁ%ﬁeﬁ%&ﬁgfﬁgt‘é\ﬁ?@?‘%ﬂ/@?ﬁ?ﬁ'&u%'o or nore and to
enhancest he resol utt }'W | j ' x of
about 1,.54 for the e%gé’lﬁ.&'%eﬁ?%ﬁpﬂ?@eﬁ nter%géé@%{b&g%ﬁg%%%@jdﬁfgon
optical syst epréentnigiveRGonalodhipii¥esShi G&ast NGx 2RhirrBFO) At tRs FHOOTMHEE
apparatus shown in Fig. 1 has the projection optical system PL consi sting
of thefl cat aditephnediatpimpge tandnthepsacond! iniesinedizae dmage n@nt be gaghedf the
af orenmenti oned exanples, it is able to readily and securely achieve the
optical path ysgrdtineeasetwhstotdldenghmofitbomathdioptricqroftictionraptidab beam

toward the wafer in the projection 250ptjcal system PL, even in the case
wher e t he®r et S¥PIEDs eyen ith the easewharg dbe ohiect-sile angdamagessidgpamerical .
i ncreasggd. Therefore, d i i ng. FPO4-0160-00 .performance can be achi eved
througﬁ@ut t h&P erse&?tg’ﬁi,#‘%ﬂpg}?epﬁuﬁm QPgF%lasyéFﬁfné‘r?i“I’i%reﬁ%ﬁ‘fé‘}n can be
sui tably expo , f . Dr 0] i € I8 ) -AJS own in
sut b1y exposdytp cobane IR, O/ AR AR SEROMACRICRE ALK R |
i's supplied agefurbfieadtiong ¢hd @Pﬁ&al%atﬁ éeﬁﬁ?dtﬁigOBe&a%ﬁsmeqaea%J tGwaRi e 1S
easily available in large quantity 1T n sem conductor manufacturing
facilities ancheofipstr surfd had thd deah wadethef savonddsefre. efSinsd tin t he
photoresist on the substrate (wafer) W the optical elenents (lenses), and
ot her s... Si nceppueetiomephcalasysionad\proseleds Witht atoleasinsikrmimenst andatlie cont ai ns

-an 10 extrenely | ow amount, of inpurities, we can al so expect the'action of
cl eani 15 t he §M¥%f@%ehwg%wmﬁﬁfﬁerwggep@wet eopetzral's el ement

| ocated on th pstal _end fage of .th rojection tical systemPL. Pure
wat er (‘wat er)giﬁgél gpd:a{lgwﬁggéﬁy ﬁéet@@ﬁr@& C@Qnifﬁﬂégglﬁa%qn ‘é@%ﬁ? T9aY 44 for

t he exposure Lijght i N e case
where the Ar F}dea?c%f trgei}ﬁ)u agg%%sﬁ@gégggfg?%ggw fg‘gl%%?' ll%gguﬂs}g;ildaéﬂ%ehl i ght
source of expeostvnd lbhddit divheyel ength is reduced to 1/n, i.e., about 134
nmon the substrate to achieve a high resolution. Furthernore, the depth of
focus is increased The plojedtion dpticad spstembaicordig 14 4hé thibadgeat of theni | .

The liquid can al so be another nedi um having the refractive index |arger

t han 2201 for prescatapyeniien ks Hiet thrice-imagseg apecaltdystam,quherebarthbdirsiny | i qui d
that is transparent_to the exposure light, has the refractive index as high

as possibl e, Hiermediafeapageasanmverind tmege oftthe firshsudage, 2B yeeand PL and

t he photoresist on f.he surface of the wafgr, W .
phot ! eafedig iinage an erect 1mage. of the first surface, and the image

formed on the second swrface an inverted image. Therefore, in the
case where the catadioptric projection optical system of the present
25 o mvention is mounted on the exposure apparatus and where the exposure

is carried out with scanning Qf the first surface and the second surface,
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Where the F2 laser light is used as the exposure light, the liquid

FPO4- 0160-00 can be a fluorinated liquid, for exanple, such as fluorinated
oils and perfluorinated polyethers (PFPE), which can transmt the F2 | aser

| i ght. The present invention is also applicable to the exposure
apparatus of the twin stage type provided with two stages i ndepeoddaydg(.0b
novable in the XY directions while separately carrying their respective
substrates to be processed, such as wafers, as disclosed in Japanese Patent
Applications Lai d-Open No. 10-163099 Laid Open No. 10- 214783,

JP- A- 2000- 505958, and sS0,.0n. V%eg th quj d |nner5|on met hod is applied as
described 10 i C¢ QAR nﬁﬁ@‘ﬁ%ﬁ?@%ﬂ?éhmbptlca

. 3. f
the prof tcff"zngﬁp@?caﬁc@ésﬁ wrgfsla IFS?%@fbﬁe B Bpii 0ot oihandon y
pol ari zed | 1 0h 460MER AORAe: eaye'aﬁ@%glaﬁ%ofiﬁ (REP &l&é&h@&{wan figorade

t he i magi ng performance by V|r Iarlza fon e is 15

t hus desi rabl eeﬁtge%ogg}ealhﬁgﬁgmg I ﬁﬁglfﬁep&ﬁ%%rﬁdtwe[f; tgyr(ﬁtl on in

t hose cases is such that arly polarize onis e ected in

al i gnmerft wi t hgttalvity| o dhe &ﬂtlftﬁ'@)éébﬂﬁ’@taﬂﬁrﬂﬁﬂ HNi Baisiie @ fgddcbn@mandspace
patterns on the reticle (mask) so that diffracted i ght of the

s-pol ari zed covpmizm of deerwateehoptiic piogeqimnaoptiedli systethramt iomchieyeg t he

20 longitudinal djrection of the |ine patterns) is nmore enmitted fromthe
patterns of th&0qdinaging peskoxmance Wrenghowt thegmtige regios inrtbe spposrvet ween
the projection ogtlcal system PL and the resist applied on the surface of
the wafer W tH&transnittance becones hlgher on the resist surface for the

:jlrrI)T’ :)vg(r:r:aﬁ? : L\ggz)n?%&pﬁjﬁgﬁphﬁe %Z Oneﬁ‘té ai’i%fg’?ﬁé’égeuﬁe% PHBEspacs”

bet weengt he pr D 3 ,
EPOA- 0100- 00 at%%ﬁd St ¢ ﬁgglr %%ﬁg}&%ﬁ@&?a% fveition %‘ie hle o the

hi gh i magi ng pesrforhimare @lts arifcabbi £ Yind }@ét&ﬁ*n'\ﬂlthf}ﬁ asecidipi e the
nunerical aperture (NA) the projection optical systen1§L exceeds 1.0. It
is nore effectthmghothfsemojmetlpnaqm@lé}tstems]kavmgeﬂmblexcnlblﬁ imagihgence
illumnation nmethod (particularly, the dipole illumnation) in alignnment

with the Iongunetljﬁlni@BC%iuaI&tﬂl%rilatge lefiestipatiuagesside mumeriogledpertutapanese

Pat ent li cat L 6- 188 t | nbi nat

Thes ) exposur o ABSARERHE %ﬁé‘ﬁssqpepgmﬁ&tbniwceﬁbr ot Fi suéérﬁfp%@ré%?ohﬁé‘-e
dgx £t t al
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reticle (masklgbyeakitge | id %’E‘oﬁﬁ&é Ogo&?vhﬁéroﬁb{/idég‘ 'B?rg'rt%é dﬂﬁp%ﬁ% on

perform.ng an exposure of "a transCription pattern mask, onto
t he phot osensiprbjeetionbetpasnes bithrbfigh pihe] ¢eih-e¢sohitidi aprojetichy Sétibaf exposur e
step). An exanple of a nethod for producing sem conductor devices as

m crodevi ces Isysteor.m ng a predetermined circuit pattern on a wafer or the
li ke as a photosensitive substrate by use of the exposure apparatus of the
present enbodi nent will be described below with reference to the flowchart
of Fig. 9. 20First, step 301 in Fig. 20 is to forman evaporated nmetal film
on each of wafers in one |lot. Next step 302is to apply a photoresist onto-
the nmetal filmon each of the wafers in the lot. Thereafter, step 303 is to
sequentially performan exposure to transcribe an inmage of a pattern on a
mask i nto each shot area on each of the wafers,,in the |ot through 25t he
projection optical system using the exposure apparatus of the present -
enbodi ment. Step 304 thereafter is to performdevel opnment of FPO4-0160-00
t he photoresist on each of the wafers in the lot, and next step 305 is to
performetching with the resist pattern as aanask on each of the wafers in
the lot to forma circuit pattern corresponding to the pattern on the mask,
in each shot area on each wafer. 5Thereafter, t hrough formation of circuit
patterns of upper |layers and others, the devices such as semn conductor

devi ces are produced. The sem conduct or devi ce production nethod descri bed
above permts us to obtain the sem conductor devices with an extrenely fine
circuit pattern at high throughput. Step 301 to step 305 are to performthe
10 respective steps of evaporation of netal on the wafers, application of
the resist onto the netal film exposureil®evel opnent, and etching, but it
is needless to nention that the nmethod nmay be so arranged that, prior to
these steps, a silicon oxide filmis formed on the wafer and thereafter the
resist is applied onto the silicon oxide film followed by the 15respective
steps of exposure, devel opnent, etching, and so on. The exposure
apparatus of the present enbodi ment can al so produce a |iquid-crystal



i ncluding a nunber of electrodes and others on the photosensitive - 115 -
FPO4- 0160-00 substrate. Thereafter, the exposed substrate is processed

t hrough respective steps of devel opnent, etching, resist renoval, and so on
to forma predeterm ned pattern on the substrate, and is then transferred
to next color filter formng step 402. 5Next, the color filter formng step
402 is to forma color filter in a cOlimsgurati on wherein a nunber of sets
of three dots corresponding to R (Red), G (Geen), and B (Blue) are arrayed
inamtrix, or in a configuration wherein a plurality of sets of filters
of threk strifpeadidptir pragction gbigetie for dnadinggRicel-#xis ArieckfiglbarangRd &f an object
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the col or f||t | t er formn on.
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el 1)t hor oty B0leBF @1toRgTE PR GrerE earebs SRy RGRIRLE SHEns BB | on
et hod mfrot greud exttiehid ties iyagasurdespl ay devi ce descri bed above permts
“liquid-cryst yi.ces with the extrenely fine circuit pattern to
25be pr oducegLe ?ﬂ %P%rﬁh’;%ﬁaﬁ 3ghput As descri bed above, the projection
optical syst enfirsigoaerdemgreivingradiatign from HROBIMOIBELPGDLY peafifst eflecliBp@ared: of t he
present invent iQBnE AMRF toP BteRing k&fstibn tMBcte @b ®ld M8 il O $saBRd FeReting
boundary lens with the surface on the first surface side having the
positi v&8®#efracting power, has all the transnitting nenbers and reflecting
menbers arr arbgmwh lalnengr ﬁeb@vnsgi rﬂ@blﬁ:n@@‘tebl@afrom)ﬂie%ec@ﬂdmi‘na&nﬁ thitdhefleefifgedd; ve
i magi ng area n inglu tlca n i |
beraeen the. HGAID TEROS R RESLERE FekBs R LR RGPS IER 8 Ha g um
havi ng arheamce’brratbadlmhe redistion tarthganimphgrouplext, As a result, the present
| nvention Sucé'\t?%gft%bloy He@RirbrE 88ind BoncaR ﬂhﬂoﬂ%mﬁ%%ﬁﬁve %@Hr%ﬁr‘f&c@%aﬂﬁ’é hcal

system havin excel l'ent i performance as 10 Il corrected for
vari ouss%@??f&t'i"étﬁ§ rgt@iﬂﬁ'a%yﬁﬁf&gﬁd‘?ThEOB‘E?éH‘Xé&WB?{e'and cur vature of field and
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i nvent i caming frem ithat reirroregio gt entriy masges af lebstdodritinges theeugh diemirsr fronpreldng and be
first i i S . |

secur el IEtR S0k Rk a5y FirEle AR el e B R P 8P
first sathapEropgrdun ¢xé. beamtovvard t he second surface, even in the case
where the nUNBEinGad: AREhW RSoStiodclan BT &JidCliedd raRtibrt litingGhe St ipBgRUS
increased. Since the second ineging optical systemis provided with the
first | E?Fsa"lﬁ‘i'mcrh%fv?yﬁﬁgﬂ‘he negative refracting power, it is feasible to
short eg_ t he twt aécoherwédnm@brehl‘sapdsau?m l@EtreEgldh it} @dibii@nmeipying ab thessdoarh and
to readi eve J nt L t i,tion.
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di fference oftheifeirtt reflegingsared istpoeititredrin exgmmdemerbyadlettlnemﬁmmwtg dn e dounthr r or
D oo LML BSRUACHY [5G Son® e RS 8k A ety i ray 62 81805 A%rection
Ther ef or e, I magl n ertormance” can be achi eve t hroughout the entire
regi on PRPOgi 0&?6%9&‘%9 '@rea, even in the case where the object-side and

i mage-si de nunerical apertures of the catadioptric proj ectl on opti cal
system are i ncreased in order to enhance the resol ution, 5% e]cthl on
opti cal 2syst ehfoKEET WSl e FoOHEI thPRID AR die e B'ipégesn esigﬂ A9

conpr i segactt foliraafRicti@is Ycdr il the namat gkdups t he first internedi ate i mage and
the second internedi ate i mage can be fornmed without increase in the total

| ength of the catadioptric projection optical system even in the

case. where the object-side and inmage-ghgle nunerical 10 apertures of the
eatadioptric projection optical systemare increased in order to enhance
the resolution. Therefore, it is feasible to readily and securely achieve
the optical path separation between the beamtoward the first surface and
the beamtoward the second surface. Since the projection optical systemis
provided with at least six mrrors and the 15 second |l ens unit having the



25i nvention is nounted on the exposure apparatus and where the exposure is
carried out with scanning of the first surface and the second surface, -
118 - FPO4-0160-00 the scanning direction of the first surface can be
made opposite to that of the second surface and it is feasible to readily
achi eve such adjustnent as to decrease the change in the center of gravity
of the &nti r ePrejrgios ubjectiag panaitngso ci8y 1, eberein ithge firdtesecdrantyied aml fourth roieatiea  of
gravi ty. k. khe.gntire exposure apparatus, it is feasible to reduce the

vi bration or the catadioptric projection optical systemand to achi eve good
i magi ng performance throughout the entire region in the exposure area.
Accordingly, pbgctexReRENE RABRBFGTEad FHRAST WemRE BRMp Us b HlirehP rdib&ive
projection optical systemof the present invention afe able to performthe
exposur &Y GrUBe a fine pattern with high precision, through the
projection optical system having the excellent inmaging performance and the

| arge effectiye image-side nuperical aperture, consequently, high
Fesotutton i oRCHE EBaRve RettuR Rk Splere §lends R Bkt e g

pr oj ectgroup lepdth BIGL aby sttetet toick tehgth 3TTes dhet projestiom bbjedtive istlessshdrez0sh, here tbe

pr 0dUC & GOPGoH RRAARYHE EfalHerdrlE oL BTARLSLAD MBS ey RRRKE Snd Jr Ough
the high-reSol'ution projection optical system - - al ns . A
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ar r angegraék A tRhagd sk ace of the projection objective onto an off-axis
image field arranged in an i mage surface of the projection objective while
creating at |least one internediate image conprising in that order along an
opt i cale.axi s:Projection objeétivk r#etdrdihg &s clgifrD&pwiitdein fig @Agitidd YR < MGLATL « vewpeower
for confvheﬂre%i ng radiation comng fromthe object field towards a mrror
group e t|!y' of a mrror group; the mrror group having the object
side mrror group entry, an inmage side mrror group exit, and a mrror
group pfane debibhed obbafs Ushifloto bt NeyRRE Gahiitl b3uBBANARSAIRE optoa)
geonetrically b‘etweenJ t he m.rrgr group entry an_c{t e rror group exit; and
a rear PERMFPYIRTS RS Ha cHefdry indre seeendand fapeth Fiigeting Pees psopstieRpdoadPaRstd n
ener gi NgddsloPiie optRalxsl or group exit onto the inmage surface; the mrror
group having: a first mrror for receiving radiation fromthe mrror group
entry on a first reflecting area; a second mrror for receiving radiation
refl ected fr dimjettien fdbjestvenaccondingdn ctairs elc ovi@raire tHeemtrion graap estry is positdoneti r d
mrror (YA r.adi.ati . : i r hird
refl ectée(r%n eg?e'%g;c\{dgﬁgo gat?dgﬁﬁ@ns#ﬁ%éor tb%%@%ﬁ@l {)/g%éﬁe?a%“gt{] |£?o£nFér%“e '?@g er%j from
t he t hi¢reengting fiam e objedt eld ingludesf the epticalgxigircthe rpaignfobine marfdr acaup goirk: he
radiation to the mrror group exit; at least two of the mrrors

bei ng concave mrrors having a concave mrror surface having a surface of
curvat ute rotAPEYRAIPIFCEG Hing 1¢ aihe yiteiedte Dot dens\giaPelF flesigned as @t pe
M I r or SFaufiert & groupr forr pegfoOifly Gresirglie’ Rougedraasiotmaiiabr &t oddeasibensi@onsecutive

internmedi ate | e,.ls sitioned inside the mrror group between mrror
group en ur"ia/r ?H%g%a}'?ngrb%&egﬂg'eeo 1ef:t,suaﬂ%a‘ einﬁghe P gé?‘fpgeﬁ?%on‘i ng fromthe
mrror group entry passes at |east four tines through the mrror group
plane afnd | s BrEELERbEETE aldiil S Wi, Rhe@inSUIRAVENUbAAL p3bh taenRlnl Ne
mrror group prior to exiting the mrror group at the rFor group exit;
the m r PSP DRPPIRFRYIGT TaasfpHEier- oned in a regi on where radiation exiting
the front Il ens group has an entry chief ray height; t he second
reflectjng area is ppsitioned in a regjion where radiation inpinging on the
second M rr or THEE0R PBEEYRFCATE G Hym b RTH LG 6P KG° PRORS REAIREERGSTni of
ray hei igdvingian agialflénggtwrehhri€lets than 4@6 df a total track lenpihef fhe prdjdetisreddjeattd. Nng area 1 s
positioned in a region where radiation inpinging on the fourth mrror has a
fourth chief ray height deviating fromthe entry chief ray height in a
second 8 r ectRrojpctigppabisictive eesording fo eleim di méseteirothe mitror Rirojpeexil ésn asdjoedt i ve
accor di agnfeRicsilyiod tha ASIEA AurfabiCortbily QbniH=RUB teTroERIp G UCh that
exactly four réflections occur wthin"the mrror group. 3. Projection

obj ective according to claim1, wherein the first, second third and fourth
Mmrror 4% a Crapeais objkettivebecordhg tEERINe ¢ viHaREiOsHeas tWd/ahdakes intredihte irfdgak m 1,
wherein the mrror _group is a purely reflective (catoptric) mrror group.

5. Proj aéEf‘Cif?}ﬁdB\H]'ré@?Wé"?aE?B%rdi ng to claim1l, wherein a length ratio LR
between an axial mrror group length I}/EL and a total track length TT of the
projection objective is |less than 50% “where the mrror group length is the
axi al distance between a mrror vertex closest to the object surface and a
mrror vertex closest to the image surface and the total track length is
the axi al distance between object surface and the inmage surface. 6.



7. -‘Projection objective according to claim1, wherein the mrror group
entry includes the optical axis and positions of the chief ray in the
second and fourth reflecting areas are positioned on opposite sides of the
optical axis. 8. Projection objective according to claim1l, wherein the
mrror group entry is positioned geonetrically close to a front pupi
surface of the projection objective such that a radi ati on beam emanati ng
fromt obj I I i | $hel R f rror
oroup. e ) T B SR, O £ e ol kPGP, Sl
front |asemeticayridss t@l @szQj'h é@Pﬂa@ffaceF@fLﬁhP @MW@WS 0@?@% SHGhr th@*e@ fastiation geamne
si ngl e drdtetiry fronf B0 SibjSd: B |n@|ﬂdé¥th@6btr9g @i Hﬂﬁ@r"’eg%ﬁ of D /A bloU S eiBUNh&EIn
transformati ons between the object surface and the mrror grou ﬂthr%a .
p |s
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purely fdt paasireeand wheieinhesf @oshil re: iFekiddite nagasdre foffaéd Within thd ﬂmrror

Proj ection objective according to claim1, wherein the front lens group is
axi al | ygrg%’rrpact having an axial length which is |less than 40% of a total
track length of the projection objective. 12. Projection objective
acoor i 180 1 0 SR Tonoll Sl i TbERDY, QB B hyik? GBGRGAES aranged
georetrically crose a rear surface optically conjugate gh
front pmﬁametrﬁelwr‘%e to alrsar mrmij%éqqeorhedﬁﬁre@ﬂﬁ q@uaerwdm ﬁg”orltserclﬁraﬁ aﬁogp for

wher ei iRy 8 ift¥RediB@ FREEGH b RbRYLTRGH ddionl éfetﬁ§$ea’11rr&1sf Qrbtﬁfﬁdanwlé féhél gfrdﬁs
mrror ‘8’?“@&%""%1"14 Proj ection objective accordin laim]1, t he

mrror b s Btgrpediate dResP GeBrRaed 331 PY ET S‘flﬁy%ie’? i tm&ﬂ@r The

sur f aceinefmddizte ipa0é REhedty thbF ekt Ivies gogortdiat intage adifakiona rivasd a@nat i ng
fromthe object field includes the optical axis in the region of the mrror
group entry, wherein the mrror group exit is arranged geonetrically close
to a reth puptrbiedionfobieetiveatéardind tp otgimjlugbareinttie miver nogm exipps pirangsdobigcde, and
wher ei nQ ea.cafax&wt.arwcrasgr@a |hﬂ3Fn¢édf£'i'éji'rr%5§aﬁJW%‘?§n B Fedr %grsrauawstdes@héd%@

m rror group. . Priojection objective according to claim 1, wherein the
mrror ﬁrlﬁﬁﬁin%ﬁqbﬁyﬁt%!“ foF wasgearag@{?rmqatqugy Opip Edmags Wrfpeapn %rﬁﬁlr'qed §t#'%-ace,
the rear lens group includes a Fourier Iens group for form ng an

interme 'ateolj,maae I&e% constqr.i trlon ‘g f thz rear rou and a

| ens grBup doVRSEPBERFEYS BFRe B PRE I er? ecq e“&@%ﬁ“&ﬁ‘& ‘T?Fﬁ’au ng
subsyst epiof definingmdocapminineir ofbeameidmateeandm pestiteo neshtiveyletdee aféamangsd i thes
group ogl.o I&Bﬁrég@ge surface on a reduced scale. 16. Projection objective
accordi ng {'6°cl 1, wherein the mrror group exit is arranged outside the
optical axis optically close to an internediate inmage and wherein the rear

l'ens gregp i sPreﬁaroarb%récm a%BorHrH@% Bgint YbSHSLie ﬁa.rrror gﬁgbrrgsudearat Ieast one
mterrredraterrrc?%e onto the i mage surface on a reduced scal e.
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i ncl udequnatze pdtitieddri Deoniregi mirrockbstritagavinglaaeabmissive patongioviied e licamene r

and at Ioeast Lwo nega Fn'rr%? élrenses are arranged in the constriction region.
18. Profé'g?1 %B ective accor di ng to claiml, wherein the mrror group

i ncl udes at Ieast one mrror pair consisting of two concave mrrors having
mirror s f acssesRAlbRetive aE QRN o ik 36 St e VA Bir Y SahGers @R 1t Rmon
mrror substrate having a transm ssive portion provided between the concave
m r r or stAEMisEe RRrHeny thedpiFor pail giclupesihe ekticah?xisbj ect i ve according to claim
18, wherein the mrror pair is arranged such that the transm' ssive portion
of the rror_pair includes the op 20. Proj ec ective
Sccordi fy 1o RPRPEBciREuTIN R AR EEh i BERTEGYE Pt TOR SRTBYY £ ol o
i N a m haloin asvibstsubdtete. 21. Proj ection objective according to claim1,
wherein all reflecting areas on the mrrors of the mrror group are
positioned outside the optical axis. 22. Projection objective according to
cl ai m 121.wher®Rpigctiph|objegive asedreing tor @i owhelen aii reflesting arpag erethaimirge oftheup
are posiiicPieth Q’Qtpbéil?dnlea’oﬁtga@fhgoﬁﬁcgmx% pupi | surface. 23.Projection

obj ective according to claim1, wherein an aperture stop is positioned
upstreamof a last internmediate image closest to the i mge surface.

24. Proj gt i onproptwatdpieetive Geedraihg & éramcrl aihBleh, aWBBIcEharbBeort b atliroplof te
projection obj ectrvet hai an Lf fﬂ i nurlremcal aperture NA> 0.8. 25.

Pr o] ectf"lﬁrﬁ’r%rﬁi"%%r?rpQ% REL OGP NG T Y EPRiARUY SWWiEF ei n the catadioptric

proj ection objective is designed as an ém‘rer sion objective adapted with
reference to aberrations such that an'image side working distance between a
| ast optical elenment and the inage plane is filled up with an i-nmersi on
mediumwith a refractive index substantiall y greater than 1. 26.

Proj ection objective according to claim1l1, wherein the catadioptric

proj ection objective has an i nage side nunerical aperture NA > 1.1 when



internediate image; a fourth inmagi ng subsystemfor inmaging the third
internedi ate i mage onto the i mage pl ane; wherein the second
subsystemincludes a mrror group having a first concave mrror having a
first continuous mrror surface and a second concave mrror having a second
continuous mrror surface facing the first mrror surface; and all concave
mrrors are arranged optically renote froma pupil surface 31. Projection
obj ectiye ac %@Q&u@ﬁ oﬂa&cn% 2B dto XYQﬁ{ f'\JﬂeFFﬂeansa%SR&Q sz%g %Sma@iﬁi&{@d'u stfeam of
catoptric mrr onsIstirng I'rst concav rror having a
first c&iﬁ%ﬁlﬂiﬂd@élaﬂmImagﬁrd@aﬂﬂfattleIrﬁmlsng'dqehe obj ect surface and the second
concave mrror having a second continuous mrror surface facing the first
mrror surface. 32. A catadioptric projection ob ective for inmaging an
of f - axi4 obj deeiestiplPhiedive argelngityclaim bt&’}"%r@l” tE’ﬂﬁaF @@tVGP“’dQ‘FEO"b?bdﬂCEYS’c’Iaéﬁ"

obj ect iimagoadomareried bpetksNArBge field arranged in an image surface of the
projection objective while creating at | east one internedi ate i mage

conprising in that order along an optical axis: a first imaging
subsyst25m f OrProjeigh mjjettive aobgrdiog td tleind 1 pwisaréid ek catadidptricopplectionsabjetueeisi nt o
a firsty ot 9' ng
the fi rst er me@in%fré &?ﬁ@%cgv? ﬁ%ag teg vg@cr%ﬁe? %?%%deg%%MS%HQF%EtI Wa% Shga

third |wm§jhmglsf§uﬁﬁs@ﬁ§¥@m€flé$t drheed Elrgentrand Sk rege iplane isnfdlgd 4@ éllth ﬁagémﬁrmoa a
third i RERIARH RERabivBHex é\lb&@h‘t‘iﬁﬁl@gﬂeﬁ@ﬁh&% subsystem for imaging the third
internediate i mage onto the inmage plane; wherein the second
subsystemincludes a first mrror having a first continuous mrror surface
and a smcond Fﬂ‘i)]édftleﬁ oﬂi]édtifélgcoardﬁ'rgﬁ@ﬂﬁincpwhiat’@m&hléscdfédﬁdpﬁi’c p&‘dﬁcﬁ@ﬂﬂ)}é‘cmmah he
first mrror ce; o ci subsiste{l? ncl udes adthlrd mrror
havi ng '5‘39%??%””6’696'{‘? REFIE M7 orW eﬁ'r”F% & BN O CSREBVEM™ r or  havi ng
a fourth continuous mrror surface facing the third mrror surface;

at | easgy (0 filielBR JBebhRTBeEhA% ERRF T Gindtbih R SathiRnBicERACGHIRI &1 OF
surface haV|n & surface of curvature Infng a mrror axis on the optlcal
axi s. @Bf'gumddpfé@?l“ﬂih uiggyielet iotialbra i Wga‘{eé?f‘éﬂhdﬁﬁﬂe%te”mﬁ@ﬁ abeut 12¢HAcave
m rror Seapsutasd #nged optically renote froma pupil surface. 34. Projection
obj ective according to claim32, wherein the first, second, third and
fourth mrror is a concave mrror. 35. Projection objective according to
claim 38 whex ariojecta:nréxpcrsore sgstemporfuse restichyjithbireptyl Hasihg as dlominetiont dystech amid
fourth rel 0 36, A
cotadi Oé*{;ért{.qgép?nc O&g%tBH ofie %twé e\{,de?é?ﬁ h‘éepr&&c%?BEaE&&% rﬁpﬁés L c%@ ctpr?jlg(g[oa

ar range@JﬂChV%@CQrﬁm@tﬂtcl%mﬂf ace of the projection objective ont o an off-axis
image field arranged in an i mage surface of the projection objective while
creati ngg one internediate inmage conprising in that order along an optical
axi s: A mgthed fog iabﬁfé‘f'%&ﬁ%‘fqnpl&t‘ffﬁ'ﬁ@?%@r Qiﬁﬁrstv%ﬁsé’ﬁ{“f% devieey) ICRGPTHE-

obj ect field mpoingketadkmatinga phiseribled patidiace into the internediate image; a

‘second cat adi. trlc i Ng..supsyst for im rmedi ate i mage
onto the |ma 'g Tﬂif‘%@ & SK it Hgamﬁﬁg? hﬁv"?%%p'% 'g?é ‘(':V%‘{e!i tﬁp%\%i c i maging
subsyst em i ngirejekdisg Bmintdgatol e gettera onte farrhictoarsitife sustrdte agarged ingthé aivintygof
posi ti ror,
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mrror, a convex mrror, and a refract|ve rear |ens group having positive

refractig/e pqazvsétad.op?ﬁc prE’é&bﬁ%b}e@cNe%}lnﬂﬁémgféh 3%.60¢ dhjbd fibi FbAdediSan okBar ei n
the convex mrror and the subsequent concave nmrror (gf the firs

cat adi oPiRFT "Pr%ai"ﬁﬁt"’é‘u‘fi’ieﬁ‘fe ?ﬁ%?%"ﬁ@?"ﬁﬁﬁ%ﬁ? 5kt FEreAcL M dRRID aipTace Shifface
and t heprbjattien weidetat evhilragsting ratl Idabteone omsreedisterimage edmbrising irsthbisedereiing@ancave
mrror of. the second catadioptric inmaging subsystem are arranged between

g tlcal Xis:
the intérnediate i mrage and a rear pupil surface. 38. A catadioptric
proj ection ol festtimaang wbsyisteatforigaging bt obiaxtifisidphjvised infthedechsurtangvtd d fiistan
obj ect ﬁféﬁ;f]%@e fifagt;ne proj ection objective onto an off-axis imge field
arranged 1 n an |rra e surface of the projection objective while creating at
| east one i nt&FREAP dMEIPGHERYesYESp for IMAGRS e Hist intermediRiesimage into a segpndj r st
set of iRih&me Blaggent s |ncI udi ng at | east one concave mrror for form ng a
first optlcal channel on a first side of the o
second set or® B BEAOG) SMHSILET HE Iy Vi SPEBS MEMRStAh UaBE R Fofor
formng a second optical channel on a ?Becond side of the optical axis
opposite to the first side. 39. Cat ad optric projection objective
according to claim 38, wherein the optical elenents of the first set and
the optical elenents of the second set are arranged mirror synmetrically to
a symmetry plane perpendicular to a neridional plane of the projection
obj ective and including the optical axis.



intermediate image;
a fourth imaging subsystem for imaging the third intermediate image onto the image plane;
wherein the second subsystem includes a mirror group having a first concave mirror having a
first continuous mirror surface and a second concave mirror having a second continuous mirror surface
facing the first mirror surface; and

all concave mirrors are arranged optically remote from a pupil surface.

31. Projection objective according to claim 30, wherein the second subsystem is a catoptric
mirror group consisting of the first concave mirror having a first continuous mirror surface facing the
object surface and the second concave mirror having a second continuous mirror surface facing the

first mirror surface.

32. A catadioptric projection objective for imaging an off-axis object field arranged in an object
surface of the projection objective onto an off-axis image field arranged in an image surface of the
projection objective while creating at least ane intermediate image comprising in that order along an
optical axis:

a first imaging subsystem for imaging the object field provided in the object surface into a first
intermediate image;

a second imaging subsystem for imaging the first intermediate image info & second
intermediate image;

a third imaging subsystem for imaging the second intermediate image into a third
intermediate image;

a fourth imaging subsystem for imaging the third intermediate image onto the image plane;

wherein the second subsystem includes a first mirror having a first continuous mirror surface
and a second mirror having a second continuous mirror surface facing the first mirror surface;

the third subsystem includes a third mirror having a third continucus mirror surface and a
fourth concave mirror having a fourth continuous mirror surface facing the third mirror surface;

at least two of the mirrors being concave mirrors having a concave mirror surface having a

surface of curvature defining a mirror axis on the optical axis.

33. Projection objective according to claim 32, wherein all concave mirrors are arranged optically

remote from a pupil surface.

34. Projection objective according to claim 32, wherein the first, second, third and fourth mirror is

a concave Mirrer.

35. Projection objective according to claim 32, wherein a mirror group formed by the first, second,

third and fourth mirrors is a purely reflective {catoptric) mirror group.
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36. A catadioptric projection objective for imaging an off-axis object field arranged in an object
surface of the projection objective onto an off-axis image field arranged in an image surface of the
projection objective while creating one intermediate image comprising in that order along an optical
axis:

a first catadioptric imaging subsystem for imaging the object field provided in the object
surface into the intermediate image;

a second catadioptric imaging subsystem for imaging the intermediate image onto the image
surface;

wherein the first catadioptric imaging subsystem includes in that order a refractive front lens
group having positive refractive power, a convex mirror, and subsequent concave mirror, and the
catadioptric second subsystem includes in that order a concave mirror, a convex mirror, and a
refractive rear lens group having positive refractive power.

37, Projection objective according to claim 36, wherein the convex mirror and the subsequent
concave mirror of the first catadioptric imaging subsystem are arranged between a front pupil surface
and the intermediate image and the convex mirror and the subsequent concave mirror of the second
catadioptric imaging subsystem are arranged between the intermediate image and a rear pupil
surface.

38. A catadioptric projection objective for imaging an off-axis object field arranged in an object
surface of the projection objective onto an off-axis image field arranged in an image surface of the
projection objective while creating at least one intermediate image comprising:

an optical axis;

a first set of optical elements including at least one concave mirror for forming a first optical
channel on a first side of the optical axis; and

a second set of optical elements including at least one concave mirror for forming a second

opticat channel on a second side of the optical axis opposite to the first side.
39. Catadioptric projection objective according to claim 38, wherein the optical elements of the

first set and the optical elements of the second set are arranged mirror symmetrically to a symmetry

plane perpendicular to a meridicnal plane of the projection objective and including the optical axis.
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