02 SEP2004 DESCRI PTI ON CATADI OPTRI C OPTI CAL SYSTEM AND EXPOSURE APPARATUS
HAVI NG SAI D OPTI CAL SYSTEM Technical Field The present invention 0&lHPd8iito
a catadioptric optical systemand an exposure apparatus having said
optical system especially a high-resolution catadioptric type projection
optical systemsuitable for a projection exposure apparatus used in a

phot ol i t hogr aphi ¢ process fordﬁ] K ey SRy such as sem conduct or
devi ces, devices, liquid crysta %%%F%/r%evi ces or the like. Background

Art In the photolithagr hCpRI-OCess QI 1, MaRHfaGH I | RGy S e MGG REr

devi ces and so on, “'projection exposure apparatus in which a pattern i mage

of a photoreﬂb%h%fﬁUgorh%é}ﬁgga§§ﬁg?;§g@lllcyuchaé{(ﬁgEM'reti cle" hereafter) is

exposed onto a wa e and the e coated with a
phot or esi st 20 hntihc.?aii kq Vi& proj ection optical system have been used.
Then, the resolvi ng  power ?resol ution) required for the projection optical

system of the proj£Ligle SXPOSI G ARNAYALLS) DRssPEBNa | Aetaasesh ePie and

nore in order to 1nprove the integration |eve sem conductor devi ces

f‘i”ghts;’ on. SpRi SRt ysthe MAYH#OkDo0Lrd YBAALNG baditngoxpoaUre

optical system, especially a high-resclution
catadioptric type projection optical system suitable
for a projection exposure apparatus used in a
photolithograrhic process for manufacturing devices,
such as semiconductor devices, devices, liguid
crystal display devices or the like.
Background Art

In the photolithographic pfocess for
manufacturing semiconductor devices and so on,
'projectionexposureapparatuslewhicheapatternimage
of a photoreticle or a reticle (generically called
"reticle"” hereafter) is exposed onto a wafer, or a
glass plate and the like coated with a photoresist and
the like via projection optical system have been used.
Then, the resolving power (resoclution) required for
the projection optical system of the projection
exposure apparatus has been increased more and more
in order to improve the integration level bf
semiconductor devices and so on. As a result, the

wavelength of illuminating light (exposure light)



must be shortened and the numerical aperture (NA) of the projecthlcjnwjﬂ]tl
optical system nust be increased. For exanple, if an exposure lig 'tﬂ
wavel ength of 180 nmor less is used, it is possible to achieve a high
resolution of 0.1 ~imor |less. However, if the wavelength of illum nating
light is shortened, the absorption of |ight becones remarkable, and the

kinds of gl aggsretRs iiSriepldLaAndaiiesi @higkriid@l £38-hai P ackhgablyy used
are limted. In particular, if the wavelength of illum nating |ight

becones 180 pREON #&$8ctlilth PEpeLicGAl | ¥yusahl an@baspe MBhekcdlsdg. ! i m ted
to fluorite only. AsTa result,” the correction of chromatic aberrations

becones inpossiblgsin agdhApird,c tyge pol eebipis QPki cal i gByst epL there,
the dioptric type optical systemis an optical system which does not

contai n reflggtiviengthf 8¢ed sceiraye 185keslsi s dd [ I OES i8NG PIVEX e
reflective mrrors) wth power, but only contains transm ssive optical

nenbers, suchpas, tBNSvLOAPANERLS rédSodestidbed @bova, hhergri sia@skinit to
the allowable chromatic aberrations in a dioptric type projection optical

system and go¥akde PAr{ ewrhana;Hfe 1bagerh |d g 130 iGEa t snReadeght| Ast his
case, an increase in the cost of |aser light source and a decrease of its

out put are ugRYRitdabta, MEedyebrpd in P20 yuc Pesist Lyt aanses eand

negati ve | enses nust be '
and the kinds ¢f glass materials (optical materials)
that can be practically used are limited. In
particular, if the wavelength of illuminating light
becomes 180 nm or less, the practically usable glass
material is limited to fluorite only. As a result,
the correction of chromatic aberrations becomes
impossible in a dioptric type projection optical
system. Here, the dioptric type optical system is an
optical system which does not contain reflective
surfaces (concave reflective mirrors and convex
reflective mirrors) with power, but only contains
transmissive optical members, such as lens
components.

As described above, there is a limit to the
allowable chromatic aberrations in a dioptric type
projection optical system, and a very narrow band of
laser light source 1is needed. In this case, én
increase in the cost of laser light source and a

decrease of its output are unavoidable. Moreover,



arranged in a dioptric optical systemto bring the Petzval sum nhiﬁf@
affects the curvature of inage field, close to 0. By contrast, a é A0
reflective mrror corresponds to a positive lens as an optical el enent
for converging light, but it is different from a positive lens in that no
chromatic aberrations occur and that the Petzval sumtakes a negative
value (a pdsdblbverdehs itvakesd ed TS| BNk &AL 1 Vet Hiansgsdnndesitone In a
so called catadioptric optical system constituted by conbining a concave
reflective mrrapgeshdineasabioph&ighovet ERadact e Fefi Cvf PERE T okREVe
reflective mrror is best used to the maximumin an optical design and
good correctfohzyk laberrat ivwnschbeagt harhg vikh W CAESFR | e Tabdk2 d@8i ons
and the curvature of inmage field are possible in spite of its sinple
constructi onfi¢bdevel o xthd& ardnneBY et ERSAn 2 AOINFEhY € - hRAmeddl Bf
enmergent beam are separated for a concave reflective mrror is point of
greatest dif¥rcalt ¢omnespanidust @ eghBiogudsl Yor LeRiSs aseplr 8P OChave been
proposed. For exanple, Japanese Laid-Open Application No. 8-62502 (U. S
Patent 5, &BUeMONt fpscrosds 0 tadalligpiri Budpiitchf dySfememhitiors a
catadioptric optical systemusing an exposure region (off-axis visual
field) free ®Podl Bige2lepp PpodhaptpedhaRne Git abs o aEdicdhs &Gostr e
apparatus and is of a type wherein internediate i nages are forned

and that the Petzval sum takes a negative value {(a

positive lens takes a positive wvalue in this
connection).

In a so called catadioptric optical system
constituted by combining a concave reflective mirror
and lenses, the above characteristic of the concave
reflective mirror is best used to the maximum in an
optical design and good correction of aberrations
beginning with the chromatic aberrations and the
curvature of image field are possible in spite of its
simple construction. However, the manner in which an
incident-beam and an emergent beam are separated for
a concave reflective mirror is point of greatest
difficulty, and various technigues for this
separation have been proposed. For example, Japanese
Laid-Open Application No. 8-62502 (U.S. Patent 5,
861,997) discloses a catadioptric optical system
which is a catadioptric optical system wusing an

exposure region (off-axis visual field) free of an



twice on the way of the optical systemand the separation of beamis
spatially conducted in the vicinity of the internedi ate inmages. SRR oF
THE I NVENTION I n view of the above problens, the present invention is
ainmed at providing a catadioptric optical systemwhich facilitates optical
adj ustment and nechanical design, fully corrects aberrations beginning
with chromatdetaber &% bhsiand RN E9e§ign MHYACFEIH APDATET WS 13pM or

|l ess using a light with wavelength of 180 nmor |ess in the vacuum

ul traviol et i5w@él engtpe egion e iNbricbvermesii 45End MR €28 adF6pthq €mept i cal
system according to the present invention, it is provided a projection
exposure appa¥iac@s and Bheexpazgureinegthed omhicr r eStsern 26 | FREti ng
opti cal adjustnent and nechanical design, fully corrects aberrations

begi nni ng wig¢Pakedien® c odbebrat ohs, wndtéadures condughecesshutfda. of,
e.g., 0.1 pmor less and lowy sets up the off-axis quantity of an
effective expbsiund t¥ egfofilfer o ERE jahe aWxIeFurthernore, by using a
proj ection exposure apparatus and an exposure nethod according to the
present i nvefHY4ARY] tOF sSTEEoANNEEN IRhuf act uri ng 4 02 SEP2004 et hod of

m crodevi ces which results in the manufacture of good m cro-devices at a
high resolution & &igw @4 GMmeorabésie problems, the present

invention is aimed at providing a catadioptric optical
system which facilitates optical adjustment and
mechanical design, fully «corrects aberrations
beginning with chromatic aberrations and achieves a
high resolution of 0.1 um or less using a light with
wavelength of 180 nmor less in the vacuum ultraviolet
wavelength region.

Mocreover, by using a catadioptric optical system
according to the present invention, it is provided a
projection exposure apparatus and an exposure method
which results in facilitating optical adjustment and
mechanieal design, fully corrects aberrations
beginning with chromatic aberrations, and ensures a
high resolution of, e.g., 0.1 umor less and lowly sets
up the off-axis guantity of an effective exposure
region from the optical axis.

Furthermore, by using a projection exposure
apparatus and an exposure method according to the

present invention, it is provided a manufacturing



To solve the above problem the present invention provides a catadioptric
optical system formng a reduced imge of a first surface onto aﬂZ§éE&WH
surface conprises: a first imging optical systemfor formng a first
intermedi ate image of the first surface; a first folding mrror which is
arranged in the wvicinity of a position of formng the first internediate

i mge to defleghod bes phiiafrédQedii cds er wHineh posidswbtwsher ént hetlier st
internediate image is formed; a second i magi ng optical systemfor formng

a second i ptenEedicatier ¢ BEUGoGd hia mpotelicald at hactigh reeadhyt isgnal to
the first internediate image in the vicinity of a position of formng the
first intergedi atg.i,negelbagedOnlele beamfromthe first internediate
i mge, the second image optical subsystem has a concave reflecting mrror
and at |east onemegaidveel ende aadwrvad pebdilngr)n rrorhahi preisssratr anged
inthe vicinity of a position of forming the first internediate inage to
defl ect a beaw@rtebr opewafdes 4 hespositbetmher ophécadcosgstem
internediate image is 5 0 2 SEP 2004 forned; and a third i nagi ng opti cal
syst em whi cled smanpangetediut e Oplaigeal ofateh HBetrseens tind asee ond tiomegi ng
optical subsystem and the second surface and has a dioptric

second surface comprises:

a first imaging optical system for forming a
first intermediate image of the first surface;

a first folding mirror which is arranged in the
vicinity of a position of forming the first
intermediate image to deflect a beam prior to or after
the position where the first intermediate image 1is
formed;

a second imaging optical system for forming a
second intermediate image with a magnification factor
nearly egual to the first intermediate image in the
vicinity of a position of forming the first
intermediate image based on the beam from the first
intermediate image, the second 1image ©optical
subsystem has a concave reflecting mirror and at least
one negative lens;

a second folding mirror which is arranged in the
vicinity of a position of forming the first

intermediate image to deflect a beam prior to or after

the position where the second intermediate image is



i magi ng optical. systemto formthe reduced image onto the second surface
based on the beam fromthe second internediate image. Further i agephEs
aspect of the present invention, the present invention provides a
catadioptric optical systemformng a reduced i nage on second surface
conprises: a first imaging optical systemwth a first optical axis, which
i s arranged fiormadoptarcdl path between the first surface and the second
surface and has a dioptric imaging optical system a second inaging
optical systemw tththicohdaneegingfopttiowl mysoemawdiahsécondrepidedl axi s,
which is arranged in an optical path between the first inmaging optical
system and tihe asecqdi salfreéh hedwe¢hi thei sagiomyd dpa cahgsypttemad th a
third optical axis, which is arranged in an optical path between the
second i magisup opsiteal wmyst ehease adrd secdakcsuahacdand hdsoatdioptric
i magi ng optical system where the first optical axis and the second
optical axi smagengecptvidal eschtemher &ndnt M es guntidc 6 d02mSER2GOL @pt i cal
axis and the third optical axis intersect wwth each other. Mre further,
in the nore tdrothecoaspestrf2ahe bpseskmnipenbeam frovk dekeaspgjrett i on
exposure apparatus for projecting a pattern on an original to
intermediate image.

Further 1n another aspect of the present

invention, the present invention provides a

1catadioptric optical system forming a reduced image
on second surface comprises:

a first imaging optical system with a first
optical axis, which is arranged in an optical path
between the first surface and the second surface and
has a dioptric imaging optical system;

a second imaging optical system with a concave
reflecting mirror and a second optical axis, which is
arranged in an optical path between the first imaging
optical system and the second surface; and

a third imaging optical system with a third
optical axis, which is arranged in an optical path
between the second imaging optical system and the
second surface and has a dioptric imaging optical
system,

where the first optical axis and the second

optical axis intersect with each other and the second



a photosensitive substrate through a projection optical system conprises:
the projection optical systemconprises: a first inaging optical s¢?%¥§§®p1
having a dioptric inmaging optical system a second inmaging optica
subsystem having a concave reflecting mrror; a third inmagi ng opti cal
subsystem having a dioptric inaging optical system a first folding mrror
arranged i n eptopeilcakipand boenwsan nheft i ee 1i aARgiSNyN &L REF EWbERst em
and the second imgi ng optical subsystem and a second folding mrror
arranged i n eacbpwitdedr . path between the second i magi ng optical subsystem
and the third imaging optical subsystem said first inmaging optical
subsyst em forni ng Moréi fsirtire 2r nadi dtleei magee odneh& ey raspsgitf.ackhento the
optical path between the first imaging optical subsystem and said second
i magi ng optizaessodsysnemnt s $HiQVidesndai miH Nge 6/tLicdhl SEFRESSEFem
formng a second internediate image of the first surface into 7.0 2 SEP
2004 the optdrphrpdids bee neenofiles skeend Paddi SR opki @Al 0 rdgisyat ekPand
"the third imagi ng optical subsystem Further nore, in the further nore
aspect of the Rhetesenhiveavieonsuttit prEgent NLReREi 0B pPPBHYD St BAn
exposure nethod conprising the steps of: generating an illumnation |ight
in the optical system, comprises:
the projection optical system comprises:
a first 4imaging optical subsystem having a
dioptric imaging optical system;
a second imaging optical subsystem having a
concave reflecting mirror;
a third imaging optical subsystem having a
dioptric imaging optical system;
a first folding mirror arranged in an optical
‘'path between the first imaging optical subsystem and
the second imaging optical subsystem; and
a second folding mirror arranged in an optical
path between the second imaging optical subsystem and
the third imaging cptical subsystem;
said first imaging optical subsystem forming a
first intermediate image of the first surface into the
cptical path between the first imaging optical
subsystem and said second imaging optical subsystem,

and said second imaging optical subsystem forming a

second intermediate image of the first surface into



ultraviolet region; illumnation an original on which a predeternide$tP 200}
pattern is fornmed by the illumnation |I|ight; projecting said predeterm ned
pattern of said original arranged on said first surface, onto a
phot osensitive substrate arranged on said second surface by using a
catadioptric optical system Further nore, in the further nore aspect of
the presenttliewvemticnl thetprbediieenvehe e PPbYi 89BN J eRPdsifial met hod
for projecting a pattern on a projection original onto a photosensitive
substrate visallks pedeactdnd ohte calllSystidm @dmgr iaREsl cailr ecih g sdrem -
illTumnating light inthe wultraviolet region to the pattern; directing the
i1lumnating |ighfur-ketinste i ddyitiye obt r &l s ystesn 2dRL&ITiofg tEhdi optric
imaging optical systemvia the gattern to formfirst internediate imge
of the patt @uetnthényedjetenonther pgiapgnt SngentSEm WOEvdidattdhg t he
illumnating light fromthe first internmediate inage to a second i maging
optical systetROgertaim Hgod coreRyeésiéfd ekhpngtARPFoP ftto forma second
intermediate i mage; directing the illumnating a light fromthe second
i nternedi ate i naggere B EANG | ARgi ngl bpRildd tigPst ehd €BAt ai H ng 1 %i optric
i magi ng optical system )
ultraviolet region;
illumination an original on which a
predetermined pattern is formed by the illumination
light:
projecting said predetermined pattern of said
original arranged on said first surface, onto a
photosensitive substrate arranged on said second
surface by using a catadioptric optical system.
Further more, in the further more aspect of the
present invention, the present invention provides an
exposure methcd for projecting a pattern on a
projection original onto a photosensitive
substrate via a projection optical system comprises:
directing an illuminating light in the
ultraviolet region to the pattern;
directing the illuminating light to a first
imaging optical system containing a dioptric imaging
optical system via the pattern to form first

intermediate image of the pattern of the projection

original :



to forma second internediate i mage; deflecting the illumnating light from
the first imaging optical systemby a first folding mrror arran@gdﬁﬂﬂwﬁ1
optical path between the first inmaging optical systemand the second

i magi ng optical system and deflecting the illumnating Iight fromthe
second i nmagi ng optical systemby a second folding mrror arranged in an
optical path betwedhreké&igezdre i hhgiid dpineal 1§yt dmcahd e 1 hfitd

i magi ng optical system Further nore, in the further nore aspect of the
present invehttenmeadbapeetBAgdd tveht FBF PrditEEi BT ARAGCHR: FY higeRet hod
of m cro-devices by using the exposure nethod of the present invention or
conprising @hiteldgraghiac peocesse uditgl eRé iprd| BALIRE exfostPE™ appar at us
of the present invention. Further nore, in the further nore aspect of the
present inventcond tirtprasshtatavdmd df/provi des an 9 02 SEP2004 i magi ng
optical systemformng an image of a first surface onto a second surface,
conpri ses: at Ieagiibﬁétﬂéﬂlegﬁﬁhglédﬂﬂ&béaéﬂﬁéhgéd beghEenf rPRe Fhest
surface and the second surface, the reflecting surface conprising a

netal lic ref¢eenid/érfienrand a eokRadei 6% A FRIWF H2g1ing PRTgES2dn the

metallic reflective filmand corrects a phase difference caused by a
difference ofvabErec@aytaining a dioptric imagilng optical systéem

to fd;h a second intermediate image;

deflecting the illuminating light from the first
imaging optical system by a first folding mirror
arranged in an optical path between the first imaging
optical system and the second imaging optical system;
and

deflecting the illuminating light from the
second imaging optical system by a second folding
mirror arranged in an optical path between the second
imaging optical system and the third imaging optical
system.

Further more, in the further more aspect of the
present invention, the present invention provides a
manufacturing method of micro-devices by using the
exposure method of the present invention or comprising
a lithographic process using the projection exposure
apparatus of the present invention.

Further more, in the further more aspect of the

present invention, the present invention provides an



state possessed by a reflected light fromthe netallic reflective film
"Further nore, in the further nore aspect of the present i nventi oh] SER&)D
present invention provides a projection exposure apparatus for projecting
a pattern-on a projection original on a photosensitive substrate using a
projection optical system the imge of said projection original arranged
ina first smefdesy omptheyhospséedi t foemdmistaat éMargangéd aonfiassecond
surface, using the imaging optical systemof the present invention as said
proj ection opticdalce systema R chod mpefaice t heorprtiligs hore aspect of the
present invention, the present invention provides a projection exposure
met hod for projectatnd eepataree rebhes tpmoy et bacora graalgeshbe veen

phot osensitive substrate using a projection optical system conprising a
step of : priohectfiings ansiumdgec of anige tilve 028ERZUL4S prdjaeze i on ori gi nal
arranged on the first surface on the photosensitive substrate arranged on
the second surfacehéy nesihgcthed nagicdg opt compBysiam of MedabkéSent
invention as the projection optical system Further nore, in the further
nmore aspect oéfiketpresehti lnvemd oR, tCla qresean | fidm i o pEbvi d6s a
proj ecti on exposure apparatus for projecting a pattern on a projection

ori gi nal ont®r aapldsdsensig \m@t%hgélcr aedlameiepnfi A8 pRE| ECLTRCHELt i cal
syst em has

a phase difference caused by a difference of deflected
state possessed by a reflected light from the metallic
reflective film.

‘Further more, in the further more aspect of the
present invention, the present invention provides a
projection exposure apparatus for projecting a
pattern on a projection original on a photosensitive
substrate using a projectionoptical system, the image
of said projection original arranged in a first
surface on the photosensitive substrate arranged on
a second surface, using the imaging optical system of
the present invention as said projection optical
system.

Further more, in the further more aspect of the
present invention, the present invention provides a
projection exposure method for projecting a pattern
on a projection original onto a photosensitive
substrate using a projection optical system

comprising a step of : projecting an image of the

10



first surface and the second surface, and said reflecting nenber r

a light so that a phase difference between a P pol arized conponent and

S pol ari zed conponent for the reflecting nenber substantially does not

exi st when the P polarized conponent and the S polarized conponent cone to
t he phot osensédt ievd isubstr Ay énalur tdweranges cinnthkeef fusttheu mbzreeaspect of
the present invention, the present invention provides a projection
exposure nettiod floo tprsErest Engea spats erateon axr mangect bontoE giedndn a
phot osensitive substrate wusing a projection optical systemconprising the
steps of: passtfAgcEheyightinfg oohehdmmejegt c@mtiocadi salsteo ofi dche

phot osensitive substrate through at | east one reflecting nenber; and 11 0
2 SEP 2004 refésenitng tthentiigt as tthhe pefbljent t hgnnewderca $osyisdteran

angul ar characteristic of the phase difference caused by the difference of
defl ected st ates Fhosskssenohye t henrieibeftued Hagmo feoasphet rcef Ideei ng
menber beconmes to be a desired distribution. Further nore, in the further
nmore aspect mfeshat prosent liomyernthenp relse ipt esene nitiveamt P bAVRdRs des a
catadioptric optical systemformng a reduced inmage of a first surface
onto a secomkslefideoronpkposdtre apparatus for projecting a

at | east one reflecting nenber arranged in an optical pat h betweene[#fﬂgéﬁ @UL
a

patternon a projectionoriginal onto a photosensitive
substrate, wherein the projectionoptical systemhas
at least one reflecting member arranged in an optical
path between the first surface and the second surface,
and said reflecting member reflects a light so that
a phase difference between a P polarized component and
a S polarized component for the reflecting member
substantially does not exist when the P polarized
component and the S polarized component come to the
photosensitive substrate.

Further more, in the further more aspect of the
present rnvention, the present invention provides a
projection exposure method for projecting a pattern
on a projectionoriginal on a photosensitive substrate
using a projection optical systemcomprising the steps
of:

passing the light from the projection original
to said photosensitive substrate through at least one

reflecting memder; and

11



a first imaging optical subsystemarranged in an optical path betwﬁgng%ﬁn
first and second surfaces, and having a first optical axis a second”

i mgi ng optical subsystemarranged in an optical path between said first
i magi ng optical subsystem and said second surface, and having a concave
reflect-ion mrror and a second optical axis; a third imaging optical
subsystem arrangedeileaniom itthe pdtghtherisan sal dfsecdnich @ nagmige bpti cal
subsystem and sai d second surface, and having a third optical axis; said
first inmagi rep opthiscal samsystewl Bavi ahax aaliopisitd ¢ medi n§ hépt Pb@ASsyst em
said third inmaging optical subsystem having a dioptric imaging optical
system and dsiaf De fenste aggdudedd bapt tdal diifs veenge a@ farelilestedomon
axis. 12 0 ? SEP 2004 BRI EF DESCRI PTION OF DRAWNGS Fig. 1 is a diagram
il lustratingttdleebagi@ssessstd ubtyi ohhef me fdeadiopt dilghbt ifdadm sydtem of

the present invention. Fig. 2 is a diagramschematically illustrating the
general constafikecbangf ammm@pesti oneeiusare tappabat usdprodedddadth
catadioptric optical systems -- according to enbodi nents of the present

i nvention aslistpibpédtdmn optical system Fig. 3 is a diagramillustrating
t he positional

Further more, in the further more aspect of the
present invention, the present invention provides a
catadioptric optical system forming a reduced image
of a first surface onto a second surface comprises:

a first imaging optical subsystem arranged in
an optical path between the first and second surfaces,
and having a first optical axis

a second imaging optical subsystem arranged in
an optical path between said first imaging optical
subsystem and said second surface, and having a
concave reflection mirror and a second optical axis:

a third imaging optical subsystem arranged in
an opticzl patl between said second imaging optical
subsystem and said second surface, and having a third
optical axis;

said first imaging optical subsystem having a
dioptric imaging optical system, said third imaging
optical subsystem having a dioptric imaging optical
system, and said first and third optical axis being

arranged on a common axis.

12



rel ati on between a rectangul ar exposure region (i.e., effective EX@O/SE'EP%?[}UL
region) formed on a wafer Wand a reference optical axis. Fig. 4 isa
diagramillustrating the lens construction of a catadioptric optical
system (projection optical systemPL) according to a first enbodi nent.
Fig. 5is adiagramillustrating the lateral aberrations in the first
enbodi nent . BRGE F6 DBSQRAPIFA ©br DRAWENGSt i ng the | ens construction of
a catadioptric optical system (projection optical system PL) according to
a second enbodi nENtg.Fily. i3 i8 addpggram illluss Eagitda hdahat &agic
aberrations in the second enbodinent. Fig. 8 is a diagramillustrating the
general 13 c@nSERwWOOUononst auckitasligip thé cprejtect @ bns Bepedurcet dppar at us
of the enbodi nent shown in Fig. 2. Fig. 9 is an enlarged view illustrating
a part rel @edseotaninveotimati ng optical systemwhich.- constitutes a
part of the projection exposure apparatus of Fig. B. Fig. 10 is an

enl arged view il | Uty at?2ngsaapdie g rahagelend e i L Lyhilnat i ag répii eal
system which constitutes a part of the projection exposure apparatus of
Fig. B. Fig.thd genedrdgreaanstrusttienngfa 21 pmchbggtlon exposure

apparatus provided with catadioptric optical systems
according to embodiments of the present invention as
a projection optical system.

Fig. 3 is a diagram illustrating the positional
relation between a rectangular exposure region {(i.e.,
effective exposure region) formed on a wafer W and a
reference optical axis.

Fig. 4 1is a diagram 1illustrating the lens
construction of a catadioptric optical system
(projection optical system PL) according to a first
embodiment.

Fig. 5 is a diagram illustrating the lateral
aberrations in the first embodiment.

Fig. 6 is a diagram for illustrating the lens
construction of a catadioptric optical system
(projection optical system PL) according to a second
embodiment.

Fig. 7 is a diagram illustrating the lateral
aberrations in the second embodiment.

Fig. 8 is a diagram illustrating the general

13



of a manufacturing exanple of devices (sem conductor chip such as {7 §EP 00!
LSl and the like, liquid crystal panel, CCD, thin-filmmagnetic head,

m cro-machine and so on). Fig. 12 is a drawing for illustrating one
exanple of detailed flow of step 204 of Fig. 11 in the case of a

sem conductor device. Fig. 13Ais a diagramillustrating the |lens
constructi oncofisgreaitaddbnpd i theppiredle sysbame xpproieet appagEical o Syst em
PL) according to a third enbodinent. Fig. 13B is a diagramfor
illustratinglpei eaibpad impartt sofwa dat adli gpt gi.c optical system (projection
optical system PL) according to a third enbodinent. Fig. 14 is a diagram
illustrating the Imtg@rap 14 Gn2 eSEP= 2664 abisswat lonstmathegt  phrt
enbodinment. Fig. 15 is a diagramillustrating the construction of

nodi fi cati onrekanglde toof anheiflliundinenthodi mepitidEad. 4@sitem dibaigriam
illustrating the construction of nodification exanple 2 of the third
enbodi nent. ddgstirutsesa deagpamt | |wst r ahieng gihej ecdnsin ucé koo sofre

nodi fication exanple 3 of the third enbodinment. Fig. 18 is a diagram
illustrati ngpgheracarstsfictiian of . nodification exanple 4 of the third

Fig. 10 is an enlarged view 1llustrating a patrt
related to an 1illuminating optical system which
constitutes a part of the' projection exposure
apparatus of Fig. 8.

Fig. 11 is a diagram illustrating a flowchart
of a manufacturing example of devices (semiconductor
chip such as IC or LSI and the like, liquid crystal
panel, CCD, thin-film magnetic head, micro-machine
and so on).

Fig. 12 is a drawing for illustrating one example
of detailed flow of step 204 of Fig. 11 in the case
of a semiconductor device.

Fig. 13A 1is a diagram illustrating the lens
construction of a catadicptric optical system
{(projection optical system PL) according to a third
embodiment.

Fig. 13B is a diagram for illustrating principal
parts of a catadioptric optical system (projection

optical system PL) according to a third embodiment.

Fig. 14 is a diagram illustrating the lateral
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enbodinment. Fig. 19 is a drawing illustrating the construction of
nodi fi cation exanple 5 of the third enbodi nent. DETAI LED DESCRI PTI ofZ (P 2004
PREFERRED EMBODI MENTS Fig. 1 is a diagramillustrating the basic
construction of a catadioptric optical systemof the present invention. In
the diagram the catadioptric optical systemof the present invention is

applied to Jie,.pLejientd onnoRtHLath sy eimi9bqa it . ection exposure
apparatus. As shown in Fig. 1, the catadioptric optical systemof the

present invention iz provigled i thaa @i ggtidic tyNe §&¢shdivRgi ng et cal
system GL for 15 O SEP 2004 formng a first internediate i mage of a

pattern of c{c?ﬁ&EE%c@i%r’i%‘Q?ﬂo@S_@iéh&ibrﬁ@iﬁﬁ%_l@s 1B degahbveniplate. A
first optical path folding mirror 1 is arranged in the vicinity of

formation p%gﬁkf&g@m%fng_he first internediate inmage formed by the first
i mgi ng optical system GL. The first optical path folding mrror 1

deflects a beami @qigf.ent 1t the figst daphermdi atig 1idmeatam@ beara from
the first internediate image to a second inaging optical system &. The

second i magidigs PPLIcGAl o SYSEERLER f188a 8 iCoNCaYempald ectd Mochel kkarr4 CM and
at | east one negative lens 3, and a second internedi ate i mage (an inmage of
the first epbodiment.

Fig. I7T is a diagram illustrating the
construction of modification example 3 of the third
embodiment.

Fig. 18 is a diagram illustrating the
construction of modification example 4 of the third
embodiment.

Fig. 19 is a drawing illustrating the
construction of modification example 5 of the third
embodiment.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fig. 1 is a diagram illustrating the basic
construction of a catadioptric optical system of the
present invention. In the diagram, the catadioptric
optical system of the present invention is applied to
the projection optical systemof aprojection exposure
apparatus.

As shown in Fig. 1, the catadioptric optical
system of the present invention 1s provided with a

dioptric type first imaging optical system Gl for

15



internedi ate i nage and a secondary inmage of the pattern) nearly eqlfﬁl hp
size to the first internediate image is forned in the vicinity of SEP 2004
formati on position of the first internediate i mage based on the beam from
the first internediate i mage. A second optical path folding mrror 2 is
arranged in the vicinity of formation position of the second internediate

i mage formeddymtRg secondsitmagi hermepticed susiegm &2. aThe seeend opt i cal
path folding mrror 2 deflects a beamincident to the second internediate
;imge or aheamieom tdhersegend ad nd ef Peditatsa: i fage e a diophrtiiové ype
third imaging optical system G3. Here, the reflecting surface of 16 02
SEP20A the fdrsteoptical path folding mrror 1 and the reflecting surface
of the second optical path folding mrror 2 are positioned so as not to

overlap spatiallya fTket Brtd dabgaghobleahgsystrenn G {erasrangaaiiced
i mge of pattern of the reticle (an inmage of the second internediate inmage

and a final iifTegeeof itdien i €gt adi 0Pb kG tipdh cab ssiytsi @) odn teh eatan N
arranged as a second surface as photosensitive substrate based on the
beam from t he, seenBd iidt @ity atfs Fedes v Ith ¢ Ife mboenagibatroptiiens 1 a
chromatic aberration and a positive Petzval sum produced by the first
i magi ng optisgad+ sMstem ATrandft e t i idi cadgipet h opbilddingysi emoGE3, L whi ch
are dioptric optical systems conprising plural |enses, are conpensated by
t he defiects a beam incident to the first intermediate
image or a beam from the first intermediate image to
a second imaging optical system G2Z. The second
imaging optical system G2 has a concave reflecting
mirror (CM) and at least one negative lens 3, and a
second intermediate image (an image of the first
intermediate image and a secondary image of the
pattern) nearly egqual in size to the first
intermediate image 1is formed in the vicinity of
formation position of the first intermediate image
based on the beam from the first intermediate image.

A second optical path folding mirror 2 1is
arranged in the vicinity of formation position of the
second intermediate image formed by the second imaging
optical system G2. The second optical path folding
mirror 2 deflects a beam incident to the second
intermediate 1image or a beam from the second

intermediate image to a dioptric type third imaging

optical system G3. Here, the reflecting surface of

16



concave reflecting mrror CM and the negative lens (es) 3. Moreover, §ﬁ’el[]ﬂh
second internedi ate image can be forned in the vicinity of the firdd
internediate image by a construction that the second inmagi ng optical
system & has a nearly equal (unit) nmagnification. In the present
invention, the distance fromthe optical axis of an exposure region (i.e.,

an effectivechexposgse regtoakl npemlly, fidled Dhb- axi srguanti tanganchbde [owly
set up by conducting an optical path separation in the vicinity of these

two internmedi@teedtBifSsudbhsel § fNBheOBbky diay @bl €allnpakeér fatlidimg
correction, but also favorable in mniaturization of 17 0 2 SEP 2004

optical systeibroepdiLoé A Ust FaRid seegbaibtalo ocdast Dap gmatiadily i ng
cost, and so on. As described above, the second inmaging optical system Q&

bears the conpensatireh GhagheCliimathe sahet éat Gon faith § he pesiudee
Pet zval sum produced by the first imaging optical systemd and the third
i magi ng optiiGRhgeSysteit G3ral b fat RBere EQk (i easQe o fAthay ge quaver
(dioptric povver? nmust be set up for both the concave reflecting mrror CM

and the negatdvermlerns{es) 3Inconsti tuld ngat he isecndimarg: Ngodpt i ttad
system Q. Therefore, if the symmetry of the second inaging optical system
@2 col | apsesga t haiegrisr [ enget iefa lasymwmesni cah, achs oemt Wca abemrgdd ons such

as lateral chromatic aberration or chromatic cona aberration increases,
t hus an enough g&eseiusbofiapenars partaisdasitive substrate based on
the beam from the second intermediate image.

In the above construction, a chromatic
aberration and a positive Petzval sum produced by the
first imaging optical system Gl and the third imaging
optical system G3, which are dioptric optical systems
comprising plural lenses, are compensated by the
concave reflectingmirror CM and the negative lens (es)
3. Moreover, the second intermediate image can be
formed in the vicinity of the first intermediate lmage
by a construction that the second imaging optical
system GZ has a nearly equal (unit) magnification. In
the present invention, the distance from the optical
axis of an exposure region {i.e., an effective
exposure region), namely, the off-axis guantity can
be lowly set up by conducting an optical path
separation in the vicinity of these two intermediate
images. This is not only favorable in aberration

correction, but also favorable in miniaturization of
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obt ai ned. Accordingly, the present invention succeeds in ensuring ﬁ?gh’?[]ﬂﬂ
symmetry and preventing the previous nentioned asymretrical chromatt
aberrations by adopting a construction which results in a set up having a
nearly unity magnification for the second inmaging optical system G and by
arranging the concave reflecting mrror CMin the vicinity of its pupi
position. Thepearsil ucdyeteafs,t heopt bsaiit iad/pustoents, deschidredcah nore
detail hereafter with reference to the following conditions. 18 02 SEP2004
I n the presefésimyentheany fistlc tisr pnef erabt ¢ wmad sohennmagni fication 132
satisfies the followng condition (1). 0.82 < 11321 < 1.20 (1) Condition
(1) specifies an appropscatibednmgeose, ragnidecanidonn(8@ioly thpe seegdnd
i mgi ng optical system@. If this condition 1) is not satisfied, it is not
preferred bescapsen he2obfeaxs s theantotperorat hen opfi ¢dle pahlrogeplakat i on
i ncreases, thus the large scale and conplication of the optical systens
cannot be aapededtionaddidt ithve gdsisive Feefveded ecpusduddw by
occurrence of asymmetrical chromatic aberrations such as lateral chromatic
aberration orhehrfanmes t c icenpi ngbeptaicah andsthe 1Gkeanahnbhebd predent ed.
It is nore preferable that the lower limt is

imaging optical system G3 all alone. For this reason,

a large power {(dioptric power) must be set up for both

the concave reflecting mirror CM and the negative

lens (es) 3 constituting the second imaging optical

system G2. Therefore, if the symmetry of the second

imaging optical system G2 collapses, the occurrence

of asymmetrical chromatic aberrations such as lateral

chromatic aberration or chromatic coma aberration

increases, thus an enough resolution power cannot be

obtained. Accordingly, the present invention

succeeds in ensuring good symmetry and preventing the

previous mentioned asymmetrical chromatic

aberratfons by adopting a construction which results

in a set up having a nearly unity magnification for

the second imaging optical system G2 and by arranging

the concave reflecting mirror CM in the vicinity of

its pupil position.

The construction of the present invention is

described in more detail hereafter with reference to

the following conditions.
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0.85 and the upper Iimt is 1.15 for condition (1). It is even nore_
preferable that the lower linmit is 0 .87 for condition (1) . In th&? SEP 200
present invention, it is preferable that the following condition (2) is
satisfied. IL1 - L21 /IL11 < 0.15 (2) Here, L1 is the distance between the
first internmediate inmage and the concave reflecting mrror CMin the
second i magi ng optircalhsystese@2 dromngnthen,optti dad raxd Serk? lis tihet
di stance between the second 19 0? SEP20ON internedi ate i mage and the concave
reflecting nikeor maChM i fi itdee sewond 2 magiangl pfiiesal shst enf & lalwonggt he
optical axis. In the case of the present invention, L1 and L2 are
di stances froomtihe iior efsection of the optical axis and a perpendicul ar
fromthe internediate inmage to the optical axis when extending the
per pendi cul ar dow® t1®2t ke |dhcavelr.efd ecting=-mrror CMalong the optical
axi s because the internediate inmage is not formed on the optical axis.
Condition (2) specdn@staopodilt)i opsciéliats em apgtvepnigfe fiamsge of
internediate image formed by the first inmaging optical system GL and the
second i nt eragdidtiedmhgs farokdlby sdheosccond dimyiamt 1optl 641s sgBtem G2.
If condition (2) is not satisfied, it is not preferred because the
off-axis quaidity for the optical path separation increases, thus the
| ar ge
' If this condition 1) is not satisfied, it is not
preferred because the off-axis quantity for the
optical path separation increases, thus the large
scale and complication of the optical systems cannot
be avoided. 1In addition, it is not preferred because
the occurrence of asymmetrical chromatic aberrations
such as lateral chromatic aberration or chromatic coma
aberration and the like cannot be prevented.
It is more preferable that the lower limit 1is
0.85 and the upper limit is 1.15 for condition (1).
It is even more preferable that the lower limit is 0.87
for condition (1).
In the present invention, it is preferable that
the following condition (2) is satisfied.
|l - L2} /|L1] < 0.15 (2}
Here, L1 is the distance between the first
intermediate inage and the concave reflecting mirror

CM in the second imaging optical system G2 along the

optical axis. L2 is the distance between the second
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scal e and conplication of the optical systens cannot be avoi ded. |ﬁ7%§P2%L
nore preferable that the upper limit is 0.85 for condition (2). In th
present invention, it is preferable that the first internmediate inage is
formed on the optical path between the first optical path folding mrror’
1 and the second imaging optical system &, and the second internediate

i mage is forifectk pRethe toptiad e 28nd 2 h8ER o200y pat b fhetoneengt heé rsecond

i mgi ng optical system G and the second optical path folding mirror 2. In
this case, cvha rsttabd | §éyoafd tikes @phigcalp tsiys Ens yisnermeasesa l and tthe: opti cal
adj ust rent and nechani cal design becone easy because the di stance between

first surfaeetingdasegend surfrmash €apabe siforitangse beneoveryenbeonrihe
present invention is applied to a projection exposure apparatus, the

hei ght of tha whol & 2ppaead s t aeare berreduagte hetause ddrei dhsbaEnee det ween
the reticle R arranged on the first surface and the wafer arranged on

second surf aga iSashntienadi al Petle pd esaita  frent it int drmedeharabl e
that the following condition (3) is satisfied. 0.20 <101/ IR11 < 0.50 (3)
Here, (3 isikheyéemonbfieatd oroptithd caiadsoptdhien opkitealdsygt emhe
(projection optical systemif applied to a projection exposure apparatus)
Rl i s theperagndicatlison ddwhheof ittsd ¢omgiang: aps f tak tiysd emi Bror
CM along the optical axis because the intermediate
image is not formed on the optical axis.

Condition (2) specifies a positional relation
between the first intermediate image formed by the
first imaging optical system Gl and the second
intermediate image formed by the second imaging
optical system G2Z2.

If condition (2) is not satisfied, it is not
preferred because the off-axis quantity for the
optical path separation increases, thus the large
scale and complication of the optical systems cannot
be avoided.

It is more preferable that the upper limit 1is
0.85 for condition (2).

In the present invention, it is preferable that
the first intermediate image is formed on the optical
path between the first optical path folding mirror 1

and the second imaging optical system G2, and the

second intermediate image is formed on the optical
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Condition (3) specifies an appropriate range of the ratio of the
magni fi cati on 3 of the whole system to the magnification(31 of thedl ZiSEB2004
i mging optical systemGlL. If the ratio is nore than the upper limt of
condition (3) , it is undesirable because the angle of dispersion (angle
range) of a beamincident into the first optical path folding mrror 1 and
the second 2k th 3> SERe200tbpt sedopatimbghidingpircol 2ysnemedses rand
consequently the design of a reflecting filmbecones difficult. In
particul ar, umfl setiongl fopmieatlerpakth fishdbiegf ari arbirght. wi Th wdMe$ engt h
shorter than 180 nmare also limted, thus it is difficult to keep the
reflectivityasien thghstavallinyaobrond apdul @il bapd t eqonstrant e aFees
difference in reflectivity between P polarized light and S polarized |ight
or the phasendhange ab3d chhngesj wsthetnte amgl emefchawi dedcedarsd gn
therefore in its turn is associated with deterioration of the inmaging
property of Hdwmomba£s gysdesausenthbedDshendwmbdtwéenhbli rati surfamss t han
the lower limt of this condition (3) , it is undesirable because the
| oad of magRrirfd caddondf aatdracava&h lshoshd rteenéde bModeso oért hehten rd
i magi ng optical system G3, rises, and thus a |arge scale of the optical
systens cammai peezmwaited.niMomedwer, ist asphoeel ptef ez alfime j dat itdre | ower
limt of condition (3) is 0.25 and its upper limt is _

exposure apparatus, the height of the whole apparatus

can be reduced because the distance between the
reticle R arranged on the first surface and the wafer
arranged on second surface is shortened.

In the present invention, it is preferable that
the following condition (3) 1is satisfied.

0.20 <|BI/ IBl] < 0.50 {3)

Here, B is the magnification of the catadioptric
optical system (projection optical system if applied
to a projection exposure apparatus}. Bl 1is the
magnification of the first imaging optical system G1.

Condition (3) specifies an appropriate range of
the ratio of the magnification B of the whole system
to the magnificationfl of the first imaging optical
system Gl.

If the ratio is more than the upper limit of
condition {3), it is undesirable because the angle of
dispersion {angle range) of a beam incident into the

first optical path folding mirror 1 and the second
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0.46. Furth
cat adi optri
of the firs
to a projec
optical sys

ernore, in the present invention, it is preferable that

c optical systemis a telecentric optical systemon both
t surface and the second surface. Wien the systemis ap
tion exposure apparatus, it is preferable that the proje
temis a 22 0 2 SEP 2004 telecentric optical systemon bo

b2 %gma00
plied

ction
th

reticle sidepndcavaf gsaghde. fdbds ropnstwivatd on @nabiagrtems@wl y asdppr ess

the magni fi
war p of the

cation error or distortion of image when positional erro
detiseheermrl yat ke daditde df ke meflectAndg het horbeddmes

rs or

preferabl e that an angle made by a light passing through the center of beam
(i.e., principaticay) bechigsab0imuides s fless imgthil mod eefriied Usso t hat

t he opti cal
i nvention,
addition to

~systems are substantially telecentric. In the present
idsaslpr €eber abl ki yht saitilsfyatled drodt hwshg reoadi tham (49 0
the catadioptric optical system which is telecentric

in
on both

si des. | E - dil /addEla ks 6. Pdnm(idedderehul s tike dditf ancé thébwkereg hensur f ace
on the imge side of the first imging optical systemGlL and its e
pupi | positimnfbaéond vihey opti eahigh devdli $nt hebdicstdrceg by aai bagodiver si on

fromthe su
to the conc

rface on the image side of the first inmaging optical sys
avensehhect i Mhan didfeGnoet he sechbhdctivity between P

polarized light and S polarized light or the phase
change also changes with the angle of incidence and
therefore in its turn is associatedwith deterioration
of the imaging property of the whole system.

On the other hand, if the ratio is less than the
lower limit of this condition (3), it is undesirable
because the load of magnification factor, which should
be the burden of the third imaging optical system G3,
rises, and thus a large scale of the optical systems
cannot be avoided.

Moreover, it is more preferable that the lower
limit of condition (3) is 0.25 and its upper limit is
0.46.

Furthermore, in the present invention, 1t 1is
preferable that the catadioptric optical system 1is a
telecentric optical system on both sides of the first
surface and the second surface. When the system 1is
applied to a projection exposure apparatus, it 1is

preferable that the projection optical system 1is a

22

Xit

tem Gl



i mgi ng optical. system & along the optical axis. Condition (4) specifies
a positional relation between the exit pupil of the first imaging BptSEE0L
system GL and the concave reflecting mrror CM |If condition (4) is not
satisfied, it is not preferable because the occurrence of asymmetrical 23
0 2 SEP 2094 chromatic aberrations such as lateral chromatic aberration or
chromati c ceea cahet t aticom pntctie shikeemcannato thie tewliy lsuppi@ssedd
Moreover, it is nore preferable that the upper |imt of condition (4) is
0.17. Furtheafere, siitdé s prehemsabbenst thetproasemnabhegentton 1 batl wt he
intersection line of an assunmed extension plane of the reflecting plane
(an assunedsuplpanes obttainefaly i Hf £ aittielry extrendi ng al pb anart i gef bdct i ng
pl ane) of the first optical path folding mrror 1 and an assuned extension
pl ane of themakes lvecéhngop ianeonk 1t ke second ropta cpl ofathef ofeli hglemirror 2
is so set up that an optical axis AX1 of the first inmaging optical system
Gl, an optieal wxfsrAndoftide lsdcond damgi ng opttbalrmyse emiG amsd an
optical axis AX3 of the third imging optical system G3 intersect at one
poi nt (refeperdepmbbt) thdhi an camstrecmanbe r &sul &s iighhe ropsscalg axi s
AX1 of the first imaging optical system Gl-and the optical axis AX3 of
the third i shgiongrtopttihcal ceysteem 6X bbeam ngi .& conmoriroptbedl nziys, and
particularly enables to

becomes 50 minutes or less in the whole field so that

the optical systems are substantially telecentric.

In the present invention, it is preferable to
satisfy the following condition (4), in addition to
the catadioptric optical system, which is telecentric
on both sides.

|IE - DI/ {E|] < 0.24 (4)

Here, E is the distance between the surface on
the image side o¢f the first imaging optical system Gl
and its exit pupil position along the optical axis.
D is the distance by air conversion from the surface
on the image side of the first imaging optical system
Gl to the concave reflecting mirror CM in the second
imaging optical system G2 along the optical axis.

Condition (4) specifies a positional relation
between the exit pupil of the first imaging optical
system Gl and the concave reflecting mirror CM.

If condition (4} 1is not satisfied, it 1i1s not

preferable because the occurrence of asymmetrical
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position the three optical axes AX1-AX3 and the two reflecting planes in
relation to one reference point. Therefore, the stability of the opﬂt?i&ﬁﬂmL
systens increases, and the optical adjustnment and nmechanical design
beconme easy. An even higher accuracy optical 24 0 2 SEP 2004 adj ustnent can
be facilitated and even higher stability can be achieved by setting the

optical sysempmseithatadder aptiicred axi8hAX@si slperpenti cethabmatoi ¢he
optical axis AX1 of the first imaging optical system GlL and the opti cal
axi s AX3 of gerthtidr mRgidigronptiicalcsyat eeGla tfiohhendotee ilti ks
preferable in the present invention that all |enses constituting the first
i magi ng opticGgainsysbemi@wand salppterssesd constituting the third imaging
optical system G3 are arranged along a single optical axis. This

construction causes radyvetl exur 6 dugotke gravidyabdebadone theatuipgnat!|y
symmetrical and provides to lowy suppress the deterioration of imaging

property duq iti £ hg fopid€al - iadj ustmrents dniparticular, when it is applied
to a projection exposure apparatus, the reticle R and the wafer Wcan be
arranged paral | el Fiua tgashmetdier akongs g rpdneaperpeidi chicarpte stéret gravi ty
direction (i.e. , horizontal plane) and all |enses constituting the first
i magi ng optiigale sy sbemtElaand hidhei hberd ddmagbng 1iapei odl aayshesu@edan be
arranged horizontally along a single optical axis in the gravity direction
by using extension plane of the reflecting plane (an assumed

plane obtained by infinitely extending a planar

reflecting plane) of the first optical path folding

mirror 1 and an assumed extension plane of the

reflecting plane of the second optical path folding

nirror 2 is so set up that an optical axis AX1 of the

first imaging optical system Gl, an optical axis AX2

of the second imaging optical system G2 and an optical

axis BAX3 of the third imaging optical system G3

intersect at one point (reference point). This

construction results in the optical axis AX1 of the

first imaging optical system Gl and the optical axis

AX3 of the third imaging optical system G3 becoming

a common optical axis, and particularly enables to

position the three optical axes AX1-AX3 and the two

reflecting planes in relation to cne reference point.

Therefore, the stability of the optical systems

increases, and the optical adjustment and mechanical

design become easy. An even higher accuracy optical
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the first imaging optical systemd and the third inmaging optical system
G3 in an upright position along the common optical axis. As a resul? SEF g
reticle, wafer and nost of the |lenses constituting the 25 0 7 SEP 2004
projection optical systemare held horizontally, not subjected to an
asymmetrical deformation due to their own weight, and this is very

favorabl e i nensytmBet opthgal badj US{ DL £ Jehankaadl deségn, hligghe r
resolution and the like. Further, it is preferable in the present

invention thatawver t86%ah the niwbeeveld | Bpsesetniald thenseptdenslituting
the catadioptric optical system (the projection optical systemin the case

of applyings,idtéRsasprohaet o SHOSHEE appar AKUS) sape rardredged 1 At ong a
single optical axis. For exanple, if the first imaging optical systemd

and the thirg idtPgidgt ieptl cati syakemo@s tare fisedti imary itpg i ght ipoesi tion
along the common optical axis, alnost all |lenses in many |enses

constituti n@axshﬁe@mi cald isd et aea lhekd s hrBi gontiakltyh and Amagsyngret ri cal
deformati on due to their own wei ght does not occur by this construction,

therefore i bdtsidant kerstfemocabl e in ensuring optical adjustnent,
mechani cal design, high resolution and the like. Additionally, as
descri bed above, the ttegamiovwe, | éns(es) pFefiet b lsecondtieagp ng septt cal
system & requires a |large power (refractive power) to
invention that all lenses constituting the first
imaging optical system Gl and all lenses constituting
the third imaging optical system G3 are arranged along
a single optical axis. This construction causes any
flexure due to gravity to become rotationally
symmetrical ard provides to lowly suppress the
deterioration of imaging property due to the optical
adjustment. Irn particular, when it is applied to a
projection exposure apparatus, the reticle R and the
wafer W can be arranged parallel to each other along
a plane perpendicular to the gravity direction (i.e.,
horizontal plane) and all lenses constituting the
first imaging optical system Gl and the third imaging
optical system G3 can be arranged horizontally aliong
a single optical axis in the gravity directionby using
the first imaging optical system Gl and the third
imaging optical system G3 in an upright position along
the common optical axis. As a result, the reticle,

wafer and most of the 1lenses constituting the
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conpensate for chromatic aberrations being produced by the first iﬂggg’gpgmm
optical system Gl and the third imaging optical system G3 al one. -
Accordingly, it is 26 9 2 SEP 2001, preferable in the present invention
that the second imaging optical system & has at | east two negative
| enses 3. This construction enables to divide and bear a necessary power
with at | eagirdjecnegat ioter i tenssy sangh iar ¢tiseldr hopricaw nes ltloy cansti t ut e
stabilized optical systens. Enbodi nents of the present invention are
descri bed hengsfé&et e diitichanhehsyemoet t+ 0 ctaie diedid omb hg orddawd mgsthégr 2 is a
di agram schematically showi ng the general construction of a projection
exposure - appaf alrgs gt chahd phovs ded widhyafeatadalbper iin epsucalng
system accordi ng to enbodi nents of the present invention as a projection
optical systgmitalFi gadjusthent axi smeshseticplin parsldgel toha gleference
optical axis AX of the catadioptric optical system constituting a
projection gdcalitsyst eamdl tHdhel Ykeaxis is set up in parallel to the
paper surface of Fig. 2 in a plane perpendicular to the optical axis AX
Moreover, Fig. 2 sohetiméircal liyy shosws phe fgerevhe donstthet i poesferat
proj ection exposure apparatus, and its detailed construction wll be
descri bed | dtrerentiob g%atB-okkr Biet desdrh dedupbejrectfi brnedgmsiur & labpar at us
is

lenses constituting the catadioptric optical system

(the projection optical system in the case of applying
it to a projection exposure apparatus) are arrandged
along a single optical axlis. For example, 1f the
first imaging optical system Gl and the third imaging
optical system G3 are used in an upright position along
the common optical axis, almost all lenses in many
lenses constituting the optical systems are held
horizontally and an asymmetrical deformation due to
their own weight does not occur by this construction,
therefore it is further favorable in ensuring optical
adjustmént, mechanical design, high resolution and
the like.

additionally, as described above, the negative
lens(es) 3 in the second imaging optical system G2
requires a large power (refractive power) to
compensate for chromatic aberrations being produced
by the first imaging optical system Gl and the third

imaging optica. system G3 alone. Accordingly, it is
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provided with, e.g., a F2 | aser (wavel ength 157.624 nm as a |ight ﬁou§EcPe )
100 for supplying an illumnating 27 0 '? SEP 20R Iight of ultraviol tl 2one
region. The illumnating light energent fromthe |ight source 100 evenly
illumnates a reticle R where a given pattern is forned. . Mreover, an
optical path between the light source 100 and an illum nating opti cal
system I L i soré¢alretb by ancasiengpfasenthdwnentaond & sphcehker areded |ight
source 100 to an optical nenber on the reticle side in the illumnating
optical systeftaflinies dptiedl wigdtam GRettagast 3eclstasthel nemagasver
nitrogen gas and the |like being a gas with a | ow absorptivity of exposure
|l ight, or kepénkBsa hearTyivactums statce i Theeneibtée Rd sdimiplar adheél held
in the XY plane on areticle stage RS via a reticle holder RH A pattern
to be transfigssed d snéeerathon pheveet wdltdy aand easecttanguhangatsive- i ke)
pattern region with a long side along the X direction and a short side
along the Y ghgesti andn ihe whel etpatt erproedides | stoi | ¢amsidttadteThe
reticle stage RS is novable two-dinensionally along the reticle surface
(i.e., the s®vapliane)edyobhd @xli egsdferasdriving system whose illustration
is omtted and is so constituted that its position coordinates are '
measured and posi timnaBliyerctont r olfl edcthy apriedemfer anetent ROR using a
reticle noving (measuring) mrror RM A light fromthe pattern formed on
the reticledescribed hereafter, with reference to the following

drawings.

Fig. 2 is a diagram schematically showing the
general construction of a projection exposure
apparatus which is provided with a catadioptric
optical system according to embodiments of the present
invention as a projection optical system. In Fig. 2,
the Z axis is set up in parallel to a reference optical
axis 9.4 of the catadioptric optical system
constituting a projection optical system PL, the Y
axis is set up in parallel to the paper surface of Fig.
2 in a Plane perpendicular to the optical axls AX.
Moreover, Fig. 2 schematically shows the general
construction of a projection exposure apparatus, and
its detailed construction will be described later in
Figs. 8-10.

The described projection exposure apparatus is
provided with, e.g., a F2 laser (wavelength 157.624

nm) as a light source 100 for supplying anilluminating
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forms a reticle pattern image on a wafer W which is 28 02 SEP2004 j]l-z SEP 7004
phot osensitive substrate, via a catadioptric type projection optic

system PL. The wafer Wis in parallel held on the XY plane on a wafer
stage W5 viia a wafer table (wafer holder) WI. Then, a pattern inmage is
formed in a rectangul ar exposure region wwth a long side along the X
direction antighshorfi uditteanliongt treeg Yodi.r efthicon loumha awefrey MW gbtas to

correspond to the rectangular illumnating region on the reticle R
optically. Temewafeort simgme 1B iksigbtabbarasvd-ti weish bral Ly uaiionyt ke waf er
surface (i . e . , the XY plane) by the action of a driving system whose

illustrationaisediictedR akre¢sapgsitennpeddrali hatés farwemeasured and
positionally controlled by an interferoneter WF using a wafer noving
(measuring) mrrdfoyWwbvRin, 3n soRtdicalamastiowbrg-weepositiienalighkEation
bet ween the rectangul ar exposure region (i.e., effective exposure region)
formed on t heowafcer W@nandt ha rigf bueaca toprgcabtaxdasl Agssmawnllnikig. 3,
in the enbodi ments, a rectangular effective exposure region ER having a
desirabl e sigealedsdty up das angosindorskeparat eénd ronsreke fefem ehle axis
AX by only an off-axis quantity A in the +Y direction in a circular region
(i mage circle}oghdi slpwreadi 88 Boampd WRHh €hé PeMreRcenakhs AR tEsCles

center. Here, the X-direction | ength of the . .
side in the illuminating optical system IL is filled

with an inert gas, such as helium gas or nitrocgen gas
and the like being a gas with a low absorptivity of
exposure light, or kept in a nearly vacuum state.

The reticle R is in parallel held in the XY plane
on a reticle stage RS via a reticle holder RH. A
pattern to be transferred is formed on the reticle,
and a rectangular (slit-like) pattern region with a
long side along the X direction and a short side along
the Y directicn in the whole pattern region 1is
illuminated. The reticle stage R3 1s movable
two-dimensionally along the reticle surface (i.e.,
the XY plane) by the action of a driving system whose
illustration is omitted and is so constituted that its
position coordinates are measured and positicnally
controlled by an interferometer RIF using a reticle
moving (measuring) mirror RM.

A light from the pattern formed on the reticle

forms a reticle pattern image on a wafer W, which is
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29 02SEP2004 effective exposure region ERis LX and its Y-direction |ength
is LY. In other words, in the enbodiments, the rectangular effecti g SEP 2004
exposure region ER having a desirable size is set up in a position
separated from the reference axis AX by an off-axis quantity Ain the +Y
direction, and the radius B of the circular inmage circle IF is specified
so as to ind usieotbe eafs eetiivee s axposarte ,r egi @ana ERawiadi ¢ he rrief erygmee axi s
AX as its center. Therefore, a description is omtted, but a rectangular
illumnationprege@tildneopteifett isngstiehl ublnat iTimer egi Day Wi thsa Snhze and
a shape corresponding to the effective exposure region ERis forned in a
position sepaiahedr dmldeonef reeXtepdxiree AX bywahiby atdicd afteria
corresponding to the off-axis quantity Ain the -Y direction. Mreover, in
t he descri bed padgjeact tablexposuarfer appadainis, WrThe pIbgectionpeptiecah syst em
PL is so constituted that its inside is kept in an air (gas) -tight state
bet ween an optagal i pefibemeat Hangede cren e leet ecdpeo sude fegriod Witfhn the
enbodi ments) and an optical nenber arranged on the wafer side (lens L311
in the enbodi etk iatwad copy itded Xnérberct 1 corest d tausiog: t lse g @jlet gon
optical systemPL, and is filled with an inert gas such as heliumgas or
nitrogen gashand dheekitieonrokephei wadenedr sy wacumastaresdmd to

the rectangular illuminating region on the reticle R

optically. The wafer stage WS is movable

two-dimensionally along the wafer surface (i.e., the

XY plane) by the action of a driving system whose

illustration is omitted, and its position coordinates

are measured and positicnally controlled by an

interferometer WIF using a wafer moving (measuring)

mirror WM.

Fig. 3 is a diagram showing a positional relation

between the rectangular exposure region (i.e.,

effective exposure region) formed on the wafer W and

the refétence optical axis.

As shown in Fig. 3, in the embodiments, a

rectangular effective exposure region ER having a

desirable size is set up in a position separated from

the reference axis AX by only an off-axis quantity A

in the +Ydirectioninacircular region (image circle)

with a radius B and with the reference axis AX as its

center. Here, the X-direction 1length of the
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02 SEP2U011 Furthernore, the reticle R and the reticle stage RS and  REP 2004
like are arranged in a narrow optical path between the illum nation
optical systemIL and the projection optical systemPL, but an inert gas,
such as nitrogen or heliumgas and the like, is filled into a casing (not
shown) which seals and encloses the reticle Rand the reticle stage RS and
the |ike or ¢héectdsia@xsokapte rrga aredH ¢ svh&uandst hteY - Addigtd tohahl y, the
waf er Wand the wafer stage W5 and the |like are arranged in a narrow
opti cal pathlebgtweensth®.projection optical systemPL and the wafer W
but an inert gas, such as nitrogen or heliumgas and the like, is filled
into a casing (notIrshomtihewhi chorslsal s and éndwd osembiokblah&s ;W abldet he
waf er stage W6 and the like or the casing is kept in a nearly vacuum
state. Thus,rantatmshbher e fifeohiisie t bepesposer scldight ERs b mastg net
absorbed is fornmed over the whole optical path fromthe Iight source 100
to the waf erd&¢issbdescri bedi ab®eé, uPheni &l RasAdtioh seprsatad fnemnreticle
and the exposure region on the wafer W (i . e . , effective exposure
regi on ER) speeif¢darignahaxpbf iRy it spifcakisysuan Pt drd ¥ecifgl es
wth short sides in the Y direction. Therefore, the reticle patternis
scanned and ek pdsedcitdron, reghofibkhitdAhas Baoki §iye squefutdrt H"3BRg si de
of the exposure region 31 U2 SEP2004 , _
circle IF is specified so as to include the effective
exposure region ER with the reference axis AX as its
center. Therefore, a description is omitted, but a
rectangulér illumination region (i.e., effective
illumination =region) with a size and a shape
corresponding to the effective exposure region ER is
formed in a position separated from the reference axis
AX by only a distance corresponding to the off-axis
quantity A in the -Y direction.

Moreover, in the described projection exposure
apparatus, the projection optical system PL 1is so
constitdted that its 1inside is kept 1n an air
(qas)-tight state between an optical member arranged
on the reticle side (lens L1l in the embodiments) and
an optical member arranged on the wafer side (lens L311
in the embodiments) among optical members
constituting the projection optical system PL, and is

filled with an inert gas such as helium gas or nitrogen

gas and the like or kept in a nearly vacuum state.
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on the wafer Wand has a | ength corresponding to the scan quantity (noving
guantity) of the wafer Wby noving (scanning) the reticle stage RS}arydPtile
wafer stage Ws and in its turn the reticle R and the wafer W
synchronously in the sane direction (i.e., sane orientation) along the
short-side direction, i.e., the Y direction of the rectangul ar exposure
regi on and the ilFunthatironreegtbe, refiilcl ¢ e apokthiconalt icoherdtagef the
reticle R and the wafer Wis taken by a driving systemor an
interferonetBE ¢RAFLhW Bl kit dheafrRegdd itthes enbodpwents,iahk pabhecti on
optical systemPL including the catadioptric optical system is provided
wth a dioptbetwegre thestllilhwging tomn cabt isyst esv@tdror ILoamichgthef i r st
internediate image of the pattern of the reticle arranged on the first
surface, a setodedieghngpsptdachls sySseamP& dohprasi hgerd @@fcaveuch
reflecting mrror CMand two negative lenses 3 for formng a second

i nt ermedi at e2brpybrrgat wr Wit bey gostandf thet Lideer redifdtlel ¢ dagetpa
nearly equal size image of the first internedi ate i mage and a secondary

i mge of thear 6isdi®ed paftdy nFhand Ja Wailspt rfeathfpea BHi NG hagiSFy Bhei cal
system G3 for formng a final image_ of the reticle pattern (a reduced

i mge of therfEiicdi% Rpatiktie &t thelRafér IR &F aiyddhont the LEchHAS
surface based on a light fromthe second internediate inmage. 32 0 2 SEP
7004 Mor eovef2SiR% HeS ekBEE nEht &, PEFT + ¥t V@st4en| state.

Additionally, the wafer W and the wafer stage
WS and the like are arranged in a narrow optical path
between the projection optical system PL and the wafer
W, but an inerft gas, such as nitrogen or helium gas
and the 1ike, is filled into a casing (not shown} which
seals and enclcses the wafer W and the wafer stage WS
and the like or the casing 1s kept in a nearly vacuum
‘state.

Thus, an atmosphere in which the exposure light
is almost not aksorbed is formed over the whole optical
path from the light source 100 to the wafer W.

As described above, the illumination region on
the reticle and the exposure regicn on the wafer W
(i.e., effective exposure region ER) specified by the
projection optical system PL are rectangles with short
sides in the Y direction. Therefore, the reticle
pattern is scanned and exposed for a region which has

a width equal to the long side of the exposure region
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path folding mrror | for deflecting the light from the first inmaging
optical system Gl to the second inaging optical system @ is arrangqu iSPP 004
the vicinity of the formation position of the first internmediate inmage In
an optical path between the first imaging optical system Gl and the second
i magi ng optical system G2. A second optical path folding mrror 2 for

defl ecting tdre Hhghwaferem¥t ke ddedndai hagiditd: ope FE&lSP tem G2 t'dr1¢ he
third i magi ng optical systemG3 is arranged in the vicinity of the
formati on posiakoquantihy sexondnontEldedidtwe) | rlgdh aﬁﬁ%ﬁiUmb$ath

bet ween the second i magi ng optical system G and the second inmaging
optical systmawi33g (aceherendodthentsti¢he stagte R amddiatevr and
the second internediate imge are fornmed in an optical path between the
first opticataaehWfokaidng mitdrturandhe Heeséedfd r?d‘gcifljnf'ghﬁp’b’iacf@r system
G2 and an optical path between the second inmagi ng optical system G and
the second @&bt$eBFhgRIPESLH nigt ntiyeorsame (@speetidt y . IR Rt heS@dt®e, in

t he enbodi ments, the first _imaging optical systemd has a linearly

ext ended othiicaltakiiemxia leRG thi e dShragf nglost itaFe&¢dtdin G+ Shas a

i nearly extended optical axis AX3, the optical axis AX1 and the opti cal
axi s AX3 ar &bl gprestesor® B oD rSep7dM Lot SRS W EhT BHe FeférEnce

optical axis AX, which is a commpn sin I,ci axis. As . a result, the reticle
and the 1llumination region, while the positional control

of the reticle R and the wafer‘w is taken by a driving
system or an interferometer (RIF, WIF) and the like.

In the embodiments, the projection optical
system PL including the catadioptric optical system
is provided with a dioptric type first imaging optical
system Gl for forming a first intermediate image of
the pattern of the reticle arranged on the first
surface, a second imaging optical system G2 comprising
a concave reflectingmirror CM and two negative lenses
3 for forming a second intermediate image nearly
unitary to the first intermediate image {a nearly
equal size image of the first intermediate image and
a secondary image of the reticle pattern) and a
dioptric type third imaging optical system G3 for
forming a final image of the reticle pattern (a reduced
image oZ the reticle pattern) on the wafer W arranged
on the second surface based on a light from the second

intermediate image.
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the wafer Ware arranged in parallel to each other along a plane

perpendi cular to the gravity direction, i.e., a horizontal plane. 'DngSEP?Uﬂﬂ
addition, all lenses constituting the first imaging optical system and
all lenses constituting the third imaging optical system G3 are al so

arranged along the horizontal plane on the reference optical axis AX On
the other hand, tRE&EeeF®E i nbbi f§opneadingmtem @ HIBdhaPE Frhearly
extended optical axis AX2, and this optical axis AX2 is set up so as to be
per pendi cul arath flod Fier@r Bide Opt 1 chP rakiest IxC e he sl LHE tco®l si ngl e
axis. Moreover, both the first optical path folding mrror 1 and the
second opticlahe Fdtns § oldiafl pdr Ot DChAves YT BRBr TBf Fectithy S®IARds and
are integrally constituted as one optical nmenber (one ogti cal path folding
mrror FM) WRAILRG OPdTi@Rti YSHehES 1the Hhiky 88ciRohlRi RACM t hdse two
reflecting planes (strictly the intersection line, of their assunmed

ext ended pl dheshhgr oddta upo 8o Pt t 1PRe Ot AXE 1 66 &t HE ¥ $ FRE G Ay ng
optical system Gl, A the axis AX2 of the second i inctL optical system Q&
and the axi stAR&geofllt h%ntﬁiprtdlq%gpﬁd:}bpt??tt,gleeé'yggg% G?‘ps?'hté NGt one
point. Furthernore, both the first optical path fo] di n% mrror_ | afd t he
second 34 0 PP SEE230NSBFLThI Chat Aol difig SATPBR 2 BREI0hsPPLtERIL as

front surface reflecting mrrors in the_fir odi nent, and in.the
ooond enbodi fehem &24 bk ReFatd or 1 051 hath FOAE M APGr 2 é]

deflecting the light from the second imaging optical
system G2 to the third imaging optical system G3 is
arranged in the vicinity of the formation position of
the second intermediate image in an optical path
between the second imaging optical system G2 and the
second imaging optical system G3. In the embodiments,
the first intermediate image and the second
intermediate image are formed in an optical path
between the first optical path folding mirror 1 and
the second imaging optical system G2 and an optical

path between the second imaging cptical system G2 and
the second optical path folding mirror 2,

respectively.

Furthermore, 1n the embodiments, the £first
imaging optical system Gl has a linearly extended
optical axis AX1l, the third imaging optical system G3
has a linearly extended optical axis AX3, the optical

axis BX1l and the optical axis AX3 are set up so as to
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path folding mrror 1 and the second optical path folding mrror 2 %{e
constituted as rear (back) surface reflecting mrrors in the third 2 SEP 200K
enbodi ment. The smaller the interval between the effective region of
reflecting plane of the optical path folding mrror FMand optical AXis
set up, the less the off-axis quantity A of the effective exposure region
will be. In chénerisiriiviehnsthe| ppfereCarpPEliyatlalKiis Aseth i6h &F
dioptric optical nmenbers (lens conponent) constituting the projection
optical systanFOTREN waveBergtdkof -t hBSF2 |&Rek lhei fdiexposdrd 3 ighe is
157. 624 nm the dioptric index of CaF2 in the vicinity of 157 .624 nm
changes in athatWgiH#r-¥ are xa1pang sérin+Pagia b ehave eyER CHahgE and in
aratio of +2.6 x 10-1 per -1 pmof wavel ength change. In, other words,

the di spersi®hoBf diRpePECPRARSOAYRNA. 3 tcﬁgcééFzrcﬁlewedweucmwnof
157.624 nmis 2.6 x 10-6/PM Therefore, in_the first and seco

embodi ments,1-Ehe di OPPFiL@ATHeRk Bl aBED t &1t Wéi%'géloé‘ngt% iSf‘-GB'ﬁlesnm is
1. 559238, t he dioptric, index of CaF2 to 157.624 nm + pm = 157.625 nmis
1. 5592354, afenfhkd i ohRFi N8 Adds bl Tags iH Ofst7lceé4sm em Gnands7, 623
nmis 1.5592406. On the other . hand, e i.rd. embodi nment

21 PP, the didptrik@HHBEX T %EF’éutto“i%et\L}i}a% B dih 18729634 Hﬁmzjsciz%gso?

the dioptric index of CaF2 to 157.624 +1p 157. 625 1. 5593041,
b the dl opty PEST Adeartr ESRAT bogr So wne EhS S L £83 gk kit €

on the reference optical axis AX.

Cn the other hand, the second imaging optical
system G2 also has a linearly extended optical axis
2X2, and this optical axis AX2 is set up so as to be
perpendicular to the reference optical axis AX, which
is the common single axis. Moreover, both the first
optical path folding mirror 1 and the second optical
path folding mirror 2 have planar reflecting surfaces
and are integrally constituted as one optical member
{one optical path folding mirror FM) with two
reflecting planes. The intersection line of these
two reflecting planes (strictly the intersection line
of their assumed extended planes) are set up so that
the axis AX1 of the first imaging optical system G1l,
the axis AX2 of the second imaging coptical system G2
and the axis AX3 of the third imaging optical system
G3 intersect at one point. Furthermore, both the

first optical path folding mirror 1 and the second
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1.5593093. Furthernore, in the enbodinents, if the height 1in a direction
perpendi cular to the optical axis is taken as y, the distance (annu%235szﬂ
sag) froma tangent plane at the vertex of aspherical surface to a
position on the aspherical surface at the height y along the optical axis
as z, the vertex curvature radius as r, the conic coefficient as x and the
n-order aspheptigilal pedff foilainagn CArorhdre ¥ A AR PRt d AF flacents
expressed by the foll ow ng numerical formula (a%. 2/r)/I[1 + (1 - (1

. ( . . Z = (
+K) y4 + Or,surgece cgflgetingroiyror iz yhe Licss eméOMIﬂ“ﬁnF@nd

enbodi ments, a * sign is attached on the right side of surface no. on a

| ens surfacelmhiltd §scomst mstb pALs gt asphdr P& el 1Y ERBETETR111 Fig.
4 is a diagram show ng the [ ens construction of a catadioptric optical

syst em (projezthodf Opfiedl niyspEmPpLndccdor8i S§IONa PRistCakbdA Fnt. I n
the first enmbodinent, the present invention is applied to 36 0 2 SEP 2Ul1t
a projecti onf@peilesl BySterd i # wAiTéh &RErSRtFBREC i A udrdd cHPGREI c
aberrations are corrected for an exposure Ii%Qt w th wavel ength of 157.624
nm1l pm |n $wefegeadiohptre 1ot ithFeyst & oftEi ghisd qrmo&ﬁmnw magi ng

optical system Gl conprises a . .
P y The smalggr the interval between the effective region

of reflecting plane of the optical path foldingmirror
FM and optical AX is set up, the l;ss the off-axis
guantity A of the effective exposure region will be.
In the embodiments, fluorite (CaF; crystal) is
used for all dioptricoptical members (lens component)
constituting the projection optical system. The
wavelength of the F; laser being exposure light is
157.624 nm, the dioptric index of CaF; in the vicinity
of 157.624 nm changes in a ratio of -2.6 x 10°° per
+1 pm of wavelength change and in a ratio of +2.6 x
10°® per -1 pm of wavelength change. In other words,
the dispersion of dioptric index (dn/da) of CaF: on
the vicinity of 157.624 nm is 2.6 x 107 °/pm.
Therefore, in the first and second embodiments,
the dioptric index of CaF, to the wavelength 157.624
nm is 1.559238, the dioptric index of CaF; to 157.624
nm + 1 pm = 157.625 nm is 1.5592354, and the dioptric
index of CaF, fo 157.624 nm - 1 pm = 157.623 nm 1is

1.5592406. On the other hand, in the third embodiment,
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negative neniscus |lens L11 having an aspherical concave surface fag&pg@§§m
the wafer side, a biconvex |ens L12, a biconvex lens L13, a biconvex Pens'
L14, a negative neniscus |ens L15 having a convex surface facing to the
reticle side, a positive neniscus lens L16 having a concave surface facing
to the reticle side, a positive neniscus |ens L17 having a concave surface
facing to theheediiort 5l deingdgiosifivelneh? sths ravelengthavding @2doncave
surface facing to the reticle side, a biconvex lens L19 and a_Positive
meni scus | ensm 1301 - RAPIY’ a EbAVEXORSFIacenfgd A LA H:héorédtiti®24ide in
order fromthe reticle side. The second i magi ng optical system G2 conprises
a negative nehi schsPMensl 821 SFayindy das cjonéégé 04k f red FRE Ag oRE ¥ hE
reticle side, a negative nmeniscus |lens L22 having an aspherical concave
surface facihydes the CrERi EPe 1o He®did MM conda r &f Ilett i B§3nir® o SCM i n
order fromthe reticle side along the propagative route of light (i.e.,
the incidentlsPd@30%he third. inmging optical system G3 conprises a

bi convex | ens L31 having an aspherical convex 37 0 2 SEP 2004 surface
facing to the facifiyt FERErAL S dal &NS e imedtss 32T 516 8SWEX I ens
L33, a bhiconcave lens L34, a positive ni scus hens L35 havi ng a convex

surface facthg?t8lERE Y PRcPEIRFRIIGN rtor E8h& P iichnvEx | ens

L36 having an aspherical__conyvex surface facing.to th% waf er _si de,
bi convex Ienfsagg ag ys the distance (amount ¢f sag) froma tangen

plane at the vertex of aspherical surface tc aposition
on the aspherical surface at the height y along the
optical axis as z, the vertex curvature radius as r,
the conic coefficient as k and the n-order aspherical
coefficient as Cn, then the aspherical surface is

expressed by the following numerical formula (a).

z = (y3/r) /11 + {1 - (1 +x) = { y2/r%}Y?*] + C4 -

4 ] 8

y + Ce = y + Cg * ¥

+ Cro » ¥'% Ciz + ¥ 4+ Cia ¥y

14
*+(a)

In—+*the embodiments, a * sign is attached on the
"right side of surface no. on a lens surface which is
formed into an aspherical shape.

[Embodiment 1]

Fig. 4 is a diagram showing the lens constructiocon
of a catadioptric optical system (projection optical

system PL) according to a first embodiment. 1In the

first embodiment, the present invention is applied to
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positive neniscus |ens L38 having a convex surface facing to the re }%EE
side, a positive neniscus lens L39 having a convex surface facing t'o‘t 20
reticle side, a biconcave |lens L310 and a pi ano-convex lens L311 having a
pl ane surface facing to the wafer side in order fromthe reticle side

al ong the propagative route of light. Values of data of the catadioptric
optical sysaemms]ens ifoin sppdnibedll medifs Ge@ i #entWiicl iAPEREaTPREW ng
table (1). In the table (1), k represents the wavel ength of exposure

light, G thenplujddaty omralgtiife e bR a(iayms faEat FOR IS Mdl EC5ya8hen) |
NA the nunerical aperture on the inmage side (wafer side), B the radius of
i mge circl eexpoontafet It Altte wavedand thuadt ity of 281 PEcti VePBxposur e
region ER, LX the dinension of effective exposure region ER along the X
direction (di mensilon bhel G- addeptnhd eptiieal dp e 6f FéfF eclive
exposure region ER along the Y direction (dinmension of short side) ,
respectivel ythibriebyek, iRaINT aCPhbCadepFdSdB (He SCFEIT 388 22SEP X01
t, of surfaces fromthe reticle side along the propagative d-rection of
light from thRIRELIVE eMedut FaES, BEMNY f objattngurfAce? PPPRHL St f ace)

to the wafer surface, bei ng t he i mage sugface secong surface), r the
curvature ra@PRsagr SHYERE=(¥&IEKI tor Fafuré i$59fn EhBlCAHL BF

aspheri cal SféLgCE:IZ,mQ ’bgc:yﬂ%ea%i fnlanssp?’..cleB Pfasgrifcaocneﬁe:i(' f'ehsSLEIf_gge

a negative meniscus lens L15 having a convex surface
facing to the reticle side, a positive meniscus lens
L16 having a concave surface facing to the reticle side,
a positive meniscus lens L17 having a concave surface
facing to the reticle side, a positive meniscus lens
L18 having a concave surface facing to the reticle side,
a biconvex lens L19 and a positive meniscus lens L110
having a convex surface facing to the reticle side in
order from the reticle side.

The second imaging optical system G2 comprises
a negative meniscus lens L21 having a concave surface
facing to the reticle side, a negative meniscus lens
L22 having an aspherical concave surface facing to the
reticle side and a concave reflecting mirror CM in
order from the reticle side along the propagative
route of light (i.e., the incident side).

The third imaging optical system G3 comprises

a biconvex lens L31 having an aspherical convex

37



di stance (mm, and n the dioptric index to wavel ength, respectively1]25EPmM
Furthernore, the surface distance d changes its sign with reflected
degree. Therefore, the sign of the surface distance d is taken as negative
on the optical path fromthe first optical path folding mrror 1 to the
concave reflecting mrror CMand on_the optical path fromthe second
optical pathshelfdior fatinarte £be Radimge etitfdces idfy id PRV EK
positive in other optical paths. Then, the curvature radius of_ a convex
surface faci hgniso Ldve rethErengidde 18nfakds d& Hosppredeadetfhelédrvat ure
radius of a concave surface facing to the reticle side is taken_as
negative -inathesiitiste magilss whti AP byst SAGIRICh FRBVSthSUT HaRE, the
curvature radius of a concave surface facing to the reticle side is taken
as positive AAgitHe teuths retisdituss bfea cohvaRes e eSFEE Mt 03t he
reticle side is taken as negative in the third imgin opti cal stem G3.
The curvat urelFQAR¥ &fe%sclg%éa@%vé@%a? SEP%’O@%&%SE@%’%@N@%S% he
reticle side (i.e., incidentﬁﬁiéde) i s, taken as positiv% and ig% curvature
radius of af@6Avek &arfied (95 (0 4Re et PLrOT R dienSel3 7 ncident

side) is taken as negative al ong.the gressjon route of light_in the
Secondirm@iﬁ@SlﬁﬁY%ameghﬁ%M§Gé?qﬁhgég PRVing a convex s%rface

facing to the reticle side, a positive meniscus lens
L3% having a convex surface facing to thereticle side,
a biconcave lens L310 and a plano-convex lens L311
having a plane surface facing to the wafer side in
order from the reticle side along the propagative
route of light.

Values of data of the catadioptric optical
system of the first embodiment are identified in the
following tabl=z (1). In the table (1}, A represents
the wavelength of exposure light, £ the projection
magnification {(magnification of whole system), NA the
numericadl aperture on the image side (wafer side), B
the radius of image circle IF on wafer W, A the off-axis
quantity of effective exposure region ER, LX the
dimension of effective exposure regicon ER along the
¥ direction (dimension of long side), and LY the
dimension of effective exposure region ER along the
Y direction (dimension of short side), respectively.

Moreover, the surface no. represents the order

38



(Main data)" A=157.624nm Q= -0.25 NA=0.75 B= 14.6 mm A = 3 nm LX = 22
mm LY=6.6mm (Data of optical menbers) Surface no. r n (reticle surfldcghpr M
129. 131192 1 8233.1422120. 0000001. 559238 (lens L11) 2* 229.432108. 970677 3
286. 7404831. 0000341. 559238 | ens L12) 4 -803.121881. 000000 5

666. 7587433. 6330151. 559238 (lens L13) 6 -296.741421.000000_ 7

180. 0000038. 351830 550238 {fiep® LIde g regis bB0281is9062240740 0BBEP2001

9201. 1494512. 9339781. 559238 (| ens L15)
propagative direction 'of light from the reticle

surface, being the object surface (first surface) to
the wafer surface, being the image surface (second
surface), r the curvature radius of surface‘(vertex
curvature radius in the case of aspherical surface:
mm), d the axial space of surface, 1.e., surface
distance(mm),andrlthedioptricindex‘Ubwavelength,
respectively.

Furthermore, the surface distance d changes its
sign with reflected degree. Therefore, the sign of
the surface distance d is taken as negative on the
optical path from the first optical path folding
mirrcor 1 to the concave reflecting mirror CM and on
the optical path from the second coptical path folding
mirror 2 to the image surface, and is taken as positive
in other optical paths. Then, the curvature radius
of a convex surface facing to the reticle side is taken
as positive and the curvature radius of a concave
surface facing to the reticle side is taken as negative
in the first imaging optical system G1. On the other
hand, the curvature radius of a concave surface facing
to the reticle side is taken as positive and the
curvature radius of a convex surface facing toe the
reticle side is taken as negative in the third imaging

optical system G3. The curvature radius of a concave
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10128. 43682221. 621142 11*-127, 6536420. 8669491. 559238 (|l ens L16) 12-7 SEP 2004
120. 000001. 000000 13-302.1310923. 4248171. 559238 (|l ens L17)

14-150. 000001. 000000 15 1158.5468023. 0499911. 559238 (| ens L18)

16228. 525011. 000000 17433. 6039022. 9343081. 559238 (|l ens L19)

18- 656. 200381. 000000 19188. 3038921. 3358991. 559238 (| ens L110)

20563. 10068881 0080@0 Hctng7I. 26t el rstt opt ecdli at hif. & -di ngnFildort 1)
22114. 73897. 12. 0000001. 559238 (|l ens L21) 23453.07648-16. 355803

24*172. 15013-i13e 328549 1659238 pPlaist 172) apsRdth 88588VAE ppg3radius

26162. 8584428. 227312(concave reflecting mrror CM , '

27395. 88538 .¢1f3.23285%04 569233 q¢ drixc Lrg) tegt hp2r e30IRh . 3598031 -¢€-,

29453. 0764812. 0000001. 559238 (lens L21) 30114.73897273. 261089 310094. 835481
(second optiicetigant f slidiay 2} sni tederB2*a 740946854 D8, 9831909 1.559238

(lens L31) 41 0 2 SEP 200L 33275.96516-1. 000000 _ ,
progression route of light in the second 1maging

optical system G2.

[Table 11

(Main data)”

A =157.624 nm

“B=-025

NA=0.75

B=146mm

A=3 mm

LX =22 mm

LY =6.6 mm

(Data of optical members)
Surface no. r n
(reticle surface) 129.131192
1 8233.14221 20.000000 1.559238 (lens L11)
2% 229.43210 8970677
3 286.74048 31.000034 1.559238 (lens L12)
4 -803.12188 1.000000
5 666.75874 33.633015 1.559238 (lens L13)
6 -296.74142 1.000000
7 180.00000 38.351830 1.559238 (lens L14)
8 -2028.08028 13.262240

40



34-376.08486-31. 3712461. 559238 (|l ens L32) 35388. 08658-1. 000000 07 SEP 2004

36-219. 25460- 29. 1953141. 559238 (| ens L33) 374359. 72825- 32. 809802

38505. 14516- 12. 0000001. 559238 (Il ens L34) 39-128. 75641-209. 396172

40- 180. 58054- 24. 4815191. 559238 (l ens L35) 41-331.81286-14. 336339

42co- 30. 366910( aperture- stop AS) 43-1502.56896-24.3920421. 559238 (I ens

L36) 44*933.96923- 1. 000@00.14%H:5357. 34412- 252.8834851. 55R255238 (emsL1537)

462099. 98513- 1. 000000 47163. 08575-32.5572141. 559238 (| ens L38)

48- 631. 02443101. 000000 4928.246824732- 35. 304221821580238 (| ens L39)

50- 639. 72650- 18. 536315 51467. 75212-40. 1966251. 559238 (| ens L310)

52-616. 2243611, 000000 53129H5364627- 38. 068687 866589238 (1.859238 dddsL.16)

54cc-11. 016920 (wafer surface) (Aspherical data) Surface 2 r = 229.43210
1. : '

x = 0.00000(242 -120.00000 000000
13 -302.13109 23.424817 1.559238 (lens L17)
14 -150.00000 1.000000
15 -1158.54680 23.049991 1.559238 (lens L18)
16 -228.52501 1.000000
17 433.60390 22.934308 1.559238 (lens L19)
18 -656.20038 1.000000
19 188.3(:389 21.335899 1.559238 (lens L110)
20 563.10068 86.000000
21 ® -273.26 (first optical path folding mirror 1)
22 114.73897 -12.000000 1.5659238 (lens L21)
23 453.07648 -16.355803
24* 172.15013 -13.328549 1.559238 (lens L.22)
25 395.88538 -28.227312
26 162.85844 28.227312 (concave reflecting mirror
CM)
27 395.88538 -13.328549 1.559238 (lens 1.22)
28* 172.15013 16.355803
29 453.07648 12.000000 1.559238 (lens L21)
30 114.73897 273.261089
31 o -94.835481 (second optical path folding
mirror 2}
32* “774.94652 -26.931959 1.559238 (Jens L31)
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0 2 SEP 2004 C4 = 0. 174882 x 10,7 Co
X 10-

"3 CGa =0.677479 x 10-212 G, 2

- 0. 593217
-0. 212612

10-30 Surface 11 r = -127.65364 K = 0. 000000 ¢4 =
0.512133 x 10- 12 C8 = 0.875810 x | (~ 1r, Co =
-0.203194 x Ja25 Cl4 = 0.241236 x ja27 Surface 24 and Surface 28 (sane
Surface) r =33172.15013 K759651600000 C4 = Q.0EEAHGO0 x 10-7 Cr, = -0.86
10-12 C8 = -0.848590 x JOr17 o = -0. 159330 x 10,22 Cl2 = 0.868714 x

10-26 Cl14 =340. 116970 x376@828 Surface 3311371246774, OUEH23Kdes LI0000 C4 =
0.253400 x 10-7 C6 = - 0. 505553 x 10- 12 C8 = 0.151509 x 10-16 G o
433597 x 350-21 Cl2 3808568427 x 10-26-1008000 0. 165932 x 10-30 Surface
= 933.76923 K = 0.000000 C4 = -0. 140105 x 10-7 C6 = -0.779968
- 0. 148693 x 10, 1H9@546G- 0. 100788-22.19883131 Cul.559288 Qé&xisd6id) x 10-25 C
0. 104 2 16 x 10-29 (Corresponding values of conditions) 81 =

- 0.
44
c8
14
82

r

-0.919 343 02 SEP20@359.72825
38 505.14516
39 -128.75641
40 -180.58054
41 -331.81286
42 >y
43 -1502.56896
44* 933.76923
45 - -357.34412
46 2099.98513
47 163.08575
48 -631.02443
49 -124.04732
50 -639.72650
51 467.75212
52 -616.22436
53 -95.47627
54 ©

{wafer surface)
{Aspherical data)
Surface 2

r=229.43210 k = 0.000000

42

-32.809802

-12.000000

-209.396172
-24.481519
-14.336339
-30.366310
-24.392042
-1.000000
-25.686455
-1.000000
-32.557214
-1.000000
-35.304921
-18.536315
-40.196625
-1.000000
-38.068687

-11.016920

x 10-12 GCs - 0.
x 10-25 Cl4 -0.3
-0. 130822 x 10,7
0. 138750 x 10-19

1.559238 (lens L.34)

1.559238 (lens L35)

(aperture stop AS)

1.559238 (lens L.36)

1.559238 (lens L37)

1.559238 (lens L38)

1.559238 (lens L39)

1.559238 (lens L310)

1.559238 (lens L311)

Soast o

Coe =
G2 =

8472 X

x 10-12
-0. 626



63 = -0.435 L1=335.3 nm L2 = 310.0 mm E = 484.8 mm D=443.3 mm (ggsslgq}%m
=0.919 (2) ILI-L21/1L11 =0.076 (3) 161/1611 =0.400 (4) IE-DfIE =0.

Fig. 5 are charts showing the lateral aberrations in the first enbodi nent.
In the aberration charts, Y represents the imge height, solid lines the
wavel engt h 157.624 nm broken |ines 157.624 + 1 pm = 157.625 nm and dashed
lines 157. 624 017488y 10157. 623 nm Credp@SRivel§2 As is evident fromthe
aberration charts, it is generally known that the chromatic aberrations
are well cdékre@i®4F56ariOtthe exposur@uelFfR74ve s OH wavel ength of 157.624 1
pmin the first enbodinent. [Enbodinent 2] Fig. 6 is a diagram show ng the
| ens const r @l ¥ O212612 alQ@%kt adCept-Li3C0&dd WA system (proj ection opti cal
system PL) according to the second enbodinment. In the second enbodi nent,

t hi s invent Serfagestlapplied to a projection optical systemin which
aberrations including chromatic aberrations are corrected for an 44 0 2
SEP 200& expesi?iebasbght with padlOgoft h wi dth of 157. 624 nm (1

Cs=-0.130822x 107 Cs=0.512133 x 1012
Cs=0.875810 x 1015 Ci10=0.138750 x 1012
C12=-0.203194 x 1025 C14 =0.241236 x 1027

Surface 24 and Surface 28 (same Surface)

r = 172.15013 x = 0.000000
Ca=0.293460 x 107 Co =-0.868472 x 1012 =
Ca=-0.848590 x 1017 Cio = -0.159330 x 102

Ciz=0.868714 x 10-26 Cre=-0.116970 x 102

Surface 32

r =-774.94652 K= 0.000000

Ca = 0.253400 x 107 Cs=-0.505553 x 1012

Ca=0.151509 x 1018 Cio = -0.433597 x 1021

Ciz = 0.841427 x 10 Cre =0.165932 x 100

Surface 44

r =933.76923 x = 0.000000

Ca=-0.140105 x 107 Ce=-0.779968 x 1012

Ce = -0.148693 x 1016 Cio = 0.100788 x 102!

Ciz = -0.251962 x 10°% Cie=0.104216 x 1029

(Corresponding values of conditions)
B1=-0.626

82=-0.918
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pmsimlarly as in the first enbodinment. In the catadioptric optical system
of Fig. 6, the first imaging optical system d conprises a positdzg P 200k
meni scus | ens L11 havi ng an aspherical concave surface facing the Fe?
side, a negative neniscus |lens L12 having a concave surface facing the
reticle side, a biconvex |lens L13, a biconvex |lens L14, a positive
meni scus | en83 £ 1543Bavi ng a convex surface facing the reticle side, a
positive neniscus |ens L16 having an aspherical concave surface facing.
the reticlelLs+d833anpositive nmeniscus |lens L17 having a concave surface
facing the reticle side, a positive neniscus |lens L18 having a concave
surface faci=8he0mneticl e side, a biconvex lens L19 and a positive
meni scus | ens L110 havi ng an aspherical concave surface facing the wafer
side in ordek=fBéBmithe reticle side. The- second inmaging optical system &
conprises a negative neniscus |lens L21 having a concave surface facing
the reticl e BFdd3.3anmegati ve neni scus |l ens £22 having an aspherica
concave surface facing the reticle side and a concave reflecting mrror CM
in order fr@mlted 7818l e side al ong the propagative route of |ight
(i.e., the incident side). The third imaging optical system G3 conprises 45
02 SEP2004 a2bilddnied /ihis=R8M6 havi ng an aspherical convex surface facing
the reticle side, a biconvex |ens L32,
(3) 181/181) =0.400
(4 |[E-DI/|E| =0.086
Fig. 5 are charts showing the lateral
aberrations in the first embodiment.
In the aberration charts, Y represents the image
height, solid lines the wavelength 157.624 nm, broken
lines 157.624 + 1 pm = 157.625 nm and dashed lines
157.624 - 1 pm = 157.623 nm, respectively.
As 15 evident from the aberration charts, it is
generally known that the chromatic aberrations are
well corrected for the exposure light with a
wavelength of 157.624 + 1 pm in the first embodiment.
[Embodiment 2]
Fig. 6 is a diagram showing the lens construction
of a catadioptric optical system (projection optical
system PL} according to the second embodiment. 1In the
second embodiment, this invention is applied to a

projection optical system 1in which aberrations

including chromatic aberrations are corrected for an
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a positive meniscus |l ens L33 having a convex surface facing the reth%ngmL
side, a biconcave lens L34, a biconvex lens L35, an aperture stop AS,
negative nmeniscus |lens L36 having an aspherical convex surface facing the
waf er side, a biconvex lens L37, a positive neniscus |ens L38 having an
aspherical convex surface facing the reticle side, a positive neniscus

| ens L39 hagkpg samoiviexh§ur i fbewhad hgnolid rédtd e Silde! - 82 4pneonéave

| ens L310 and a pl ano-convex |ens L311 having a plane surface facing the
waf er side ipmosderil4rodmn @fe ¥otitdle 5iH6talgMyrdhaegitopagati ve route of
light (i.e., the incident side). Values o- data of the catadioptric optical
system of the secohel Bhisodiaentiapd § Henpiftiicth | nstvE en oP Folkilry- t Abl e (2)
In the table (2) , ( represents the wavelength of exposure light, ( the
proj ection %Rgnificati ohmEPEdd f iakat { 68 lof SWBEIAN syt e PP NASEFe @
nunerical aperture on the inmage side (wafer side) , B the radius of inage
circle |F orPR@fidiwg Aarnbs 6fifs- axied:s qlank | 2 BINEf f 2Bt | ¥EPSRIOSTRE regi on
ER, LX the dinension of effective exposure region ER along the X
direction (diPRASIVEn BRIEewE sfaeinandhey Yaéerdi fkAsii o of e&i¥ ekt Rve
exposure region ER along the Y direction (dinension_of short side),
respecti vel yieBé sgus SEM2F0U2 NBR B&TSr 2 SAPICACES i f Fapredétsn ¥ el Br der of
surfaces fromthe reticle side along the propagative direction of |ight
fromthe retfeEécdifr FAEE hai lhbcpﬁ]éfex lens L13, abiconvex lens L14,

a positive meniscus lens L15 having a convex surface
facing the reticle side, a positive meniscus lens L16
having an aspherical concave surface facing the
reticle side, a positive meniscus lens L17 having a
concave surface facing the reticle side, a positive
meniscus lens L18 having a concave surface facing the
reticle side, a biconvex lens L19 and a positive
meniscus lens L110 having an aspherical concave
surface facing the wafer side in order from the reticle
side.

The- second imaging optical system G2 comprises
a negative meniscus lens L21 having a concave surface
facing the reticle side, a negative meniscus lens L22
having an aspherical concave surface facing the
reticle side and a concave reflecting mirror CM in
order from the reticle side along the propagative
route cf light (i.e., the incident side).

The third imaging optical system G3 comprises

45



object surface (first surface) to the wafer surface, being the inma@e SEP 20N
surface (second surf ace) r the curvature radius of surface (vertex
curvature radius in the case of a spherical surface: nmm, d the axial
space of surface, i.e., surface distance (mm), and n the dioptric index to
wavel ength, respectively. Furthernore, the surface distance d changes its
sign with reél éct edneaegr ederifhelleflor davtihegsign ofsphheisig ¥ acenvsikance d
is taken as negative on the optical path fromthe first optical path
folding mrsorfkae ftdawingntheer eéfileos isgdeai r ady i Cnarek drens hie3@pt i cal
path fromthe second optical path folding mrror 2 to the i nage surface,
and i s takenagsopasiitievenennsotdmwerl @psi GAB pattisng Themynvke swnviiaee
radius of a convex surface facing to the reticle side is taken as
positive andfahéngurvheureetadilles ofi d® concdvecosurfiaEe lieaci n§3téo t Be
reticle side is taken as negative in the first imaging optical system Gl.
On t he ot herbihand,ex hkensr ial by eamadipgrofire cohcpvéSsurdavegasuifacing to
the reticle side is taken as positive and the curvature radius of a convex
surface facimgntieciue 1laresilc} e sddénigsanakephas hegattobviex she Taced

i magi ng optical system G3. The curvature radius of a concave 47 0 . SEP
2004 surfaceffatnggthe vhd artiicle, st e qonvex lens hé inéi Hemitsvde) is
taken as positive and the curvature radius of a convex surface facing to
the reticl e msedés@us lens Lihdianindean sbpdelkcadkepnisnégatiaeeal ong

t he
facing the reticle side, a positive meniscus lens L39

having a convex surface facing the reticle side, a
bicontave lens L310 and a plano-convex lens L3111
having a plane surface facing the wafer side in order
from the reticle side along the propagative route of
light (i.e., the incident side).

Values of data of the catadioptric optical
system of the s=acond embodiment are identified in the
following table (2). In the table (2), ( represents
the wavelength of exposure light, ( the projection
magnification (magnification of whole system), NA the
numerical aper-ure on the image side (wafer side), B
the radius of image circle IF onwafer W, A theoff-axis
gquantity of effective exposure region ER, LX the
dimension of effective exposure region ER along the
X direction (dimension of long side), and LY the
dimension of effective exposure region ER along the

Y direction (dimension of short side), respectively.
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propagative route of light in thesecond inmaging optical system Q. [Table

2] (Maio data) A = 157.624 rumB=0.25 NA = 0.75 B = 14.6 nm A=3 %gﬁff_i&‘l@

22 mm LY=6.6mm (Data of optical nenbers) Surface no.rdn (reticle

surface) 74. 237501 1392.0988718.0115171.559238 (lens LID

2*1161. 2685422. 550885 3-197.8234112. 0000001. 559238 (|l ens L12)

4-320. 240451. 0724 Mo 54686k, 0BODEACEE2ATT 61 r5FIBBepltenssha3prder of

6- 230. 222071, 003799 7180. 0297931. 3766751. 559238 (|l ens L14)

8- 16797. 4654 r6tes7 from the reticle side along the propagative
direction of light from the reticle surface being the
object surface (first surface) to the wafer surface,
being the 1image 7‘surface (second surface), r the
curvature radius of surface (vertex curvature radius
in the case of aspherical surface: mm), d the axial
space of surface, i.e., surface distance (mm), and n
the dioptric index to wavelength, respectively.

Furth’e::more, the surface distance d changes its
sign with reflected degree. Therefore, the sign of
the surface distance d is taken as negative on the
optical path from the first optical path folding
mirror 1 to the concave reflecting mirror CM and on
the optical path from the second optical path folding
mirror 2 to the image surface, and is taken as positive
in other optical paths. Then, the curvature radius
of a convex surface facing to the reticle side is taken
as positive and the curvature radius of a concave
surface facing to the reticle side is taken as negative
in the first imaging optical system Gl1. On the other
hand, the curvature radius of a concave surface
surfacing to the reticle side is taken as positive and
the curvature radius of a convex surface facing to the

reticle side is taken as negative in the third imaging

optical system G3. The curvature radius of a concave
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48 0 ? SEP 2004 9120.0910149. 6406241. 559238 (| ens L15)

10111. 81156146. 176310 11*- 147. 6426750. 0000001. 559238 (| ens L16) 07 SEP 2004
12-120. 000001. 034195 13-243.7559621. 9271921. 559238 (| ens L17)

14- 150. 025451, 001112 15- 355, 4658723. 4997581, 559238 (| ens L18)

16- 170. 068691. 005485 17380. 9748722. 7580281. 559238 (| ens L19)

18- 1174. 105384 r 628E6 £ aT0T6D 1689540 4 e2165B7 1s 539288 gl-enshie1iprident

20* 644. 6964286. 000000 2100-275. 440338(first optical path folding mrror 1)
22116. 98457-204600060 1. H6eR38 S( Perisi E2YF ‘228556 87904, 6441 1G A1 us
24*165. 29528- 22. 0017621. 559238 (| ens L22) 25383.86012- 26. 835741 26170. 533
7026. 835741 (chrne any ekl eetrifmr e 3o NGMF 021383 regono22. 68 8r6 A1 559238
(lens L22) 28*165.2952819. 644110 29556.3 709420. 0000001. 559238 (| ens L21)
30116. 98457 275e 4403383 80.G0-3Hode D041 5F 8KEdnd2 BpFiecdd LpHtch FbPHIING Afrror 2)

49 :
propagative route of light in the second imaging

cptical system GZ2.

[Table 2] |

(Main data)

A=157.624 nm

8=-0.25

NA=0.75

B=146 mm

A=3mm

LX=22mm

LY =6.6 mm

(Data of optical members)
Surface no. r d n

(reticle surface) 74.237501

1 392.09887 18.011517 1.559238 (lens L11)
2% 1161.26854 22,550885
3 -197.82341 12.000000 1.559238 (lens L12)
4 -320.24045 1.072412
5 4535.10509 27.582776 1.559238 (lens L.13)
6 -230.22207 1.003799
7 180.02979 31.376675 1.559238 (lens L14)
8 -16797.46544 1.001727
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32*-8761. 14467-25. 5359771. 559238 (|l ens L31) 33279.72974-1.078193

34-751. 81935- 30. 3039601. 559238 (|l ens L32) 35352.73770-1. 006012

36-178. 20333-35. 6752041. 559238 (Il ens L33) 37-1076.81270-51. 479106
381804. 27479- 28. 7465351. 559238 (|l ens L34) 39-120.27525-169. 573423
40- 250. 01576- 35. 5359411. 559238 (lens L35) 41521. 40215-35. 714360

4200- 24. 295@48( aper t ur e 120.09104S) 43152, 184964824 77333535888 888 L1@ns L36)

44* 252, 15324- 4. 265268 45- 995, 58003- 37. 8253681. 559238 (| ens L37)
46262. 29146-10. 000000 47-12U81158420- 30. 482414611788238 (| ens L38)

48- 8044. 39654- 1. 002741 49- 124. 46496- 36. 7546041. 559238 (| ens L39)
50- 627. 7296819. 489076 51BGA426D9327. 9415200080038 (| &pi9288 fleys L16)
52-9748. 42213- 1. 007391 53- 131. 2865850. 0000001. 559238 (| ens L311)
5400- 12. 5037187 (waf er sul2d0600 ( Aspheri caP3486a)

13
14
15
16
17
18
19
20*

21

22
23
24*
25

26

27
28*
29
30

31

-243.75596
-150.02545
-355.46587
-170.06863
380.97487
-1174.10533
162.68354
644.69642

a

116.98457
556.37904
165.29528
383.86012

170.53370

383.86012
165.29528
556.37094
116.98457

e s}

49

21.927192
1.001112
23.499758
1.005485
22.758028
1.018161
24.816537
86.000000

-275.440338

-20.000000
-19.644110

-22.001762

-26.835741

26.835741

22.001762
19.644110
20.000000

275.440338

-106.008415

Surface 2 50

1.559238 (lens L17)

1.559238 (lens L18)

1.559238 (lens L19)

1.559238 (lens L110)

(first optical path

folding mirror 1)

1.559238 (lens L21)

1.559238 (lens L22)

(concave reflecting

mirror CM)

1.559238 (lens L22)

1.559238 (lens L21)

(second optical path

folding mirror 2)
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0 2 SEP 2001, r = 1161.26854 x = 0.000000 &4 = 0.141234 x 10.7 CS =

0.566669 x 10-12 Cs= 0.141094 x 10.16Clo = -0.504032 x 10-20 Cl2 = {7 R47 @33

x 10-24Cl4 = -0.400565 x 10-28 Surface 11 r = 147.642670. 000000 4 =

0.117741 x 10-6C6 = -0.764549 x 10-11 Cs = -0.441188 x 10-15C o = 0.122309

x 1018 Cl12 = -0.114006 x 10-22Cl14 = 0.478194 x 10-27 Surface 20 K =

0. 000000 r =32644.69642 @Br6+.184637/8434 x 10:- 23(555957—0 7506823& Jas 1) Cs =

0.247735 x 10-16C o = -0.222239 x 10.20 Cl12 = 0.256558 x 10-24C14 =

-0 235204 x 380. 28 Surf ac®9.2287dnd surface 28)76$$53rre surface) r = 165.28528 K
0. 000000 C4 = -0.236840 x 10- 7C6 = 0.766085 x 10-12 Cs = -0.12 2244 x

10- 16C o = -3@. 209608 x 1B1BI9EN2 = 0. 109630.3R3%K0- 25C, 145&923@08&%33‘28 x 103

Surface 32 r = -8761.14467 K = 0.000000 C4 = 0.138366 x 10-7C6 = -0.162646

X 1012 Cs =38. 264075 x 39A7IHO = 0. 265565 H00GQL22 C19 = -0.494187 x

10- 26C14 = -0.786507 x 1031 Surface 44

36 -178.20333 -35.675204 1.559238 (lens L33)
37 -1076.81270 -51.479106

38 1804.27479 -28.746535 1.559238 (lens L34)
39 -120.27525 -169.573423

40 -250.01576 -35.535941 1.559238 (lens L35)
41 521.40215 -35.714360

42 o -24.295048 (aperture stop AS)
43 152.18493 -24.773335 1.559238 (lens L36)
44* 252.15324 -4,265268

45 -995.58003 -37.825368 1.559238 (lens L37)
46 262.29146 -1.000000

47 -210.53420 -30.482411 1.559238 (lens L38)
48 -8044.39654 -1.002741

49 -124.45496 -36.754604 1.559238 (lens L.39)
50 -627.72968 -9.489076

51 534.41093 -27.941522 1.559238 (lens L310)
52 -9748.42213 -1.007391

53 -131.28658 -50.000000 1.559238 (lens L311)
54 © -12.503787

(wafer surface)
(Aspherical data)

Surface 2
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r = 252.15324 K = 0.000000 51 q . ~gF P 2004 C4=0.697432 x 10-8 Cs &
_0.714444 x 10-12 Cs = 0. 747474 x 10-17 C,0 = -0, 699569 x 1021 C1bSEP 200
0. 228691 x 1025 C14 = -0.160543 x 10,29 (Correspondi ng val ues of
conditions) 61=-0.650 62=-0.885 63 = -0.434 L1= 347.8 mm L2=311.9 mm E
= 453.1 nm D= 473.4 nm (1) 1,8 21 = 0.885 (2) |L1-L2111L1l =0.103 (3)
1,31/ 1R11 =0.=88561.28954] ExBI0.0F00&0. 045 Fig. 7 are charts showing the | ateral
aberrations in the second enbodinent. In the aberration charts, Y
represents tthe 0.1ad3d x &1 ght, -sol i @ £04€866%elllavel engt h 157. 624 nm
broken lines 157.624 + 1 pm = 157.625 nm and dashed |lines 157.624 - 1 pm
= 157. 623 nrds=rekipodtx W&By. As is eliodeftt04038m Y47® aberration charts, it is
known that the chromatic aberrations are well corrected for the exposure
light with £awa0FhEdguhiosf. . 157. 624CuE P05 8 econd enbodi nent simil ar
toin the first enbodi nent.

Surface 11

r=-147.64267 x = 0.000000

Cs=0.117741 x 10 Ce=-0.764548 x 101

Cs=-0.441188 x 1015 Cio=0.122309 x 1018
C12=-0.114006 x 1022 C14=10.478194 x 1027

Surface 20

r = 644.69642 K = 0.000000

Ca=0.378434 x 107 Cs=-0.751663 x 1012

Ce=0.2477356x 1018 C10=-0.222239 x 1020
Ci12=0.256558 x 1024 C114 =-0.235204 x 1028

Surface 24 and surface 28 (same surface)

r = 165.28528 K = 0.000000

C4=-0.236840x 10-7 Cs=0.766085 x 1012
Ce=-0.122244 x 10-16 Ci0 =-0.209608 x 1021
Ciz=0.109632x 10-25 Cra=-0.837618 x 10%
Surface 32

r =-8761.14467 x = 0.000000

Cs=0.138366 x 107 Cs=-0.162646 x 1012
Cs=0.264075 x 1017 Ci0=0.265565 x 1022
Cr2 =-0.494187 x 1026 C14 =-0.786507 x 103!
Surface 44

r=252.15324 k = 0.000000
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52 0 2 SEP 200L [Enbodinment 3] In the first and second enbodinentsaqbgquﬁ
the first optical path folding mirror 1 and the second optical path
folding mirror 2 are constituted as front surface reflecting mrrors.
Moreover, in the first and second enbodi ments, the angular w dths of a
beam incident into the reflecting plane of the first optical path of a
fol di ng m rr= 0163182 £ b&® r ef | ect i ngCs pl-BRkI44E xtIAE second optical path of a
folding mirror 2 increase in proportion to the nunerical of aperture on
the i mage si@e @T4MAexdat’adi optric EptT OBV ER |In this case, if the
reflecting planes are forned of a dielectric nulti-layer film the
reflectivityCizecRBYEH Mi0h t he i nci Geit 0dAGH43 Xt t he phase of a reflected
wave disperses with the incident angle, thus it is difficult to ensure
good angul ar{Cetrespanding valu¢scof conditignyseéfore, it is preferable that the
reflecting planes are formed of a netal filmto obtain good angul ar
charact eri sthles068dich as a reflectivity nearly constant for a w de range
of incident angles. However, the reduction of reflectivity arises if the
metal is sUiBjBB88% to irradiation of the F2 laser in an atnosphere
containing little oxygen. Accordingly, both the first optical path folding
-mrror 1 and3ttiB43€cond optical path folding mirror 2 are constituted as

rear (back) surface reflecting 53
L1=3478 mm

L2=311.9mm

E=4531 mm
D=473.4mm

(1) 1 82| =0.885

(@ jL1-L2]/IL1] =0.103
@ 18111 811=0385

(4} IE-DI/IE| =0.045

Fig. 7 are charts showing the lateral
aberrations in the second embodiment.

In the aberration charts, Y represents the image
height, s0lid lines the wavelength 157.624 nm, broken
lines 157.624 + 1 pm = 157.625 nm and dashed lines
157.624 - 1 pm = 157.623 nm, respectively.

As is evident from the aberration charts, it is
known that the chromatic aberrations are well
corrected for the exposure light with a wavelength of
157.624 + 1 pm in the second embodiment similar to in

the first embodiment.
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02 SEP 2001, mrrors in the third enbodi nent. Mre specifically, %E 00t
shown in Fig. 13B, the first optical path folding mrror 1 is fordké E @
right-angle prismhaving a plane of incidence |a perpendicular to the
optical axis AX1 of a first imging optical system Gl, a reflecting plane
b inclined to the optical axis AX1 at an angle of 450 and a pl ane of
emergence | ¢ perpdimpediarens Bhe optical axis AX2 of a second inmaging
optical system Q. The second optical path folding mrror 2 is forned as a
ri ght-angle prismIthavhagfd pitnensf ssepaencapedpagenti chrah tbhehe
optical axis AX2 of the second inmaging optical system G2, a reflecting

pl ane 2b incfined Ptheasdpriaddh ARl KIMAL T ahglRe bf t RS0 S&FP Al ane
of energence 2c perpendicular to the optical axis AX3 of a third inmaging
optical systamt&galvepédyvéelding misrosp?iahe Gk ACAAHIRG 1 ir?nt1 and

t he second optical path folding mrror 2 are integra3y constituted as one
optical patHE4bEaiceg rah Fe6r I ThERC ftthe R FBAIV S st AXENEF ftieS i r st

i mgi ng optical system GlL and the optical axis AX3 of a third inmaging
optical systamiceapasemRadipeniiat, theyanondatT yweitémd Gdhd &oidkitute a
single common optical axis, i.e., a reference gptical axis AX .

Furt her mor e, 1 fedemter 4849 of 149 né Sl REL1Pgar PABREK) © Sutfdfce Tist ket i ng

plane Ib of first optical path 54 0 2 SEP 20P .
optical path of a folding mirror 1 and the reflecting

plane of the second optical path of a folding mirror
2 increase in proportion to the numerical of aperture
on the image side of the catadioptric optical system.
In this case, 1f the reflecting planes are formed of
a dielectric multi-layer f£ilm, the reflectivity
changes with the incident angle and the phase of a
reflected wave disperses with the incident angle, thus
itisdifficult to ensure good angular characteristics.
Therefore, it is preferable that the reflectingplanes
are formed of a metal film te obtain good angular
characteristics, such as a reflectivity nearly
constant for a wide range of incident angles. EHEowever,
the reduction of reflectivity arises if the metal is
subjected to irradiation of the FZ laser in an
atmosphere containing little oxygen.
Accordingly, both the first optical path felding
mirror 1 and the second optical path folding mirror

2 are constituted as rear (back) surface reflecting
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folding mrror 1 and the rear (back) surface reflecting plane 2b of ? S€ed
optical path folding mrror 2 are set up so that the optical axis AX1l of
the first imging optical system GlL, the optical axis AX2 of the second

i mgi ng optical system G and the optical axis Al X3 of the third imaging
optical system G3 intersect at one point (reference point). As described
above, both mherfdnstimgihedih pathemp@IHimenF-r r Yo e aikre €A Iserbhil ropt i cal
path folding mrror 2 are constituted as rear (back) surface reflecting
mrrors in the shiomh drboth dent 3BThdérteg of ersthebritdafa t bask) fnkdéedg
reflecting plane |b of the first optical path folding mrror 1 and the
rear (back) Burftade Yelbedtarigegl ase 2bréFhitirangéeomd bpRi €AV Padhaf ol di ng
mrror 2 are not subjected to the irradiation of F2 |laser in an
oxygen-cont abheng f nbaphdaiencas la mesppendiqal fagudd onl8f OReiFedtivity
caused by the F2 laser irradiation can be avoided, even if the reflecting
pl anes are faxisd A%l & hreealf¥rsm tonaBLaion B Cenlgubais t8far &clt-er Bst i cs,
such as a reflectivity that is nearly constant for a w de range of

i nci dent angfedlevdriebveplaine tife gl éagichd PR Fbcadpaahd Akhe
transmtting planes (la, 1lc, 2a, 2c) of the first optical path folding
mrror 1 and@the2Becddrileptd Eald>patdnd oladi Rgamig r & 28 I¥L&Ced Fn the

vicinity of 55 0 ? SEP 2004 the formatign position of a first internedi ate
i mage perpendicular to the optical axis AX2 of a second

imaging optical system G2. The second optical path
folding mirror 2 is formed as a right-angle prism
having a plane of incidence 2a perpendicular to the
optical axis AX2 of the second imaging optical system
G2, a reflecting plane 2b inclined to the optical axis
AX1l at an angle of 450 and a plane of emergence 2c
perpendicular to the optical axis AX3 of a third
imaging optical system G3.

Moreover, the first optical path folding mirror
1 and the second optical path folding mirror 2 are
integratdy constituted as one optical path folding
mirror FM. Then, the optical axis AX1l of the first
imaging optical system Gl and the optical axis AX3 of
a third imaging optical system G3 are so set up that
they linearly =2xtend and constitute a single common
optical axis, i.e., a reference optical axis AX.
Furthermore, the intersection line of the rear (back)

surface reflecting plane 1b of first optical path
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and a second internediate i mage, flaws, defects of coating, dust angl?tyFe o
| i ke on these planes are transferred to the wafer surface. Furthernore,
setting a reduced length froma reticle Rto wafer W results in the

m niaturization of the apparatus. The conpact nature of the apparatus is
al so favorable in transportation.. Accordingly, in the third enbodi nent,
the first infelgddiat emimage i sl foandd bdisweenciife En@elént SHARECEC of
the first optical path folding mrror 1 and a concave reflecting mrror

CM The secnedhautﬁngdpi&ﬂ¢nﬁgedﬁs$©€@mﬁtﬁ@ﬁé@@hrﬁﬁtboﬁBHVglng
reflecting mrror CMand incident plane 2a of the second optical path
folding mrroir2zorThe aher detedpdsaeshals hecPbitdatay dede ibed Bdl ow.
Fig. 13 is a diagramillustrating the |lens construction of a catadioptric
optical systehe fprejtedmiani nptPpsl chstsens PER GécoFbiengPtid ¢aé 2KiLed
enbodinent. As in the first and second enbodi nents, the present invention
is al so appl2¥abbé tiha speorattionddpy cRtigstleY N MM ERF el r Bhfons
including chromatic aberrations are corrected for, an exposure light with a
wavel ength ofptizaeRse nhd(AXgne i fhchdhhrddiBpwddt e ticR ) Heystem
catadioptric optical systemof Fig. 13, the first imaging optical system
Gl conprisesGa 56tmsSER ZJ040p8sid et mkiedc’isenefs HA1RRavi ng an

aspherical concave surface facing to the wafer side, a negative
As described above, both the first optlical path

folding mirror 1 and the second optical path folding
mirror 2 are constituted as rear (back}) surface
reflecting mirrors in the third embodiment.

Therefore, the rear (back) surface reflecting
plane 1lb of the first optical path folding mirror 1
and the rear {back) surface reflecting plane 2b of the
second optical path foldingmirror 2 are not subjected
'to the irradiation of F2 laser in an oxygen-containing
atmosphere. As a result, the reduction of
reflectivity caused by the ¥2 laser irradiation can
be avoided, even if the reflecting planes are formed
of ametal film to obtain good angular characteristics,
such as a reflectivity that is nearly constant for a
wide range of incident angles.

Moreover, if the reflecting planes (lb, 2b) and
the transmitting planes (la, lc, 2a, 2c¢) of the first
optical path folding mirror 1 and the second optical

path folding mirror 2 are located in the vicinity of
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meni scus | ens L12 having a concave surface facing to the reticle @bﬁgp il
bi convex lens L13, a positive neniscus |ens L14 having a convex sur cé
facing to the reticle side, a positive neniscus |lens L15 having a convex
surface facing to the reticle side, a positive neniscus lens L1 6 having
an aspherical concave surface facing to the reticle side, a positive

meni scus | edie Lfirhatilmg: ® cohtded U fiadd 7ok hytea ML 260 e 3% de, a
posi tive neniscus |lens L18 having a concave surface facing to the reticle
si de, a bi camxal epsand andermediptiaelRedescusl 2¥as (FEIDRAV Ryf an
aspherical concave surface to the wafer side in order fromthe reticle
side. The secoridingngi 4ysSopt Bdd st erhiGpe cotprildessea RegaiSSe i scus

| ens L21 having a concave surface facing to the reticle side, a negative
meni scus | efgrangfenadichg tah ddpheri @Ak fcoREdf@ &r f ac & UWrdch AHTOF & he
reticle side and a concave reflecting mirror CMin order fromthe reticle
si de al ong it pippagariedalcedut engith ifrer(p. setithkejRctdeN ™). The
third i magi ng optical system G3 conprises a biconvex |ens L31 having an
aspherical eedektssipfiaee Faeiadihbzpédiodt € 586 2RPFH CORVEX | el L32, a
positive neniscus |ens L33 having a convex surface 57 a 2 SEP 2004 facing
to the reti lodnm3 @k, nathicdrithvelPeARPEFA L AS HFcBAFEK HEHRT RBT.e ah

aperture stop AS, a negative neniscus |ens L36 having an aspherical convex
surf ace transportation. Accordingly, in the third embodiment,

the first intermediate image is formed between the
emergent plane lc of the first optical path folding
mirror 1 and a concave reflecting mirror CM. The
second intermediate image 1is formed between the
concave reflecting mirror CM and incident plane 2a of
the second optical path folding mirror 2. The third
embodiment is specifically described below.

Fig. 13 is a diagram illustrating the lens
construction of a catadioptric optical systen
(projection optical system PL) according to the third
embodimemnt. &As in the first and second embodiments,
the present invention 1s also applicable to a
projection optical system 1in which aberrations
including chromatic aberrations are corrected for an
exposure light with a wavelength of 157.624 nm (1 pm
in the third embodiment.

In the catadioptric optical system of Fig. 13,

the first imaging optical system Gl comprises a
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facing to the wafer side, a biconvex lens L37, a biconvex |ens L38,7 $P 200
positive nmeniscus lens L39 having a convex surface facing to the reticle
side, a negative neniscus |ens L310 having a concave surface facing to

the reticle side and a pl ano-convex | ens L311 having a plane surface to
the wafer side in order fromthe reticle side along the propagative route
of |ight. Valosdstb¥edamandfsahe chetldi obtfi chaplindl alsy 4 8f 1%l third
enbodi nent are identified in the following table (3). In the tahle (3), A
represents CoHe aiaees BAGET of L2k posurte® Ityhtwabethe 1) etthopative

magni fication (magnification of whole system) , NA represents the
numerical apemtigeusnlens ifeydiaVdad @W&ECaY ey UTE 4&PHre3EATY t9R radi us
of image circle IF on the wafer W A represents the off-axis quantity of
an effectivEhexpbstiie kegPdAcER aLR tFRNHEHensT R Lof3thé 1P eelilve
exposure region ER along the X direction (dinension of |ong side) , and LY
represents MeRd skwensieds dil f nkasgtifegt 3 veoBY oS UFeT f8Gi%nt ERITE oy the Y
direction (dinmension of the short side) respectively. Myreover, surface
no. represefifi® Rt iz bers s sarPasds- ¥Y8riehé St N Silyb 2 al 8id the
propagati ve 58 02SEP2004 direction of light fromthe reticle surface which
is an obj edtcebVeAcEULHaGE AFFRITO 1R K Waf &f Stffack PRt hd e i mage

surface (second surface), r_the curvature radius of surface (vertex
curvat ure rB@njscus lens L16 having an aspherical concave surface

facing to the reticle side, a positive meniscus lens
L17 having a concave surface facing to the reticle side,
a positive meniscus lens L18 having a concave surface
facing to the reticle side, a biconvex lens L19 and
a positive meniscus lens L110 having an aspherical
concave surface to the wafer side in order from the
reticle side.

The second imaging optical system G2 comprises
a negative meniscus lens L21 having a concave surface
facing to the reticle side, a negative meniscus lens
L22 having an aspherical concave surface facing to the
reticle side and a concave reflecting mirror CM in
order from the reticle side along the propagative
route of light {(i.e., the incident side).

The third imaging optical system G3 comprises
a biconvex lens L31 having an aspherical convex
surface facing the reticle side, a biconvex lens L32,

a positive meniscus lens L33 having a convex surface
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in the case of the aspherical surface: mm) , d the axial space of ?‘ﬂfﬁ?{fﬁ?
i . e. , surface distance (nm , and n the dioptric index to theD
wavel ength, respectively. Furthernore, the surface distanced changes its
sign with reflected degree. Therefore, the sign of the surface distance d
is taken as negative on the optical path fromthe first optical path
folding mrri;mcingota Heheonedie ref sedrei.n@ rFoncevMantdeda thed opai cal
path fromthe second optical path folding mrror 2 to the inmage surface,
and i s takerbiasopusixt i venisn Lother anopi el Upgt KSEOTh&R,, thehedaatge
radi us of convex surface facing to the reticle side is taken as positive
and the curvegniecusdiles ol Ihé acohsavansugphed ferl mpnvext aerf@acel e side
is taken as negative in the first inmaging optical system GlL. On the other
hand, the dawvangreeadihgs okIisohcavesur fadel ¢apiviex t benlse Lévi cie side
is taken as positive and the curvature radius of convex surface facing to
the reticl e si denvieg {akenLadd negaeisve i nettrn i ActiE LAAG hd opEivddtd system
G3. The curvature radius of concave surface directing to the reticle side
(i.e., the inciderax ssineicipsfaghay 49 pbsitevécdmdsie carnagaice ¥adi us 59
0 . SEP 20Cal of convex surface facing to the reticle side %i .e., the
i nci dent si dedniscuskés s Inehath #818190AgCPRE Propabatffe oG ®fteight in
t hesecond i magi ng optical system Q. [Table 31 .

the reticle sice and a plano-convex lens L311 having

a plane surface to the wafer side in order from the

reticle side along the propagative route of light.

Values of data of the catadioptric optical

system of the third embodiment are identified in the

following table (3). 1In the table (3), A represents

the wavelength of exposure light, B the projection

magnification (magnification of whole system), NA

represents the numerical aperture on the image side

(wafer side), B represents the radius of image circle

IF on the wafer W, A represents the off-axis gquantity

of an effective exposure region ER, LX the dimension

of the effective exposure region ER along the X

direction (dimensicn of long side), and LY represents

the dimension of the effective exposure region ER

along the Y direction (dimension of the short side),

respectively.

Moreover, surface no. represents the order of

surfaces from the reticle side along the propagative
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(_Mai n data) A =157.624 nm B =-0.25 NA =0.75 B= 14.6 mm AZBU'TﬁElP)?[]BL
=22 mm LY = 6.6 mm (Data of optical nenbers) Surface no.r dn (reticle
surface) 78.905334 1342.16576 16.0226961. 559307 (lens L11) 2*991. 85390
17. 753350 3-219.16547 12.0000001. 559307 (lens L12) 4-320.00000 1.000000
52955. 64579 26.1410431. 559307 (lens L13) 6-246.44297 1.000000 7194. 21831
26.2608171. THAB6Z t(len . 14) gBL329 006316 1r ©00008 FLO7f80e58hich 1is
40.1086111. 559307 (lens L15)
an object surface (first surface) to the wafer surface
being the image surface (second surface), r the
cu;vature radius of surface (vertex curvature radius
in the case of the aspherical surface: mm), d the axial
space of surface, i.e., surface distance {(mm), and n
the dioptric index to the wavelength, respectively.
Furthermore, the surface distance d changes its
signwith reflected degree. Therefore, the sign of the
surface distance d is taken as negative on the optical
path from the first optical path folding mirror 1 to
the concave reflecting mirror CM and on the optical
path from the second optical path folding mirror 2 to
the image surface, and is taken as positive in other
optical paths. Then, the curvature radius of convex
surface facing to the reticle side is taken as positive
and the curvature radius of the concave surface facing
to the reticle side is taken as negative in the first
imaging optical system Gl. On the other hand, the
curvature radius cof concave surface facing to the
reticle side is taken as positive and the curvature
radius of convex surface facing to the reticle side
is taken as negative in the third imaging optical
system G3. The curvature radius of concave surface

directing to the reticle side (i.e., the incident

side) is taken as positive and the curvature radius
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10113. 33032 159.676621 60 0 2 SEP 2001 11*-148.8403849.913127 1.5 93%7
(lens L16) 12-120.000001. 000000 13-222.9534520.859126 1.559307 (I A9 Eiw
14-150. 000001. 000000 15-401.5557723. 223530 1.559307 (lens L18)

16- 183. 828661. 000000 17521. 5954825. 488040 1.559307 (lens L19) 18-46
7.350411. 000000 19163.4770224. 187152 1.559307 (lens L110) -- 20*493.4
767559. 076928f 240042x000000a te55330VN gi ol ddmt peade lof $idst (optd cal path
folding mirror 1) 2200-5. 000000 1.559307 (reflecting plane of first optical
path fol di ngcmér dorcilde@Bce-1288) 253809Rakemergenngdanevef $1es0 dprécal
path folding mrror 1) 24117.68987-20. 000000 1.559307 (lens L21) 25494. 06
295- 20. 317108 @64 §B2. i16533-2% 2212511.869387 (Lbes $22pnd imaging

27424. 56556- 30. 146320 (concave reflecting mrror) 28174.5144130. 146320
29424. 5655628 222425 sly $5980% 44 ens L22) 30*162. 1553320. 317103

31494. 0629520. 000000 1.559307 (lens L21) 32117.68987288. 258092

[Table 3]

(Main data)

A =157.624 nm

B=-0.25

_ NA=0.75

B=146mm

A=3mm

LX=22mm

LY=6.6 mm

(Data of optical members)
Surface no. r d n

(reticle surface) 78.905334

1 342.16576 16.022696 1.559307 (lens L11)
2% 991.85390 17.7563350
3 -219.16547 12.000000 1.559307 (lens 1.12)
4 -320.00000 1.000000
5 2055.64579 26.141043 1.559307 (lens L13)
6 -246.44297 1.0000C0
T 194.21831 26.260817 1.559307 (lens 1.14)
8 1329.96976 1.000000
9 107.60955 40.108611 1.559307 (lens L 15)
10 113.33032 159.676621



61 02 SEP2004 33005. 000000 1,559307 (incident plane of second opticgh SPF‘t?dM
folding mrror 2) 34QC-42. 000000 1.559307(refl ecting plane of second
optical path folding mrror 2) 35x-75.000000 (energent plane of second
optical path folding mrror 2) 36*-4472.59851-25.9286981. 559307 (lens L31)
37261. 48119- 1. 000000 38- 702. 65223- 25. 5748121. 559307 (] ens Laz)
39484. 70684-11* 000000 40-MBBIOYB41- 36. 0950491389307 (18307 depys L16)
41824.20256-52. 106994 4211305. 93183-29. 4744461, 559307 (| ens L34)
43-116. 921162179. 952947 "19-09800 00000- 35. 67 89¥HY. 559307 (1 ens L35)
45613. 05439- 28. 469304 4600- 24. 889346( aperture stop Asg . =
47165. 48519-120. 1837651. 5383094 | ens L36) ] 2U8p9129  5395535030DBersd-17
49-1112. 01574-39. 5570191. 559307 (| ens L37L 50293. 63544- 1. 000000
51227.08614-139. 1753381. 5B98990Q | ens L38) 594¥HB. 58196- 8. 150754

53- 120. 00000- 39. 6128101. 559307 (| ens L39) 54-519. 19928- 10. 442215
55457. 48024-11. 5915661. S¥830777 | ens L310) 25323530 1.559307 (lens L.18)

16 -183.82866 1.000000

17 H21.59548 _ 25.488040 1.553307 (lens L.19)

18 467.35041 1.000000

19 163.47702 24187152 1.559307 (lens L110) ~-
20* 493.47675 59.076923

21 0 42.000000 1.559307 (incident plane of

first optical path folding mirror 1)
22 £ -5.000000  1.559307 (reflecting plane
of first optical path folding mirror 1)
23 © -288.258092 (emergent plane of

first optical path folding mirror 1)

24 117.68987 -20.000000 1.559307 (lens L21)

25 43406295 -20.317103

26* 162.15533 -23.222125 1.559307 (lens L22)

27 424 56556 -30.146320 (concave reflecting
mirror)

28 174.51441 30.146320

29 424.56556 23.222125 1.559307 (lens L.22)

30* 162.15533 20.317103

31 49406295 20.000000 1.559307 (lens L21)

32 117.68987 288.258092



0 2 S E P 2004 562169. 7 8959-1. 000000 57-132.52125- 50. 0000001. 559307 7( JEPn80L
L311) 58 (wafer surface) 00-12.499991 (Aspherical data) Surface 2 r =
991. 85390K = 0.000000 ¢4 = 0.117208 x 10.7C6 = 0.310236 x 10-12 C8 =
0.401356 x 10-17C o= -0.265435 x 10-20 Cu = 0.412618 x 1024Cl14 = -0.238346
x 10-28 Surface 11 K = 0.000000 r = -148.84038 C4 = 0.637735 x 10-7 C6 =
-0. 462907 x 3B0-11 C8= -@& 137097 x 10i 5 C1.808000. 4756219559300 ln@dept 2 =
-0.370236 x 10-23Cl14 = 0.833198 x 10-28 Surface 20 r = 493.47675x =

0. 000000 C4 = 0.280809x 10-7C6 = - 0. 36003 okserondigpticd patipfoblregoo Ty 200- 17C10

= -0.100162 x 10-20 C12

26 and Surfdde 30 (sanmexsurface)

= 0.116050 x 10-24Cl4 = -0.979417 X :
162. #3%586000= 0. 0TP807reflecting

r =

10- 29 Surface

plane of second optical path folding mirror 2)

35 o -75.000000 (emergent plane of
second optical path folding mirror 2)

36* -4472.59851 -25.928698 1.559307 (lens L31)

37 261.48119 -1.000000

38 -702.65223 '25.5;74812 1.559307 (lens L32)

39 484.70684 -1.000000

40 -171.00841 -36.095030 1.553307 (lens L33)

41 -824 20256 -52,106994

42 11305.93183 -29.474446 1.558307 (lens L34)

43 -116.92116 -179.952947

44 -250.00000 -35.678689 1.559307 (lens L.35)

45 613.06439 -28.469304

46 % -24.889346 (aperture stop AS)

47 165.48519 -20.183765 1.559307 (lens L.36)]

48* 279.53959 -1.000000

49 -1112.01574 -39.657019 1.559307 (lens L37)

50 293.63544 -1.000000

51 -227.08614 -38.175338 1.559307 (Ilens L38)

52 3890.58196 -8.150754

53 +120.00000 -39.612810 1.559307 (lens L39)

54 -519.19928 -10.442215

55 457.48024 -21.591566 1.559307 {lens 1.310)
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C4 = -0.235140 x 10-7C6 = -0.709685 x 10!2 Cs= -0.957183 x 10-17C o= 00l
-0.947024 x 10-22 Cis = 0.274134 x 1026Cl14 = -0.469484 x 10-30 63 O ggi-':PPz
200/ Surface 36 r = -4472.59851 x = 0.000000 C4 = 0.108255 x 10-7 C6 =
-0.135832 x 10-12 Cs =.0.188102 x 10.17 Co = -0.163001 x 10-22 Ci12 =
0.128506 x 10.26 Cl4 = -0.312367 x 10-30 Surface 48
0. 000000 C4 56 0. 176353 R1697805€s = - 0. 889 10P0ROAL0- 12

Clo = -0.701110 x 1x21 Cl12 = 0.104172 x 10-25 Cl14
(Correspondiffg val ues of13dd2% i ons) 61=- GOHEOC0062

= 320.8 mMm L2 = 365.2 mm E=466.7 mm D= 455.6 mm

r = 279.53959 K =

Ca = 0.132824 x 10-16
-0.327893 x 10-30
1.57936% (el 112 0. 445 L1

(1) 1,821 = 0-865 (2)

L1 - L21/1158 =0.138 ¢8)1 1 1, 81 1 1,32499985 (4) IE-D 11 El =0.024
Fig. 14 are charts illustrating the lateral aberrations in the third

enbodi ment . (wafer surface)

(Aspherical data)

Surface 2

r=991.85390 K = 0.000000

Ca=0.117208 x 107 Cs=0.310236 x 1012
Cs = 0.401356 x 1017 ) Cio=-0.265435 x 1020
Ciz = 0.412618 x 104 Cia =-0.238346 x 1028
Surface 11

r =-148.84038 k = 0.000000

Cy=0.637735x 107 Cs=-0.462907 x 1011
Cs=-0.137097 x 1018 Ci1o=0.475629 x 1019

C12=-0.370236 x 102 C1u=0.833198 x 1028

Surface 20

r =493.47675 x = 0.000000

C4 =0.28080%x 10-7 C6 =-0.360031x 10-12
C8=0.929800x 10-17 C10=-0.100162 x 10-20
C12=0.116050 x 10-24 C14=-0.979417 x 10-29

Surface 26 and Surface 30 (same surface)

r = 162.15533 K = 0.000000

Ca=-0.235140x 107 Cs=-0.709685 x 1012
Cs=-0.957183 x 1017 Ci0=-0.947024 x 1022
Ciz=0.274134x 102 C14=-0.469484 x 1030
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In the aberration charts, Y represents the image height, the solid g »Rep
represent the wavel ength 64 0 7 SEP 2001 157.624 nm the broken |ines
represent wavel ength 157.624 + 1 pm = 157.625 nm and the dashed |ines
represent wavel ength 157.624 - 1 pm = 157.623 nm respectively. As is
evident fromthe aberration charts, it is known that the chromatic
aberrations Bafachdd corrected for the exposure light with a wavel ength of
157. 624 1 pmin the third enbodinent as simlarly corrected in the first
and second erbddiHedBbs. xas0.0¥¥8P| bed above, in the first to third

enbodi nents, with respect to the F2 |aser having a center wavel ength of
157. 624 nm G=\NA@R59x187i n i mage %ﬂ@-@é’@%&@%vi ded and the inmage
circle with radius of 14.6 nm in which the aberrations beginning with
the chronmat i@ =bt8182KdAY are corr ekt V- 183%15el0%r ovi ded on t he waf er.
Therefore, a high resolution of about 0.1 u_mcan be obtained in addition
to providi fgza0reBe®gilr ef f ecti e ERpdsH & 198%i on  t hat

i s-approximtely 22 nmx 6.6 nm Moreover, in the first to third

enbodi nent s,Susfice &f f - axi s quantity A as small as about 3 mmcan be set up
on the wafer Wbecause the second | ing optical system & has a nearly
uni t (equal )r TegrmsPPeati on Q2K=391‘8905ﬁ§ optical path separation is provided.-

in the Ce=0.176353x 107 Ce=-0.889127 x 1012
Ca=0.132824 x 1018 Cio=-0.701110x 1021
Ci2=0.104172x 1028 C14 =-0.327893 x 1020

{Corresponding values of conditions)

B1 = -0.650

B2 =-0.865

B3 = -0.445
L1=320.8 mm
L2 =365.2 mm

E = 466.7 mm

D = 455.6 mm
(D152 =6:865

(2) IL1-L2|/IL1] =0.138
(316111811 =0.385
(4 |[E-DI|/IE| =0.024
Fig. 14 are charts illustrating the lateral
aberrations in the third embodiment.
In the aberration charts, Y represents the image

height, the solid lines represent the wavelength
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vicinity of the two intermediate i mages formed by a nutual approach 7ASEP0)
result, a rectangular 65 0 2 S E P 2004 effective exposure region
approximately as large as 22 mmx 6. 6 nmcan be provided in the inmge
circle that is as small as about 14.6 mmin radius. Thus, an optical
system superior in aberration correctign, mniaturization, optical

adj ust ment, neth8Ridca ™, ddiYnP LAk R nldESRS of ShdRF 8B tur g L&t el

obt ai ned. Furthernmore, in the first tg third enbodinents, the reticle R

and the waf &r®W €A bl ar rBMgsd TR’ -Faral PBl 3R eddt® oS &fhd LIV a

pl ane perpendicular to the directiaqn of _gravit i.e., [ tal pl ane)
Al the | end@PEBASHT UYRNG 4SeIFr 421 nﬁgf‘lng‘ o}p;ti | = &&g{eﬁg Hhd the

third i magi ng optical system G3 can be arranged in parallel along a single
optical axi &eIXe6ftit ¥Yirection of gravity because the first inmaging

optcal oystem CLoanq the LLEd Lmalig,, ol Leal, system G are proyLded I
A0 N0| Yt Dot ShAE1 £ (sl er W and iosto oo epses, consii i 10
o, P! o R TRk IO SEy § SRR OB o T pepcungd by
resol uti on are  advantagequs! Yo eubedn i 41 00kl Y iy 06: Lidslato
in the first and second embodiments.
As described above, in the first to third
embodiments, with respect to the F; laser having a
center wavelencth of 157.624 nm, a NA of 0.75 in image
side can be provided and the image circle with radius
of 14.6 mm, in which the aberrations beginning with
the chromatic aberrations are corrected, can be
provided on the wafer. Therefore, a high resolution
of about 0.1 4 m can be obtained in addition to
providing a rectangular effective exposure region
that is approximately 22 mm X 6.6 mm.
Morecver, in the first to third embodiments, an
off-axis guantity A as small as about 3 mm can be set
up on the wafer W because the second imaging optical
system G2 has a nearly unit (equal) magnification B2
and the optical path separation is provided in the
vicinity of the two intermediate images formed by a

mutual approach. As a result, a rectangular
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the intersection line of the reflecting planes of the 66 0 2 SEP 2004 SHR %0
optical path folding mrror 1 and the second optical path folding mrror 2
are set up so that the optical axis AX1 of the first imaging optical
system Gl, the optical axis AX2 of the second inmaging optical system &
and the optical axis AX3 of the third i maging optical system G3 intersect
at one poi nte {fetésioceexpobmye Mhelfhr PO KERR YN 48] dRAFTidFor 1
and the second optical path folding mirror 2 are integrally formed as a
triagonal prdZzmmenbert i Ghinche PR “tichedie Hml ¥MeIBoFL &R dd afe
shaped into right angled isosceles triangles, i.e., one optical path
folding mirrics &M sasahblresul abotte Sfalfi MRylpf ZHE1UGpti cBPUSystam
increases. The optical adjustnment and mnechanical design are sinple because
it is possilirticalposyesitem t HBPERrieRr opfi calPeaXxesd 0@ - cRErafd e ridge
lines of the optical path folding mirror FMin connection at one reference
point. In addinianurtiat hpgh- aceREac® lopt #eaMsgdieRtmentgchdndsial and t he
optical -systens have higher stability because the optical axis AX2 of the
second i nmagid®s bpeicaRdsyst emstGR §i fagutf aptay iMatcaR Be PeFpamfidul ar to
the reference optical axis AX which is_the commpn optical _axis of the
first imaging optifcltEosmonead dndhael 1¥RFr BOi FRTFF eFRIEamesfst em G3.
Furthernore, in the first to third enbodi nents, the intersection |ine of
refl écting mﬁmegqﬁiqh@ R and the wafer W can be arranged in

parallel to each other and along a plane perpendicular

to the direction of gravity (i.e., horizontal plane).

All the lenses constituting the first imaging optical

system Gl and the third imaging optical system G3 can

be arranged in parallel along a single optical axis

BRX of the direction of gravity because the first

imaging optical system Gl and the third imaging

optical system G3 are provided in an upright position

along the common reference optical axis AX.

Accordingly, the reticle R, the wafer W and most of

lenses constituting the projection optical system PL

{91% in number for all the embodiments) are parallel,

and are not subject to asymmetrical deformation caused

by their own weight. Likewise, optical adjustment,

mechanical design and high resolution are

advantageously ensured.

Additionally, in the first to third embodiments,

the intersection line of the reflecting planes of the
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67 0 2 SEP 200L first optical

path folding mirror 1 and the second []ozpﬁpr@w

path folding mrror 2 are set up so that the optical axis Al of the
i mgi ng optical system Gl, the optical axis AX2 of the second inagi

opti cal

system G3 intersect at one point
shown in thd€insteppdticel Piagh

sladidiaenirmagst ¥ apgdarfhe nee

line of reflecting planes of the first optical path foldi ngém’rror

the second oftttapl patth ot HRAG I BECE KhR&l iS€ hotP | HRa

intersection of the optical axis Al of the first inmaging optical.
G, the opticdaliasilsa®is Xt el theohd fisagifyddpoi ERT sy3leflYSE &dhd t he
optical axis AX3 of the third |ma%| ng optical systemG3. Fig. 15 is a

i

schemati c blGck tdiaagr 6f Laaxést &

Zoptr FEeopeiredld dyst B Baeed i6m L

nodi fication exanple 1. In the catadioptric optical system shown i
-1-5, the opt¥Themdx? SKEF aitfel €RrAsa Xl Fabikdge L oph e et 1 5Pst BADGR ANnd t he
optical axis AX3 of the third_ imaging optical system G3 are_coincident.
The intersedtopali G&sdienefPedtiTRy pEEhed OO PLRSt (TUHEPESRGRAL h
folding mrror 1 and the second optical_ path folding mrror 2 is |ocated
on the sidePspigosi te The tHe ToneB¢d 97 ¥ rior LM PO itTHE hEFedl lagnd AXI of

the first

i rLagi ng optical system @ and the optical 68

he "second optical path folding mirror 2 are
integrally formed as a triagonal prismmember in which
the top side and the bottom side are shaped into right
angled isosceles triangles, i.e., one optical path
folding mirror FM. As a result, the stability of the
optical system increases. The optical adjustment and
mechanical design are simple because it is possible
to position the three optical axes AX1l- AX3 and the
ridge lines of the optical path folding mirror FM in
connection at one reference point. In addition, the
high-accuracy optical adjustment is simple and the
optical —systems have higher stability because the
optical axis AX2 of the second imaging optical system
G2 1is set up so that it 1s perpendicular to the
reference optical axis AX which is the common optical
axis of the first imaging optical system Gl and the
third imaging optical system G3.
Furthermore, in the first to third embodiments,

the intersection line of reflecting planes of the

67

ng

system & and the optical axis AX3 of the third imaging optical
&ref erence  poi nti as descri bed above. As

i on
1 and

@ tatt i e

system

n Fig.



0 2 SEP 2004 axis AX3 of the third imaging optical systemG. Fig. }§ SFP AL
schemati c bl ock diagram of a catadioptric optical system based on ’ '
nodi fication exanple 2. In the catadioptric optical systemshown in Fig.
16, the optical axis AX1 of the first imaging optical system Gl and the
optical axis AX3 of the third imaging optical system G3 are coincident.
The intersefiref Hmeleodlr afdelt frg pladges isfrehelf iamst thptiscadopdt h
folding mrror 1 and the second optical path folding mirror 2 is |located
on the side optécordaveathi frddiON flor It eptacal saki SPAXE éhathethir st
imaging optical system GlL and the optical axis AX3 of the third inaging
optical systept&8alvierebyehrili afpidd dust hbbBRgEMY ameloptl calstakis AX
of the first imaging optical system Gl and the optical axis AX2 of the
second i magi &y, oph & cuPtisyst emiE Pate odr thagSfdcRAd Tas 1o PRAL &xls AX2
of the first imaging optical system G and the optical axis AX3 of the
third i magi ngyspercal systeht G aiealopricyddal o tHoWeveR L richépamyndl so he
constituted so that the optical axis AXL of the first inaging optical
system Gl, tdetéprilcHYakey KRR iFtt¢heesdcond PREgPRd N lopt Fedr rgseem (32
and the optical axis AX3 of the third imaging optical system G3 are
non- or t hogor®inkée, a%e. gdesggdidedat 2&P Eanpl eA3 s Rn fing. fiye
Furthernore, in previous enbodi nent, the 69 0 ~ SEP 20N

alternative, Figs. 15 and 16, illustrate an

intersection line of reflecting planes of the first

optical path folding mi;ror 1 and the second optical

path folding mirror 2 which is not located at the

intersection of the optical axis AXl of the first

imaging optical system G1, the optical axis AX2 of the

second imaging optical system G2 and the optical axis

RX3 of the third imaging optical system G3.

Fig. 15 1is a schematic block diagram of a
catadioptric optical system based on modification
example 1. 1In the catadioptric optical system shown
in Fig. 15, the optical axis AX1 of the first imaging
optical system G1 and the optical axis AX3 of the third
imaging optical system G3 are coincident. The
intersection line of reflecting planes of the first
optical path folding mirror 1 and the second optical
path folding mirror 2 is located on the side opposite

to the concave mirror CM for the optical axis AX1 of

the first imaging optical system Gl and the optical
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optical axis AX1 of the first imaging optical system G and the optggalrp
axis AX3 of the third imaging optical system G3 are coi nci dent. However, a
construction in which the optical axis AX1 of the first inaging optical
system @ and the optical axis AX3 of the third imaging optical system G3
shift in parallel to each other is also possible. See, e.g.,,
modi fi cati orexekanpks L Ehowe ithFrd. 1M g1ngt kot hedilf iscaiton &danple 4
shown in Fig. 18, the intersection line of the first optical path folding
mrror 1 and the gdcbnd loptilchl gpaskfematag nPhestk Ziagpal ceifncfdent
with the optical axis AX1 of the first imaging optical system @ and the
optical axi sapx8iep athict Kol ¢eagihys bpm cakssystem apdThécahmiersecti on
line of the first optical path folding mrror | and the second optical
path fol di ngexdmpore 22 ndyn dilsd betedastitniedops idvt §YSE&Tciitident
with the intersection of optical axis-AXl1 of the first inmaging optical
system Gl arich dptd cal 6 axtbeAxR tdfca heaxiecdid iofadir) fobt § EalMéysiedn G2 or
the intersection of optical axis AX2 of the second inmmging optical system
@& and opti et agikd AXSteEm Cleank Ebe angilmp L goti eHX sysh élscghird
Addi tionally, in previous enbodi nent, the optical axis AXlL of the first
i magi ng optilgeagipgtepptdcahd sHetemi dal ades AGiscidanthird Thégi ng 70
O / SEP 200L optical system G3 are in parallel to (coincident wth)

intersection line of reflecting planes of the first

optical path folding mirror 1 and the second optical

path folding mirror 2 is located on the side of concave

mirror CM for the optical axis AX1 of the first imaging

optical system Gl and the optical axis AX3 of the third

imaging optical system G3.

Moreover, in previous embodiment, the optical

axis AX1 of the first imaging optical system Gl and

the optical axis AX2 of the second imaging optical

system G2 are orthogonal and the optical axis AXZ of

the first imaging optical system G2 and the optical

axis AX3-of the third imaging optical system G3 are

orthogonal. However, they may also be constituted so

that the optical axis AX1 of the first imaging optical

system G1, the optical axis AX2 of the second imaging

optical system G2 and the optical axis AX3 of the third

imaging optical system G3 are non-orthogonal. See,

e.g., modificazion example 3 shown in Fig. 17.

Furthermore, in previous embodiment, the
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each other (the axis AX1 of the first imaging optical system GL and ghefp 0
axis AX2 of the second imaging optical system G are made orthogonal and
the axis AX2 of the second imagi ng optical system & and the axis AX3 of
the third imgi ng optical system G3 are nmade orthogonal). However, a
construction in which the optical axis AX1 of the first ~inmaging optical
system Gl angtthe loptiicalAXaki st AXBeof ittt timadingagintyl copt eyaltEyst em G3
are not parallel to each other is also possible. See, e.g., nodification
exanpl e 5 <howanidn Fhg. di®titalt hexmsdiAX datd Hntéeanphe r8l showginiag Fig.
19, the intersection line of reflecting planes of the first optical path
folding mrrogticadd tshetsecofd opthicalcpanhifddnt ng nikeweve2rn,s set up so
that it intersects with the optical axis AX1 of the first inmaging
optical . systeems Gtucttheomptn wali cxitd AXR tofc 2 heax sedohl d hddiend 1ot cal
system & and the optical axis AX3 of the third inmaging optical system G
at one poi ntim{géfigrepts qrol mYys tEowevernd dye rayt afed beiscdist iafited so
as not to intersect at the reference point. See, e.g., the nodification
exanpl e 2 shdwn thir@i gmags rahdrfi geales yadan & ddiaf Fetngoaseddetd on of
the projection exposure apparatus of the enbodiment shown in Fig. 2 is
descri bed bdlow.eZtha »SEP1004 sFi R180i sP® < bigl&m shoWary t he -Fener al
construction of the projection exposure apparatus of

modification example 4 shown in Fig. 18. In the

modification example 4 shown 1in Fig. 18, the

intersection line of the first optical path foiding

mirror 1 and the second optical path folding mirror

2 is not coincident with the optical axis AX1l of the

first imaging optical system Gl and the optical axis

AX3 of the third imaging optical system G3. The

intersection line of the first optical path folding

mirror 1 and the second optical path folding mirror

2may also be constituted so that it is coincident with

the intersection of optical axis AX1 of the first

imaging optical system Gl and optical axis AX2 of the

second imaging optical system G2 or the intersection

of optical axis AX2 of the second imaging optical

system G2 and cptical axis AX3 of the third imaging

optical system G3.

Additionally, in previcus embodiment, the

optical axis BAX1 of the first imaging optical system

Gl and the optical axis AX3 of the third imaging
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the enbodi nent shown in Fig. 2. Fig. 9 is an enlarged diagram whi chjshoms)g
a portion of to the illumnation optical systemof the projection exposure

apparatus of Fig. 8 Fig. 10 is an enlarged di agram whi ch shows

a portion

of the projection optical systemof the projection exposure apparatus of
Fig. 8 First, a detailed construction of the portion of the illum nation
optical systemtltadf skisgen&Dare ideperiadede 1 The (prol retidem exposul e
apparatus is provided with a F2 |laser light source 100, e. g. , 156. 624
nmin wavelenghhotbed i{ittee reat Us ahXdsef| thei 6 riEd nostg halbf ocpwildtall. 5

. However, the application of an ArF excinmer |laser |ight source of
about 193 nmyatKnF Gexemer thieght x$eurk®2ofo abohte 248comd aamardihgser
| ight source and the like can also be used in the present invention. The
| i ght sour ceofdO0cady slye t an IGhgete aaddée I Degoflabrwhdrle: tdrel sehhZbody of
the exposure apparatus. An exclusive area (footprint) of nmain body of the
exposure appef atlue sardvel decagased opantdcan Brfslieemc®@2 ofndi bhat iaohsson t he

mai n body of the

exposure apparatus can also be reduced. A light fromthe

| i ght sourceaXl®0oifs thed tilmtod tihagimsgdepdfi@aii syt tidn UGB naticomayst em
casing 110 72 02 SEP2DD via a beam matching unit (BMJ) 101. The first
illum nati o sysbemrceki ng BbWerezei ves amvablrectopthcan edeheht sthi@si de it
and supports them by a

optical axis AX1 of the first imaging optical systen
Gl and the optical axis AX3 of the third imaging
optical system G3 are not parallel to each other is
alsoc pcssible. See, e.g., modification example 5
shown in Fig. 19. In the modification example 5 shown
in Fig. 19, the intersection line of reflecting planes
of the first ontical path folding mirror 1 and the
second optical path folding mirror 2 is set up so that
it intersects with the optical axis AX1l of the first
imaging optical system Gl, the optical axis AXZ2 of the
second imaging optical system G2 and the optical axis
BX3 of the thircd imaging optical system G3 at one point
(reference point). However, they may also be
constituted so as not to intersect at the reference
point. See, e.g., the modification example 2 shown
in Fig. 15 and Fig. 16.

Next, a detailed construction of the projection
exposure apparatus of the embodiment shown in Fig. 2

is described below.
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supporting member 210 on a base plate 200. The beam matching unit 1% <fp 2004
contains a novable mrror matching an optical path between the |ight
source 100 and an the nmain body cf the exposure apparatus. Mreover, the
optical path between the |ight source 100 and the beam matching unit 101 is
optically connected by a cyli ndereétube) 102, and an optical path between
the beam matchindimit 801 1isnd & hedfags@an | |TmPratidon test gmn&sahg 110
is optically connected by a cylinder (tube) 103. Nitrogen or a rare gas
(inert gas) gomsithuctsidvl ¢ fnthadprid 46 %eoni exPiddwEe | aPPAE adpts caf path
of the cylinder 102 and cylinder 103. The light led into the inside of the
first illunilmaternodysteamt cHzdwg Ln0F passes t BEGugl® asnperenlgngedeye
lens 111 (an optical systemequivalent to a first "fly's eye lens), and

| ens groups dil2gram3whciorlst$hawisng e mdfbenl oZobm téleay ldptneak tyesiem (a
both side telecentric zoomoptical systen) , and then comes to a turret
114 for | oadimiyiphdr aly ot ¢fr adt itdve R 29 Coptd T XPPEVER A PP adiadptdi c
array optical elements. The mcro fly's eye lens 111 is an optical system
conprising mehy ¥g neéd (miEig) Lénsesahaihgrageposiadvendvbpeh ¢hsower and
arranged vertically and 73 D2 SEP2004 horizontally in a dense arrangenent.
General |y, tshepomitdran fof yrhespgyws ¢ehson 1ortisgadonsyst@ed? fe thy . | by
applying an etching treatifent to a parallel plane glass plate to formthe
fine | ens groupsechifdny agkpersure apparatus of Fig. 8.

First, a detaliled construction of tﬂé portion
of the illumination optical system IL of Figs. 8-9 is
described.

The projection exposure apparatus is provided
with a F, laser light source 100, e.g., 156.624 nm in
wavelength used in a natural oscillation (almost half
width 1.5 pm). However, the application of an ArF
excimer laser light source of about 193 nm, a KrF
excimer light source of about 248 nm, an ArZ laser
light source and the like can also be used in the
present invention. The light source 100 may be
arranged on the lower floor where the main body of the
exposure apparatus. Anexclusive area (footprint) of
main body of the exposure apparatus can be decreased
and an influence of vibrations on the main body of the
exposure apparatus can also be reduced.

A light from the light source 100 is led into

the inside of a first illumination system casing 110
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array optical elenents disclosed in USP 5, 850, 300 can be used as teSEP 2004
diffraction array optical elenents, and dioptric array optical elenents
di sclosed in WO 99/ 49505 (EP 1, 069, 600) , wherein the elenents are
formed on one substrate by an etching technique can be used as the
dioptric array optical elements. In the plural diffraction array optical
el enents owitde adi bptan c rarr@lyiogt i vall tel éBdfiils support edhley fohles T urret
114, a light passing through one diffraction, or dioptric, array optical
el enent  podiltlhwmedaitri dihe $ ¥ §urmnaciarsg. ropt i chP paekeined slesnovatd e micro
fly's eye lens 117 via a focal zoomoptical system (115, 116) . A front
focal poi nt caft 1 delafedcahe nteon nptideal 1 sysngin §4pPo X1$) tihemobivt ioned in
the wvicinity-of the diffraction array optical elenent or the dioptric
array opticaluppeneianoimdreetrueidt okl4 bahe piete fA60s eYbel bram17 is
an optical system equivalent to a second fly's eye lens. The micro fly's
eye | ens =lhatnchidgsundny fd hecdmhses sk olowaklemughy fanerathinifdy' s eye
| enses and produces a |arge wave front dividing effect. Thus, an
illum natingn apetiord $taophikenote g ovihded i tsosmerge?Osktded 2 D 2 SEP
2004 (back focus plane) . The mcro fly's.eye lens 117 is constituted by a
pai r of mcrad Iy snepedensEsthe @xmpacecakb@ReTAbUSPt i ¢drarviver and an
aspherical surface may al so be introduced into its refracting surface.
Thi s construtid optesalt paith bletween the 1ight source 100 and the
“beam magﬁhing unit 101 is optically connected by a
cylinder (tube) 102, and an optical path between the
beam matching unit 101 and the first illumination
system casing 110 is optically connected by a cylinder
{tube) 103. Nitrogen or a rare gas (inert gas}, such
as helium and the like, is filled in the optical path
of the cylinder 102 and cylinder 103.
The light led inte the inside of the first
illumination system casing 110 passes through a micro
fly's eye lens 111 (an optical system equivalent to
a first fly's eye lens), and lens groups 112, 113
constituting an afocal zoom relay optical system (a
both side telecentric zoom optical system), and then
comes to a turret 114 for loading plural diffraction
array optical elements or dioptric array optical
elements. The micro fly's eye lens 111 is an optical

system comprising many fine (micro) lenses having a

positive dioptric power and arranged vertically and
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suppression of the occurrence of a coma aberration in the mcro flef' 3@%@&
| ens 117 and suppresses the occurrence of uneven illum nance distr %
on the reticle. Furthernore, a turret type stop provided with airis
stop, a annul ar aperture and a quadrupole aperture may al so be arranged in
the vicinity of rear focal plane of the micro fly's eye lens 117. The
light exitirngpfiemntvl hivcis & gesseyarirasgenenti| | ynenaréed lay movasl e
bl ind mechani sm 120 superinposed via a condenser optical system (118, 119)
The frontmiocal o si Gy of lelme nblablies bFPR¢E t heeh&nri-sn® 190 /i sby
positioned in the vicinity of position of a surface |ight source (plural
| i ght sourcePhhiges) &ormdchynohei peatdemly §oeye Pads gl PEmMENfovabl e
bl i nd mechani sm 120 is provided with a fixed illumnation field stop
(fixed blindjlags mielhe HosfermapeetirRreak@ing FHYUBISe bIFhEfI2Z P Nvarying
the width of an illumnation field region in the scanning direction. The
nmovabl e bl i ret222 abkdws ¥ srlemenésr dase s efel MV Rg s Pk ©P @Reticle
stage in the scanning direction and a decrease in the width of 75 0 2 SEP
2001 shadi ngeorre d faaird)e of feraerdonvereqwerp theatixéamesind and s
arranged together with the reticle. The construction of the novabl e blind
nmechani sm 120l ¢Btrdicsd pEed PP tidpah KéRAIECML 398683 (Aspdsin7¥U1DY/ The
l'i ght passing through the novable blind nmechanism 120 emits fromthe first
i | Tuninati orf %y8PefkP 1,069,600), wherein the elements are formed
on one substrate by an etching technique can be used
as the dioptric array optical elements.
In the plural diffraction array optical elements
or the dioptric array coptical elements supported by
the turret 114, a light passing through one
diffraction, or dioptric, array optical element
positioned in the illuminating optical path incides
into amicro fly's eye lens 117 via a focal zoomoptical
system (115, 116). A front focal point of the afocal
zoom optical system (115, 116) is positioned in the
vicinity-of the diffraction array optical element or
the dioptric array optical element of the turret 114.
The micro fly's eye lens 117 1is an optical system
egquivalent to a second fly's eye lens. The micro
fly's eye lens .17 includes many fine lenses which are
much finer than fly's eye lenses and produces a large

wave front dividing effect. Thus, an illuminating

aperture stop is not provided on its emergent side
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casing 110 and is led to the inside of a second illum nation systepng\crﬁgi @@
130. An inmaging optical systemof the illumnating field stopis p g
for re-imaging the illumnating field stop on the reticle by a given

enl argenment magnification. The lens groups (131-134) and optical path
folding mrrors (135, 136), which constitute the illumnation field stop

i magi ng optidadcky§pemammstanet -be Tseduiorcafdivbratevh 1§8% del bektause
they are fixed to the second +illumnation system casing 130. The second

i 11 um nati orcsysteémudesd ngy 1830ras rs @ipdtt @doby 1 " Suppdr t EA§ Sfendera 211 on

t he base plate 200. The mmgnifieation factor of the inaging optical system
of illum napagefieldngt ophrayobé ekl a®isuniag) odna 2aselgedd2htio. In
ot her hand, driving units (142, 143) for driving the |ens groups (112,

113) of the mfofakezauy eélsay opt Lodlraysce iimtheldisr g i vacH 1Pt i cal
axis are arranged in the first illumnation systemcasing 110. The

driving unitsufiage.143) &l sourtedsteudtiel?s 0 ReSER D04 Gut ertkede of
the first illumnation systemcasing 110 to prevent the contami nation in

the illuni naupgresptiicalo pdtine grdrrvianFam i a4riarapof ARitormal | 0
driving the turret 114 and driving units 145, 146 for driving the |lens
groups (115thdepmiconstiflyi Ag evie keveallkdomrdl SUPPrEeEAeSysietnin the
direction of optical axis are nmounted to the outer side of the first
cccurrence of uneven illuminance distribution on the
reticle. Furthermore, a turret type stop provided
with a iris stop, a annular aperture and a quadrupole
aperture may also be arranged in the vicinity of rear
focal plane of the micro fly's eye lens 117.
The light exiting from the micro fly's eye lens
117 illuminates a movable blind mechanism 120
superimposed via a condenser optical system (118, 119).
The front focal position of the movable blind
mechanism 120 is positioned in the wvicinity of
position of a surface light source (plural 1light
source iﬂages) formed by the micro fly's eye lens 117.
The movable blind mechanism 120 is provided with a
fixed illumination field stop (fixed blind) 121 with
a slit aperture and a movable blind 122 for varying
the width of an illumination field region in the
scanning direction. The movable blind 122 allows for

a decrease in the moving stroke of a reticle stage in

the scanning direction and a decrease in the width of
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illum nation systemcasing 110 to prevent the contamnation in the 07 SEP
illumnating optical path. Further driving units (147, 148) for driving

the | ens groups (118, 119) constituting the condenser optical systemin
the direction of optical axis, rotating at |east one lens group with an
axi s perpendicular to the optical axis as _center and novin (of fsetting)
the other | eisadiogpzirme HEIAERRLLSBrrebéFpéndi R Beove -héhgptfilcs®daxi s

are nmounted to the outer side of the first illumnation systemcasing 110.
The focal | énlgihdol2ihescordemnssd dpgesh ey sticrh ddre aRet thasged @M in its
turn the size of an illumnation region fornmed on a wafer and the

i 11 umi nati orcaNes tERGTErP R al fagdie uney adake b lgrcher e ghémaniedlel the
reticle independently of each other by novenent of the |Iens gaaiﬂs (118,
nan

119) in the diiseteised ofnogairedt Kgkal 4ohPeSEIls’ of USPartetl’ $11 ce
(inclined illumnance distribution) on the wafer_ surface and sl anted

(i nclined) tel ecefityd cilthyphat e Patstal RE8d ByreHehy7ther mppapdey Pdtidtdon and
of fset of the lens groups (118, 119) An illum nance control symetrical to

the optical me¢Ranésm he wanelt sshirtacthiest pedi héd URL HdVILRG SHS Uhs
group in the direction of the optical axis separately froma previous
illum nati orFsend ValPamned Riért hedhoke, Bheudarasder i fald o®es@Hit r ogen
or arare gas (inert gas) , such as heliumand the |[ike, to flowinto the
i nsi de of tHel Fumsnaflemi pysited casing 130. An imaging optical

system of the illuminating field stop is provided for
re-imaging the illuminating field stop on the reticle
by a  given enlargement magnification. The lens
groups (131-134) andoptical path foldingmirrors (135,
136}, which constitute the illumination field stop
imaging optical systemmust not be used for a vibration
source because they are fixed to the second
illumination system casing 130. The second
illumination system casing 130 1is supported by a
supporting member 211 on the base plate 200. The
magnifieation factor of the imaging optical systemof
illuminating field stop may be equal to (unity) or a
reduced ratio.

In other hand, driving units (142, 143) for
driving the lens groups (112, 113) of the afocal zoom
relay optical system in the direction of optical axis
are arranged in the first illumination system casing

110. The driving units (142, 143) are mounted to the
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system casing 110, and a tube 152 for allowing nitrogen or a rare gad Z SEP 2004
(inert gas) , such as heliumand the like, to discharge fromthe first
illumnation systemcasing 110 are arranged on the outer side thereof.
Val ves (161, 162) for controlling the gas inflowrate/outflow rate are
arranged at the tubes (151, 152), respectively. If the inert gas is
hel i um the awbes s{d819f 182% G¥estohhéermddralblanheyptem casing 110
recovery/regeneration unit, e.g., disclosed in Japan Kokai 11-219902 (WO
99/ 25010, ERd, 03@BH1y. bihal eentapd B3 ¢br Hh| dMiehg iditypyeAtdM & rare
gas (inert gas) , such as heliumand the like, to flow into the inside of
t he second idptubtaat iretlyst Amdxbeing 1801 tind 44 tEde 154 &bt o0&l lowy ng
nitrogen or a rare gas (inert gas) , such as heliumand the like, to
di schar ge frdom vhegsebenduidd i hhdi andsgstiercasimyts136 2ar é 4 faged on
the outer side thereof. Valves (163, 164) for controlling the gas inflow
rat e/ outfl ow78ving SER 2ogdsrgreuR® atiangdd @t chastudest {253 ths4)
respectively. If the inert gas is helium the tubes (153, 154) are_also
connect ed t @fihea pr 2epougial a re@PLawad MY $ ey édovdry /diegea&i®r onf unit.
Further, a bellows 170 is provided for connecting the first illum nation
syst em casi rmp 1102 langisheraovabhd g1 ited tec RafisImMSIXE cAndtitef 1B T ows
171 is provided for connecting the novable blind nechanism 120 and the
second il |l unilnathbpadyistem system casing 110 to prevent the

contamination in the illuminating optical path.

Further driving units (147, 148) for driving

the lens groups (118, 119) constituting the condenser

optical system in the direction of optical axis,

rotating at least one lens group with an axis

perpendicular to the optical axis as center and moving

(cffsetting) the other lens group in the direction

perpendicular to the optical axis are mounted to the

outer side of the first illumination systemcasing 110.

The focal length of the condenser optical system can

be changed and in its turn the size of an illumination

region formed on a wafer and the illumination NA

(numerical aperture) can be properly changed on the

reticle independently of each other by movement of the

lens groups (118, 119) in the direction of optical axis.

Controls of slanted illuminance (inclined

illuminance distribution) on the wafer surface and

slanted (inclined) telecentricity are obtained by the
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casing 130. The bellows 170, 171 are fornmed of a material which has g7 SEP 2004
certain degree of flexibility and rigidity that is not so great as to
deformand to ensure |ess degassing, e.g., a netal or a material given by
coating a rubber or resin with alum numand the like. In the illum nation
optical systemIL arranged as above, a beamincident fromthe |aser |ight
source 100 rotahkdan end PIRE sepyef |Ere lEnsigrdvpisddd L & wd-1d hensfbnal |y
by many fine | enses, and one light source rage is fornmed on the back focal
pl ane of eachllumdddrens, cpadgert i veMpe ttheCBearmc ridif tPetraE®. 13 ke

source images (surface |light sources) fornmed at the back focal plane of
the mcro flgnsthgewadissr 131 r fiafks des PRt oneddblf Mt Bl afrcayl @pfi cal
element, e.g., a diffraction optical elenment for annular nodified

i |l um nati ondrarpahfetihendinediioni phttbA oBplical Path PYPERaGutFet 114
via the afocal zoom79 0 2 SEP ZON rel ay optical_ system (112, 113) The beam
converted tBremngs BAQYERE S aBiingH bphi dale bfefddti §9t e - annul ar
nodified illumnation forns a annular illumnation field at its back focal
plane and in its HYWfRhAEMAEE i ndi dere pl ade IHT t Bé 1RiNERS f Ryt Q9RN| ens

117 via the afocal zoom optical system (115, 116). The beam.inciding into
the micro fI§r @ &pg 9 G (EIRTE 4191 dedVCRo2di ABAIBhATS U tedrke fi ne

| enses, and a light source imge is formed on the back focal plane of
each fine | el #H&"e tRECHIMFI nditfede oI the first lllumination

systemcasing 110, and a tube 152 for allowing nitrogen
or a rare gas (inert gas), such as helium and the like,
todischarge fromthe first illumination systemcasing
110 are arranged on the outer side thereof. Valwves
(161, 162) for controlling the gas inflowrate/cutflow
rate are arranged at the tubes (151, 152y,
respectively. If the inert gas is helium, the tubes
(151, 152) are cennected to a helium
recovery/regeneration unit, e.g., disclosed in Japan
Kokai 11-219%02 (WO 99/25010, EP 1,030,351).

Whtle a tube 153 for allowing nitrogen or a rare
gas (inert gas), such as helium and the like, to flow
into the inside of the second illumination system
casing 130 and a tube 154 for allowing nitrogen or a
rare gas (inert gas), such as helium and the like, to
discharge from the second illumination system casing
130 are arranged on the outer side thereof. Valves

(163, 164) for controlling the gas inflow rate/outflow
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respectively. Thus, many annul ar |ight sources (secondary surface |idhtSEP 2004
sources) are provided (sane as the illumnation field fornmed by the beam
inclining into the mcro fly's eye lens 117). The light from these
secondary surface light sources is subjected to a condensing action of the
condenser optical system (118, 119) and then illum nates a given pl ane
optically together afeh tHe 2EEE e Risugdie mpdsRES ThusS3a réc%éggul ar
illumnation field simlar to the shape of each fine |ens constituting the
mcro fly' s regpelcnsvely . i s Iffolhe OhefhedRisxdd H1§ hHuM21 targ dnifeds at

this given plane. The beam passing through the fixed blind 121 and the

novabl e blintl232 of Sdhe 2FBvablé bl FRATREHERI skP12DhPs REBYE@ &YYo a

condensi ng action of the imaging optical systemof _illumnation field stop
(131-134) arftephRdp repd 0hg LeEm 70RCPMATY hBEESIhe2 FALCI®R R Wi th a gi ven
formed pattern evenly and superinposed. Here, nodified illum npations |ike

annul ar  nodi fi ed iTYERENAEi ord or PRHIGW Dol & (%. gl 5 diRgot €1 deho- &Y Ed) ,
quadrupol e (four-eyed), octapale (ei ght -eyed) and so on) nodified

i |1 uni nati orF@RBecoV@ntRBndl 'S ¥ cut ARMYT &t ARt ST ©&R B8 Sitfigbskd by
switching the diffraction _array optical elenents or _the dioptric array
optical el erhEst e BYad LienPLRdd M He RaSTbr “dht | PO pREF g’fjtjh%w?urret

114. In the case of the annular nodified illum nation, faqr ex%r’&pl e,
is provided for c¢onnecting the movable ind

mechanism 120 and the second illumination system
casing 130. The bellows 170, 171 are formed of a
material which has a certain degree of flexibility and
rigidity that is not so great as todeform and to ensure
less degassing, e.g., a metal or a material given by
coating a rubber or resin with aluminum and the like.

In the illumination optical system IL arranged
as above, a beam incident from the laser light source
100 to the micre fly's eye lens 111 1is divided
two-dimensiconally by many fine lenses, and one light
source image is formed on the back focal plane of each
fine lens, respsctively. The beam from the many light
source images (surface light sources} formed at the
back focal plane of the micro fly's eye lens 111
incides into one diffraction array optical element,
e.g., a diffraction optical element for annular
modified illumination, arranged in the illumination

optical path by the turret 114 via the afocal zoom
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both the size (outer dianmeter) and shape (annular ratio) of a annul &7 SEP 200
secondary |ight source can be changed by charging the nagnification of the
afocal zoomrelay optical system (112, 113) . Mreover, the outer

di anmeter of the annul ar secondary |ight source can be changed by changi ng
the focal length of the focal zoomoptical system (115, 116) w t hout
changi ng i trse hagubRt irct} s yYohER t(Rd Znnul 3P -r atlif® dfe aheCOoaNRN B d
secondary |ight source can be changed by properly changing the focal

| ength of tHeof@éalsToarha ophiecafl isystamt {215, 0RI8Can t RORNEhandi ®g t he
outer dianeter of the light source. A detailed construction of a portion
of the projacridnroptiedl fdywst end PE umsi e épinbedt RERSaAS tér , 2aNRLIR L
reference to Fig. 8 and Fig. 10. 81 0 2 SEP 21JDL The descri bed projection
exposur e aprialrhmménias‘:i%rig}k_@ﬂaﬁalaltylérsr aged Inc e heP LRSS ad¥C d eliah room
and is provided wth the base plate (frane caster) 200 which becones the
dat um of th& wppaatatise Frardentspdporeing Heapeisre2fiy '®yqriens
vertically arranged on the base plate 200, Only two supporting nenbers are
shown in Fidgsl78vVaad thee &P ScurzeappeR | hgaderes semarel Vert itdd ! y
arranged in practice. Three supporting nenmbers may also be used.
Anti-vibration unifthe (zmam Do) dridig jsplat th§ ™HIFratT brs Sf YR thid* $1 oor at

a mcro Glevel are nounted to the supportjng nenbers (221, 222),
117 is divided two-dimensionally by many fine lenses,

and a light source image is formed on the back focal
plane of each fine lens where the beam incides,
respectively. Thus, many annular light sources
(secondary surface light sources) are provided (sane
as the illumination field formed by the beam inclining
into the micrec fly's eye lens 117). The light from
these secondary surface light sources is subjected to
a condensing action of the condenser optical system
(118, 119) and then illuminates a given plane
optically together with the reticle R superimposed.
Thus, a rectangular illumination field similar to the
shape of each fine lens constituting the micro fly's
eye lens 117 is formed on the fixed blind 121 arranged
at this given plane. The beam passing through the
fixed blind 121 and the movable blind 122 of the
movable blind mechanism 120 1s subjected to a
condensing acticn of the imaging optical system of

illuminaticn field stop (131-134) and then
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respectively. In the anti-vibration units (231, 232), an air nount %ff?EPZW&
controllable internal pressure and an el ectromagnetic actuator (e.g.,
voice coil nmotor) are arranged in parallel or in series. The transm ssion
of vibrations fromthe floor to a columm 240 for holding the projection
optical systemis reduced by the action of the anti-vibration units (231,
232) . A pl urlal iR§ NGt s gpes t nglfdfbEr Y15, 929N ffRrnggpBattthiawt a
reticle stage fixed plate 301 are vertically arranged on the col unm 240.
In Figs. 8 &WkRniy, adl ysURE Lippdfeidng nembers (251, 252) are shown, but
they are actually four menbers_(may also be three nenbers). The shown

proj ecti on exposufiéE Hppar Bodst 5282 ¢ 12 BEPn2GdL BT ovilddd® wi BRP& 43K i cl e
stage RS fl oat supportin% on the reticle base fixed plate 301. The reticle
stage RS i fbhitetutbdls8 taElPRe %t el R Bad el fi-Fear | $1P@i%en in
the Y-axis direction with a |large stroke, and also can be driven in the
X-axis, Y-axiZierededlons ANGIUPPiEr ect | BAVST 6@l ron R BEARAIR Z
axis) with a little driven anount. MNoreover, a reticle stage RS in which
areticle st@jedRnacyadti @ne bae Wk wBEAL §hedr dth LHBipAder PP x&d Pl at e
and the reticle stage is rovided. The reticle base pe shifted so as
to keop a GHERERALGT AL df +BELLGHT rovEHBLOEE 1aR G R atti AP OO FRnent of

:(gﬁair eall?lzgf;éi?&?@fsg%cﬂﬁﬁ}h ae rg;(_ If%lr%cséf g alrsradyl’ Soclla gfgg’l %lgmehtlsn oJrapan

the dioptric array optical elements arranged in the
illumination optical path by the turret 114. 1In the
casecﬂftheannularmodifiedilluminationq for example,
both the size (outer diameter) and shape (annular
ratic) of a annular secondary light source can be
changed by charging the magnification o¢f the afocal

zoom relay optical system (112, 113). Moreover, the
outer diameter of the annular secondary light source

can be changed by changing the focal length of the

focal zoom optical system (115, 116) without changing
its annwlar ratio. Only the annular ratio of the

annular secondary light source can be changed by
properly changing the focal length of the focal zoocom
optical system (115, 116) without changing the outer

diameter of the light source.

A detailed construction of a portion of the
projection optical system PL is described hereafter,

with reference to Fig. 8 and Fig. 10.
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260, 544 filed on March 2, 1999) . Mreover, a reticle stage holdingﬂﬁﬁﬁP7mi
reticles along the Y-axis direction (scanning direction) as shown in Japan
Kokai 10-209039 (EP 855, 623) and Japan Kokai 10-214783 (EP 9S1 , 054 nmay
al so be used as the reticle stage RS. Areticle interferonmeter RIF is
arranged on the reticle base fixed plate 301 for neasuring the position
and t he anount of Timetentrébaheref ecltd orsteaypRoR8 e aeaX¥tdis acsi on.
One end of the reticle stage RSis a reflecting plane, which is a noving
(measuri ng) huripontfalthe aeravbed orether dstcar ofl B. ¢ LAaretricsie aghdinber
partition 310 for form ng a space where an optical path in the vicinity of
the reticlei83 PravsERr Rgni =R ithesehkesdt wiatan (eenegga (herd ogdh) hel i um
and the like) is arranged on the reticle base fixed plate 301. A door for
movi ng the métichehbaromesuttbe adatem vt $thoxckepP (o tvBowny Livaa be
provided. A reticle pool roomfor tenporarily receiving the reticle before
movi ng t he metirdetimgomemdersi ct2lchafBeraandveréplcat hy aheanmat nal gas
with an inert gas is arranged by adjoining it to the reticle chanber. A
bel | ows 321 oot heohrsct PAE tael P et i @hévchaaberPreart iR JoneBhE rdna iche
second illum nation system casing 130 is arranged. The material of the
bel | ows 32Bhavwihn| B gso therpd elP ouBlf Montl GridRPB&IHIgvE Memb@rsi71) . A
tube 331 for allowing nitrogen or a rare gas (inert gas) , such as helium
andthe|ik@;qyemqmpallyarrang@dlnpractlce.Threesupportlng -

members may also be used.

Anti-vibration units (231, 232) for isolating

vibrations from the floor at a micro G level are

mounted to the supporting members {221, 222),

respectively. In the anti-vibrationunits (231, 232),

an air mount wiTh controllable internal pressure and

an electromagnetic actuator {e.g., voice coil motor)

are arranged in parallel or 1in series. The

transmission of vibrations from the flocr to a column

240 for holding the projection optical system 1is

reduced by the action of the anti-vibrationunits (231,

232) . Aplurality of supporting members (251, 252) for

supporting a reticle stage fixed plate 301 are

vertically arranged on the column 240. In Figs. 8 and

10, only two supporting members (251, 252) are shown,

but they are actually four members (may also be three

members) .

The shown projection exposure apparatus 1s
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into the reticle chanber and a tube 332 for allowng nitrogen or a rgﬁéEPZMA
gas (inert gas) , such as heliumand the like, to discharge fromthe
reticle chanber are arranged on the outer side of the reticle chanber
partition 310. If the inert gas is helium and the tubes (331, 332) may

al so be connected to the previously nmentioned heliumrecovery/regeneration
unit. Val vespf34ide&3#i2yitbracoatriale ngt abe §&s filfdowuppre/town§l ow rat e
are arranged at the tubes (331, 332) respectively. Mreover, a bellows 351
for connectitige tlke¢iretéecbeskadel féder lpitat 3801 Fhaet: tdwet prdjeectianess 0 2
SEP ?1! L optical systemis arranged. The material of the bellows 351 is
simlar to the i evdrosisliy wist isonéd atbéhlcows 321l e Fhasih bleeldp@cer 1M t he
vicinity of the reticle Ris sealed by the action of the reticle chanber
partition andrilerbeld owse(325x 13519 i rEled prnj eétihorr eddogar etappagatus is
provided with'a wafer stage fixed plate 401. The wafer stage fixed plate
401 is hori zomtiad 1 yostppdrd dd iore Hen bdseX —plxat @, 2002 by sther gotliiom of
anti-vibration units (411, 412) for isolating vibrations fromthe floor at
amcro G level f kndtihee @nt bavolir abit@t Lontsré¢dabl tAE2F, aand s aiwi pbunt
with controllable internal pressure and an electromagnetic actuator (e.g.,
voi ce coil mothbi} tiey dijer amranged b n Marabver ora ive SeFLes s tHEe vRf er

stage Wb is novable n the XY direction and is floatably
in which a reticle stage and a reticle base between

the reticle base fixed plate and the reticle stage is

provided. The reticle base may be shifted so as to

xeep a momentum in a direction reverse to thedirection
of movement of the reticle stage. Such a reticle stage

is disclosed, e.g., in Japan Kokai 11-251217 (USP Appl.
260,544 filed on March 2, 1999). Moreover, a reticle

stage holding two reticles along the Y-axis direction

(scanning direction) as shown in Japan Kokai 10-203039

(EP 855,623} and Japan Kokai 10-214783 (EP 951,054)

may also be used as the reticle stage RS.

A reticle interferometer RIF is arranged on the
reticle base fixed plate 301 for measuring the
position and the amount of movement of the reticle
stage RS in the XY direction. One end of the reticle
stage RS is a reflecting plane, which is a moving
(measuring) mirror of the reticle interferometer RIF.
A reticle chamber partition 310 for forming a space

where an optical path in the vicinity of the reticle
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| oaded on the wafer stage fixed plate 401. The wafer stage W5 CO"pri%ﬁﬁsﬂﬁmm
Z-leveling stage for inclination in the biaxial direction of B x v
(direction of rotation around the X axis) and (y (direction of rotation
around the Y axis) and novable in the Z-axis direction and a ( stage for
making it novable in the 0z (direction of rotation around the Z axis)
direction. Poriexasplled avibherrstiayer tdigedd obedtirr dkapanh Kokaim 183231 (GB
2,290,658) can be used as the wafer stage W5. Moreover, two wafer stages
may al so be e ahgkd)as sdesardbeedi anJhpanrkdkiai 1 83 Hse SERerOpd.ate

10- 163097, JapanKokai 10- 163098, JapanKokai

10- 163099, JapahKokaidde t6FL00, depamkpkihelc214783 (BHP 951,00640 L &r Japan
Kokai 10-209039 (EP 855,623), WD 98/28665 or WD 98/40791. GB 2, 290, 658,
EP 855, 623,r&Pi9%% s054 ka0 (198t 28668nantayiy e 987 4019k chr & Frdorpbe at ed
herein by reference. A wafer table (wafer holder) W for |oading the wafer
by vacuum susdd brr aoml/ oy r edeetp 0 vatrdtli v rsunt i vanigst heramged lenbefe waf er
stage W5. A wafer chanber partition 411 for form ng a space where an

opti cal pat movinghetuieci nety adfe t Hentwaf erh gV ineséaled ahembsy i k@ gas
(nitrogen, heliumand the like) is arranged on a wafer stage fixed plate
401. A door feplapiing the wateraalorgaat with rani dieestockad (hot

shown) may be provided. Areticle spare roomfor tenporarily
arranged by adjoining it to the reticle chamber.

A bellows 321 for connecting the reticle chamber
partition 310 and the second illumination system
casing 130 is arranged. The material of the bellows
321 is similar to the previously mentioned bellows
(170, 171). A tube 331 for allowing nitrogen or a rare
gas (inert gas), such as helium and the like, to flow
into the reticle chamber and a tube 332 for allowing
nitrogen or a rare gas {inert gas), such as helium and
the like, to discharge from tuz reticle chamber are
arranged on the outer side of the reticle chamber
partitisen 310. If the inert gas 1is helium, and the
tubes (331, 332) may also be connected to the
previously mentioned helium recovery/regeneration
unit.

Valves (341, 342) for controlling the gas inflow
rate/outflow rate are arranged at the tubes (331, 332),
respectively. Moreover, a bellows 351 for connecting

the reticle base fixed plate 301 and the projection
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receiving wafers before noving the wafers into the wafer chanber arrqqan .
replacing the internal gas with an inert ga-s is arranged by adjoi ni %Eﬁp'*i
to the wafer chanber. A sensor colum SCis fixed to a lens barrel (or

the col umm 240) of the projection optical system An alignnent sensor 421
for optically measuring the position of an alignment mark on the wafer W
in the XY tomwtdcaégnssgedlerdi dect aordrsgpdovi Gbe, mAateautolf orlis Hkewel i ng
sensor 422 for detecting the 86 02 SEP200L position of the wafer in the

Z- axi s diredtd bhowepti<al i sawsiisndl aecthiconshane ndtei p nellinatewnhg ogfe dx, By
and Oz intriaxial direction and a wafer interferoneter WF for

measuri ng t he: pbswii 62 landT hosunttlod speerentn et he odafetyt afl €& in t he
XY direction awe mounted to the sensor columm SC. At |east one of a FIA
(Field I mageedtighee®t) issystamewhikly tthee mardd posi tionthye i Fetraia i ng an
alignment mark on the wafer with a |light having a broad wavel ength region,
such as a haltogebpelrama ahdttibe ldke, thendo¢héows ot@8di-ngd this nmark i nage,
a LSA (Laser Step Alignment) system which neasures the mark position by
irradiating a | as@hd igmht J&r tal omr RX@es ¢ hen awpg awga hu S| iightp B@p Fidad ed and
scattered by the mark and a LIA systen1gLaser Interferonmetric Alignnent)
whi ch det ectisth he padiet cnad enfdrird i phadfe Ml k- f Fom inasiephase oy

irradiating a laser light with only alittle
fixed plate 401 is horizontally supported on the base

plate 200 by-the action of anti-vibration units {411,
412)forfgblatingvibrationsfromthefloorateamicro
G level. In the anti-vibration units (411, 412), an
air mount with controllable internal pressure and an
electromagnetic actuator (e.g., voice coil motor) may
be arranged in parallel or in series. The wafer stage
WS is movable =n the XY direction and is floatably
loaded on the wafer stage fixed plate 401.

The wafer stage WS comprises a Z-leveling stage
for inclination in the biaxial direction of & x
{direction of rotation around the X axis) and (y
(direction of rotation around the Y axis) and movable
in the Z-axis direction and a ( stage for making it
movable in the 8z (direction of rotation around the
Z axis) direction. For example, a wafer stage
disclosed in Japan Kokai 8~63231 (GB 2,290,658) can
be used as the wafer stage WS. Moreover, two wafer

stages may also be arranged as described in Japan Kokai
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different frequency on an alignment mark |ike diffraction gratings dfggpzmﬂ
two directions and then interfering two diffraction |ights generated by '
the mark with each other is suitable for the alignnment sensor 421. The
aut o-focus | eveling sensor 422 detects whether the surface of wafer to be
exposed coincides (focuses) with the imge surface of the projection
optical syste®rlAs%uto- f dewat evEPikigt sehSorl &P 2R 97 TP BEP2I{TK 2 det ect s
Z-axis direction positions of detection oints in _plural |ocations.
arranged i nte0al /Bt % i sJanAn abKe ko tﬁ@”é&%l@gcus JaR@ri n§Sehsor 422.
In this case, the detection points in plural locations are arranged in a
range i ncludihg2ind 83 itER | %el &dfdsurer régPan Kokl by £Ré %idj &fion
optical system The wafer interferoneter WF neasures the position and
the anount of5PofeFent P O ARFEer STagdl P8 /t4HR7XY-direction. One end of

the wafer stage W5 becones a reflectin hr)(;;El'ane. The reflecting plane

becomes a novi ng GReastir 2A§y &7 & ror E8f vafédr Eft ertetoffeter WE A
tube 431 for allowi ng nitrogen or a rare gas (inert asgl , such as helium
and the |ike8/285@%@ 0t ¢ A8 ARG €9 L CRaifbam ShEDE TRt 4R9 TGP BY | owi ng
nitrogen or a rare gas (inert gas) , such as heliumand the like, to

di scharge frichtBR8DWfer chanber are arranged on the outer side of the

waf er .
A wafer table (wafer holder) WT for lcading the

wafer 5; vacuum suction and/or electrostatic suction
is arranged on the wafer stage WS. A wafer chamber
partition 411 for forming a space where an opti';al path
in the vicinity of the wafer W is sealed with an inert
gas (nitrogen, helium and the like) 1is arranged on a
wafer stage fixed plate 401. A door for moving the
wafer in or out of a reticle stocker (not shown) may
be provided. A reticle spare room for temporarily
receiving wafers before moving the wafers into the
wafer chamber and replacing the internal gas with an
inert gas is arranged by adjoining it to the wafer
chamber.

A sensor column SC is fixed to a lens barrel (or
the column 240) of the projection optical system. An
alignment sensor 421 for optically measuring the
position of an alignment mark on the wafer W in the

XY twe-dimensional direction is provided, an

auto-focus leveling sensor 422 for detecting the
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chanmber-partition 411. If the inert gas is helium the tubes (431, 4§%MEP ol
can be connected to the previously nentioned helium recovery/regeneratlog '
unit. Valves (441, 442) for controlling the gas inflow rate/outflow rate
are arranged at the tubes (431, 432), respectively. Mreover, a bellows
451 for connecting the wafer chanber partition 411 and the sensor colum
SC is 88 0 Z&EPL200( ofer hiecah £y rak nahhedZ oa xtife diafes t spagéeobitietk pl at e
401. The nmaterial of the bellows 4 51 is sane, e. g . , as the
previ ously rentsodedehedions 22H tHeisinthe repatenisno &t 8 xvi cfPni tanadf, the
wafer Wis sealed by the action of the wafer chanber partition 411 and the
bel | ows 451.8Thd esct & ked lprdij eett dw rexypos v evaPppar aturse i Serpmetieed Wit h
a parallel plane plate LI for covering a purge space in the projection
optical systeht flhe mepasjedctidrioptieal tdypdt @nd sprvvided Mpvigmedtr st
i magi ng optical systemfor formng a primary image (a first internediate
i mage) of thef gdte evnfofr tlhadle T cle RreThé 4irstct g @Heoppiucgdiedyst em
is conposed of |enses (L2-L7: corresponding to LI1-L110 in the first
i magi ng optitoal tbystsem P rFicgl e $he parallel plane plate LI and the
| enses (L2-L7) are received in divided barrels (501-507), respectively.
Connection techni ues! pesheana hefdiavitded bairedld dnagedifkskl 858@nth;, Japan
Kokai 7-86152 (USP 5, 638,223). The parallel plane plate L1 is held by a
cel | system which the mark position by illuminating an
alignment mark on the wafer with a light having a broad
wavelength region, such as a halogen lamp and the like,
and then processing this mark image, a LSA (Laser Step
Alignment) system which measures the mark position by
irradiating a laser light on a mark and then using a
light diffracted and scattered by the mark and a LIA
system (Laser Interferometric Alignment) which
detects the positional information of mark from its
phase by irradiating a laser light with only a little
different frequency on an alignment mark like
diffraction gratings from two directicns and then
interfering two diffraction lights generated by the
mark with each gther is suitable for the alignment
sensor 421.
The auto-focus leveling sensor 422 detects
whether the surface of wafer to be exposed coincides

(focuses) with the image surface of the projection

optical system. An auto-focus leveling sensor which
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511. The cell 511 holds the parallel plane plate L1 so as to be put ,
between the top surface and the under surface of the parall el planeoéﬁgfgm“
L1. The held locations are plural |ocations (3 locations or nore) in the
circunferential direction (9z direction) of the parallel plane plate LI

An air (gas)-tight structure is disposed between the parallel plane plate
89 0 2 SEP 20¢#4elclt sand tdvel gel it The | pasds Yens| 7y fardeedak byn cells
(512-517) . The cells (512-517% hold the lenses (L2-L7) so as to be put

bet ween t he popnswr flac® langza 1t heclgdtionssarradeyoff Nk &r Parigedxat st he

peri phery of the lenses (L2-L7) . The held locations are plural |ocations
(3 | ocationssottabrled farthbeciandumt Epemtd alevdilded ivaneprt H& 3 enses. The
di vided barrels (501-507) and the cells (511-517) are connected by franes
521-527. Apethusesasteor @Hheodiehgdnl PRepe igulss (hal pdrab passtiimnde of
the projection optical systemare arranged in the franmes 521-527 at plural

| ocati ons al®ng iasrapigecunfidr ept i BEnPEangaml wdingi rekei ofl 1AT bl ke
(gas)-tight structure is disposed between the frane 521 and the divided
barrel 501. @mPPRES r eIy A§ WheHcd Y systemp ) actdaTor OP33X & br

moving the lens L2 in the optical axis direction (Z direction) and
inclining itsYfteéMe 9 x, Oy directions is arranged. This actuator 532 is

arranged at a pitch of 1200 in three | ocations which
The wafer interferometer WIF measures the

position and the amcunt of movement of the wafer stage
in the XY direction. One end of the wafer stage WS
becomes a reflecting plane. The reflecting plane
becomes a moving {(measuring) mirror of the wafer
interferometer WIF. A tube 431 for allowing nitrogen
or a rare gas (inert gas), such as helium and the like,
to flow into the wafer chamber and a tube 432 for
allowing nitrogen or a rare gas (inert gas), such as
helium and the like, to discharge from the wafer
chamber are arranged on the cuter side of the wafer
chamber—partition 411.

If the inert gas is helium, the tubes (431, 432)
can be connected to the previously mentioned helium
recovery/regeneration unit. Valves (441, 442) for
controlling the gas inflow rate/outflow rate are
arranged at the tubes (431, 432), respectively.
Moreover, a bellows 451 for connecting the wafer

chamber partition 411 and the sensor column SC 1is
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is equal distant fromthe optical axis and spaced in the circunf ererhz:ijgtE
direction (z direction). Alinear notor, piezoelectric elenent, cyli P 200t
mechani sm driven by a pressure fluid or gas and the |like can be used as
the actuator 532. If the driven anpbunt of actuator 532 is the sane, the
| ens L2 can be noved in 90 0 2 SEP 2004 the optical axis direction. The
| ens L2 can weEr £ nckilned ainr aheed xn they wi festsbadgleyfdeted pd dte P o t hat
the driven anount of the actuator 532 in three different locations is
different, rHepetatwelipl Ad ddtorseb33ws 335, 536 amBR7 eplrat @sitti¢ar to
actuator 532. In the first inmaging optical system an actuator 543 for
movi ng t he Ipersv8uisd ¢ e yiphade besl bewangadd.. Tiese bbeuaPGCS4RN| s
between the actuator 533 and a frame 523 and is arranged at a pitch of
1200 in threhe |otatindrsy whf chhar & sefpial Wdilst sara i edmthet lopt Bedliomaxi s and
different in the circunferential direction ( 0 z direction) . A linear
mot or, pi ezodl sbter e f et slmamthe eyWa mdet LisgcAardi smddE heepeby o' Hriesisur e
fluid or gas and the |ike can be used as the actuator 543. A tube 551 for
al | owi ng hel i um t 8hfd ole 5 Ar dbele Dl det iom teer projiec a2 Bpthivdall Syst em
is arranged in the divided barrel 511. This tube 551 may al so be connected
to the previrsust ydaenwiidded Bdlaml ede®dvadr§/p gégeddt ifoht BPY S TAMEI ve 561
f or controlling the gas inflowrate is arranged at the tube 551.
a purge space in the projection optical system. The
projection optical system is provided with a first
imaging optical system for forming a primary image (a
first intermediate image) of the pattern of the
reticle R. The first imaging optical system 1is
composed of lenses (L2-L7: corresponding to L11-L11C
in the first imaging optical system of Fig. 2). The
parallel plane plate L1 and the lenses (L2-L7) are
received in divided barrels (501-507), respectively.
Connection techniques between the divided barrels are
disclosed in, Japan Kokai 7-86152 (USP 5,638,223).
The-parallel plane plate L1 is held by a cell
511. The cell 511 holds the parallel plane plate L1
so as to be put between the top surface and the under
surface of the parallel plane plate L1. The held

locations are plural locations (3 locations or more)

in the circumferential direction (8 z direction) of
the parallel plane plate L1. An air (gas}-tight

structure is disposed between the parallel planeplate
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The projection optical systemis provided wwth an optical path foIdiggS 2
mrror FMintegrally fornmed by a first optical path folding mrror Q d %? 04
second optical path folding mrror. The optical path folding mrror FM
can be forned, e.g., by vapor deposition of 91 0 2 SEP 2004 a netal, such
as alum numand the like, on two side faces in a triagonal prismnmenber in
whi ch the tdo =wdfabe armlihélilondthsuttase areLenlihe shapeaedid rh ght

angl ed isosceles triangles. A dielectric multilayer filmnpmay also be vapor
deposited i wepl hee! bl 2a et al Thel me 1Ass t hel Auddrilallso bl dhel eetrses
multilayer film netal fluorides such as alum numfluoride, cryolite,
chiolite, litIduhVil goriae, teodrunudl Uoetdeerbaiiiantor vorFdacecardum
fluoride," magnesium fluoride, yttriumfluoride, ytterbiumfluoride,
neodym um fihorhdet ogadold g ot ¢ fudiinde 2 1 adnEgdumty IWhe iR 1 PEAsIE im
fluoride, strontiumfluoride and the |Iike can be used. A construction in
whi ch a di elodctiie Lembeis| dyeét-§7) m Theatradndebo6a td et ad L £i PR ISukh as
alum numand the |like, may also be used. The dielectric nultilayer film
functions adcecdtbosst i onl esat ifgrs opy BeaR) Ag the branEh ¢ rehidm 1
oxidation. This dielectric multilayer filmfunctions to correct the phase
di fference idtvpehiPipd frthatilenafdd-S pol arization caused by a

reflecting light fromthe netal filmso as to decrease it and to correct a
di fference in phaSéali eiaricied baxeehsp pefariati ognd the cells

(511-517) are connected by frames 521—527. Apertures
for allowing an inert gas (helium) to pass inside of
the projection optical system are arranged in the
frames 521-527 at plural 1locations along 1its
circumferential (tangential) direction. An air
(gas)-tight structure is disposed between the frame
521 and the diwvided barrel 501.

In the first imaging optical system, an actuator
532 for moving the lens L2 in the optical axis
direction (2 direction) and inclining it in the &
x, By directions is arranged. This actuator 532 1is
arranged at a pitch of 1200 in three locations which
is equal distant from the optical axis and spaced in
the circumferential direction (z direction} . A linear
motor, piezoelectric element, cylinder mechanism
driven by a pressure fluid or gas and the like can bDe
used as the actuator 532. If the driven amount of

actuator 532 is the same, the lens L2 can be moved in
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and S pol arization due to the incident angle (energent angle) (angu
characteristic of PS phase difference) so as to honobgenize it in a
desirable range of incident angles. If a phase difference between P 92 02
SEP10f 1 pol arization and S pol arization exists, this is wundesirable
because the i maging positions of an image due to the P polarization
i mge due tdhehersipalaxzatdbhegdviica e Tafd lease 2t Randeeek 6l ativh of
imge quality on the inmaging surface; thus a desirable resolution

obt ai ned. Mimedver , Btxvo @l ki r actrios by &fet kegt 1 §oursstot pertp it

i ntersect

to each other in place of formng the first and the seco

optical pat [dficteh ngmeivrtorast drheonechdatert 172 ihi Shegse dijffpgegun
that the two plane mrrors are keBt adj ustably, e.g., by a techniqu

di scl osed
r ef er ence.

il Crlphanikokai d26FR 28893, £ aBPET § 5V EAdor pertat 2HO 'ife ity
The projection optical systemis also provided with a se

i magi ng opt i5@d . s§3bemFor PBCHIE as ifddoE FAt &R 8PE ihhge (a
secondary image of the pattern) nearly equal to the first interned
image in size, basefhenfarstghmadbpdtihetiradt svitidPed atd " HAd§E f or ned
by the first imaging optical system_ The second inmaging optical sys
provi ded wi 843 é@gedoVimy Ylve ke sPomlitie & R VieS |ae*%rs%§geﬁ-,
in the second inaq%gg optical system & of Fig. 2) and a concave

u

reflecting myas?

QQQ¥H5%3CbﬁpB§ﬁN??ﬂ the actuator 533 and a

frame 523 and i3 arranged at a pitch of 1200 in three
locations which are equal distant from the optical
axis and different in the circumferential direction
( & z direction). A linear motor, piezoelectric
element, cylinder mechanismdrivenby a pressure fluid
or gas and the like can be used as the actuator 543.
A tube 551 for allowing helium to flow into the inside
of the projection optical system is arranged in the
divided barrel 211. This tube 551 may also be connected
to the previously mentioned helium
recoverysregeneration unit. A wvalve 561 for
controlling the gas inflowrate is arranged at the tube
551.

The proiection optical system is provided with
an optical path folding mirror FM integrally formed
by a first optical path folding mirror and a second
optical path folding mirror. The optical path folding

mirror FM can be formed, e.g., by vapor deposition of
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SiC and Si can be used as the material of the concave reflecting mgv?o;E 00
CM It is preferable to coat the entire concave reflecting mrror mnfﬁ
SiC for 93 0 2 SEP 20a4 degassification prevention. The reflecting surface
of the concave reflecting mrror CMis formed by vapor deposition of
metals, suchas , e. g. , alumnumand the like. A dielectric

mul ti-layer &ihmtmey, a$8ohbe vapbemigeposaraddtig pligee, oPhatm asiflielm In
this case, as the materials of dielectric nmultilayer film netal

fluori des suthcas alunkngmifa gonpde,Pei§®l Megibehi ot 1 ¢ht kv EPRor i de,
sodi um fl uoride, barium fluoride, calciumfluoride, magnesium f]|uoride,
yttrium fluosidéacs aarbitive Liows T g r heeeyaram nitherseregadd i @hdm
fluoride, |anthanum fluoride, osmumfluoride, strontiumfluoride and the
|i ke can beangéed A xonsedect itohl eRoWfith & dielealyiec Multillygerfilmis
arranged on a netal film such as alum numand the |ike, nmay al so be used.
The diel ect rftlmmmiaty laayee el mabwictdepesas ef prteEF6n ododt Horal
preventing the nmetal filmfromoxidation, This dielectric nultilayer film
enabl es the fetal. Aisl Fheonakarel al 8op et PAG SUNEE WAl §dlay e fdekPease t he
phase difference between P polarization and S polarization caused by a
reflecting Imghelf fdmahedast 8Hch Bf FRHER1RBRY E&HG: 4BNCEF IR Inca®ty
honogeni zes a difference in phase difference between P palarizatjon and S
pol ari zati oncleagddd vy 1 hehilpgy dehozigier (FeAtus: fgporide, barium

fluoride, calcium fluoride, magnesium fluoride,
yttrium £fluoride, ytterbium fluoride, neodymium
fluoride, gadolinium fluoride, lanthanum fluoride,
osmium fluoride, strontium £luoride and the like can
be used. A construction 1in which a dielectric
multilayer film is arranged on a metal film, such as
aluminum and the like, may also be used. The dielectric
multilayer film functions as a protection coat for
preventing the metal film from oxidation. This
dielectric multilayer film functions to correct the
phase difference between P polarization and S
polarization caused by a reflecting light from the
metal film so as to decrease it and to correct a
difference in phase difference between Ppolarization
and $ pelarization due to the incident angle (emergent
angle) {angular characteristic of B3 phase
difference) so as to homogenize it in a desirable range

of incident angles. If a phase difference between P
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p—

angl e) (angular characteristic of PS phase difference) in a desiral}®SEpmn
range of incident angle. 94 02 SEP2004 If the phase difference between P
pol arization and S polarization exists, this is undesirable because the

i magi ng positions of an inmage due to the P polarization and an inmage due
to the S polarization deviate and cause the deterioration of inmage quality
on the imgabasurefdceonndenddeSi rabl erdgsof Uphonekd sigt, dWtia$neds The
materials of the concave reflecting mrror can include ULE or Be. If Be is
used, it is umpdeférallee thatanhe the éneancay e et itdsti h@ sty dmaGM i s
coated with SiC and the |like. The optical folding mrror FMand the lens L8
are contai nethdyta dhed dedbbaprdlza0lont kad ens LBaige dwat abnédieyS a

di vided barrel 602 and the concave reflecting mrror CMis contained in a
di vi ded barmetlab03atA éwl diewg aterbendete s hoediadg etthieo vatieal ©f ol di ng
mrror FMis nounted to the divided barrel 601. A nechanismfor adjusting
the positionmigepuaptiteabn tbeding gmng srurfa ¢eiir shugnd deebnadopti cal
folding mrrorsTinthe Bx, By, 0z directions and its position in the
XYZ directi oress oy th@rar dahged hetodeenineli.s Nolihk ageienbEW o610 laite t he

di vided barrel 601. The lenses (L8, L9) of the second inaging optical
system are SippoPrednby BappePtisig aefseps (reandicudar ly SupbsEsiatt menbers
di scl osed in Japan Kokai 6-250074 and Japan Kokai 11-231192 are suitable
for these to each other in place of forming the first and the

second optical path folding mirrors on one member. In
this case, it is considered that the two plane mirrors
are kept adjustably, e.g., by a technique disclosed
in Japan Kokai 2000-28898, which 1s incorporated
herein by reference.

The projection optical system is also provided
with a second imaging optical system for forming a
second intermediate image (a secondary image of the
pattern) nearly equal to the first intermediate image
in size, based on a light from the first intermediate
image formed by the first imaging optical system. The
second imaging optical system is provided with lenses
(L8, L9: corresponding to negative lenses L21, L 22
in the second imaging optical system G2 of Fig. 2) and
a concave reflecting mirror CM. SiC or a composite of
SiC and Si can be used as the material of the concave
reflecting mirzor CM. It is preferable to coat the

entire concave reflecting mirror CM with SiC for
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supporting nmenbers (611, 612). The concave reflecting 95 07 SEP2004 mrror
CM of the second inmaging optical systemis supported by a supportinp? SEP 2004
menber 613. Supporting nenbers disclosed in Japan Kokai 6-250074, Japan
Kokai 11-231192 are suitable for this supporting nmenber 613 and are
i ncorporated herein by reference. The projection optical systemis further
provi ded wi tde qatskilrfd ¢ atgiong rope Vealt isyst efhfeorre fdewitigna Surdla¢emge (a
reduced i mage of the pattern) on the wafer based on a light fromthe
second interfrediatnoaye fefded bynvhelsecoonéM asgfngnaptitalasyst em
The third i maging optical systemis provided with |lenses (L10-L13:
correspondi meposthid ol enSaxtt8lsl.3stcmashe ethd r d 3 hagitpgopri¢dihsyst em
G3 of Fig. 2) and a variable aperture stop unit AS. The lens LIDIis
cont ai ned byl kel viddtle bacrtet i 7oaubhd - tdiee r ehslim naysadem Sien&d@yra -
divided barrel 702. A flange FL supported by a colum 240 is arranged in
the divi dedi¢reséltezD2.n Tebharqads af ove ttwvhnéétlivon 1ot thes fR&sge aF-L and
the colum 240, for exanple, are disclosed in Japan Kokai 6-300955 (USP 5,
576, 895) arfthe Jmpar®Kokhs oFf shi9degte apphiiddbl ea YArsdnsign, cBledml SCis
mounted to the flange FL. The variable aperture stop ASis contained by a
di vi ded bar rfdlugpddgmd thechengss Emings) Hluordaeai nedk b9 1dita ded
barrels (704, 705) . The L10-L13 are supported by cells (711-712,
714-715), chiolite, lithium flucride, sodium fluoride, barium
fluoride, calcium fluoride, magnesium fluoride,
yttrium fluoride, ytterbium fluoride, neodymium
fluoride, gadolinium fluoride, lanthanum fluoride,
osmium fluoride, strontium flucoride and the like can
be used. A construction in which a dielectric
multilayer film is arranged on a metal film, such as
aluminum and the 1ike, may also be used. The dielectric
multilayer film functions as a protection coat for
preventing the metal film from oxidation. This
dielectric multilayer film enables the metal film to
have a correcting function so as to decrease the phase
difference between P polarization and S polarization
caused by a reflecting light from the metal £ilm. The
correcting function nearly homogenizes a difference
in phase difference between P polarization and S
polarization caused by the incident angle (reflection

angle) (angular characteristic of PS phase

difference} in a desirable range of incident angle.
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96 02 SEP2004 respectively. The structure of the cells (711-712, 714-715)
is simlar to that of the cell 512. An air (gas)-tight structurg?isgp 7004
di sposed between the lens L13 and the cell 715 in the cell 715. In the
third i magi ng optical system frames (721-722, 724-725) for connecting the
di vided barrels (701-702, 704-705) and the cells (711-712, 714-715) are
arranged. Apeftuhespharsald off agearce Neetwgan H el 1an) ztaa féovwandt e t he
inside of the projection optical systemare arranged in plural |ocations
al ong theirpoincundfetr tohi akiditrecttilonsi hst hadfersanesb 1e73ecE2Ps e TRAe725) .
An air (gas)-tight structure is disposed between the cell 715 and the
di vi ded barrehagéd@hy pbs itthitohbic fl drEgiange ahie cal thysPegml activaitor sn
(731-732, 734) for noving the lens (L10-L12) in the optical axis direction
and incliningnthan negiog dapd i tal tdyest@npol adeztiom Jedinect iond are
arranged. These actuators (731-732, 734) have construction simlar to the
actuat or 532caAskubehébldéar raldvakign helfi uimaaredi sl geyf rom tiiee
projection optical system is arranged in the divided barrel 705. This tube
751 is al soiragnect eslutdatcdee pneviauslkeys ineab L enadck ellutmon is not
recovery/regeneration unit. A valve 761 for controlling the gas inflow
rate i s arrarigediated heThebena?8r.i®b¥s of the concave reflecting
mirror“can include ULE or Be. If Be is used, it is
preferable that the whole concave reflecting mirror
CM is coated with 3iC and the like.
The optical folding mirror FM and the lens LB
are contained by a divided barrel 601, the lens L9 is
contained by a divided barrel 602 and the concave
reflecting mirror CM is contained in a divided barrel
603. A holding member 610 for helding the optical
foldingmirror FM is mounted to the divided barrel 601.
A mechanism for adjusting the pesition of the optical
folding mirrcor FM (first and second optical folding

mirrorsy in the 8 x, @y, & z directions and its
position in the XYZ directions may be arranged between
this holding member 610 and the divided barrel 601.

The lenses (L8, L9) of the second imaging cptical
systemare supported by supporting members (611, 612).
Supporting members disclosed in Japan Kokai 6-250074
and Japan Kokai 11-231192 are suitable for these

supporting members (611, 612). The concave reflecting
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0 2 SEP 2001 Next, the enbodi ments of a manufacturing process V\/nﬁrre'E@;, @He
previously nmentioned exposure apparatus and an exposure nethod a ¢ BSe %n
the lithographic process are described below Fig. 11 is a diagram show ng
the flowmhart of a manufacturing process (sem conductor chips such as IC
or LSI and the like, liquid crystal panel, CCD, thin-filmmagnetic head,
m cro- machi mel andrsC¥np £, Bse skowndnikiaging, ofesigalstepskem is
illustrates a function/property design (e.g., circuit design of
sem conduct upevircesd abd tae duiked rofi rdevimeasbe £ ik 3. dfipROY tarmig a
pattern design for obtaining the functions are also nade (design step).
Successi vel ywemhemas#t i Srcdtd £ @)irf da pfaor Mokp & cddedb gAdd .cilppunt Kogattiern i s
prepared in a step 202 (mask preparation step) . Alternatively, wafers can
be manuf act urled? 3iLtli9 2 armmitseriitdb $achoastbillsi coprandt L hg hiekddmn @l $tep 203
(waf er manufacture step). Next, in the step 204 (wafer processing step) ,
actual circuirtd ameé titectrkerartezd oheped ion bhe raf®rsndey. usi ng wafers
prepared in step 201 and step 203 according to a lithographic technique
and the like as ddszripedjleatteronSubgdgueatl y,syatehe siep 205 thde
device assenbly is conducted by using wafers processed in step 204. Such
processes i maadedes gwith dacitdgl r¢r doesging bopdileg pr s¢essermand ar
packagi ng process 98 0 '11, -S F P 2004

forming a final image {a reduced image of the pattern)

on the wafer based on a light from the second

intermediate image formed by the second imaging

optical system. The third imaging optical system is

provided with lenses (L10-L13: corresponding to the

lenses L31-L311 in the third imaging optical system

G3 of Fig. 2) and a variable aperture stop unit AS.

The lens L10 is contained by a divided barrel 701 and

the lens L1l is contained by a divided barrel 702. A

flange FL supported by a column 240 is arranged in the

divided barrel 702. Techniques for connection of the

flange FL and the column 240, for example, are

disclosed in Japan Kokai 6-300955 (USP 5,576,895) and

Japan Kokai 11-84199 are applicable. A sensor column

SC is mounted to the flange FL.

The variable aperture stop AS is contained by
a divided barrel 703 and the lenses (L1l2, L13} are
contained by divided barrels (704, 705). The L10-L13

are supported by cells (711-712, 714-715),
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(chip enclosure) and so on in step 205 according to demand. Finally, in a
step 206 (inspection step), inspections conducted include, e.g., @ $khtiltn
confirmation test, a durability test and so on for the devices prepared in
step 205. After processing, the devices are conpleted and shipped. Fig. 12
is a diagram showi ng one exanple of the wafer processing of step 204 in
Fig. 11 for rsspecaidusl pr ddd cesrukrit W e. of2 thdecedfler Suiflacellis
oxidized in a step 211 (oxidation step) An insulating filmis formed on
the wafer sutfée@lion a s ssepi2b (QVDtbadpf Ehectrddesshie Ror redron the
waf ers by vapor deposition in a step 213 (electrode formation step) . An
ion is inplamnes) rhticchhestwaiersre nsad sspp sZdibeitore énpl laatlan ol k3 ep)
Steps 211 through step 214 constitute a pretreatnent process of the wafer
processi ng, aandl ahe sed ktt &d Sanich ekbeutadl 1 addoer.ding to the demand cal |l ed
for by the processing steps . In the wafer processing steps, if the above
pretreatment procdss has bebknrconphetgeadg acpgostatlr exy atr pr fcesse ais
follows is executed. In the post-treatnment process, first, a sensitizer is
applied to wafzls72@ ,a78tdep’ 235 {opsicgnneotm § dhsthkipy 1dSdchassiadesy, a
circuit pattern of mask given by the 99 D ? SEP 200 |ithographic system
(exposure appedhtddR ,and4-705) and the cells (711-712, 714-715)

are arranged. Apertures for allowing an inert gas

(helium) to flow into the inside of the projection

optical system are arranged in plural locations along

their circumferential direction in the frames

(721-722, 724-725). An air (gas)-tight structure is

disposed between the cell 715 and the divided barrel

705.

In the third imaging optical system, actuators

(731-732, 734) for moving the lens (L10-L12) in the

optical axis direction and inclining the imaging

optical system in the 8x, Oy directions are arranged.

These avtuators (731-732, 734) have construction

similar to the actuator 532. A tube 751 for allowing

helium to discharge from the projection optical system

is arranged in the divided barrel 705. This tube 751

is also connected to the previously mentioned helium

recovery/regeneration unit. A valve 761 for

controlling the gas inflowrate is arranged at the tube

751.
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exposure method descri bed above is transferred on wafers in a step
(exposure step) . Next, the exposed wafers are devel oped in step b
(devel opnent step), and exposed nenbers in a part, except for an ar
where the resist remains, are renoved by etching in step 21B (etch
step). After, the etching is finished, any unnecessary resist is re
in step 219 (resislextenbhal esbep)im&hteud £ patares iz cane froy petb oa stshe
waf ers by repeating the above nentioned pretreatnent and post-treatnent
process st epshelfe ihet ranptactioungyneenddl oh etdhiexx renbodienapp aratappl i ed,
devices with a high integrated |l evel of about 0.1 /Imin mninmmli
wi dt h can- beaproducetkpastiresufditddnang et dedTha rEtdoli appldmsphhe use of
t he exposure apparatus and the exposure nethod described above in the
exposure propgessest epr2l@lescrihedebyelapr.oving the resol ving power of an

exposure i

ght in the vacuumul traviol et region and producing high

£48 1

ea
i ng
noved

ne

accuracy exposure Eobgtrdll ireoddragramt siwhbgdithentf fowmhatthe tdbes
connected to the inside of the projection optical systemare dispos
two | ocati ons.mhe frunber 1ofy prolwess § s( pemi-ddmiued otxo cdrilys tswchogat i ons.

For exanpl e,

a nunber of tubes (inflow port/outflow outlet) 100 O -

ed in

| SEP

2QU correspohdi pg tloS f especttive Léke chhifjerisl (spasésl hetnedn dptPeal
menbers) nmay be arranged. The pressure

thin-film magnetic head, micro-machine and so on) . As
shown in Fig. 11, design step 201 illustrates a
function/property design {(e.g., circuit design of
semiconductor devices and the like) of devices
(micro-devices) and a patterndesign for obtaining the
functions are also made (design step}. Successively,
a mask (reticle) for forming a designed circuit
pattern is prepared in a step 202 (mask preparation
step). Alternatively, wafers can be manufactured with
a material such as silicon and the like in a step 203
{wafer manufacture step).

Ne®t, in the step 204 (wafer processing step),
actual circuits and the like are formed on the wafers
by using wafers prepared in step 201 and step 203
according to a lithographic technigque and the like as
described later. Subsequently, in the step 205, the
device assembly is conducted by using wafers processed
in step 204. Such processes include, e.g., a dicing

process, a bonding process and a packaging process
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fluctuation of the gas in the projection optical systemand the ¢ SEP I
illum nation optical systemcan be suppressed to a predeterm ned QaIUQ{ %ﬁ
this time, an allowable value of the pressure fluctuation is set up such
that the value of the projection optical system nore tight than that of
the illumnation optical system Furthernore, the pressure change of an
inert gas fifheéd 60 cheeurge®idong BBt iidals eeEmEM> dFCPHEing to
illumnati-on systemand projection optical systemis detected, and
optical el e®®3Nfor aberration correction (L2-L31 L5-L7, L10-L12 in Fig.
8 through Fig. lg) nai al so be driven based on the detected result. Such
a technique is di ddl®Bedyre. ¢1 in SWHD/ 19987 (ERSPIRDigY7) step),
Additionally, it is preferable that the concentrations and/or the total
anount of |iRFPealdctbf ngConsst@nees L§ssldsdsucheay oxygeh (@BLioearbon
di oxide (CO2) and the |ike, water vapor (H20) and so on, are given as
subst ances &bs0F bFAG lekposte &t baaisr aRd U ghtt b Binge stbstanceef or t he
F2 laser |ight of wavelength 157 nn) in the optical path of the

i |1 um nati orff®pt FE8l PHARRARC HE cPifRak Opat RitherhEr ot § efl@ Iohdiber, the
optical path in the projection 101 0 ~L SEP 20h optical systemand the
optical pat H§HL ERE \iier CoBRAerdardt ot iBPIESH i ndependent |y of each

ot her. For exanple, allowable concentrations and an
Fig. 12 1s a diagram showing one example of the

wafer processing of step 204 in Fig. 11 for
semiconductor devices. In Fig. 12, the wafer surface
is oxidized in a step 211 (oxidation step). An
insulating film is formed on the wafer surface in a
step 212 (CVD step). Electrodes are formed on the
wafers by vapor deposition in a step 213 (electrode
formation step). An ion is implanted into the wafers
in a step 214 (ion implantation step). Steps 211
through step 214 constitute a pretreatment process of
the wafer processing, and are selected and executed
accordimg to the demand called for by the processing
steps.

In the wafer processing steps, 1f the above
pretreatment process has been completed, a
vpost-treatment process as follows is executed. In the
post-treatment process, first, a sensitizer 1is
applied towafersinastep 215 (resist formation step) .

Successively, a circuit pattern of mask given by the
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A all owabl e total anobunt of the |ight-absorbing substances can ﬂﬁ S?Hﬁ]?l y
set up because the water chanber and the reticle chanber have s Z
optical paths. Thus, the open/close nmechanisns of the reticle chanber are
simplified and contact with the outside air or mx-in of |ight-absorbing
substances is avoided because of the reticle exchange and the wafer
exchange. - - l1Altlhovabbaphdoncerdy at eomns decpans akkowablg amod alis Janoantd of t he
| i ght - absor bi ng substances are harshly set up in response to the
il lum nati oaxgmtswae syesteod hbwsongidddngboptd cabk patédnsArr2etiaser can be
incorporated in this enbodi nent which can include, nitrogen (N2) , rare
gazes such ws flrets um @Hefepn2bh (deposangois t(edw ) . ahalk ti hehkidepas eal
per neabl e gas having a wavel ength of 157 nm Heliumgas is particularly
superi or i nwhifgirs pereaedbivkiltopedtabi $tep 8fl 1 nagp nwglopareact estepilc of
optical system and cooling property since its heat conductivity is about 6
ti nmes greatend dapotsred mfmb airsr byen pendt § tesx £ epct Gatri an of edi wpkriec | ndex
to pressure change is about 1/8 greater than that of nitrogen gas. In
t hi s enbodi hbrt reshies gaenaithe aakeremchomddry atdchhear éti skepcBarmber
which fills the 102 i? SFP 7004 optical path of the interferometers (wafer
interferonetetchistgchbEeimt erAeromet e amtichieg is finished, any
unnecessary resist 1s removed in step 219 (resist
removal step).

Circuit patterns are formed on the wafers by
repeating the above mentioned pretreatment and
post-treatment process steps.

If the manufacturing method of this embodiment
is applied, devices with a high integrated level of

about 0.1 Am in minimum line width can be produced
with sufficient yield. The method applies the use of
the exposure apparatus and the exposure method
described above in the exposure process (step 216),
thereby ftmproving the resolving power of an exposure
light in the vacuum ultraviolet region and producing
high accuracy expocsure control.

Meoreover, in this embodiment form, the tubes
connected to the inside of the projection coptical
system are disposed in two locations. The number of
tubes is not limited toonly two locations. For example,

a number of tubes (inflow port/outfiow outlet)
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inside of the projection optical systemcan be helium And, the a; h? he
optical path of the illunmination optical systeml can be nitrogen'§ § iw
order to reduce the running cost. The gas used in the optical path of the
illum nation optical systemcan also be heliumand the gas in the wafer
chanmber, the reticle chanber, and inside the projection optical system can

be nitrogen. cHer & 9bbaw iy Plhet opetpral! evaptial alpstaks ( £99stid uting

the illum nation optical systemand the projection optical systemthat can

be used incl %@%weéﬁmicaqrﬁéh@eﬂ%?%fb@ S%ra@&é&.%ﬂé%u%@s{r% es

and diffraction optical elenents. in addition, fluorite (CaF 1fied

quartzs suchgfas,dtdepedn Shli can 8! g;sass Fn aeﬁeHﬂfeﬁ%ééi+ﬁac&L $8al

OHcontaining silica glass, F-doped and OH-containing silica‘glass and the

like can al sg ke elSQGd T@ﬁepﬁ%P@ﬁﬁﬁ%a@i&noBtdﬁﬁéaﬂatsEﬂ@%ﬁ CPRSLigt uting

the illum nation optical systemand the projeéction optical systemmy al so

include the spreyiodsky %nsiﬁfequﬁiﬁ@awguty&el- A tes E-doped ,59i 1 ca

I il
gl ass, the fludrine concentration is prefera 00 ppmor nore, and nore

preferably ig1aokange ¢619Q0cRPLe t,%QweOQQue@mhreM@tEamedsa@du H-doped
silica glass, the hydrogen concentration i1s 103 0 2 SEP 2001 prefergbly 5 X

1018 ol ecul e®/co{1B 104t | €86, vANd Y€ 10 of 83kl dox d818 sl %’ééhﬂﬁ or
less. In the OH-containing silica glass,” thé concentration of
more tight than that of the illumination optical
system.

Furthermore, the pressure change of an inert gas
filled or circulated among oﬁtical elements of the
illumination system and projection optical system is
detected, and optical elements for aberration
correction (L2-L3, L5-L7, L10-L12 in Fig. 8 through
Fig. 10) may also be driven based on the detected
result. Such a technique is disclosed, e.g., in
Wo0s$s8/10917 (Ep 1,020,897).

Additionzlly, it is preferable that the
concentrations and/or the total amount of
light-absorbing substances (gases such as oxygen (0;),
carbon dioxide (C0O;) and the like, water wvapor (H:O)
and so on, are given as substances absorbing exposure
beams and light-absorbing substances for the F; laser
light of wavelength 157 nm) in the optical path of the
illumination optical system, the optical path in the

reticle chamber, the optical path in the projecticon
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group is preferably in a range of 10 ppm- 100 ppm 1In the F- do @
OH containing silica glass, the fluorine concentration is prefera‘blsglfb.l 86
ppmor nore and the concentration of OH group is preferably |Iower than
the fluorine concentration. In this enbodinent, the concentration of OH
group is preferably in arange of 10 ppm- 20 ppm When an image is forned

e LIRSl 205 6 I D i
e s S S e A T

1999) can be us um natiton op

nbod h t I I t
consttutingtine ERaBcton GbteiR ﬁosl%stgﬁq%‘fgé%‘ra PR ot oany, o y
directions agqllcgwggggbl etépa& gmp}i@ne The opt H‘Cgl}d rélgents ?ﬁ%t ﬁLso

be rotatably arrange rection of ro§at

center by forty TREan I Ehl S Uy FAedO T e°@%ﬁ%§'c§§*§‘e'riw?§arl ng

center by formmng e optlcal sSur aces rac | Ve 3

surfaces) of ctlignte r OBLIL AL E! ?@waéocﬁn{@epaﬁs\%ffﬁéggt JEpeLs,in the

104 0 :' SEP mer | di rections per pendi cul ar

o L 7 PLRARMET ARl N0 RLAOSL 0T 160 WLL AT : SHOTRNLS, GG N0 an

astigmatic stirface” processing hi's arrangénent Tresu
chamber are simplified and contact with the coutside --

alrormix-inof light-absorbing substances is avoided
bec.ause of the reticle exchange and the wafer exchange._.
Allowable concentrations and an .allowable total
amount of the light-absorbing substances are harshly
set Up in response to the illumination cptical system
having a long optical path,

An F; laser <can be 1incorporated in this
embodiment which can include, nitrogen(N;}, rare
gases such as helium (He), neon (Ne}, argon {(Ar) and
the like as a permeable gas having a wavelength of 157
nm. Helium gas is particularly superior in high
permeability, stability of imaging characteristic of
optical system and cooling property since its heat
conductivity is about € times greater than that of
nitrogen and its fluctuation of dioptric index to
pressure change is about 1/8 greater than that of

nitrogen gas. In this embodiment, the gas in the wafer

chamber and the reticle chamber which fills the
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asymmetrical aberrations such as an astigmatic difference on the ipptFealii
axis (center astigmatisn) of the projection optical system distortion of
that. or a rhonmbic Fe-r exanple, a construction in which an actuator and a
driving axis are disposed along the tangential direction of the
circunstance of the frane is arranged between a franme and a divided barrel
such that the,d{age is driyen t he, di vi rel._in the B | rection.
It is preferat?le f hat tﬁ%eaﬁét ua&tgr ighgequg%dcﬁgf%%fmfe&oﬁﬁfhe éBf‘&Jc% axi s
and arranged jigfr o £ R} | of diff nt .l.qcaf i t_.an, equal.-angl e
pitch in the ci r%umgérlré’re“?\ét?% ’ di rrgc l."g%g( él"%e%dﬁggf“%o Y) A ABEharrdn f or
rotating optiiGal i JEHE ] %g f. i ur f I s_disclosed in Japan
Kokai 8- 327895 ( USP £lhs M ?gﬁﬁ?tigﬁgﬁéﬁ%?%a%%?%@ 2aBRE BabTurco be
formed on the Qutsid tk r f e kllum pation opti cal
syst em and/ or = pur Sﬁe gsgégegg‘f Eﬁaheg%;ﬁg?g%?i g)r?%}gt?ta+ Ey%?ér‘ﬁmﬁrﬁg{: hiP case,
the al | owabl GO t ' . total__ anount.of |ight-absorbing
subst ance of P&g”%ﬁ?g§e9@§%§bg:§qb?%ﬁu‘é@%%ggie&g%se lgjetortfbeﬂoq%gﬁ%gk&ﬁi ng
than 105 02SER20Q: u spacge t i;nper _si de _(.t.he pur space of
EREDO4, LR BUEDS SPAGES DS IOE Y PBL R Epr s PRdEnc P

the illumnation optical system and/ e pu ction
optical systeme ;Addif{oRakly, oﬁt&aégilﬂsele ng.Rl gﬁgoigeq{erfgg%dand
the gas in the wafer chamber, the reticle chamber, and
inside the projection optical system can be nitrogen.
The following photopermeable cptical materials
constituting the illumination optical system and the
projection optical system that can be used include:

lenses, parallel plane plates, micro fly's eye lenses

and diffraction optical elements. In addition,
fluorite (CaF;}, modified quartzs such as F-doped
silica glass, F= and H-doped silica glass,
OH~containing silica glass, F-doped and

QH-containing silica glass and the like can also be
used. The photopermeable optical materials
constituting the illumination optical system and the
projection optical system may also include the
previously mentioned modified quartz. In the F-doped
silica glass, the fluorine concentration is
preferably 100 ppm or more, and more preferably in a
range of 500 ppm - 30,000 ppm. In the F-doped and

H-doped silica glass, the hydrogen concentration is
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on the wafer side of the lens on the wafer side of the proj ection Eﬂa 00¢
system The parallel plane plate may also be provided as a cover to

purge space of the projection optical systemsimlar to the reticle side.
In addition to the F2 laser light that supplies a pulse |light having a
wavel engt h of 157 nm as provided for in thi S enbodi rrent i npl enment i ng

Taht - sour co® TS B8 abl Srintod atRAE - CkBFAGR | Ror L FRg asqépméaﬂ%"é“ "
1 ont of vavErenatheEdd nh FankOan RPG 4GLLF o1 afsgrguplp?“%né“&" Lo o
A single wavl SRRRAtE LRE fhf ehred T EoFon WAL 1ATE %FraotlrﬁaozgrbﬁB%ht wr
B doped (or L S ERE %ﬁéaéﬁeﬁé 1 br'é?nta%&q% £ "pRa “Coerpemhe
2l S0 be used "TE D Bt 1y EhA ST SRR EBRe ok ohl 1 Socth s
fo an exposurd %S%zﬁ%f%gﬁ% T SRR o Ry S P ERR ok CrBRT (9 B A Rt her
e o S Bhgn ot A LT PR o,
than the fluorine concentration. In this embodiment,
the concentration of OH group is preferably in a range
of 10 ppm - 20 ppm.
When an image 1s formed by using z region free
of the optical axls of the projection optical system,
as in the present embodiment, an illumination optical
system disclosed in Japan Kokai 2000-21765 (USP Appl.
340,236 filed on July 1, 1999) can be used as the
iliumination optical system.
Moreover, in this embodiment, a portion of the
optical element in the optical elements constituting
the projection optical system is inclinable to the &
x, @y directions and/or movable in the XY plane. The
optical elements may also be rotatably arranged in a
direction of rotation (@ z direction in the first and
third imaging cptical systems) with the optical axis
as the center by forming the optical surfaces

(refractive surfaces/reflecting surfaces) of these

optical elements so as to have different powers in the
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Fer example, a2 construction in which an actuator
and a driving axis are disposed along the tangential
direction of the circumstance of the frame is arranged
between a frame and a divided barrel such that the
frame is driven to the divided barrel in the @ z
direction. It is preferable that the actuatoer is
equal distant from the optical axis and arranged in
a plurality of different locations at an equal-angle
piteh in the circumferential direction |( & =z
direction). A mechanism for rotating optical members
with an astigmatic surface is disclosed in Japan Kokai
§-327895 (USpP 5,852,518). Furthermore, a purge
space may also be formed on the outside of the purge
space of the illumination optical system and/or purge
space of the projection optical system. In this case,
the allowable concentration and allowable total
amount of light-absorbing substance of the purge

spaces on the outside are set up more unexacting than
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the like, and so on can also be applied. The above-described present
invention applies the scanning step node of operation. The prese&ﬂSEPIWL
invention is also applicable to a step-and-repeat node reduction

proj ection exposure apparatus in which mask patterns are transferred to a
substrate in a static state of the mask and the substrate. The substrate

is then novedHd SHeeRSH eps; a p,Ls . arranged _in the
third i maging op icgﬁss;1f2§$i%%tﬁgn%rgﬁﬁ%ﬂgﬁvﬁ%gné%3%%6”@5%8d?ﬁ@%ﬁ? The
aperture stopfreyhal $0 106y Bk L anged J4 fid ' [ optical system A
field stop may al so be arra%ggg?ll rﬁiﬂ;‘%iPgésts%én%e%?ggﬁg%pros‘f??oﬁuﬁget he

i nt diategd t fd ' ' ti t dth d
i nt er medi at e Jgpoe BQ‘Mﬁ%'bP%Jéffio?m§?€?°? ;%ﬁ%%?ﬁ%s em an e secon

i mgi ng optical system and the 0S| di ate i mage between

the second i magi ng 4epii £aha3Ys) €1 ﬁggél;%?%g%fgnie;&?g%g%tfg%%g%pg%%ﬁ em

The projection magnification of 'the rc system

s given as Julddd.a & E &5 2004 eductieil 18] 119, d N, PESY! QUSLY iepL oned

enbodi ment. However, the projection nmagniticat _ t he
oahet] R | SR SR BELSELL LSt o RGP A 0
(o DL R PO S RRTE ! 80018 PLLEL VSt
the projection optical system similar to the reticle
side.
In addition to the F; laser light that supplies
a pulse light having a wavelength of 157 nm as provided
for in this embodiment, implementing various other
light sources i1s also possible. For example, the
following light sources can be implemented a KrF
eXxclmer laser light supplying a light of wavelength
248 nm, and an ArF excimer laser light supplying a
light of wavelength 193 nm, and an Ar, laser light
supplying a light of wavelength 126 nm. Aharmonic wave
given by amplifying a laser light with a single
wavelength in the infrared region oscillated from a
DFB semiconductor laser or a fiber laser or in the
visible region with an Er-doped {(or both Er- and
Yb-doped) fiber amplifier that converts the light
source to an ultraviolet 1light with a necnlinear

optical crystal may also be used.

The present invention is applicable not only to
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incided fromthe side of the third imaging optical system a prlnaﬁy 1mm@m
of the mask or the reticle is fornmed by the third i nmagi ng optical sys

a secondary inage is forned by the secondary inaging optical systemand a
tertiary inage is forned by the first imaging optical systemon a
substrate such as wafer and the |like. As described above, in the

cat adi optri ¢ yopt}6akeByst 8N uthe By, OJS%E& @6':18}&9&?]}’{ Y APPaLat ﬁ%aa@ d he

exposure method including the optlca systemo previous 9 oned

enbodi nent s, 1t1heegptuoq19d adisyst nERt and nBehauiGal d&gg%’}ag{f? ;90"60'

The aberrations eginning with chronatlc aberrations
corrected. qurﬁgﬁgqu-“@gr@§gl:ﬂtlltorb ted cthglo én?nBH:hle Sr&@?clifeh
e

achieved by using a light™ with a wavel engt I'mor 1ess in

vacuum ul tray ol gt vy a&hanot hakedi e apéitl'lcdﬂz?rb}ayfeknaﬁgethBrPY]c%us

enbodi nents, the optical path separation is disposed in the VICInIf
two internedital e RGeS ki 0Z §EE&%&hb9haah%§19fﬁEf§de>iqa ”&“éff %pproaCh
y equa

of the second inmging optical system having a near

magni fi cation.i gltiSex pBeuRILIPH 2+ A¥QRY,I QR @W'éﬁ@ﬁosﬁ X ?’EP,{A QgStance
in the exposure region fromthe optlcal axis, i.e., of quantity,

ng is favogabl g- lrra;llab%rﬁ;aéwﬂewé?ﬁatﬁa%s MAR QL W Zaetr@&rogpti.gg,l
justnment, mechanic desi gn, manufacturing cost and so

exposure apparatus and the like. Transmitting

reticles are commonly used in the exposure apparatus

using DUV (deep ultraviolet) or VUV (vacuum

ultraviolet) 1light and the like. Silica glass,

F-doped silica glass, fluorite, magnesium fluoride,

or quartz crystal and the like are used as the reticle

substrate. In a proximity-mode X-ray exposure

apparatus and an electron ray exposure apparatus and

the like, transmitting masks (stencil mask, membrane

mask) are used. A silicon wafer and the like is used

as the mask substrate. Such exXposure apparatus are

disclosed in WO 99/34255 (EP 1,043,625), WO 99/50712

(USSP Appl. 661,396 filed on Seﬁtember 13, 2000), WO

899/6¢6,370, Japan Kokal 11-19447¢2, Japan Kokai
2000-12453, Japan Kokai 2000-29202 and so on.

The present invention is applicable not only to

the manufacture of semiconductor devices, but also te

Aan exposure apparatus which can transfer device

patterns onto a glass plate which are used in *the
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Moreover, in the manufacturing nethod of mcro-devices using the [7 SEP 2004
proj ection exposure apparatus and the exposure nethod of the previously
menti oned enbodi ments, inproved mcro-devices can be manufactured via the
projection optical systemin which the optical adjustnent and nmechani cal
design are sinple. In addition, aberrations beginning wwth chromatic

aberrations gamhbeatuhlde core egh e afds a i hi-ghgriespl yti an. of -1 um
or less can be achieved. 110 02 %E%gg64-%§%?ggl%&9A§€a ah?oﬁ?gngS i ca
system form ag sp 1eguced vin@gs. of ﬂnflgﬁpéyﬁ %peéﬁﬁgr?ﬁﬁgxwgﬁigﬁggce

conprises: a first 1maging optical systemfor torm di ate

i mage of thetkiarsd £ evel aedry def bttt § phdi RG 16 M L0k g 'rﬁi‘ci %aafélangﬁg in the
lat e e

vicinity of a position of formng the first Interne | Mage to flect

a beam priorwhacf aft&r {Hed4poshti gRe V‘ﬁ‘ih%fi?tairfes'[ ot grEdi gt ¢ i mage
Is formed; a second inmaging optical systemfor tormng a second

i nt er medi at em FRGES: WetHed dTBGH ié}r@té}@ﬂofs%‘ilé)raﬁég )éuseq}gaédzﬁ%t?g?fi rst

intermediate image in the vicinity of “a positi formng st

the second T mace speedl cubeysrant Rae o oneavs S T Pab e Gt rab g at
| east one negpki V6 k€NSand s€608d QWi RY W rHé”aié’Bil“i"é&.s arranged in the

The above-described present invention applies
the scanning step mode of operation. The present
invention;usalsoapplicableto;astep—and—repeatmode
reduction projection exposure apparatus in which mask
patterns are transferred to a substrate in a static
state of the mask and the substrate. The substrate
is then moved in successive steps.

An aperture stop is arranged in the third imaging
optical system in the previously mentioned embodiment.
The aperture stop may also be arranged in the first
imaging optical system. A field stop may also Dbe
arranged 1in at least one of the position of the
intermediate image between the first imaging eptical
system and the second imaging optical system, and the
position of the intermediate image between the second
imaging optical system and the third imaging optical
system.

The brojection magnification of the

catadioptric precjection optical system is given as a
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vicinity of a position of formng the first internediate inmage to 9eﬁt?9%£
a beamprior to or after the position where the second internedi ate inmag
is formed; and a third inaging optical systemwhich is arranged in an
optical path between the second imagi ng optical subsystem and the second
surface and has a dioptric 1imaging optical systemto formthe reduced

i mage onto thedseeond swaseiRagedvanddeyPRaRNT oM Lhe SR Hent . .
intermedi ate i mage. 2. The catadioptric optlcal systemo a|n1i wherein

a reflecti ngoswdd@ep ehet Peofidstibal ARG MLk i 5% ﬂé%'f?@iEQdSUfface
of the second folding mrror are positioned so that fh overl ap

spatially. 14 @3ER2084c3.1cker g8t adi@py ﬂfo(i’.l%td PJE {;}%Imﬁo% C%f' 1 or

2, wherein the follow ng condition |s sa |sf|ed wher e

a first dlStggceaﬁetggﬁglthgaﬁh@st(hﬁﬁGﬁH@@l%ﬁg nlqggga@ nd, Hhe gpn%gve
reflecting mrror in the second inmaging optical systen1a|ong t

optical axisehlarpéroad asztio qm$éh§§§@%%£B§ amgbpeé%ﬁwﬁf§e gﬁcond

i nternmedi ate i mage and the concave reflecting mrror e "second i magi ng

optical subsystepraleneibg r@@&h@.@ﬁc@ﬁ‘h%n‘§sd@1f1ér@rqlg§gle%nerit4r-@€ S/ ei n:

catadioptric optical systemaccording to any one of Cai

the first intpemegicalen i nagerioh Lok idk AdngRld 63 crfft N Dot ypen; Lhe

first folding mrror and the second
incided from the side of the third imaging optical
system, a primary image of the mask or the reticle is
formed by the third imaging optical system, a
secondary image is formed by the secondary imaging
optical system and a tertiary image is formed by the
first imaging optical system on a substrate such as
wafer and the like.

As descriped above, in the catadioptric optical
system, the projection exposure apparatus and the
exposure method including the optical system of the
previously mentioned embodiments, the optical
adjustment and mechanical design are improved. The
abesrrations beginning with chromatic aberrations can
be fully corrected. For example, a resclution of
about 0.1 (m or less can be achieved by using a light
with a wavelength of 180 nm or less in the vacuum
ultraviolet wavelength region. Particularly, in the
previous embodiments, the optical path separation is

disposed in the vicinity of two intermediate images
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i magi ng optical subsystem and the second internediate inmage is for@E%EP@%h
an optical path between the second i magi ng optical subsystem and €
second folding mirror. 5. The catadioptric optical systemaccording to any
one of clains 1-4, wherein: an intersection line of an extension plane of
the reflecting surface of the first folding mrror and an extension plane

of the refleghiingh surbage ifedhBysacanst uf ol diohg JU ££0L £ %hséat%é'go Q that

an optical axis of the first imaging optical "subsystem an optrcal axis of

the second i Hagj NPqOBbitGal a BUDSYTIAM IADE: AR %Phite_%a%ﬁ#lﬁgu% mﬁittpird

i magi ng optical subsystemintersect at one “poin cat adi optric

optical systaaaccer dond d. amiyuene ¢ il 1 85 Bh L ihy s 8 pod2; 43 (SEP2004
or or

the first folding mrror has a back surface reflecting mr

reflecting arbeam fsmlh&ifsitraﬁceimg'tﬂg RE LAk SYSLEDP £ PsnSeaend
i magi ng optical system and the second foldi'ng mrror “has a back surface

reflecting npprarcfor Jefkecting a begm f pemgtde : el TBQI opt.i cal
systemto theﬁthf?d i magi ng opti cal systenls7. A atad%ggfri%%%bt?%a

system forn ag 3 Fedueeth i JBILr 187 8 Ca?!:'ffi%%e, A4 8681 ALl LRL

i magi ng optical systemwth a first opti
optical adjustment, mechanical design, manufacturing

cost and s0 cn.

Moreover, in the manufacturing method of
micro-devices using the projection exposure
apparatus and the exposure method of the previously
menticned embodiments, improved micro-devices can be
manufactured via the projection optical system in
which the optical adjustment andmechanical design are
simple. In addition, aberrations beginning with
chromatic aberrations can be fully corrected and a
high resolution of about 0.1 u4m or less can be

achieved.
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axis, which is arranged in an optical path between the first surfa@g 3pth
the second surface and has a dioptric imaging optical system a se é

i magi ng optical systemw th a concave reflecting mrror and a second
optical axis, which is arranged in an optical path between the first

I magi ng optical systemand the second surface; and a third imagi ng optical
systemwith a third optical axis, which is arranged in an optical path

bet ween the second inmaging opti cSFIePSTRISHd t he second surface and has
a dioptric inmaging optical system where the first optical axis and the
second optical axis intersect with each other and the second optical axis
and the third Aptiatakiaypitsiintoprtdect] wirdtemactormirera Beddbed camadeoptric
opti cal syséeg1gccordingﬁto any _one of clainms_1-7, wherein all |enses

constitutiff EhElFPFsBUrfARGi RGTBpEi BEFORYsPEMTARE SPIPFERESS constituting

the third i maghng QR Caha§YS§ BRIl IBNRGRG afONTraralingl & pprieal
axis. 113 02 SEP1004 9. The catadioptric optical system according to any
one of clanhgrnegdiabpeivbaeacfnghef féactoaudlaskithe second i maging

optical Subsystgm eiel iR RO IO EENCLIL o Rt Ll e 320
wherein theitohlow B consbditoion Sof forming the first intermediate

image to deflect a beam prior to or after the position

where the first intermediate image is formed;

a second imaging optical system for forming a second
intermediate image with a magnification factor nearly
equal to the first intermediate image in the vicinity of
a position of forming the first intermediate image based
on the beam from the first intermediate image, the second
image optical subsystem has a concave reflecting mirror
and at least one negative lens;

a second folding mirror which 1is arranged in the
vicinity of a position of forming the first intermediate
image to deflect a beam prior to or after the position
where the second intermediate image is formed; and

a third imaging optical system which is arranged in
an optical path between the second 1imaging optical
subsystem and the second surface and has a dioptric
imaging optical system to form the reduced image onto the
second surface based on the beam from the second

intermediate image.

2. The catadioptric optical system of Claim 1, wherein a
reflecting surface of the first folding mirror and a
reflecting surface of the second folding mirror are

positioned so that they do not overlap spatially.
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satisfied: 0.20 < IR /1G31 < 0.50, where a magnification of the 0 7 SEP 2004
catadioptric optical systemis defined as 3, and a nagnification of the
first inmaging optical subsystemis defined as(3l. 11. The catadioptric
optical system according to any one of clainms 1-10, wherein the
catadioptric optical system is a telecentric optical systemon both sides
of the first surface and the second surface, and satisfies the follow ng
condi tion: 3t E The qatgdiemoie weddead dEyehRte Dbt vielehi™ dur Pdce?of the

first |MoiRgrePR! B! £34PBYShEMLOAAL IBA! i5BYR: SkGeganc an exit pupll
position along the optical axis 1s defined as E, and a distance by air
conversion fromthe $uifa2é¢/0L1theOfilbst i nagi ng optical subsystemon the

nost inmage side to the _concave reflecting mrror _in the, second,i i ng
opt1 ol CSURRYS L cin S ¢ RLSEAPFEal SERF e & T AddSks B CORHhALS

cat adi opt rifa @Rt iRl LHe! eRHREEPE ding -ty ORerret Ciri Fhel- ddcomberein:
85% of the nuitber of lenses in all lenses constituting the catadioptric
optical sysmeainge aptiangéd subsrgteme alagbe bhei captagas. ax3sQ PSS E P

2004 13. Tﬁe ca% di_gptric I gal_ syst %'n ai -
wherein: t %fég %né%iégyinggép%iégi(§ﬂ§2§§§g%$ %sgggaFggsﬂﬂﬁﬁm%e%éggtive
| enses. intermediate image and the concave reflecting mirror in

the second imaging optical subsystem along the optical

axis is defined as LZ2.

4. The catadioptric optical system according to any one
of Claims 1-4, wherein:

the first intermediate image is formed in an optical
path between the first folding mirror and the second
imaging optical subsystem, and

the second intermediate image is formed 1in an
optical path between the second imaging optical subsystem

and the second folding mirror.

5. The catadioptric optical system according to any one
of claims 1-4, wherein:

an intersection line of an extension plane of the
reflecting surface of the first folding mirror and an
extension plane of the reflecting surface of the second
folding mirror is set up so that an optical axis of the
first imaging optical subsystem, an optical axis of the
second imaging optical subsystem and an optical axis of
the third imaging optical subsystem intersect at one

peint.

6. The catacioptric optical system according to any one

of claims 1-5, wherein:
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14. The catadioptric optical systemaccording to any one of clains gly 4800
wheréein: the catadioptric optical systemforns the reduced imge on a
position deviating froma position of reference in an optical axis of the
catadioptric optical systemon the second surface. 15. An exposure nethod
conprising the steps of: generating an illumnation light in the
ultraviolet region; illumnation an original on which a predeterm ned
pattern is fornedeby ftiFsy | | fpd dbRg onmMirgRE: Pra§ ecRi ndpasdi d prefire@r ni ned

pattern Offéﬁigctﬁﬁ%ghp r&¥r§896¢é¥1éﬁﬂfﬁgiésgma%{fﬁfgm QMO Birst
phot osensitrve subsfrate arranged on sal econd surface by using a
cat adi opt rimagphg cabpisyssi Em sxestosndi g t ahany seapedof inmkging leddicdlSs
system, and
the second folding mirror has a back surface
reflecting mirror for reflecting a beam from the second

imaging optical system to the third imaging optical

system.

7. A catadioptric optical system forming a reduced image
on second surface comprises:

a first imaging optical system with a first optical
axis, which is arranged in an optical path between the
first surface and the second surface and has a dioptric
imaging optical system;

a second imaging optical system with a concave
reflecting mirror and a second optical axis, which 1is
arranged in an optical path between the first imaging
optical system and the second surface; and

a third imaging optical system with a third optical
axis, which 1is arranged in an optical path between the
second imaging optical system and the second surface and
has a dioptric imaging optical system,

where the first optical axis and the second optical
axis intersect with each other and the second optical
axis and the third optical axis intersect with each

other.

8. The catadioptric optical system according to any one
of claims 1-7, wherein all lenses constituting the first
imaging optical system and all lenses constituting the
third imaging optical system are arranged along a single

optical axis.
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9. The catadioptric optical system according to any one
of claims 1-8, wherein a magnification B2 of the second
imaging optical subsystem satisfies the following
condition:

0.82 < |B2! < 1.20.

10. The catadioptric optical system according to any one
of Claims 1-9, wherein the following condition is
satisfied:
0.20 < IRl /IBl < 0.50,
where a magnification of the catadioptric optical
system 1s defined as B, and a magnification of the first

imaging optical subsystem is defined asfl.

11. The catadioptric optical system according to any one
of claims 1-10, wherein the catadioptric optical system
is a telecentric optical system on both sides of the
first surface and the second surface, and satisfies the
following condition:
IE - DI /IE|] < 0.24,

where a distance between a surface of the first imaging
optical subsystem on a most image side and an exit pupil
position along the optical axis is defined as E, and a
distance by air conversion from the surface of the first
imaging optical subsystem on the most image side to the
concave reflecting mirror in the second imaging optical

subsystem along the optical axis is defined as D.

12. The catadioptric optical system according to any one
of claims 1-11, wherein:

85% of the number of lenses in all lenses
constituting the catadioptric optical system are arranged

along the single optical axis.
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13. The catadioptric optical system according to claims
1-12, wherein:
the second imaging optical subsystem has at least

two negative lenses.

14. The catadioptric optical system according to any one
of claims 1-13, wherein:

the catadioptric optical system forms the reduced
image on a position deviating from a ©position of
reference in an optical axis of the catadioptric optical

system on the second surface.

15. An exposure method comprising the steps of:

generating an illumination light in the ultraviolet
region;

illumination an original on which a predetermined
pattern is formed by the illumination light;

projecting said predetermined pattern o¢f said
original arranged on said first surface, onto a
photosensitive substrate arranged on said second surface
by using a catadioptric optical system according to any

one of claims 1-14.
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