DE S CR2 L=IT X ON CATADI OPTRI C OPTI CAL SYSTEM AND EXPOSURE APPARATUS
HAVI NG SAI D OPTI CAL SYSTEM Technical Field The present invention relates to
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 hographi ¢ process for manufacturing devices, such as sem conduct or

devi ces, devices, liquid ousiscEm s ericoast or the |ike. Background
Art In the photolithographic process for nmanufacturing sem conductor

devices and so @RTAPLIGPERICON EXPOSWIS apPaMaMIs BNDMI ER P p@krEern i mage
of a photoreticle or a reticle (generically called "reticle" hereafter) is

exposed omimpARWATS , HAVING 0kASD Mm@t ecand dherkike coated with a
photoresist and the like via projection optical system have been used.

Then, the v&£sRhYidx) ppyend resolution) required for the projection optical
system of the projection exposure apparatus has been increased nore and

nore in order tdpFeyentthe dvdegrahi o 1level ©f a%ﬂ&&@@Fb@@icdev_i--ces
and so on. As aresult, the wavelength of illum nating |ight (exposure
l'i ght) loptical system and an exposure apparatus having said
optical system, especially .a high-resolution
catadioptrié type;projeétion optical systém suitable
for a projection exposure apparatus used in a
(:; . photolithographicprocessfornmnufacturingdevices,
such as semicohductor devices, devices, liquid
crystal displéy devices or the like.
Background Art | )

In the rhotolitheographic p&ocess for
manufacturing semiconductor devices and so on,
‘projectionexposureapparatusinwhicha;mtternimage
of a photoreticle or a reticle (generically called
"reticle" hereafter} is exposed onto a wafer, or a

7 glass plate and the like coated with a photoresist and
the like via projection optical system have been used.
Then, the resolving power {(rescolution) regquired for
the projection optical system of the projection”
éxposure apparatus has been increased more and more
in order to improve the integration level bf

semiconductor devices and so on. Bs a result, the

wavelength of illuminating light (exposure light)



must be shortened and the nunerical aperture (NA) of the projection optical
system nust be increased. For exanple, if an exposure light with wavel ength
of 180 nmor less is used, it is possible to achieve a high resolution of
0.1 pmor less. However, if the wavelength of illumnating light is
shortened, the absorption of |ight becones remarkable, and the kinds of
glass materials (optical materials) that can be practically used are

limted. In articular, if the wavelength of illum nating |ight econes

, 180 nm or WB?E, Bge ?55??@&%%}%@5@%“ F‘&ﬁlcﬁgt BPEAITYE Ii(Ni%t e?*o
~fluorite ogky. As a result, the correction of %hronatic aberrgtions becones
i npossi bl e™'F &P 6FEH R yBB i ecEY St It PESE RS stBMTFHF 8 -t he dioptric
type optical systemis an ptical .system which does not contain reflective
sur f aces (concavEOFéfl%%PW§§*ﬁirrb s Ml CHRRXSUEE | et PV ni FAGHS) with
power, but only contﬁins transm ssive optical nenbers, such as_ |l ens
conponent s¥2EK§ IRREEFHEF TN I tPEr £2F§ 49 it29t 01thé S 12954BLE chromati ¢
aberrations in a dioptric t{pe projection optical system and a very narrow
band of |8Ser2fPgRtVSodr 1Pl ner88d LGP RhixE chsel "B PHcreaSE-in the

cost of laser light source and a_ decrease of _its output are unavoi dabl e.
Mor eover, However, 1f the wavelength of illuminating light is

shortened,theabéorptianoflightbecomesremarkable,
and the kinds of 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
matérial is limited to fluorite only. As a result,
the correction of chrométic aberrations becomes
impossible in a dioptric type projection optical
system. 'Here, the dioptric type optical system is an
optical system which doces 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, an
increase in the cost of laser light source and a

decrease of its output are unavoidable. Moreover,



many positive |enses and negative |lenses nust be arranged in a dioptric
optical systemto bring the Petzval sum which affects the curvature of
image field, close to 0. By contrast, a concave reflective mrror
corresponds to a positive lens as an optical element for converging |ight,
but it is different from a positive lens in that no chromatic aberrations

occur and_that he:f val . sum_t ak negat.i.ve val ue %a ositive | ens
take's a pgbalrt‘}(v 4 ﬁieélen Pgesr-.ggdgolﬁﬁgétilovnﬁ. 549 %°a r@%sgal?%d
catadioptric optical .system, canstituted by.caonbining,a goncave reflective
mirror 'an@q%ééggat %bgbgéﬁﬁﬁﬁcP@&%ﬁgé 5 Ghec ﬁbé%@lnﬁﬁqQﬁtive
mrror is hest used to the maxi mumin an tical design aqg ood correction
of amﬂrat%ﬁﬁ?vﬁgmﬁHWhg”ﬁ%$ﬁtﬁ?ﬁﬁﬁﬁﬁaﬁ eaﬁBFﬁﬁ?%ﬁ?zﬁl gm?g%urvatuua
of i mage f%el re Possi?le in ite aof it§ séﬁgle constrﬁfti n. However,
the manner 54 Whi R 3RE FRcP denPY. GEAM AT an? éneP§EME Beuint §F& SEpar at ed
for a concave reflective mrror is point of greatest difficulty, and
various t e®HfiRESCPEF AR R ASef&t 4t i RS hive Deb®R r SosH. OREL Exhnpl e,
Japanese L id-éﬁen Agplication No.. 8-62502 éu.s” Patent 5, 861, 997)
di scl oses &i‘“’ﬂ FopR FicORPEr SR Syt BT - Wbt ent F & 5 ddat RAF BT iT€ Upt i cal
system usi ng an, exposure region (off-axis visual field) free of an
apositive lens in t at no chromatic aberrations occur
and that the Petzval sum “akes a negative value (a
positive lens takes a positive wvalue in this
N Connection).
l\__/'I. .
In a so called catadioptric optical system
constituted by combining a cencave 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
QJ 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 systeéem

which is a catadioptric optical system using an

exposure region (cff-axis wvisual field) free cf an



3 optical axis in a projection exposure apparatus and is of a type wherein
internmediate images are formed tw ce on the way of the optical system and
the separation of beamis spatially conducted in the vicinity of the
internedi-ate i mages. SUMVARY OF THE I NVENTION In view of the above problens,-
the present invention is ained at providing acatadioptric,optical . system
whi ch facilit%yes ogthaL adj ust nent 1y

n

nd_F . ani_cal_design,_f

corrects abB&rr a‘fﬂ) leq'egllrhn n%rngteH: %?%nﬁf(ipcorrsglgg?rﬁﬁpo%gagﬁ% a?c;hci'ileves a
high resolution. of 0.1 pmor_ less.using a,light with wavelength of 180 nm
or less T nithe kg uiP Bl (R B Bt AR BN § b OH.S MA BBVELTHER usi ng
cat adioptric .optical stem_ accaqrdi to the esent .invention, it is
provi ded a%:wﬁrcgﬁ et oP%T p&'Eur eo%pﬁﬁgft u§p§rfocg e BELHL ﬁé'tcﬁod:h%i ch
results in facilitating gptical adjustnent d nechani e-gl design, fully
corrects aBEPARTbhen b%gi Y Wi hsé’ﬁrto]r@ii?—é’ a%@Prdéqu‘?lg, Hhd t3”r%ur es a
hi gh resolutiaon of, e.g.,. 0.1 pxmor less and lowy sets up the off-axis
quantity of 145 et E8c Pty RK poBinSF R d§RGE FIBATER opti cal axis.

Furthernore, b usin% aIPro'ection exposure apparatus and an exposure
met hod accBP. ¥ oOFhed ey EH¥RNTER¥ntion, it is provided a manufacturing

In view o¢of the above problems, the present
invention is aimed at providing a catadioptric,optical
system which facilitates optical adjustment and

N mechanical design, fully corrects aberfatioﬁs
~beginning with chromafic aberrations and achiéves a
high resolution of 0.1 um or less using a light with-
wavelength of 180 nmor less in the vacuum ultraviolet
wavelength region.

Moreoverrbyusingécatadioptricopticalsystem
according to the present invention, it is provided a
projection exposure apparatus and an exposure methoed
which results in facilitating optical adjustment and
mechaniecal design, .fully corrects aberrations
beginning with chromatic aberrations, and ensures a
high resolutionof, 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, 1t i1s provided a manufacturing



4 met hod of m crodevices which results in the manufacture of good
m cro-devices at a high resolution of, e.g., 0.1 pmor less. To solve the

above problem the present
formng a reduced image of a first surface onto a

a first

i nvention provides a catadioptric opti cal

syst em

second surface conpri ses:
i magi ng optical systemfor formng a first intermedi ate i mage of

the first surfacg; gh%irst folging”nirror.mhich is arranged in the vicinity
f orm

of a posit FGH1¢

ngTthe ¢

prior to or after Ithe first iii ter LLedi ate a.auage is til [-°
wher e f or MB&RUH2§E88RICENBgP AU bBECCH € SYseenf ot HioFitRs @l udecon
internediate image with a magnification factor nearly equal to the first

i nt er nedi aP& i nagl-irn & he M OMit§SEF a position of fornming the first
i nternedi ate i mage based on the beam fromthe first

PELC G5t el Reditat e TSIyt o deRl edtR@ beam

Posi tion

d

i nternedi ate i mage, the

second i mage .opt £@al SosiipBysERf ha® o oneavbliegfi ect itfe niPreseadd at | east
one negative lens; a second folding mrror which is arranged in the
vicinity of n¥gvbienonP B Viistes ng t Re FaF5ep titriter madi hea li nagetied def l ect a
beam prior to or after '

forming a reduced image of a first surface onto a
second surface comprises:

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

a first foiding mirror which is arranéed in the
vicinity of a position of forming the first
intermediate image to deflect a bean prior to or after
the position where the fiﬁst intermediate image is
formed:;

a second imaging optical system for forming a

second intermediate image with a magnification factoxr

nearly eqgual 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 i1mage 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



the position where the second internediate image is 5 fornmed; and a third
i magi ng optical systemwhich is arranged in an optical path between the
second i magi ng optical subsystem and the second surface and has a dioptric
i magi ng optical systemto formthe reduced image onto the second surface
based on the beamfromthe second internediate inmage. Further in another
aspect of % e pse t i nvention, the present invention provides a
catadioptr op |ca gysten1forn1ng a reduced i mge on second surface
conprises: a first ﬁ Qpti cal h a_fir tlcal s, ichis

arranged in an d%ﬁﬁ%b% RIBEAEST :¥ Ha f?V? E%BF?%%%héHdafﬁé %g@ d surface
d h di opt t | d | t
W a contiver TRELER RE T HOFISRE & reeROBH FBar Sl SPuhFer s o

arranged in tical path between the first inm optj_cal sten1and

t he secmﬂiggﬁﬁ maﬁﬁg 0 13 FRRG i opRir&alds ngﬁ %PFH opti cal
axis, which is arranged i an optlcal ath getmeen t he second i magi ng
optical sySsTam-afd ™t cﬁﬁ&qﬁﬁfQR: Hag LedisRd iidma dagPR§Copti ca

system where the first o?tlcal axi s and he .second
the second surface based on the beam from the second

intermediate image.
Further inf’another aspect of .the present
invention, the present invention provides a
7N | catadioptric opticai system forming a reduced image
- on.second surface comprises:
a first imaging optical system with a first

. R . [} »
cptical axis, which is arra

=)

1ged 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

C

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




optical axis intersect with each other and the second s optical axis and
the third optical axis intersect with each other. Mre further, in the nore
anot her aspect, the present invention provides a projection exposure
apparatus for projecting a pattern on an original to a photosensitive
substrate through a projection optical system conprises: the projection
optical system conpri ses: f.irst jmagi ng. optjcal, sybsystem having a C
dioptric iﬁﬁ%ilrﬁqag%t}fjc%lla% il lhljé@c‘bﬂglicr‘?ﬁ%iaﬁgl%ﬁﬁ af S8F3sy<t'em havi ng a
concave refle?;in mrror; a third imaging opticall subsystem having a
dioptric ifégi d3€%?Fcal system a first folding mirror arranged in an
optical path between the first imaging optical subsystemand the second

i magi ng optical 4oBSydEniPaRd dBebBRd VY 8i AR Br 2a8Phged t® an
optical path between the second inmaging optical subsystemand the third

i magi ng opPFEMACTubdPSteht 198 PFPVItdeTmgi ngP bpliecdl L @b SR @ANEE ning a
first intermediate image of the first surface into the optical path between
the first RRRGGHE Pt f L8l PTOURGSLEM an® sl 9r8eeBndn Radi hgnapt teal

subsystem and said second imaging optical subsystemformng a
a photosensitive substrate through a projection

optical system, comprises:
the projection optical system comprises:
a first -dmaging bptical subsystem having .a
C) dioptric imaging optical system;
a second imaging optical subsystem having a
concave reflecting mirror;

a third ima ing optical
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dioptric imaging optical system;
a first folding mirror arranged in an optical
‘path betwéen 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
Cj the third imaging optical subsystem;
said first imaging optical subsystem forming a
firstintermediateimagecﬂfthefirstsurfaceintothe
optical path between the first imaging optical
subsystem and said second imaging optical subsystemn,

and said second imaging optical subsystem forming a

second intermediate image of the first surface into



second internedi ate image of the first surface into 7 the optical path

bet ween the second i maging optical subsystemand the third inaging optical
subsystem Further nore, in the further nore aspect of the present

i nvention, the present invention provides an exposure nethod conprising the
steps of: generating an illumnation light in the wultraviolet region;

| um nat o0 a0o6nial 1 08, Wl Gl %eedé&megng%{;gﬁ@n dys:Lgpied by the

i1lum nation projecting Sard predet erm ne sal origi na

arranged o sayd i shountiage,y 1901 o fa o0l 05E9SId Yesqug £2Lg At anged

on said secon surface by using a ca a |op i cal rther

nore, in the furiher, 09 g aspect 5 OfpLhe, phesey.Laven Oélgttleetﬂresem

i nvention provi des an exposure e For prolec I'ng ern-on a

proj ection_ori al. _qnt ho senS|t|ve sub t-e V|a a rolectlon

opti cal s;}%lf%%%&@%rrﬁrn%sergtﬁ B tcttl N P S T ?Iﬁﬁboﬂ §Ac ?ﬁean

ul traviol et reglon £§ éfattern direc Eéng the illu ,natlng light to a
first imﬁﬁ ? ? (ﬁﬁ%%ﬁﬁf %g ivptFic 9 ging optical system
;:gjégfigﬁtterngfené 5_ flgst |nteig%gkgﬁgtlorge 9 qg pg%ﬁerghof t he

ultraviolet region;
illumination an ‘original on =~ which a
predetermined'pattern is formed by the iilumination
(j' light;
projecting said predétermined pattern of said

original arranged on said first surface, onto a

luy

rho osensitive 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 method for projecting a pattern on a
projection original ontc a photosensitive
. substrate via a projection optical system comprises:
Qj 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 ;




i i

original 8 directing the illumnating light fromthe first internmediate
image to a second inmaging optical system containing a concave reflecting
mrror to forma second internmediate inmage; directing the illumnating a

light fromthe second internmediate inmage to a third imaging optical system
containing a dioptric inmaging optical system to forma second i nternedi ate

mge; | defl ecti ng, { he Jiuaiinal gy Lirghla £r am t Beid iSlon gl g apt i cal

systemby a firs |ng rror —arranged I n anoptical pat et ween t he

first | moing. onteal 8Yehanang Lheos %@%f@%@gn@%‘&ﬁ %V LERL oo by

defl ecting unlna ron1t

?WZS?‘RS"OL?%%?%“@IQ andé?%%gﬂ%ﬂ.rgfe?ﬁ%é?%'gﬁ ?a%}@sys 258 CRer mor e
provi des & S SGROFatar PG SHahbA GRTTer o- JJY@QE'ES ué.“ﬁgpi ﬁZe”texL,Blﬁr”te' >
the. proj ecti on exPoRtre . ”Ve”tkﬁaetu 1SR Tsiaene | HUBHE: ont CRUr EREr nore,
in the furthe&o%%r%nss§ﬁgdg%gé“3mage to a third imaging optical
system containing a dioptric imaging optical'system_
to form a second intermediate image;
deflecﬁingtheilluminatinglightfromthefﬁrst
N imaging optical system by a first folding mirror
arranged in an optical path between the first imaging
cptical system and the second imaging optical system;
and
deflecting the i1lluminating 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.
N Further more, in the further more aspect of the
C”) present lnvention, 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



present invention, the present invention provides an 9 inaging optical
systemformng an image of a first surface onto a second surface,

conprises: at |east one reflecting surface arranged between the first
surface and the second surface, the reflecting surface conprising a netallic
reflective filmand a correction filmwhich is arranged on the netallic
reflective filmand corrects a phase difference caused by a difference of
deflected ;igbatio,possesses byyadafl ected A obh finpmyLhe set akliG ¢
reflective fi?%1 %ﬁ §Further %Dre, in the #%r;her nore aspect of the

present inygRtd.Qn, the Presestouent en Ju ovides, & spLej ection exposure

apparatus for projecting a pattern on a projection original on a

photosensitive ~subSILale s Nrd R LM QBL 8L Yol aBthe moe  of

. . . e . o
said projection original arranged in a Tirst surface on the photosensitive

substrate greanged, onsua SECONdxRUI{AC s USIg Lle 4 1BOINg opti cal system of

the pre-sent invention as said projection optica system Further nore, in

the further ”Dr-?tﬁ‘éper%tfféctl:q%gpéﬁfs%-gﬁ'(}f?%n\é% PI'FI;L:? aggglfﬁepglhavcemion

provi des a projection exposure net r projec ern on a
proj ection. geh i Nal ,Qnt 85 aLPhatefensi U& action film which is
arranged on the metallic reflective £ilm and corrects
aphasedifferencecausedbyz&differencetxfdeflected'
state possessed by a reflected light from the metallic
*CE reflective. film.
Further more, in the further more aspect of the

present invention, the present invention provides a.

rojection a2xnosd i

dection xposure appraratus for project

|=

ng =
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 secend 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 ontoe a photosensitive
substrate using a projection optical system

comprising a step of : projecting an image of the

10




substrate using a projection optical system conprising a step of
projecting an image of the 10 projection original arranged on the first
surface on the photosensitive substrate arranged on the second surface by

using the imging optical systemof the present invention as the projection

opti cal

i nvention,
for prolec?ln

bstrat wh th t h | t
?gffegﬁiﬁg er ?%ﬂgé? i an % p ?ﬁengV£éﬂlﬁﬁgggg?gggghrface and

systen1 Further nore, in the further nore aspect of the present

rn-on a proje

SR B SHLEAR BRI

itive

t he second surface and sa 55?f|8Ct'n nenber Iect -a ll?h%PSO t hat

phase(ﬂff%?gﬁﬁg%e?%e&?%P%
t f th fl ect nb bst |1y d t t when the P
ol ari zod P EBFeNer “ARE HE: S PO B comporeh iR ore o seaten o 1
hot t b t Furth the furth t of th
phot osensitive s s% ate. Further gﬁ SH%% e further nore agpggﬁpgsuree

pr esent

st eps

@

i nventi
t hod f t
gﬁot gsengir]‘?Froj S Ig‘a?g%l%rﬁhgtgeppdieg%%igclaﬁﬁ%%‘lrgE‘yEFé’rHJc%ﬁﬁr Psing the

of :

art 284" Eonpdh éﬁla e§l po

@rpr“&’é‘ﬁt v

ttern_,on_a

RYFdBETE A5 et ?

ion o inal on

assi .the light fromthe projection origin
pPo%ec ion exposure appi&a%us f%r gro%ectlng a

patternon aprojectionoriginal 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,

Fed

and saild reflecting member reflects-a light so that

2 nhase difference between a Prnolarize
rhase Terence beltween a2 P polarlze

2.

component and

A1)

a S polarized component for the reflecting member
substantially does 1ot 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 tnvention, the present invention provides a
projection exposure method for projecting a pattern
on aprojectionoriginal 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 member; and

11
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to said photosensitive substrate through at |east one reflecting nenber;
and 11 reflecting the light with a reflecting nenber so that an angul ar
characteristic of the phase difference caused by the difference of

defl ected states possessed by the reflected light fromthe reflecting
menber becones to be a desired distribution. Further nore, in the further

nore aspect of tﬂgef}ggetiq{eﬁn J'Fﬂgeﬁt%gqgtrItéq(rg}ﬁ%g(r];sgg%liepé/ffﬁigogn%)rﬁgg%des a

cat adi optric optical "sys ormn i mage 0 iTSt surface
onto a second.surface_co J : fi i j optic ub em arr anged
in an opt%%aﬁﬁﬁgih be mg%%bﬁﬁérfi?Q@l%%%t%g@%ﬂggguﬁ$§03§}g éﬁ%§%3ving as
first optical-axi s a sec i i,ng.opti . subsystem.arranged_ in, an
opt}cal pa(fﬁkgg y‘?/enecne s£a§P$??ist n%g}}tgdﬁgﬂﬁ%ﬁﬁn%seugg st%ﬁ]%gdﬁfté%fid Iseco_nd
surface, an aving_a_ _concave reflection.nirror an second optical axis;
athird insaﬁ?ﬂaso PREF%UD yggtyemtcérer aﬁag&%%teﬁnajolpgﬁgal f{)ﬁ{“h ttF;1<“-:-?\/\/caen sai d
second i magi opt.ical _subsystem and said sgcond, surface, .and having a
Tebre pE ¢
third optiThaf atie'd saifFrrst i megiHe opti c8l shbsysfem ASFITES  dioptric

i magi ng optical . te said third imaging optical subsystem having a
di optric i%@ﬁﬁé%%@él‘

Further more, in the further more aspect of fhe

present inventioﬁ, the present invention provides a
catadioptric optical system forming a reduced image

Cj of a first surface ontec a second surfgce 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 optical path between said second ihaging optical
‘subsystem and said second surface, and.havingeathird
cptical axis;

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

arranged On a COmMmMON axis.

12




system and said first and third optical axis being arranged on a conmon
axis. 12 BRI EF DESCRI PTION OF DRAWNGS Fig.. 1 is a diagramillustrating the
basic construction of a catadioptric optical systemof the present
invention. Fig. 2 is a diagramschematically illustrating the general.
construction of a projection exposure apparatus provided with catadicptric

optical sygkems gehﬁkﬂﬂz§ﬁ %ﬁ?9gkﬂﬁ of the present invention as a

proj ection optica systen1 iIs a agran1lllustrat|ng t he positional

relatlon betmeen rec&anggand gﬁgﬁéﬁéﬁ rfﬂiﬂ@tﬁha ng} E%tlggs xposur e

regi on forned on 2 \iaf &r eérence optica i's a di agram

i Tustrating tshcefﬁfg%oscgrfs Ul 8 ;Jtamf@to;&@ew %ﬁ&gﬁ%ﬂ

(projection OptIC em ) accor i rst I ment |g 5is a

di agrami | ratin ral aberratlons in the first enbodi ment. Fig.
6 is ada ?%%\ 1£ g?%@%?#g%ﬁng the lens construction of a catadioptric

enbodt ment . Fig, l‘!?’i’.‘"ﬁéﬁ' Bt T PRI P T EE T B of b Ut Fa 2T
the general. construction of a projection exposure
apparatus provided with catadioptric optical systems
according to embodiments of the present invention as
a projection coptical system.

C? _ Fig. 3 is a diagram illustrating the positional
rélationﬁbetwéenEarectangular“exposuré region {i.e.,
efféctive_exposure regibh} formed on a wafer W and a

refersnce gptical

o}
6]

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

Fig. 5 is a diagram illusfrating the lateral
aberratfons in the fifst embodiment.

Fig. 6 1is a diagram for illustrating the lens
construction of a catadioptric optical system
(projection optical systém PL} according Lo a second
embodiment.

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

Fig. B8 is a diagram illustrating the general

13




aberrations in the second enbodinent. Fig. 8 is a diagramillustrating the
general 13 construction of the projection exposure apparatus of the

enbodi ment shown in Fig. 2e Fig. 9 is an enlarged view illustrating a part
related to an illum nating optical systemwhich.- constitutes a part of the
proj ection exposure apparatus of Fig. 8. Fig. 10 is an enl arged view
illustrating a part related to an illum nating optical system which
consti t ut 8, sRantc 01 ohng rPEAILEI PN EXRRTULE, p APRFLALYS £f 2 FlG. oB Fig. 11
is a diagraﬁlfllugirating a ?Fo%chart of§%e%§N§$acFu%?§b éianplg of devices

n
(sem condugct @r Ay ddihare = dsitdh Fik i "i,7.s1 chip sSL: C: as .,~
- 1. , -qu..g.e-f)tol Sghelég%%%,lfgin}?fﬂék magneti ¢ head, m cro-nachine

and so_on) P9 oyl Soaidrau Nl 8k ddd UpLLathng oe - exapl & ol detalled

flow of step 20 Fig. 1T'in't se a sem conductor ice. Fig. 13A
System (P oL Cton apt Foal TSy STbR AL bcottl ngte Sl Bhbeinent .
Fig. 13Bi§oﬁs@f¥ﬁf@%f05 igé@ﬁragkngﬂ%grK%P@Bection exposure
apparétus of Fig. 8. |
Fig. 10 is an enlarged view 1llustrating a pdTt
related to an illuminating optical system waich
constitutes a part of the. pfojecﬁion exposure
(} ' apparatus of Fig. 8.
Fig. 11 is a diagram illﬁsfrating a flowchart
of axﬁanufacturing example of devices Lsemiconductor
chip

T.
L

such as IC or

ch EI and the

the like, liguid crystal
panel, CCD, thin~film.magnetic head, micro-machine
and so on).

Fig.12iseadrawingforiilustratingoneexample
of detailed flow of step 204 of Fig. 11 in the case
of a semiconductor device.

FPig. 13A is a diagram illustrating the lens
construction of a catadioptric optical system
(projection optical system PL) according to a third
embodiment.

Fig. 13BR 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

14



parts of a catadioptric optical system (projection optical system PL)
according to a third enbodinent. Fig. 14 is a diagramillustrating the
| ateral 14 aberrations in the third enbodinment. Fig. 15 is a diagram
illustrating the construction of nodification exanple 1 of the third
enbodinment. Fig. 16 is a diagramillustrating th-e construction of
nodi fication exanELe 2 of the third enbodinment. Fig. 17 is a diagram
i |lustrati Ay 3hed “dGRst riRt iF6§ of b ARRPFdA Cxanpl e 3 of the third
enbodinent. Fig. 18 is a_diagramillustrating th construction of

modi fi cation exafpl% 4 of thgst hi#d gdiadent .lelﬁilgstigtilgl% dridb® ng
illustrating the construction qof nodjfication exanple 5 of the third

enbodi ment SOBETAF LEDISESER PTP B fGFE PREPERFEE? ERBEDIIVENTS Rpgthi 5] g

diagramillustrating the basic construction of a catadioptric optical

system of EHEOP+BESAt- invention. In the diagram the catadioptric optical

system of the present invention is aefjied to the projection optical
of a prof ectionféfposuté® apparatus.aiagram illustrating the

construction of modification example 2 of the third
embodiment.

Fig. 17 is a diagrgﬁ' illustrating the
construction of modification example 3 of the third

C;: embodiment .

Fig. .15 is a diagram illustrating - the
construction of modification examﬁlé 4 of the third
embodiment. |

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

DETATILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fig. 1 1is a diagram i1llustrating the basic

— construction of a catadioptric optical system of the

present invention. In the diagram, the catadiogptric

optical system of the present invention is applied to

the projectionoptical systemof a projection exposure
apparatus.

As shown in Fig. 1, the catadioptric optical

system of the present invention is provided with a

dioptric type first imaging optical system Gl for

15



As shown in Fig. 1, the catadioptric optical systemof the present
invention is provided with a dioptric type first imaging optical system G
for 15 formng a first internmediate inmage of a pattern of reticle R
arranged as a first surface as a negative plate. Afirst optical path
folding mrror 1 is arranged in the vicinity of formation position of the
first intermediate image formed by the first imaging optical system Gl.
The first ical . pat x.f i E ] .LE Of = de S beam_i.nci den o the
first int e?%gl I g’%% gi %élgl(e)égr Egltb@elérﬁngé%%r%et hfeljnglg%st@fl nfge r?étg‘lﬁ%fg ?Dr#age to ED
a second i Is i cal  HNE C | AgL g .Opt | .system &
has a concg\%gl?‘gj’ffg%t%%gra%yrﬁ%gg%g(zaw %%Eagﬂ%efads%@oﬁg ﬁleglaelt %ltcalsféens 3, and
a second %@%%Eyediate imge (an inmage of the first internediate i mage and a
secondary fimage of the pattern) nearly equal in size to the first

i nternedi ate | mge-J Q i ViCi,ni & : t.d on ition of the
first internedi a‘?:fﬁ%%{éegggggéa %%ettlhlef%t%’eraalnﬁ){??{)ln%%ﬁén?ilrsg%ﬁ%ré%r%gi ate

i mge. A sego opt | . h_f.oldi Lrror LS. arrapged inzthe vicinity
of fprnatigﬁ_ggg?g§%%%éyﬂgke0%s§%%n a?%?@rﬁ%%?%?é‘ﬁhﬁ%ﬁ ?gV%é%%Bﬁtihe second
| mRoing opLical, SYsLEm (R JThe 956004 PPHCRY -RA BrhY i PG 1 ELYT 2

defl ects a beam | nci secon
system Gl.. The first optical path folding mirror 1
deflects a beam incident to the first intermediate
image or a beam from the first intermediate image to
C:; a second imaging optical system.G2. The second
| imaging optical system G2 has a concave reflecting

mirror (CM) and at least one negative lens 3, and a

ct

| 2 e, T ome e o 5o e oy 1
second ILlntermediate image {an ilhiage of the fir

W

intermediate image and a secondary Iimage of the
pattern) nearly equal 1in siée to the first
intermediate image is 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 G2Z. The second optical'path folding

mirror 2 deflects a beam incident to the second
intermediate image or a beam from the second
intermediate image to a dioptric type third imaging

optical system G3. Here, the reflecting surface of

16




internediate i mage or a beamfromthe second internediate inage to a
dioptric type third imaging optical system G3. Here, the reflecting surface
of 16 the first optical path folding mrror 1 and the reflecting surface
of the second optical path folding mrror 2 are positioned so as not to
overlap spatially. The third imaging optical system G3 fornms a reduced

i mge of pattern.of the reticle (an,i of the second .internmedi ate i mage
and a fi nal% frade ottt PP T Lat dléﬁﬁ—’l g?ggtdijé}ﬁ JSHBRF oh £NRf éfr%%Varranged

d f hot it bstrat e .based. t b f
The Second o B roardl 8UTIUES Th 1 B600E b RUHLE i B Chaf AR C | or

aberration_and a positive RPetzval .sum produced by the first.i i ng opti cal
system GL Jrid tHe %Oﬁ‘irredppr?ﬂa:i%%n?dv\ﬂ?éﬁs &t %ioo_ ¥’re-r Brﬁi?%‘élla@%" opti cal
system GO, ich s conprisin | ural | enses, are._caqnpensated hy th concave
reflecting™ err’gtf"lé‘fél g’%&fq]rfégngaiﬁ% IE?@?E(%TSL E% %WF%%v%r:,fe Y& Second

i nt er nedi at.e i nage_can be f0£rEﬁ_geinthe Vi initf\{L of the Lirst i nternedi ate
i mge by éﬂ@(ﬂ]%?or%@ﬁ ETRAL (He S&ohdlPmhgPny 86t fal theyse&mTSThas a
nearly equal (unit) nification. In the r_es%gt | nvention, the distance

from the opfitcaflediitd of aAR2GEpostNE réyi onifitle. , BAYS f eofi vé R ®xposure

region), nanel t he of f-axi antity can
g ) catgéioptrlc optfcgf system) on a wafer W arranged as

é second surface as photosensitive substrate'basedﬂon.
the beam from the second intermediate image.

&) In the above construction, a chromatic
aberration and a positive Petzval sum produced by .the
tirst imaging optical system G1 and the third.imaging

=] T S . L. 1 = =
2, WNlChn are dlupL.J..l.C opctica

optical system

G
!—_|
0]
rt
M
=
0

LL

3y

g
®

comprising plural lenses, are compensated by ¢t
concave reflectingmirror CM and the negative lens (es)
3. Moreover, the second intermediate image can be
formed in the vicinity of the first intermediate image
by a construction that the second imaging optical

system GZ has a nearly equal {(unit) magnification. In

-~
_A

the present invention, the distance from the cptical
axis of an exposure region (i.e., an effective
exposure region), namely, the off-axis quantity 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

17




be lowly set up by conducting an optical path separation in the vicinity of

these two internediate images. This is not only favorable in aberration
correction, but also favorable in mniaturization of 17 optical systens,
optical adjustnent, mechanical design, manufacturing cost, and so on. As
descri bed above, the second imaging optical system G bears the

conpensatl PEC % (gygggﬁlc {ath ion %£§§%§§lt5¥§ﬁ 3&&9& psum

produced by rst |nag|ng tica syst I magi ng

optical sy &%gigﬁt all_ al gg%t{p{nhhlc%srgasgg f_Ta%cgglge power (dioptric

power) nust up bot contave re ing mrror CMand the

negative | ens(e§2s %&Q??E taﬂ:gogg_e %glconsde&gg%l '1%{ Io{g b%aoﬁtslys m &2.

Therefore, if thé's seéon iImagi ng

col | apses, 4 fe. g egggrsoftﬁayrg@ﬁgag@afraaﬁg%g sheali,ons, such as

| at er al (r:]hr I|c aperration or n ctonn a
L t A t
?RVER?:%S rireiéégésiac"l”.rﬁ"éﬁgu‘#.ﬁﬂg"g%soﬁt%3%73%“;9 ﬁ&"%&éﬁ??ﬁg o Bhrovt
T
o oh s Rl TR AT B SOEL L STATE) OCRT S B A o
second '”ﬂ%rpgﬁ%g ggkl%vaslt PP B PLIAELDO pbRCCRIRLS I oot N9
e

mrror

a large power {dioptric power) must be set up for both
the concave reflecting mirror CM and the negative
C} lens (es) 3 cqnstituting the second imaging optical
System.G2. Therefore, if the ﬁymmetry of the second
imaging optical system G2 collapses, the coccurrence

- o P 5 5
of asymmetrical chromatic aberrations such as lateral

H

chromatic aberraticn or chromatic coma aberration
increases, thus an enough resclution power cannot be
obtained. Accordingly, the - present invention
succeeds in ensuring good symmetry and preventing the
previous mentioned asymmetrical chromatic
aberrations 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 1is
described:hlmore detail hereafter with reference to

the fecllowing conditions.

18
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its pupil position. The construction of the present invention is described
in nmore detail hereafter with reference to the followng conditions. 18 In
the present invention, it is preferable that the nagnification 2 satisfies
the following condition (1) 0.62 < 3321 < 1.20 (1) Condition (1) specifies
an appropriate range of magnification 02 of the second imagi ng opti cal
system @&. if this condition 1) is not satisfied, it is not preferred
because the of f-gxi #, guantisland O b8+ 1dn ORI AL PaL senal al Laa d ner eases,
thus the large scale and conplication of the optical systens cannot be
avoi ded. | pnaddif ons oilcd €1 880 i #f O1dL0; Deqause (1P OZEUTSNERL! a
trical . 1 asymmetrical chromatc aberration s such as lateral chromatic
aberration-gQfgGh bRt iig ycoma  aberration and the |ike cannot be prevented.
It is nmore preferable that the lower limt is 0.85 and the upper Iimt is
1.15 for conditigngpl). |dojscevemgrore preferable that the lower linit is
0.87 for condition (1). In the present invention, it 'is preferable that

the foll owing C%&E’L‘EQO(I?)(]!)S ssg?ééﬁffii%cg an appropriate range of

| magnification B2 of the second imaging optical system
G2.

1f this condition 1) is not satisfied, it is not

pfeferred because the off—ax}s guantity for the

CD_ . optical path separation increases, thus the large

scale and complication of the optical systems cannot

be avoided. In addition, it is not preferredlbecause

L S Ll e et o + ™™ }
the cccurrence ¢f asymmetr

b

cal chromatic akberrations
such as lateral chromatic aberration or chromatic coma
aberration and the like cannot be prevented.

It is more preferable that the lower limit is
0.85 and the upper limit is 1.15 for condition (1) .
It is even more preferable that the lower 1imit is 0.87
-~ for condition (1).

In the present invention, it is preferable that
the following condiftion (2) 1s satisfied.

ILL - L2} /[L1lf < 0.15 (2)

Here, L1 is the distance between the first
intermediate image and the concave reflecting mirror

CM in the second imaging optical system G2 along the

optical axis. L2 is the distance between the second

19




L1 - L2[ /[L1( < 0.15 (2) Here, LI is the distance between the first
internedi ate i mage and the concave reflecting mrror CMin the second
i mgi ng optical system G along the optical axis. L2 is the distance
bet ween the second 19 internediate image and the concave reflecting mrror
CMin the second imaging optical system & along the optical axis. In the

case of the,PLessnl; LpUCDRion ookt a0d L2.are ol fnges Lo De

i ntersection o tical® axi's  and a perpendi cula S te” T Rier medi at e

i tot tical ' tending.th di cul d th

congave r &1 ebbi g e d Ch R aBaey (B bSA b SFE Becake EnEre |

i nt diate, .i ' t.f d th ical i Condi t.i 2

Spect {1 65 S BBSTLT Gt ® 1 ol BT BHE SR YBanTt RECr PSS Tht eF RS 6o Prrage for med

by th first_i i ty.cal t Gl th d,_.int | at

formed by Fhe* SBogAd g 1ot Dbe o SYoF £ &8 LA TS Boiich T orE (2541 & not
tisfied, it.i t. f db he of f-ax| tity f th

opti cal PR LEpdr LA ot EL0UeE “Ere {RE T5PGe" PecH BLAMPEORBEI cati on of

the optical systens cannot b_.avoided..c It is nore preferable ﬁhat t he

upper 1 mYTRES 0585 1f ScoRBitiTnt (2fx 16 whin extending ‘the

perpendicular down to the concave reflecting mirror
CM along the optical axis because the intermediate
'image is not formed on the oﬁtical axis.

C}; Condition (2} specifies a pqsifional.relation
between the first intérmediate image formed by the
first imaging optical system Gl and the second
intermediate image formed by the =second ima
optical system G2.

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 is
0.85 for condition (2}.

In the present inventicn, 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

20




In the present invention, it is preferable that the first internediate
image is formed on the optical path between the first optical path folding
mrror 1 and the second inaging optical system &, and the second
internediate image is formed on the optical 20 path between the second

i mgi ng optical system & and the second optical path folding mrror 2. In
this case e it f tai . SYS iner opti cal
aqjustnentpgﬁglﬁgﬁﬁga%%a h e%%gﬁngﬁég%ﬁ%lggséﬁggé%%gégﬁﬁggg}gggﬁégfbetmeen
first yﬁf%%%.é@goﬁacﬁﬁkfgégmﬁi€ﬁ”f®1&¥95t%¥¥Eo§bﬁﬁm“¥n phgn, the
present invention Is applied o a projection” exposure dppdratuS, the height
of the whol p : r C us ista tween the
reticle R g%ﬁ%ﬁgg%ﬂ%ﬁéE%%lgﬁﬁg{Q@%r d%ég Eg%%heEﬁ%%ggngﬁﬁﬁggggaggﬁssecond

Furace 1 SaRIEr AR bplache QISRALXCTLM gLy gt ST gl pet the,

h .f. - f d. .l - | ) - - B - |

Syetom i1 Bpe by B2 5P £8 1R dipnghie Bpskinte T it et
ificati f the, fi [ ' ti.cal t . _Condi Li 3

Cpeci {1 o BNCaBGFOHE a1 657 Airge S TN T O FBGHS t nct RAGR [ £a TBR™P of the

whol e system, present invention is applied to a projection

|
exposure apparétus,.the height of the whole apparatus E
can be reduced because the distance between the l
(Y 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} 1s satisfied.
0.20 <{B}/ IBLl < 0.50 (3) |
Here, $ is the magnification of the catadicoptric |
optical system (projection optical system 1if applied
to a projection exposure apparatus). 1L 1s the

magnification of the first imaging optical system G1.

Coridition (3) specifies an appropriate range of

O

the ratio of the magnification B of the whole system
to the magnificationfl of the first imaging optical
system GI1.

If the ratio 1s 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

21



to the magnification(31 of the first imaging optical systemd. If the
ratio is nore than the upper Iimt 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 21 optical path folding
mrror 2 increases and consequently the design of a reflecting film becones

difficult. I%.pariicul r r%;I cting filmmterials, usable for a Light with
wavel engt hOSHdrt et t kdt 180 Qéﬁﬁp al BoTN9H ted, thBSTRATSSdi 1 ult to
keep the reflectivi at_.a high.level.in _a broad.angul. and constant.
Ther di 11 er BROS SHF B ST (3 BABTRGT 1 "ok P rTad 3 o™ SR CS™5ot ar | zed
light or the ase,  change_al so. changes w t he angl.e of incidence and
therefore Hﬁ% Y hFn i ghgﬁﬁﬁbfﬂgé%%r?%é?%??&%ﬁ%%§1H93¥ﬁﬁﬁék®ing
property of t whol e syst.e on,the other hand, if the ratio is |ess than
Pher®t b ChseheEa el Tidhie oF i 2o #Aveh ot ch AR RS 50 &0 ge
SlrablL, 1C because éhe |.oadof magnification factar, which should be the
burden of PRe2tRi AdSihdgihytEsti Cdtisystehd @1 LLiigest BAdKEREs T&9 ar ge

scal e of the ;ptical‘systens cannot be avoi ded. Moreover,_ it is nore
pr ef er abl e fhadte TheVFower® t 13 h198f L& tiore (BYOrs 625 hAd PESdipper

imt s constant. The difference in reflectivity between P
polarized light and S polarized light of the phase
changé also changes with the angle of incidence.and

C} thefeforeleitsturnjjsassociatmﬂwithdeterioration

of the imaging propérty of the whole system.

On the other hand, if the ratio is less than the

]
Pt - e
4

T P S P
wWeEL LIl ©L U

i his condition {3}, it is undesirab
because the load ocf 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, 1t is more preferable that the lower

limit of vwondition {(3) is 0.25 and its upper limit is

O

0.46.

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

preferable that the projection optical system is a




0.46. Furthernore, in the present invention, it is preferable that the
catadioptric optical systemis a telecentric optical systemon both sides
of the first surface and the second surface. Wien the systemis applied to
a projection exposure apparatus, it is preferable that the projection
optical systemis a 22 telecentric optical systemon both reticle side and
waf er side. This construction enables to Iomﬁ¥ supgress t he magni fication

& 1t

error or di$tBFERST BF CPeGR WheK SpEd t$BnaP 1ghensrisl®fdRAe reticle
or wafer. and the |ike occur. Furthernore, it is preferable that an angle
made by a Y3§RE padSeng tHrbagEeREtEeHt & OBf BBARY§S e. L0 prlidiéi Pal ray)
beconmes 50 mnutes or less in the whole field so that the optical systens
are subst aTHPRFEF S et Beet2vBLI I heopr edBRP T MvEndichtcFEies ppéferabl e to
~J satisfy the followng condition (4), in addition to the
cat adi opt ritdPei valc sy emt Wiieh Psrodieceht vREP 1 bheLveri ®ldcS. 1 E -
DI/ IEl <0.24 (4) Here, E is the distance between the surface on the inmge
side of tHerfHRStEY magichgtdst | LakesyREEMIGL ANG GR8TBRINE pupitl HBsition
along the optical axis. D is the distance by air conversion fromthe -
surface preferable that an angle made by a light passing
through the center ¢f beam (i.e., principal ray)
becomes 50 minutes or less in the whole field so that
the optical systems are substantially telecentric.
C} In the present invention, it is preferable teo
satisfy the following condition (4), in addition to
thecatadioptricoptical system, which is telecentric
on both sides.
|E - DI/ |E] < 0.24 (4)
Here, E is the distance between the surface on
the image side of the first imaging optical system G1
and its exit pupil positicn along the optical axis.
D is the distance by air conversion from the surface
on the iffage 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 positicnal relatiomn
between the exit pupil of the first imaging optical
system Gl and the concave reflecting mirror CM.

If condition (4) 1is not satisfied, it is not

preferable because the occurrence of asymmetrical




nn on the inmage side of the first inmaging optical system d to the concave
reflecting mrror CMin the second imging optical system & al ong the
optical axis. Condition (4) specifies a positional relation between the.
exit pupil of the first imaging optical system Gl and the concave
reflecting mrror CM If condition (4) is not satisfied, it is not

pref erabl e _because.the_opccurrence of asymmetrical . 23 chrgnati c .aberrations
such as | af:ie%rra m%ﬁ}gna?‘%@rraabg?'?gﬁ oﬁ%ér/hch?%naf?(t,e a‘%éjrppﬁltaito]nc and the

i ke canno# he | essed, .Nbreqver

wi it is. l, h h
upper i nft 6" %ﬁaﬁtg%ﬁ@ zﬁomité.cl?.o%rq%%%ﬁér ?gﬁrlteaﬁqéebﬁr@fégﬁiﬁé ea;[ nttﬁe

present inventi on%'itehﬁtg the intersection |ine of an assuned extension plane
a

of the refFé&iHy Whh 2585H° S5 %ne obtained by infinitely extending

I flecti | .of .the first tical h f.ol di ' 1 and
an assuned oxt orePBAPIShe bE £ R4t I BEBHR AP 4o AR § HhSeEERE bpt | cal

path fol di HLrpUL .Ci5 So Jet lip tlldl an optical axes AX1 O the
first inag?g&lgptc?ﬁaFog‘%s]t%ﬁ?él( h bgt iOC'a]rJraxi s AX2 of the second imaging

optical system and an optical, axis AX3 of the third imgi ng optical
system G3 inter ‘éEF?’ftrr%‘ﬁEepoi%? CrefRFE @é‘”apkbrﬁt )y gﬁies EBRStuct i on

results in,the aptical ., axis 1 .of the , .
lnvenégon thg% tﬁé intersection line of an assumed

extension plane of the reflecting plane (an assumed
plane obtained by infinitely extending a planar
O reflecting plane) of the first coptical path folding
mirror 1 and an assumed extension plane cf the
reflecting plane of the second optical path folding

mirror 2 is so set up that an optical axis AX1 of th
1,

{

first imaging optical system G an optical axis AX2
of the second imaging ocptical system G2 anden1opticai

axis AX3 of the third imaging optical system G3
intersect at one point (reference polnt). This
construction results in the optical axis AX1 of the

(j. 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 one 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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first izaaging optical systemd and the optical axis AX3 of the third

i magi ng optical system G3 beconming a comon optical axis, and particularly .

enables to position the three optical axes AX1-AX3 and the two reflecting
planes in relation to one reference point. Therefore, the stability of the
optical systens increases, and the optical adjustnent and nmechani cal

desi gn beco easy. An even hjigher. accuracy optical 24 adjustnent can be
facilitat eﬂggh’&ate‘e;%ﬁthi gieet kﬁégabiflai‘:tjyl %Eﬁ¥@éfac%?@veﬁvﬁﬁ sett gﬁ&rt he
optical systens so that the optical axis AX2 is perpendicular tq the
optical axFEaRRL LEYiHERi G PREGIfGeEpthalse5ysRam @GeamP theadpti cal
axis AX3 of the third imging optical_ system G3. Furthernore, it is

pref er abl eSVE U freddm b FROepPLdfahatx bf 1IAX enkeL eBRENAEPAG T he first
i magi ng optical systemd and all |enses constituting C the third inmaging
optical sySPehP&3C&rtel afLanged dbheP fatBendlie vhtivapidd £rahral
construction causes any flexure due to gravity to becone rotationally
symmet ri cafY&kEThFvrBEsthe PBMLE bt es PR B L ddretibdred ildve 91 nidnagi ng
property due to the optical _adjustnment. In particular, when it is applied
to a projeEtis expBstie” dpparatus, the reticle R and the wafer Wcan be

arranged parallel to each other along a plane perpendicular to the gravity
direction (i.e. Furthermore, it is” preferable in the present

invention that all lenses constituting the first
imaging optieal system Gl and all lenses constituting
thethirdimagingopticalsysteﬁ(IBarearrangedalong
a single opfical axis. This"construction causes any
flexure due to gravity to become rotationally
syﬁmetrical and provides To lowly suppress the
deterioration of imaging property due to the optical
adjustment. In particular, when it is applied to a
projection exposure apparatus, the reticle R and the
wafer W can be arranged paréllel to each other along
a plane perpendicular to the gravity direction (i.e.,
N horizontal plane) and all lenses constituting the
| first imaging optical system Gl and the third imaging
optical system G3 can be arranged horizoﬁtally along

a single optical axis in the gravity directicon by using

the first imaging optical system G1 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 lenses constituting the
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hori zontal plane) and all |enses constituting the first imaging optical

system GL and the third imaging optical system G3 can be arranged

horizontally along a single optical axis in the gravity direction by using

the first inmaging optical system Gl and the third inmaging optical system G3

in an upright position along t he conmon optical axis As aresult, the
|
|

opti cal yé‘?fﬁﬁ{are RET R Som et T ﬁ%t%”%“ $U08, L5 27,0 ohe | on
defornatlogugs eéqﬁ5%n}%§k*§5§ﬁi$ %?b?‘ S veryﬂfgxgraﬁ%e .i.n ensuring

opti cal adju nechani u?lo “tike.
Furt her, |smp efﬁﬁabl

X drEﬁQ% %yesent i gentlggtthat over 85% of the
nunber of ?e sésihtar I1enses const | tat] ng YRé® %df“B‘pterI}% Sblr]]gcal system
(the project ptlc n the ¢ se of _appl yi it to 0j ection
exposur e éﬁ%é s) é?%35¥ran ’ algﬁb Eﬁﬁﬁﬁ% géﬁTHXis E#B' ™ exanpl e,
if the. first glng o%L tem GL and the thlrd i magi ng opti cal
system G3 5?506§1 h &R ﬁ? ition al wing the common optical axis,

al nost all |ens many Ienses constitut the optical s ste are held
hori zontal |y angﬁﬁﬁgggﬁﬁnet%?ca} dePdr ?Fahqghe‘%% %hgirp fi8ifght does
ot ocour BYLLOLS SONSIILCH 0 5k nSEel e Ll T NS LaveraRl T

lenses constituting the catadioptric optical system’

(theproﬁectionopticalsystemﬁj1thecasecafapplying
(:: it to a projection exposure apparatué) are arranged
along a single optical axis. For example, 1if 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 dqe to
their own weight does not occur by this construction,
therefore it 1s 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 optical system G3 alone. Accordingly, it is
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adj ust rent, nechani cal design, high resolution and the |ike, Additionally,
as descri bed above, the negative I|ens(es) 3 in the second inmagi ng opti cal
system & requires a |large power (refractive power) to conpensate for
chromatic aberrations being produced by the first inmaging optical system d
and the third imaging optical system G3 al one. Accordingly, it is 26

preferable if’éﬁé‘faBrleesei {H%e@?e%ﬂgﬁﬁ?%%éf%{‘g&ca{{m@h@gs%'%‘cir?@l) system

& has at feas Wo negative enses hi's” cons i on €énables di vi de

Furn provi aBe o SonbeTD Pyehe Safss MR TEE R S ERER R s of  the
present Inueltion are -deser LBad ferealiar o ubif) Lef prencey 1 8.t s, fol T owi ng

draw ngs. i §'a diragfam schematica showing the ~"general _
construct i 3.0l 2 BLOLECLLOY SxRare: sAPRA alus M £ S pLawided wi th @
Tvent on 83,881 0L S5 01,0058l SYELOTL oI Pl Zrg LIREopS P sot up
Pyotem CONSLUILULE MPLBSL Ay geLgal system L, the Y akis TS set up
Embodiments of the present invention are
described hereafter, with reference to the foilowing
drawings.
£ Fig. 2 is a diagram schematicélly showing the
general cons%ructi@n of a projection exposure
apparatus which 1is provided with a catadioptric
optical systemaccording 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 AX of the catadioptric optical systen
constituting a projection optical system PL, the Y
axls is set up in parallel to the paper surface of Fig.
2 in a Plane perpehdicular to the optical axis AX.
Moreover, Fig. 2 schematically shows the general
construction of a projection exposure apparatus, and
its detailed construction will be describéd.later in
Figs. B8-10.
The described projection exposure apparatus is

provided with, e.g., a F2 laser {(wavelength 157.624

nm) as a light source 100 for supplyinganilluminating
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2 in a plane perpendicular to the optical axis 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 |l aser (wavelength 157.624 nn) as a |light source 100 for supplying an

11um nating gi2f &EOR cof 41Kl PLEL Jiedi O e ThE 1l 11 pALI NG §4gpt

ener gent fr ght source venly I um nates a ret where a

gijven PallenfLlsetdr Fody Mrceouer: anh 00LCah Pabhabey weenuhlie Jaght - sour e

100 and an 1 nating optical 'systemTL s y ‘a casing (not shown)

, and a Sp%Fﬁf romthe %hg?%%gfu§§ge¥p %QFEQFfP%%C§BI%? er on the reticle

side in the um nati'ng op ystem d”™w an inert gas,

o s uet i OB L PLE! 2020 43501200 TRE el XS BRI, 1088 Wiidh e ) ov

absorptivity of “exposure’lig n-a nearly vacuum s The

reticle K iyl ocpang dodeld L e XY BLane 0L A Ga 0 AG TS
i recti on SR anBY SsFae T BnG  CENE TR Foction 4 R AT wnore patTern
region is il hyum pahed. The 1E 1 6 e 8t398 R LAPTV A & he reticle
side in the illuminating optical system IL is filled
with an inert gas, such as helium gas or nitrogen gas
(;: and the like being a gas with a low absorptivity of
exposure light, or kept in a nearly wvacuum state.
The réticle R ig in parallel held in the XY pla‘ne

. ' .
ks = rotirla =stzmdas T 1o = ot d ] A Ml HAasr TH T
Tt L (=3 L.\_A‘j\_. ER Voada bl L e e el e e e ke de e e e didd o w1

pattern to be tfansferred 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 direction in the whole pattern regiocn 1is
illuminated. The reticle stage RS 1s movable
two-dimensionally along the reticle surface (i.e.,
the XY plane) by the action of a driving system.ﬁhose
illustration is omitted and is so constituted that its
position coordinates are measured and positionally
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

28




C two-dinensionally along the reticle surface (i.e., the XY plane) by the
action of a driving systemwhose illustrationis omtted and is so
constituted that its position coordinates are neasured and positionally
controlled by an interferoneter RIF using a reticle noving (nmeasuring)
mrror RM Alight fromthe pattern formed on the reticle forns a reticle
pattern i mg a h 8 a.phat osepsitive substrate, via a
cat sdi opt ;rlgc%%“f Osg\% jeCJW%nSE%t |Ecr§t§ysyér‘?iﬁ al'ﬁgd\fvélfpe? WI% YT par al | el
hel d ontherXY({)f onawaf r sta \i‘r gwaferftablg{wafer hol der)
VE. Then, R'patT%rn OISFFE?' (?IR g ect rhlgeulgla ure®rédton with

he vf or GPeq e {t“ﬁs?ﬁ?'@é{i GiiE o K e BoRPanglirdT 11 GAPRATFng egi on on_
e A B Sl T e, St e
system whose illustration is omtt its position coordina are i
measur ed antt®FSsitt gﬁaqlfl?/ cbht? dife awuglﬁrierﬁngfsé]r%%%?lWFwﬁéﬁhg a waf er
oV 19 (TeSSLAN). (1110 WA R0 3 Lo g o shovl 192 postionel
egi on) f0£H%dyo8itr%ecg\/fL%r o\;r/lv%%e wafer W so as to correspond to
the.rectangular illuminating region on the reticle R
optically. The wafer stage WS is movable
L ’ two-dimensionally along the wafer surface {(i.2., the
XY plane) by the acticn of a driving system whose
illustration is omitted, and its position coordinates
are measured and positicnally contrcocllied by an
_interferometer WiF using a wafer moving (measuring)
mirror WM.
Fig. 3 is adiagram showing a positional relation
between the rectangular exposure region (i.e.,
effective exposure region) formed on the wafer W and
o the refé&tence optical axis.
As shown 1in Fig. 3, in the embodiments, a
rectangular effective exposure region ER having a
desirable size. is set up in a pesition separated from
the reference axis AX by only an off~axis guantity A
in the +Ydirection in acircular region (image circle)

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

center. Here, the X-direction length of the
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the reference optical axis. As shown in Fig. 3, in the enbodinents, a
rectangul ar 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 +Y direction in a circular region (inmage circle) wth a
radius B and with the reference axis AX as its center. Here, the
X-direction length of the 29 effective exposure region ERis LX and its
Y-directiogfflengthel Sxp¥.sume old @i oW RS s K Bhey erodiment ¢tk
rectangul ar effective exposure region ER having a desirable size is set up
in a positugmgﬁgpaigtqgfjron1_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 tg inalnke theafifectiive ©XPOSWHEEIMRMER W iy d he
reference axis AX as its Qcenter. Therefore, a description is omtted, but
a rectangubartdddulhratd PReCRGIWE ekpbsupbf acdgyen IRRumAaihQn & egi on)
with a size and a shape correspo nriing to the effective exposure remo ER
is formedgen ia DOSkt s PR esepakatiedf roMat R Jof erange pad St c AXsbyoNly a

di stance corresponding to the off-axis quantity Ainthe -Y direction.
Moreover, iR¢t he rdascr & Begdx PEORRCH0ALEXPESULE] s apRRhRLYS, al Re PHYY ection
optical systemPL is so ,

+Y direction, and the radius B of the circular image-
circle IF is specified so as to include the effective
exposure region ER with the reference axis AX as its
C} center. Therefore, a description is omitted, but a
rectangulér illumination region (i.e., effective -

illumination region) with a size and a shape

B e A

u
i

formed in a position separated from the reference axis
AX by only a distance corresponding to the off-axis
gquantity A in the ~Y direction.

Moreover, in the described projection exposure
apparatus, the projection optical system PL 1s so
constifdted that its inside is kept in an air
"{gas)-tight state between an optical.member‘arranged
on the reticle side {(lens L11 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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constitute
an opti cal
enbodi nment
in the enb
optical sy
nitrogen

d that its inside is kept in an air i (gas)-tight state between

menber arranged on the reticle side (lens LIl in the

s) and an optical nenber arranged on the wafer side (lens L311
odi nents) anong optical nenbers constituting the projection
stemPL, and is filled with an inert gas such as helium gas or

gas and the like or kept in a nearly vacuumstate. 30

Furthernore, therpettiid emBrandihieriali €l e piA9e £IRS Bod; Ehe bickgare

arranged i

IL and therspe@jeeticon Opsi£ak sy$iLG LY, 1RUL ABriel b P88 a3UBh £18S

nitrogen o

like or th
waf er W an

optical pa

an inert g
a casing (

P

n a narrow optical path between the illum nation optical

syst em

. r heliumgas and the like, Ts filled into a‘casing {(not shown)
whi ch seal g canfk &nckoges 1heminait £ba Rndcthe 4ot i ghe 151 agegRemand the

e casing is kept in a nearly vacuum state. Additionally,

etween t
as nsueh

grtofﬁ%é’\@i gh é%ﬁgﬁza!\ss?!%%éﬂﬂ@i! kgugr e nafrangedy 4 B, asnarf ow
h b e projec

ion optical system PL and t he waf er

t he

W but

1 RgeRuar ghel Lum 3% 1andethes 1§ Kejely $nfdd 1 ed into

&
not shown) which. ~seals and encloses the wafer Wand the wafer

stage V6 and-ddenbi ke, oF thewasi MhiShkeald aearhy 1vacum: i ate.
Thus, an atnobspheré in which the exposure |ight

reticle R and the reticle stage RS and the like or the
casing 1s kept in a nearly wvacuum state.
Additionally, the wafer W and the wafer stage
WS and the like are arranged in a narrow bptical path
between the projection optical system PL and the wafer

W, but an inert gas, such as nitrogen or helium gas

n

I e e ™ - -, LU A - R S R Y

and the like, ig filled into a2 casing (not

seals and encloses the wafer W and the wafer stage WS

and the like or the casing is kept in a nearly vacuum

‘state.

Thus, an atmosphere in which the exposure light
is almost not absorbed 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 region 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 lbng side of the exposure region
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is al nost not absorbed is fornmed over the whole optical path fromthe |ight
source 100 to the wafer . W As descri bed above, the illum nation region on
the reticle and the exposure region on the wafer W (i.e., effective
exposure region ER) specified by the projection optical systemPL are
rectangles with short sides in the Y direction. Therefore, the reticle

pattern i spgcangedaand. axposgdnhar aa1 ©R %'&M\;v@éndanvzg d%éﬂ €gual to the
| ong side of the exposure region 31 on he waf er and has a | ength

cor respondi Agnt Qidiet i $6AN HYRAL Vgl AR dﬂ%ﬂ“%@'%%é Qfa £ Oe \e@fﬁg W by

nmovi ng (scanni ng) the retlcle stage RS an e wafer stage Ws and inits

turn the redi¢he RanghthaMahele M Sypehr o éyRsnamet%%adféﬁct' on

(i.e., sane orientation) along the short-side direction, 1. the Y

direction of ;Lheykectangul af §Wg%¥{ftﬂ§%8‘h%lde ;1 h&#i' \:H'é‘ +op region,

while t Le poSitional contro ereticle R and waf er |s t aken by

a driving y SYSLEMALn 8 1 e heRaMt 86 s W) 1800 thee i ke o the

enbodi nent's, € proj ection opti syst em FL S5 e udlng hé catadioptric

opti cal systegh a3 QYT dod M thna Un OPLLL Ve Ll ohrging opti cal

system Gl for formng a first™interne atelmageo e pattern of the

reticle aryanged gn. d g, 6§tthé‘&réé‘88n%\ﬂf§% LERGING ¢ c{aﬁaa{néyStem G2

COI’TpI’I Si ng a concave re | ecti ng mrror negatl enses
the illumination region, while tiie positional control

of the reticle R and the wafer W is taken by a driving
N system or an interferometer (RIF, WIF) and the like.
In the _embodiments, the projection optical

system PL including the catadioptric optical system

1]

provided .,1th a dioptric type first imaging opt]

[H

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
forminga final image of the reticle pattern (a reduced
image of 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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3 for formng a second internediate image nearly wunitary to the first
internediate image (a nearly n equal size imge of the first internediate
i mge and a secondary inmage of the reticle pattern) and a dioptric type
third imaging optical system G3 for formng a final imge of the reticle
pattern {a reduced image of the reticle pattern) on the wafer Warranged
on the second surface based on a light fromthe second internedi ate inage.
32 Moreover, in gbecentod meat $ha énbsldopéhed, pathrisal ddpgidaror | for
deflecting the light from the first inmaging optical systemd to the second
i magi ng oppeeal fSysdeAyGhisrarr anged- idethe ot Thi tye ofi gle Fermtion
position of the first internediate image in an optical path between the
first inmagthe optéealirsysiadm @pandaihesgeeend Gnagidgtapti€akongystem Q.
A second optical path folding mrror 2 for deflecting the light fromthe
second i Mghag o iggat 1 ca¥SEEN t@nton tihe 4Pk &l demaine Hptiscal ngystem G3 i's
arranged in the vicinity of the formation position of the second .
internedi abg kRRIEJmARiept ifdd i patdh Ddetween tihes secand rin@@i Bg cOpt i cal
system G2 and the second inmaging optical system G3. In the embodinents,
the first jnterned: abe iopgecand gdwen seeantk chnterdredi ake iimpggiare fornmed
in an optical path -

optical system Gl and the second imaging coptical

system G2. A suecond optical path folding mirror 2 for
deflecting the light from the second imaging opticél

N system G2 to the third imaging optical system G3 is

C

arranged in the vicinity of the formation position of
the second intermediate image in an optical rath
between the second imaging optical system G? and the
second imaging optical system G3. Irtthe enmbodiments,
fhe first intermediate image and the second
intermediate image are formed 1in an optical path
between the first optical path folding mirror 1 and
the second imaging optical system G2 and an optical
N path between the second imaging optical system G2 and
<;J the second cptical path folding mirror -2,
respectively. |
Furthermore, 1in the embodiments, the first
imaging optical system G1 has a linearly extended
optical axis AX1l, the third imaging optical system G3

has a linearly extended optical axis AX3, the optical

axis AX1l and the optical axis AX3 are set up so as to
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between the first optical path folding mrror 1 and the second imaging
optical system &G and an optical path bet-een the second i maging opti cal
system & and the second optical path folding mrror 2, respectively.
Furthernore, in the enbodinents, the first inmaging optical system GL has a
linearly extended optical axis AXI, the third imaging optical system G3

has a |linearly extended optical axis AX3, the optical axis .AXl and the
optical axt®siAX3 & evbeh tpesped® Hdncd3opaiing dey sax hewreker erce opti cal
axis AX, which is a conmon single axis. As a result, the reticle and the
wafer Ware aotangedsinglar axebk .t oaeach pébaat;ahﬂng aeplianee perpendi cul ar
to the gravity direction, i.e., a horizontal plane. In addition, all |enses
consti tutipget hex forst iamgi agrepideal isysden Gl «anck o abh drenseRe r
constituting the third imagi ng optical system G3 are al so arranged al ong
the hori zoat ah Pphape z nenplehep ¢ el € EIICEr Opd i8¢ PXE 1A% 4O ddei ohher hand,
the second i maging optical system & also has a linearly extended opti cal
axis AX2,jaed ,thishepticaltaxi $1A%eis gef APAs® iah foabe mpexperdicular to
the reference optical axis AX, which is the common single axis. Mreover,

both the fipsktiopiteah Rath fiol dt NUmANOF c ADdatihe weconds ophheal  path
folding mrror 2 have planar reflecting surfaces

all lenses constituting the third imaging optical
systeﬁwl3are also arranged along the horizontal plane
on the reference optical axis AX.

(} On the other hand, the second imaging opticgl
system G2 also has a linearly extended optical axis
AX2, and this optical axis AX2 is set up so as to be

endicular to the reference optical axis AX, which

3

er

"I:f
':i

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 ceonstituted as one optical member
{one optical path folding mirrcr 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 GI1,
the axis AX2 of the second imaging optical 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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and are integrally constituted as one optical nmenber (one optical

folding m

rror FM with two reflecting planes. The intersection |

these two reflecting planes (strictly the intersection line of th
assunmed extended planes) are set up so that the axis AX1 of the fi
i magi ng optical systemd, the axis AX2 of the second inmaging opti

system &
i nt ersect

opd d8e Pt 8 £Bdehd he Ahht b eI 9P% Ledl e $)E @P%&

at one point. Furthernore, both the first optical pat

pat h
ne of
eir
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cal

ol di ng

mrror 1 ard Ahe-86conde 34 PP G o Pat Pnfiol difngr B rdPhod idEn EQNssi tuted as

front surface reflecting. mrrors in the first enbodinent and 1n

second enbgdj Nt < SAGnBOLRHNe hbhst, QRtd G nPahik frol dipgsfi

second opt

51 oL
ical path folding mirror 2 are constituted as rea fbac

surface retl.gali pg @i Or fiivrdhet higd %fm?d%g%hd 4 %156'@%' ?a%ﬁ
of he o

interval between the effective region

path fol di pg g 140"

r ef

FM.gnd optifal AX,ik$ iSE1+

ecting prane o

the J

t he
1 and the

)

e
pti cal
axi s

: r? FP Lhe %83%
quantity A of the“effective exposure region wll be. In the enmbodinents,
fluorite (CaRZ grystaleh dS: 1 Hged Qo ALl 1 di @Rl '19%5?%' %?c!nlg;;@;ﬂﬁ%sc (

conponent)

consfituting tha project-Jon e tical System wavel

the F2 |aser behng BEXPOSHE & hi @ty d 5 p J5fe e B2¢nRM: ftf!éec_@'%e_et_f'gaxﬂal}g

CaF2 in the vicinity

) 7.624 nmchanges in aratio o
of reflecting plane of Lhe optical path foldingmirror

FM and optical 2X is set up, the less the coff-axis
quantity 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 107° per
+1 pm of wavelength change and in a ratio of +2.6 x
107% per -1 pm of wavelength change. In other words,
the dispersicn 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 1.5582354, and the dioptric

index of CaF, to 157.624 nm - 1 pm = 157.623 nm is

1.5592406. On the other hand, in the third embodiment,
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+1 pm of wavel ength change and in a ratio of +2.6 x 10-5 per -1 pm of

wavel ength change. In other words, the dispersion of dioptric index
(dn/d1A) of CaF2 on the vicinity of 157.624 nmis 2.6 x 10'6/pm Therefore,
in the first and second enbodi nents, the dioptric index of CaF2 to the
wavel ength 157.624 nmis 1.559238, the dioptric index of CaF2 to 157.624
nm+ 1 pm £hd54.1635 Al s nEHbWRB5da randot Ba cdiepidi engittdexs pf sGaF2 to
157.624 nm- 1 pm= 157.623 nmis 1.5592406. On the other hand, in the

third embogiymest i . 53% 3de, diRpt Riie didex oh dGaF £ ¢ dhe pepviel engbly 157. 624
nmis 1.559307, t he dloptrlc i ndex of CaF2 to 157.624 nm+ 1 pm = 157.625

nmis 1.5593041; gpd-the7digend 1k i4d @955@f3@f2 831P A5 ik PM=
157.623 nmis 1.5593093. Furthernore, in the enbodinments, if the hei ght in

a directiopypekpendi edlmgr 1,0 1tde epli gah axis ﬁﬁ =t aken g§3y¢n§hgsd|stance
(amount of sag) -froma tangent plane at the vertex of aspherical surface to

a position; erddwsaspherical surface at the height y along the optical
axis as z; the vertex curvature radius as r, the conic coefficient as x

and. t he n-order (] coetf n e sur face
is expressed byﬁ?ﬁgﬁfegﬁll%oﬁmenggﬁulﬁg}re?crgamgéor rruﬁrhbg &?zt%%ogl%ir§ﬁ>t [1 + {1 -

(1 +x} ( yzArgl dhzlech Bn YorplBai¥&ihafOco ¥®e optical axis is

taken as y, the distance {amount of sag) froma tangent
plane at the vertex of aspherical surface to a position
PN on the asphericél 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 aspherical
coefficient as Cn, then the ‘aspherical surface is

expressed by the following numerical formula (a).

z = (y3/e)/ (1 + {1 - (1 +x) -~ { v¥/r?y¥?%) + ¢,

&

vt o+ Cg v y® + Ce v ¥P

12 14

+ Cio * yI% Ciz - ¥Y? 4+ Ciy vy
*{a)

In the embodiments, a * sign is attached on the

O

"right side of surface no. om a lens surface which is
formed intc an aspherical shape.

[Embodiment 1]

Fig. 4 is a diagram showing the lens construction
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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+ C1O yl0+ C12 y12 + Cl14 y14 (a) |In the enbodinents, a * sign is attached
on the right side of surface no. on a lens surface which is forned into an
aspherical shape. [Enbodinent 1] Fig. 4 is a diagram showi ng the | ens
construction of a catadioptric optical system (projection optical system
PL) according to a first enbodinment. In the first enbodi nent, the present
invention is applied to 36 a projection optical systemin which aberrations
i ncl udi ng %hrﬁfragle%taib@ﬁr%@@ﬂaaqres%rtr@ﬁt et f o iah QXROSHEE {lJght with
wavel ength of  157.624 nm 1 pm In the catadioptric optical systemof Fig. 4,
the first 'i@?&gl'd‘cgiﬁletbﬁ%‘or@é/ﬁ_@”h@br%{’&)%ﬁ%sa%e A0al LV e PR lens L11

havi ng an aspherica concave surface facing to the wafer a bi convex

ens L12, @ igonyex: g, L ¢nd Al ROMRY cheltoe Lidy . o NRLEYE i scus

| ens. L15 having a convex surface facing-to e si a positive

meni scus | ens L1R Qqﬁgqgagﬁge_ £, surf fcgﬁci %£8P;Qﬁfrﬁ%50|% side, a

positive neniscus lens L ing a concave surfac ci'ng 'thé reticle
Feticie s dbt Laoniary the Bt Asa L Rl TP e R Lo vt
a convex SHEE%%H&QCHHQnE%CHn?'T%ﬁgleLfidﬁngging an aspherical
concave surface facing to the wafer side, a biconvex
léés 112, a biconvex lens L1J, a biconvex lens 114,
a negative meniscus lens L15 having a convex surface
(:: facing to the reticle side, a positive meniscus lens

LlGhavingaicdncavesurfacefacing1x>thereticleside,

a positive meniscus lens L17 having a concave surface

th

ing to the reticle side,; a positive meniscus lens

ot L e = e L L

a

0

L18 having a concave surface facing to the reticle side,
a biconvex lens L19 and a poésitive meniscus lens L110
having a convex surface facing to the reticle side in
order froﬁ 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 obtical system G3 comprisges

a biconvex lens L31 having an aspherical convex
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order fromthe reticle side. The second i magi ng optical system G conpri ses
a negative neniscus |lens L21 having a concave surface facing to the reticle
side, a negative neniscus lens L22 having an aspherical concave surface
facing to the reticle side and a concave reflecting mrror CMin order
fromthe reticle side along the propagative route of light (i.e., the

| nei dent side)e. Joe:30icd Lmg0 0Nt £l SYSLY G FOMRY 56500 ) convex

| ens L31 having an asp cal ‘convexX surface aci ng

reticle sidg, abjronyex; cLens L32, .8 blconvex, | eng L3a @ bleggave |ens

L34, a posi € neni Scus “I'ens ving ‘a tonvex s ace i'nd to the

reticle side perture.st iCQnV. | ens_L3 aving.-an aspheri cal
convex Sur?é%%gqﬁgsﬁ%dn?oltcgpagf%P%sFggf%gng?%gneeQQPgﬁggf?%?facebositive
facing.to the ret e side, a

meni scus | ens .L38 havin convex surkf.ace [
positive Ardeirs F%ngh&igﬁeﬁé5iﬁ% %lggﬁvéinsﬁPF éﬂl¥%cﬁﬁ§Ff&&%heareticle
side, T a biconggve | ens #2%3%and a pi_,ano-convex l.ens L311 ~J_having a
pl ane sur fREECFAS hg F70°t FELNY G8 ARPIOTRF 2 6T Pt ERESsi de al ong
the propagative  route of |ight Values of data of the _catadi ric optical
syst em of ?ﬂgHHQS Oaﬁ%aiﬂégkﬁrg%ﬁﬁnﬂ%i d GG ¥he %%ﬁ?o@ﬁﬁrtgﬂe (1).
In the tm%gsg@ivg\ﬁggﬁggggslens L38 having a convex surface
facing to the reticle side, a positive meniscus lens
L39havingzaconvexsurfacefacingtothereticleside,
(} a biconcave lens L3100 and a plano-convex lens L3311

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 c¢atadioptric optical
" system of the first embodiment are identified in_fhe
lelowing table {(1}). 1In the table (1}, A represents
fhe wavelength of exposure light, 3 the projection
magnification {magnification of whole system), NA the
numericazil aperture on the image side (wafer side), B
the radius of image circle IFonwafer W, Athe off-axis
guantity 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.

Moreover, the surface no. represents the order
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t he wavel ength of exposure light, {3 the projection nmagnification

(magni fication of whole system) , NA the nunerical aperture on the inmage
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 dinension of
effective exposure region ER along the X direction (dinmension of |ong

si de), andglY t&frfgl:@SiPPoﬁtf,egl?.@“&‘é@:fé?@ﬁ@i g an FRyal epg the ¥

direction (dimension of short side respectively. reover, "t he surface no.

represent sgt_fggara%’@ive?ﬁd%frgﬁ!ﬁffaﬁeso rombLag retial e side Aleag lhe

propagativ ect1on of romthe reticle surface, being the object

surface (fLLste AT age) octhewaler sufare, beLog.dhs, i Fage surf ace

(second surface), urvature radirus o ace (ver urvature

dius | f i ; d ial f
adrus i S e o sesphgEL ok suLacs Mot dbesalal opoEe £

surface, i.€e., ace ahc an optric'Th

mavelengthSUFE%%$%§Ei¥ek%e E f@gﬁg&&g, %§§u%;%h§§§u?kg&&pb¢vgrghanges its

sign with refle degree. erefore, e si &“surface “distance d

|5, Laken as.veqative en e, optigal gath fromihe firsh aptigak nath

folding nirror [ concave ‘reflec and “on
path, from s segond opbiaal, L de! dinds el x, 2 1.0, Lhe Jypggeaurface.
distance%mm),andr1thediopt;icindex1x>waveiength,
respectively. |
(35 Furthermore, the éurface 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 mirrer 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 1s taken as negative
in the first imaging optical system Gl. On the other
hand, the curvature radius of a concave surface facing
to the reticle side is ftaken 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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in other optical paths. Then, the curvature radius of a convex surface

facing to the reticle side is taken as posit{ve and the curvature radi us of

a concave surface facing to the reticle side is taken as negative in the
first imaging optical systemG. 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 to the reticle side is taken as

negative iguthddi eddifpgi P +OR! i cat 1ot e @3- (Meecur via{&{ 8eadi us of a
concave 39 surface facing to the reticle side (i.e., incident side) is

taken as pgsiyld V‘%.@”@'ak'&% G b HEeiradidsy ehed GoPVEXuSW fRggifacing to
the reticle side (i.e., inci t side) is taken as negative along the

progressi oger QUEENQHe 's%fé@etbﬁcﬁex‘ﬁjz)% 'Hf?@'f‘@tl%ﬁté Csaidéyﬁie@ G2. [Table
11 (Main data) X =157.624 nm 6 mm  A=3mm LX=22

mm LY = 6; §mpdPat a5 9k qptiscal yepbarshs ne gat ive along the
progression route of light in the second ‘imaging
optical system G2.

_ [TaBle 1l
(Main data)
A=157.624 nm
r;:) .I 6=-0.25
| NA=0.75
B=146mm
A=3mm
| LX =22 mm
LY=66mm
(Data of optical members)
Surface no. r n
(reticle surface) 129.131192
O 1 8233.14221 20.000000 1.559238 (lens L.11)
2* 225.43210 8.970677
3 286.74048 31.000034 1.559238 (lens 1.12)
4 -803.12188 1.000000
5 666,75874 33.633015 1.5659238 Clens 113
6 -296,74142 1.600000
T 180.00000 38.351830 1.559238 {lens L14)
8 -2028.08028 13.262240
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Surface no. r n (reticle surface) 129.131192 1 8233. 14221 20. 000000
1.559238 (lens L11) 2* 229.43210 8.970677 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 9 201. 14945 12,933978 1.559238 (lens L15) 10

128. 43682 221, 621142 L}t 1,427, 65364 20 1. 559238.4. 12
1150, 500607 1. 000000 120134585500 23_42§g%3é%355923§§$?%%§E§i§%§914
-150. 00000,1. 000000 1 54680 23.0 559238 (| ens L18) 16
258, 595011% 000000 13BN 200 2, 034208 20535 (Iéngnil9) ) 18

- 656. 20038,.1. 000000 521#%538389 21. 335%8.%{3&94%5923,[8%.%%%#%dr'?]ﬁ%'@w) 20

563. 10068 . 000000 26 (first "optical pa gmrror 1) 22
114 7357 132 000000 ooty (o, L2 gtod Bose -10-35sncs 2o
13 -302.13109 23.424817 1.559238 (lens L17)
14 -150.00000 1.000000
15 -1158.54680 23.049991 1.559238 (lens L18)
1 -228.52501 1.000000
17 433.60390 22.934308 1.559238 (lens L19)
C 18 -6566.20038 1.000000
19 188.30389 21.335899 1.559238 (lens L110)
20 563.10068 86.000000
21 w -273.26 {first optical path folding mirror 1)
22 114.73897 <12.000000 1.559238 (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
C] CM)
27 395.88538 -13.328549 1.559238 (lens 1.22)
28* 172.15013 16.3556803
29 453.07648 12.000000 1.559238 (lens L21)
30 114.73897 273.261089
31 w -94.835481 (second optical path folding
mirror 2}
32* -T74.94652 -26.931959 1.559238 (lens L31)
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25 395. 88538 -28.227312 26 162. 85844 28.227312 (concave reflecting mrror
CM 27 395.88538 -13.328549 1.559238 (lens L22) 28* 172-15018 16. 355803 29
453. 07648 12. 000000 1.559238 (lens L21) 30 114.73897 273.261089 31
-94.835481 (second optical path folding mrror 2) 32* -774.94652
-26-931959 1.559238 (lens L31) 41 33 275.96516 -1. 000000 34 -376.08486

-31.371246,1. 559238 (| ) 35 388.0 1. 000000 36 -219. 25460
55 19551430 200238 (|§@EBE§§) 3 s aRRn 0 R gaes 35 205 19016

- 12. 000000, 1. 559238 (| ) 39 1128, 209. 0. 58054
24 481510% " noo2as (|§ﬂ€0%§§ a1 - 351 oAba 2 3 BB AR LAR0 3000T
(apertu reg top AS) 56896 - 24. 1.559238 (lens L36) 44*

025 76625 0 0b000s 4SHBRRERE; 20000 L2 ahaRig 110038 (lens L37) 46

2099. 98513 1.000000 47,463,08575 - 32. 55292]?9%3}4 5592%%5&3%%11%%@) 48

- 631. 02443 1. 000000
37
38
39
40 .

41

,f’“\i 492
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4_4*

45

46

47

48

49

50

o1

O

b2
53
54

(wafer surface)

(Aspherical data)

Surface 2

r=229.43210

4359.72825
506.14516
-128.75641
-180.58054
-331.81286
o
-1502.56836

933.76923

- -857.34412

2099.98513

163.08575

-631.02443

-124.04732

-639.72650

467.75212

-616.22436

-95.47627

o0

K=

0.000000

42

-32.800802
-12.000000
-209.396172
-24.481519
-14.336339
-30.366910
-24.392042
-1.000000
-25.686455
-1.000000
-32.567214
-1.000000
-36.304921
-18.536315
-40.196625
~1.000000
-38.068687

-11.016920

" 1.559238 (lens L34)
1.559238 (lens L.35)

(aperture*stop AS)

1.559238 (lens 1.36)
1.559238 (lens L37)
1.559238 (lens L38)
1.559238 (lens L39)
1.559238 (lens L310)

1.559238 (lens 1.811)




49 -124.04732 -35.304921 1.559238 (lens L39)
467. 75212 -40.196625 1.559238 (| ens L310)
-95.47627 -38.068687 1.559238 (|l ens L311)
(Aspherical data) Surface 2 r = 229.43210 k = 0.000000 42 4
10-7 C6 = -0.593217 x 10-12 Ca =

Cl2 = -0.2426 7Cl4 = -0. 320584 x¥3510' 3@ 1Sur f 11
2%4 o5 @3 %gggx 107 Cs=0. g% &gg&%g % Gom 0. r

0. 188750 x~ %_4- - 0.203194 %
8 ?séﬁ%ﬁ %ﬂface) CDr

0. 000000

and Surface 2

10.7 CB = a1
= 0. 86871401" B(gg‘%%éié
0. 000000 Surface 11
r=-127.65364
Ca=-0.130822 x 107
Cs= 0.875810 x 1015

C12=-0.208194 x 1025

213

¥ = 0.000000
Ce=0.512133 x 1012
Co = 0.138750 x 1018

w14 =0.241236'x 1027

Surface 24 and Surface 28 (same Surface)

r=172.15013

O

C4=0.293460x% 107
Cs =-0.848590 x 1017
Ci2=0.868714 x 10-26
Surface 32
=-774.94652
Ca=0.253400x 107
Ce=0.151509 x 1018
Cr2=0.841427 x 1028
Surface 44
r=933.76923
Cs=-0.140105 x 10‘7. -
Cs =-0.148693 x 1016

C12=-0.251962 x 1025

x = 0.000000
(s = -0.868472 x 1012
Cio = -0.159330 x 1022

Cu=-0.116970 x 1020

x= 0.000000
Ce=-0.505553 x 10112
Cio = -0.433597 x 102

Cie = 0165932 x 1030

k = 0.000000
Cs =-0.779568 x 1012
Cio=0.100788 x 10%

Ci1a = 0.104216 x 1020

(Corresponding values of conditions)

B1=-0.626

f2=-0.919

43

50 -639. 72650 -18.536315 51
52 -616.22436 -1.000000 53

54 -11.016920 (wafer surface)

= 0.174882 x
= 0.677479 x 10-21
-127. 65- 364

Go= 0.875810 x 1016 C o
241236"x 10-27 Surface 24

0. 000000 &4 =

-0.194756 x 10-16 G o

hA9sTRIT

4 0 x 1017 Ao -0.159330 x 1022 012
013690—372898% 29 Surface 32 r

0. 293460 x
-774.94652 x=




C4 = 0.253400 x 10-7 Cs= -0.505553 x 10-12 Ca = 0.151509 x 10'16 Clo =
-0.433597 x 10-21 012 = 0.841427 x 10.26 Cl4 = 0.165932 x 10'30 Surface 44
r = 933.76923 K = 0.000000 ¢4 = -0.140105 x 107 Co = -0.779968 x 10-12, GCs
= -0.148693 x 10-16 Co = 0.100788 x 10-21 012 = -0.251962 x 1025 Cl4 =
0.104216 x 10-29 (Corresponding values of conditions) 81= -0.626 02 =
-0.919 43 @3 _=;78 485 L1= 335.3 nm L2=310.0 nm E = 484.8 nm D=443.3 mm
(1) 162 1 = 0.%& (2) I LI -L2 1 /1L11 =0.076 (3) 1614611 =0.400 (4)
| E- DI HEI =§Jg§g @%ﬂh 5 are charts showing the lateral aberrations in the
first enmbodinment.” Th the aberration charts, Y represents the image height,
solid-ILnei2tgﬁ8§ﬁvelength 157. 624 nm broken |lines 157.624 + 1 pm =

S

157. 625 nm-&n Hed 1lines 157.624 - 1 pm = 157.623 nm respectively.

E =484.8 mm

D=4433mm

1) |82} =0019

@ |I:1-L2I:'IL1|=0.076

(3) 181/(B1] =0.400

@) |IE-DI/{E| =0.086
O | Fig. 5 are charts showing ~-the lateral
aberrations iﬁ 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 is 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. In 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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As is evident fromthe aberration charts, it is generally known that the
chromatic aberrations are well corrected for the exposure light with a
wavel ength of 157.624 1 pmin the first enbodinment. [Enbodinent 2] Fig. 6
is a diagram showi ng the | ens construction of a catadioptric optical system
(projection optical systemPL) according to the second enbodinent. In the
second enbadi t P SHiVEHH QL+ S1aRR Y 1 rogecty tical system
i n which abeﬁggtlgﬁs nc uging C rona?%khgggﬁggﬁi%gs?g?ée%%?ﬁggtgg for an
44 it exposuyr ' i yel h cwi 7. nm(1l pmsimlarly as
in-the fir?#‘gﬁ%%%?%éﬁ%$nT%at§eq%g agﬁ%%%$i§£gégygg%égysten1of Fig. 6, the
first imagi ng optical, sy r 0sj.ti i S l ens L11
havi ng an aspher?%aﬁheioﬁég\?g%ﬁfggg ?j%%aa?h?‘%\%ﬁgp%%defyg'n%ati ve
meni scus | L12 Vi ca fac Lhg e icle side, a
bi convex | g%:e L%g,rh% biqgnoa?\%felgal e%gtﬁ“%rf,f %3{)%%% [ v%i]rre%%;%%ﬁ J%hs 115 havi ng
a convex surface. facing.t et,i ¢ ide, a sitive meniscus.le L16
havt ng an Eg’pﬁg‘ﬁ‘é%ﬂ %%ﬁ&g\r}gl%urjfea%g %ging}}a‘?ﬁi@g r &1 cPE TR “4 positive
meni scus lens L17 having a ﬁpncave %_rface acing he reticle side, a

18 Hav

positive MEAISELS PéMs ihg% "Cbhchde Sur PACE T ali MFIRELYS

meniscus lens L12 having a concave surface facing the
reticle side, a biconvex 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, élﬁositive meniscus lens L17'having a
concave surface facing the reticle side, a positive
meniscus lené 1,18 having a concave surface facing the
reticle side, a biconvex lens L19 and a positive
meniscus lens L1110 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 mirrcr CM in
order from the reticle side along the propagative
route of liéht {i.e., the incident side}).

The third imaging 6ptical system G3 comprises
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reticle side, a biconvex lens L19 and a positive neniscus |lens L110 having
an aspherical concave surface facing the wafer side in order fromthe
reticle side. Th-e- second imaging optical system G conprises a negative
meni scus | ens L21 having a concave surface facing the reticle side, a
negati ve neniscus |lens L22 having an aspherical concave surface facing the

reticle s de Andonpopoave, el ot 0yl oL i oL et v amyihey reticle

side along the propagative routée o € 1Tncident si The

third i magi_n j.C ' i.S 45 a. hi convex S havi ng an
aspheri cal Sé%nfj%éé g%??éiée%maeg}neggt{rﬁg.e gétdlec’l & g;ltid%’?ngg i!é%%vse!]z" ehs L32, a
positive neniscus

l ens_L33 having a Cony. surface facing the reticle side,
a bi concavé P@r‘f’slq_%‘ﬁ? g€ 'Sc%ﬁeegepésnsrq_gé?a‘éﬁngp& tcl?rnev%‘?o%u 2%° negative
meni scus | ens L36 havin n. aspherical conyex surface , facing,the wafer
Sl de. & bi COTHS S L 37 LEEPB148, nPosreane 58P Ravr g, arf
aspherical _convex surface %é cing the reticle side, g positive neni scus |ens

L39 havi n§ & TOhGEx 1&UHT atid *raci hg2PRe TRE FclPdoF dB°ra 2 BiRBACAVE | ens L310

d [ - CO I L hav.i I  f faci t h f id
' ordor PR RACr LEREI b6 B CATTRG 1t RS T BRAGAT PO T CHEes BF SaG Tt (1 6. .

the incident side),. - . L
I%aca_ng)the wafer sy:ie, a biconvex lens L37, a positive

meniscus lens L38 havingenlaspherical convex surface’
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 L311
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 second embodiment are identified in the

following table {2). 1In the table (2), { represents

the wavelength of exposure light, ( the projection
~ magnification (magnification of whole system), NA the
(N,

numerical aperture on the image side {wafer side)}, B
the radius of image circle IF on wafer W, A the off~axis
guantity 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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Val ues of data of the catadioptric optical systemof the second enbodi nent
are identified in the following table (2). In the table (2), ( represents
t he wavel engt h of exposure light, ( the projection nagnification

(magni fication of whole systen) , NA the nunerical aperture on the inmge
side (wafer side), B the radius of image circle IF on wafer W A the

of f-axis quant 'IEIX g veé‘g ec h‘!:% e&poagr e)g(%lgkg% LR < Lé(hreh%rﬁlege?ﬁq on of

ef fective exposure reglon alo rection (di'mensi on o

side) . and g}éftahceesdfggﬁskgg efet§e§ Pt Ly exnostec fedl %gfg%ggg%the Y

di rection f i"mensi on ort "si , respec ive surface
no. repres QES the ord f&f%F%ﬁka%ﬂEtQ retl%#e side. alogﬁ t he
propagativ Fiee i of on | gh Prom tthe Fet Fefe®Sartace l'i’)%llﬁ € obj ect
surface (fl% urfac fer ur f et bﬁl n‘g he |érr£rg€ surface
(second suf 38&) Suﬁ \}:ft eS‘Tué alfs oft Qv 8ck? %\%rts AFFature

radius in_the ca of aspherlcal surfa axi al e of

surface, bamgsu?fel&celal.a&eanéé“i oSeq e, MitEe PR ndonthe

wavel ength respecti vel Furtherrrgﬁ = the surface di stance d éhanges its
fePEforese

Stan i th PRFPECIAE degfbds 7 t RECEIY of AT P RE WA RS2 Hist ance d

|3, oken ao,neqative, on the oSpLleal paln LLom the, [1rst o0t sgl et
space of surface, i.e., surface distance (mm),_and n
the dicoptric index to wavelength, respectively.

P Furthermore, the surfaee distance d changes its
sign with reflected degree. Therefore, the sign of
the surface distance d is taken as negatlve on the
optlcal path from the first optlcal path folding
.mirror 1 to the concave ref;ecting mirror CM and on
the optical path from the second optical path folding
mirrorz'Uatheimagesurface,andfnstakmnaspositive
in other optical paths. Then, the curvature radius
of a convex surface facing to the reticle eidejj;taken

as positive and the curvature radius of a concave

O

surface facing to thereticle side is taken as negative
in the first imaging optical system Gl. 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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the optical path fromthe second optical path folding mrror 2 to the inmge
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 1
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 Gl.
On the oth ggg , i f; cancave f : acing to
the reticl gﬁsnl e ?sfégﬁg%ugéa%}géi %ggcgﬁed%ltcﬁ% @u'r%ét’u?gérgﬁlg&s 0 Ea convex
surface faci.ng fo.th reticle si is_taken.as ne jve in the.third
i magi ng oﬁtli a)l %?sf%gr%e&.aﬁ'hgggg&vla\ﬁ%rgn%aoﬁ S %g%tgactolﬁ%%vgéad Jurface
facing to t%e reticle sidef%i . e .. tthe {'hnci dent. Jii de% is,taken as
posi tive aft EneC NS AU o PSS ggc%r?ga %o ]\}gxrgﬁrlfca ¥ g?nélt'c?‘t”ne reticle
side (i.e. the incident side) is taken as negative, al ong the ropagati ve
route of |igf }IPlcf'ﬁeer’s'écﬁﬁ&iqe)nabFnd:a%ﬁFi & BySEm B8, T7abFe t%e (Mai n
data) A =157.624 nm, 8 =0. %5 N,%:O 75, .B .:14.6hmn A=3mm | X = .22 mm

lve route o t

O

propaga light in e second i1imaging
optical system G2.
[Table 2]
(Main data)
A=157.624 nm
C] B=-0.26
NA=0.75 -
B=146mm
A=3mm
LX =22 mm
LY=6.6mm
(Data of optical members)
Surface no. T d I
(reticle surface) 74.237501
1 ' 392.09887 18.0115617 1.559238 (lens L11)
A 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 L13)
6 -230.22207 1.003799
7 180.02979 31.376675 1.559238 (lens 114)

8 -16797.46544 1.001727
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LY = 6.6 mm (Data of optica
74.237501 1 392.09887 18.011517 1.559238 (lens L11)
22.550885 3 197.82341 12. 000000 1.559238 (lens L12)
4535, 10509 27.582776 1.559238 (lens L13)

31.376675 1.559238 (lens L14)

49. 640624
50. 000000

1. 559238 %’us L17

10 oaakatits

62. 68954 24
}¢%@€%&40338 (fir

(Lens L18)

18 -1174.1 533 1. 01816
. 000000 21

644.69642

il

12

13

O

14
15
16
17
18
19
20

21

27

28%

30

31

559238 (|
559238 Qe

-120.00000
-243.755%6
-150.02545
-3565.46587
-170.06869
380.97487
-1174.10533
162.68354
644.69642

oo

116.98457
556.37904
165.29528
383.86012

170.53370

383.86012
165.29528
556.87094
116.98457

el

menbers) Surface no.

6 -23

r dn (reticle suxface)

C 2* 1161. 26854

4 -320.24045 1.072412 5
0.22207 1.003799 7 180. 02979

8 -16797.46544 1.001727 48 9 120, 09101

) 10 111.8
ﬁgﬁf?é@' 12 -120.0
02545 1.001
005485 17 3
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sogeao
570
0.
1.034195
21.927192
1.001112
23.499758
1.0056485
22.758028
1.018161
24.816537
86.000000

-275.440338

-20.000000
-19.644110
-22.001762
26835741

26.835741

22.001762
19.644110
20.000000
275.440338

-106.008415

34108 REHEHICC D1 607100

355. 46587 23. 499758 1.559238
22.758028 1.559238 Qens L19)
20*

1.55 0)
al i%ﬁgzﬁfm héé])m rror
1.559238 (lens L17)
1.569238 (lens L18)
1.559238 (ens 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 1.22)

1.559238 (lens L21)

(second optical path

folding mirror 2)




22 116.98457 -20. 000000 1.559238 (lens L21) 23 556.37904 -19.644110 24*
165. 29528 -22. 001762 1.559238 Qens L22) 25 383.86012 -26.835741 G 26

170. 53370 26.835741 (concave reflecting mrror CNf) 27 383,86012 22.001762
1.559238 Qens L22) 28* 165.29528 19.644110 29 556. 37094 20. 000000 1.559238

Qens L21)

30 116.98457 275.440338 31 cc -106.008415 (second optical path

;ggd;287z]§%0078193 34§%y§%é§?

935 30 303080 11 550248 (e LI 3b

i 0 RS F I (s L,
:ué50485%53%297%22334%91 483 51 205045 TLABEN Y ur o JBE L1352 18493
:gé ggggggS :gggggg E: E@?) 44% 252 15304, -4. 265268 45 - 995. 58003
36 -178.20333 -35.675204 1.559238 (lens L.33)
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 1.35)
O 41 521.40215 -35.714360
42 © -24,295048 .. (aperture stop AS)
43 152.18493 24773335 1559238 (lens L36)
44% 252.15824 -4,265268
45 99558003 -37.825368 1.559238 (lens L37)
46 262.29146 -1.000000
47 -210.53420 -30.482411 1.559238 (lens L.38)
48 -8044.39654 -1.002741
49 -124.46496 -36.754604 1.559238 (lens L39)
50 -627.72968 -9.489076
- 51 534.41093 -27.941522 1.559238 (lens L310)
52 -9748.42218 -1.007391
53 -131.28658 -50.000000 '1.559238 (lens L311)
54 w0 -12.503787

{(wafer surface)
(Aspherical data)

Surface 2
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46 262.29146 -1.000000 47 -210.53420 -30.482411 1.559238 (lens L38) 48
-8044. 39654 -1.002741 49 -124. 46496 -86. 754604 1.559238 Cens L39) 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 w
-12.503787 (wafer surface) (Aspherical data) Surface 2 50 r =1161. 26854 x
= 0. 000000, £4 7). 6432 34x= 4 @ndn0g6=0. 566669x 10-12 Ca = 0.141094 x 10-16 Co =
-0.504032 x 10-20 C12 = 0.747533 x 10-24 Cl4 = -0.400565 x 10-28 Surface
11 r = -143F,5426H3% x500. 000000 Ca (5 -0y 5ektdd4iox 10-6 C6 = -0. 764549 x 1011
Cs= -0.441188 x 10.15 Cm = 0.122309 x 1015 Cl12 = -0.114006 x 10-2' Cl14 =
0.478194 x¢0p2410094rnbace 20 ~/ r 3, 644508842 1#0= 0. 000000 C4 = 0.378434 x
107 Ca= -0.751663 x 10-12 Co = 0.24 7/85 x 10-16 C o = -0.222239 x 1020

012= 0. 256838 74884 934 = - 0- 235204=% 4365 x 102 -

Surface 11

r =-147.64267 x = (.000000

Cs=0.117741 x 10%
Cs=-0.441188 x 1015
C12=-0.114006 x 1022
Surface 20
r=644.69642.
Cs=0.378434 x 107
Cs=0.247735x 10

Ci12=0.256558 x 1024

Cs =-0.764549 x 101
Cio=0.122309 x 1018

C1a=0.478194 x 1027

x = 0.000000

Ce=-0.751663 x 1012
Cio=-0.222239 x 1020

C14=-0.235204 x 1028

Surface 24 and surface 28 (same surface)

r = 165.28528
C4=-0.236840 x 10-7
Ce=-0.122244 % 10-16
Ci2=0.109632x 10-25

Surface 82

r=-8761.14467 x = 0.000000

Cs=10.138366 x 107
Cs = 0.264075 x 1017
Cro=-0.494187 x 1028
Surface 44

r=2b2156324

x = (.000000

Ce=0.766085 x 1012
Cio=-0.208608 x 1021

Ci4 =-0.837618 x 1080

Ce=-0.162646x 1012
C10=0.265565 x 1022

Cra =-0.786507 x 1031

& = 0.000000
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Surface 24 and surface 28 (sane surface) r

- 0. 236840
- 0. 209608
r

- 0. 786507

10 8 Cs =

= -8761.
0. 264075 x 10'17 Co = 0.265565 X 10-22 Cl12 = -0.494187 x 10- 26 Cl4 =

165. 28528 x = 0.000000 G4 =

x 10-7 Ce = 0-766085 x 10,12 Ca = -0.122244 x 10-16 Co =

x 10-21 C12= 0.109632x 10-25 Cl4 = -0.837618 x 10'30 Surface 32
14467 it = 0.000000 C4 = 0.138366 x 10,7 Ce = -0.162646 x 1012 CGCs

_t 053 hasSughace 44 1 = 82015324, ) 0. 000000 51 C4 = 0. 697432 x

x 10.12 GCs 4 x 10-17 Go = -0. 699569 x 10. 21

C12 = 0. 22%99%5? &%%1C14 =-0.1 §43 ég g%ﬁql(CDrrespondlng val ues of

condi ti ons)

E = 453.1

111 Q 11 -=
{(Corresponding values of conditions)

0 62 =-0.8 34 L1=347.8 mm L2=311.9 mm
Em1 %Eﬂ%§1§QHk (1) 1 32%%4 Q)ﬁ§%4§2ho%Ll L22/1LIl =0.103 (3) 1'6

61 =-0.650

B2=-0.885

B3 =-0.434 |

L1=347.8mm
L2=311.9mm
E=453.1mm
D=4734mm

(1) | 82| =0.885

2 1L1-L21/I1L1] =0.103
@ 18171811 =0.385

(4 |E-DI/|E] =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 1s evident from the aberration charts, it is
known that the <c¢hromatic aberrations are well
corrected for the exposure light with.axdgvelength of
157.624 £ 1 pm in the second embodiment similar to in

the first embodiment.
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(4) 'E- DIJIEI = 0.045 Fig. 7 are charts showing the lateral aberrations
in the second enbodinent. In the aberration charts, Y represents the inmage
height,--aalid lines the wavel ength 157.624 nm broken Ilines 157.624 + 1 pm
= 157.625 nm and dashed lines 157.624 - 1 pm- 157.623 nm respectively. As
is evident fromthe aberration charts, it is known that the chromatic
aberrations are t for the exposure light with a wavel ength of
157.624 1 pn1inwghgmggggﬁggeﬁﬂodinent simlar to in the first enbodi nent.

St St L 8 et L

optical path folding mrror pdt h ng mrror 2

are constiEg&%g:qﬁgﬁﬁgghtﬁggg%a f§££ cgﬁfg¥gkfpprgndNQ5§9v§%bPk¥ithe first

‘and second énbodi gular “Wdt hs 'of "a beam i nci den 0 the

reflecti | f ' ical _path of a foldi i 1.and th
ot scti ngobRar o1 Uhe <hEbRE Bor it oack 6PTE 1ol ALRG A FEPR 2 | nor ease
i ] th ical of t the i i de_of th

cat i opt 1 PR IGAT Eal SSystent S| RS tase o TEHY offocit hg” pFaros ar e

formed of -Beligesial epmdizdaver CHama the Lel LaotiyLty, ghanggs with the
incident info the reflecting plane of the first
optical path of a folding mirror 1 and the reflecting
plane of the second optical path of a folding mirror
Yy . 2 1lncrease in proportion to the numerical of aperture
on the image side of the catadioptric cptical system.
In this case, 1f the reflectingmplanes are formed of
a dielectric multi-layer f£ilm, the reflectivity
changes with the incident angle and the phase of a
reflected wave dispersés with the incident angle, thus
it isdifficult to ensure good angular characteristics.
Therefore, it is preferable that the reflectingplanes
are formed of a metal film to obtain good angular
characteristics, such =as a reflectivity nearly
constant for a wide range of incident angles. However,
the reduction of reflectivity arises 1if the metal is
subjected to irradiation of the F2Z2 laser in an
atmosphere containing little oxygen.
Accordingly, both the first optical path folding

mirror 1 and the second optical path folding mirror

2 are constituted as rear (back) surface reflecting
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refl ected wave disperses with the incident angle, thus it is difficult to
ensure good angul ar characteristics. Therefore, it is preferable that the
reflecting planes are fornmed of a netal filmto obtain good angul ar
characteristics, such as a reflectivity nearly constant for a w de range of
i nci dent angl es. However the reduction of reflectivity arises if the netal
1s subjec i & adi shaser in r ai ni ng
little oxygﬁﬁr£§égo?§ % Qﬁbgﬁlwn %ptl%gﬁe Eé????%é%f&’ rror 1

and the se dﬁlﬁ’B&rhC E‘ ; %1 fpégl ng t%ogst %grcgl rrentsééfvgt ed ,3p; L gar (back)

surface ref i hg ors i h t ird e ré speciftically,

as shown | rgﬂIngorl%Bl;h%owesa getlcagl PAL SOl dlng. g reL )4 s Lormed as

a right-angl’e prism havin | Gie “of perpen o the
t I f t : fl.ect I
R R S apig o R T
l.c, . I ot th 1t
opti ESI‘CEysafeﬁ Hhasctofd bpt i A GaEH acI"faFﬁé TGS P ofmad 9 a

[Lant-anl ¢ pEL ST YL Selisho REg! 19%‘3?? §RETER g

pl ane 2b indlingd Lo die 9l gal, aé'n% AXT, B nan e%g'gme&g‘le%?cg“dle plane of
perpendicular to the optical axis AX2 of a second
imaging optical system G2. The second optical path

C? 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 sxstem
G2, a reflecting plane 2b inclined to the optical axis
AX1 at an angle of 450 and a plane.of emergence 2cC
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
integratiy constituted as one optical path folding
‘mirror FM. Then, the optical axie AX1 of the first
imaging optical.system.Gl and the optical axis A¥X3 of
a third imaging optical system G3 are so set up that
they linearly extend 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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=i

perpendi cular to the optical axis AX3 of a third inmaging optical system G3.
Moreover, the first optical path folding mrror 1 and the second opti cal
path folding mrror 2 are Cintegra-ly constituted as one optical path
folding i mrror FM Then, the optical axis AX1 of the first inmaging
optical system Gl and the optical axis AX3 of a third imaging optical

system G3 apa 5o set nif A dat 1thewd i neacl v @udend gadyconstitiie. 2 singl e

common optical axis, i.e., areference optical axis AX FurthernDre t he

'ntersect'%éﬂ&%%@ﬁmﬁ@ 2pagk) sy acs rt?béaeﬁtbsur ARG Jiy Of first

optical path mrror 1 and the rea ace” re ecting

pl ane 2b of ;s WO%OQ%:I Caée’Pa%B el diyng icaf%rptzl é? %JpAi(i t t t he

optical axis first”imagi ng opti sys he optlcal axi s

TR o e geond 4 Ol 09: 0 LEdl oy B L ePL Rt hﬁle eishac By He R e N

third i maging opti cal ers one poi nt- (rérérence point).

28 pdescr | DBY Zaha 0 %ge&?dfjlﬁagﬁﬁpgo'&gh At < Lokding T Lgr of, and he

second optical are con as rear

rurfoce, oLl IO, i oy T eIl ok e e
1 G3 intersect at one point ({(reference point).

As described above, both the first optical path
folding mirror 1 and the second cptical path folding
(ﬂ mirror 2 are constituﬁed aé rear  (back) surface
reflecting mirrors in the third embodiment..

Therefore, the fear'fback) surface reflecting
plane 1b of the first optical path folding mirror 1
and the rear (back) surface reflectingjplane 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 F2 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 reflécting planes (1b, 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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and the rear (back) surface reflecting plane 2b of the second bpti cai path |
folding mrror 2 are not subjected to the irradiation of F2 |laser in an
oxygen--contai ning atnosphere. As a result, the reduction of reflectivity
caused by the F2 laser irradiation can be avoided, even if the reflecting
pl anes are forned of a metal filmto obtain good angul ar characteristics,
such as 2 keld exhind tY oo d 5t BRI LK CORSLAN {0 oandi g Eas i nci dent
angl es. Moreover, i% tﬁe ?%flect?ng pl anes (1 b, %E? gﬁ%ﬂﬁ%ﬁ% ??%ﬁ%%itting

pl anes (lag.lc,, 2 o hefd & $L + ORL, p f ol dige 0.k ror and the
second opt Fga apg?ﬁ%?%q d%%% m rror Eeare %g%ét ?dlh'?v\gt’ he w‘%:]ly;t\ist yo%f 55 the
formation [ of ir | nt.erredi. i_mag d i_nt ernedi ate
i mge, fl a&géédle@@bt sd%FfC c%gtd: nré?ledugtl%aeﬁd %r%eﬁqiggoﬂpigg%e% plaarllnees are

transferr e@r%%%?g%’%; ;rt%\% ft:?ﬂ_cee' bFauféPer%gE%’aceset ti ?%r%l{eegrk{%?:de length

froma reticleée results in t niaturization of the
apparatus. _The . conpact .natu e aratus.,i.s .al f avarabl e .I n
P oor s af P 1RO TRAEE DA ©1 OL LNE ARGRT 2 e 2L R 18 VPRERS 0

i nternedi ate inage .is.fornmed b en enmergent _plane lc othe. first
optical patfi ol 'df iy’ tr%"ierrInoJ‘rmlgE';—‘lhl o %gﬁgélvg%rggﬁe%gpﬁgran???m € The

second i nt ernedi e i e i f.or med between t he oncave_reflecti.ng mrror
oM and i nct glea%%ax}l%gg%eo S WL apparatus 15 afso %avoraiﬁe 11-9

transportation. Accordingly, in the third embodiment,

the first intermediate image'is formed between the
Cj-  emergent plane lc of the first optical path foiding
mirror 1 and a concave reflecting mirror CM. The
second intermediate image 1is formed beitween the
concave reflecting mirror ¢M and incident plane 2a of
the second optical ﬁath folding mirror 2. The third
embodiment is specifically described below.

Fig. 13 1is a diagram i1llustrating the lens
construction of a catadioptric optical system
(projection optical system PL) according to the third
enbodiment. As in the first and second embodiments,
the present invention 1s also applicable to a
projection optical system in which aberrations
including chromatic aberrations are corrected for an
exposure light with a wavelength of 157.624 nm (1 ph
in the third embodiment.

In the catadioptric optical system of Fig. 13,

the first 1imaging optical system Gl comprises a
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the second optical path folding mrror 2. The third enbodinent is
specifically described below Fig. 13 is a diagramillustrating the |ens
construction of a catadioptric optical system (projection optical system
PL) according to the third enbodinment. As in the first and second

enbodi nents, the present invention is also applicable to a projection

optical sysbemtin shincd, abersatilonss imel udingiehy ongt i ¢ aherrations are
corrected for an exposure light wth a wavel ength of 157.624 nm (1 pin in

the third eghodiyent, Facthe £a1Adi ept kG QI cal st em ofq :iagisvje% the

ia
first imaging optical system GlL cOnprises a 56 positive nenfscu ens L11

having an gepheldirals cfaneave i age,faeinayo Lhe aler st df, 2 Jeative
12 to t | e

meni scus |lens L aving a concave Surface facing e reti side, a

bi convex Ies L% ajposifiue Jrenhscus,Lens ddd hawi no.a eonyey squrface

facing to Cle side, "a positive neniscus [ens L aving a convex

surface faglgg Lot heopetigle shien R POSLLLYS JIROEICUS J20p, T, 19 having an

asphe::ic concave surface facingto there a posrtive meni scus
oS s SR PRt AR 1 A0 UL LR Ssl 7 dhyy oot 1 v
bi c-nvex |ens, |42, ang:- 8 ROFLU ME; TR SGHS o811 L 10, Davl ng, an, agpheri cal
| menliscus lens L16 having an aspherical concave surface
facing to the reticle side, a positive meniscus lens
N 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 énd
a positive meniscus lens L1100 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 sidé, a negative meniscus lens
.22 having an aspherical concave surfaée 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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concave surface to the wafer side in order fromthe reticle-side. The
second i nmagi ng optical system G conprises a negative neniscus |lens L21
having a concave surface facing to the reticle side, a negative neniscus

| ens L22 having an aspherical concave surface facing to the reticle side
and a concave reflecting mrror CMin order fromthe reticle side along the

propagati v rqute_of lLight (i.e., the incident side). ,The third imagi ng
opti cal sygFé:rhré% E%r’rﬁh"ieggseéécgiecoﬁ"ﬁ/‘g?’l 3ng)%1_ nﬁgyiengl%saggﬁériacal convex
surface facing the rﬁticle ﬁide, a biconvex |ens L%% a positive neniscus
lens L33 hBHIOPG SR onvd stir Pac @™ 59PFAC Whet § e Foti & &$98EL%E bi concave
l ens L34, a biconvgé | ens g3§, an apert%égéstop AS, a ng%ativ meni scus
| ens L36 h&AFng GhS asphart el P esivisk e RRE T 58 G0 #hes Waf 8L i de, a
bi convex lens 7,37, a biconvex lens L38, a positive neniscus |ens L39
having a EBAVEXE shff abRef B hETt 1R reti PRE LI RRX d $edatides rfeni scus
| ens L310 having a concave_surface facing to  the reticle side and a
pl ano- conves CIOghEe ¥ 319 Aaks g @ £ DF aheé VSUREACE $BSthenak8F BR¥&% or der
fromthe reticle side alon% the propagative route of light. Values of data
of the cat&dioptEXcs Bpticcet T a8 ofthihe atht ¢ 4echbdar nefe @ 6ivdentifi ed
inthe followng table (3%..In the table (3), A represents .

meniscus lens L310 having a concave surface facing to

the reticle side and a plano-~convex lens L311 having

a plane surface to the wafer side in order from the
O ‘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). In the table (3), A represents

the wavelength of exposure 1i§ht, 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 quantity

) of an effective exposure region EFR, LX the dimensiocon
had of the effective exposure region ER along the X
direction (dimension 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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t he wavel ength of exposure light, R the projection magnification

(magni fication of whole system), NA represents the nunerical aperture on
the image side (wafer side), B represents the radius of image circle |F on
the wafer W A represents the off-axis quantity of an eff-ective exposure
region ER, LX the dinmension of the effective exposure region ER along the X

direction (dinension ofr hong, 5l geky 30l LY ropresen Iffaeaew%rerrs n of the

ef fective exposure reglo di Fect on (dimengion” of The short

side) res ?f%ké%&yt FQX%er§E~f?%?u$ aceepgngﬂ ctr%% er of surfaces

fromthe retic srde ropagati ve re ? fromthe
- reticle su face i n obj e t surf first surface) to t e waf er
surface rﬁf?he d@n%gﬁfa% §écon E%%?%Qge) ulgqﬁf?CurEat ® radius

of surface ert X_curvature r dru se of the, as herrcal surface:

t
oy S R AP LS R el e PR R R TR e 1 The
di opt d to th t ly. Furth th f
G ance h”@ﬁﬁraigaﬁ?swfvfb G PR et BHE G ob P erbE ot 23t si gn of
the surface distapce is taken as ne ive n t he o trcal 83H$ fromthe

first opti CA*path f%FHFﬁf%ﬁrfb? 1 F he€c ﬁ&%ﬁ?? f B8 in rfor CM and

on the optigal ; paLh, (rom,t fe, second oRti gah patfy folding m cign 2 to

Furthermore, the surface distance d changes its
signwithreflecteddegree.Therefore,thesignoffﬁm
& 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 curvatufe radius of convex
surface facing to the reticle side is taken as positive
and the curvature radius of the concave surface facing
Lo the reticle side 1is taken as negative in the first
imaging optical system Gl. On the cother hand, the
curvature radius of concave surface facing fto 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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the i mage 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 G,
On the other hand, the curvature radius of concave surface facing to the
reticle sige Esqtakensasenosl tye; and dde. furyluire) oradious of gonvex
surface facing to the reticle side 7is taken as negative 1h e third
i magi ng opti.cal; . s The curyat di f. .conc sur e
directing %%gtH%lé%g%gﬁtqgfgé)(f%%.%%t é?i%%idg%ggtgﬁﬁg)gﬁgn% kg%%as
positive t di 9 .QNV surfac aci t he
ﬁggo%}:&egeacﬂ,’]{x\f? we,fa (:'5]]? sllq‘d%}?]le glorp &X & se%oen{i GIng 5.88 t he

reticle s he 1 ncrden aken  a§ negafli ve afon
propagative te of lLight in the second imaging optical system Q. (Table
( Mai n %%Ecg)%asﬁ Y i%gt‘]‘bff a

3] m 8=-0.25 NA=0.75 B = 14.6 nm A=3nm LX =
22 mm  LY=6.6mm . 5]
(Main data)
A=157.624 nm
8=-0.25
| NA=0.75
C B=146mm
A=3mm
IX=22 mm
LY =6.6mm
(Data of optical members)
Surface no. r d n
(reticle surface) 78.905334
1 342.16576 16.022696 1.559307 (ens L11)
2% 991.85390 17.753350 |
—~ 3 -219.16547 12.000000 1.559307 (lens L12)
~ 4 -320.00000 1.000000
5 2955.64579 26.141043 1.559307 (lens .13
6 -246.44297 1.000000
7 194.21831 26.260817 1.559307 (lens L.14)
8 1329.96976 1.600000
9 107.60955 40.108611 1.559307 (lens L.15)
10 113.33032 159.676621

60



ODat a of optical menbers) Surface no. r d n (reticle surface) 78.905334 1
342.16576 16.022696 1.559307 (Jens 1,11) 2* 991.85390 17.753350 3 -21936547
12. 000000 1.559307 Cens L12)

1. 559307 Cens L13)

(lens L14)

4 -320.00000 1.000000 5 2955.64579 26.141043
6 -246.44297 1.000000 7 194-218:31 26.260817 1.559307
8 1329.96976 1.000000 9 107.60955 40.108611 1.559307 (lens L15)

10 113. 33032 159. 67662548840938* - 148. 8403 421943127 11559598%hsDemy L16) 12
-120. 00000. 1.000000 13 -222.95345 20.859126 1.559307 Dens .L17) 14

- 150. 00000 14. 000000 15.12¢0d0085577 23. 2236@M0do 559307 Dens L18) 16

-183.82866 1.000000 17 521.59548 25.488040 1.559307 Cens L19)

18 -467. 35041

1. 000000 195163. 47702 242 38752 1. 55930%(dsenss 1, 110)559380erd937A7675

59. 076923 21 03 42. 000000 1-559307 (incident plane of
22 450068000 1, 559307 dguehd ecti ng pl ane

folding myggor 1)
15
16
17
18
19
' 20*
.

‘91

24
25
26*

27

28
29
30*
31

32

-401.55877
-183.82866
521.59548
-467.35041
183.47702
493.47675

o

117.68987
494 06295
162.15533

424.56556

174.51441
424 56556
162.15533
494.06295

117.68987

23.2235830
1.000000
25.488040
1.000000
24.1871562

59.076923

42.000000
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first optical path

1.559307 (lens L.18)
1.559307 (lens L19)

1.559307 (lens L.110).

1.559307 (incident plane of

first optical path folding mirror 1)

-5.000000

1.559307 (reflecting plane

of first optical path folding mirror 1)

-288.258092

{emergent plane of

first optical path folding mirror 1)

-20.000000

-20.317103

-23.222125

-30.146320

30.146320
23.222125
20.317103
20.000000

288.258092

1.559307 (lens L21)

1.559307 {Jens L.22)

(concave reflecting

mirror}

1.559307 (lens 122}

1.559307 (lens L21)




e

of first optical path folding mrror 1) 23 -288.258092 (energent plane of

first optical path folding mrror 1) 24 117.68987 -20.000000 1-559307 (Iens
L21) 25 494.06295 -20.317103 26* 162. 15533 -23.222125 1.559307 (lens L22)

27 424.56556 -30-146320 (concave reflecting mrror) 28 174.51441 30. 146320
29 424.56556 23, 222125 1.559307 (lens L22) 30* 162.15533 20.317103 31

494. 06295 . 000000 1.559307 Dens L21) 6898 b8 61 33

5. 000000 13%59307 (i nco?dent pl ane of secongé((y)ptl caIE 5%§§q12(m dlgng mrror 2)

34 ro -42.000000 1.559307(ref|ect|ng By f ol di ng
mrror 2) 35 CO -75.000000 (ener gent p %%e%}xd%ﬁ@% aﬁ@%lhﬁ: Iml%aoirﬁ‘)fol di ng

"1 003000 3 700 65233 25 5543526?85%,9%‘%&%%2eEizﬁ%g‘%”@éﬁ&%a“%é§4
-1, 000000 40 -171.00841 -36.095030 1@%@%@%}5@% ﬁ%ﬁ&fdl&mo%%?rg 56

-52.106994 42 11305.93183 -29-474446
35 @ ~75.000000 (emergent plane of

second optical path folding mixror 2)

36* -44172.59851 | 25.928698 1.559307 (Iens L31)
37 261.48119 | -1.063000
38 702.65223 95574812 1559307 (lens L32)
{\:\ 39 484.70684 © +1.000000 _'
40 -171.00841 -86.095030  1.559307 (lens L33)
11 -824.20256 -52.106994 |
42 11305.93183 -29.474446 1.559307 (lens 1L.34)
43 -116.92116 -179.952947
44 -250.00000 -35.678589 1.559307 (lens L35)
45 613.05439 -28.469304
46 o -24.889346 (aperture stop AS)
47 165.48519 -20.183765 1.559307 (lens L36)]
- 48* 279.53959 -1.000000
~ 49 -1112.01574 -39.557019 1.559307 (lens L37)
50 29363544 -1.000000
51 -227.08614 -39.175338 1.559307 (lens 1.38)
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 L.310)
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43 -116. 92116 - 179. 952947 44 -250.00000 - 35. 678589 1.559307 (lens L35) 45

613. 05439 - 28. 469304 46 -24.889346 (aperture stop AS) 47 165. 48519

-20. 183765 1.559307 (lens L36)] 48* 279.53959 -1.000000 49 -1112.01574

-39.557019 1.559307 (lens L37) 50 293.63544 -1.000000 51 -227.08614

-39. 175338 1.559307 (lens L38) 52 3890.58196 -8.150754 53 - 120. 00000

-39. 612810r4l- 559307 (l8A§~ka3Q) 54 -519. -10. 442215 55 457. 48024

-21.591566&%.559307 (ﬁ§221%%%0) 62 56 2%@%%@%959 -1. 000000 57 -132.52125
(

-50. 000000:-1. 559307 (l.eq;sz:1:341) 58 -12, (wa S (Aspheri cal
dat a) Sur?éce 2r =9 I‘.’SB{:IS%O x = 0.00000 @10: .3?59?3’3({)?3%5?”7”@ =
0. 310236 x5810- 12 C8 = 0.401356 x 10 17819_%39 0.265435 x 10-20 Cl2 =

0.412618 x 10-24 014 = -0.238346 x 10-2 r 1ace 11 r = -148.84038 x =
0. 000000 %aﬁr%ﬁﬁg’cz) 735 x 10'7 Ce = -0.462907 x 1011

(Aspherical data)
Surface 2
r = 991.85390 x = 0.000000
Ca=0.117208 x 107 | (o= 0.310236 x 1042
O Cs = 0.401356 x 10-.17‘  C10=-0.265435 x 10
Ciz = 0.412618 x 102 Cie =-0.238346 x 1028
Surface 11
r=-148.84038 x = 0.000000
Ce=0637735%107 Ce=-0.462907 x 1011
Cs=-0.137097 x 1015 Cio= 0475629 x 1015 ' |
Cie=-0.370236 x 1028 Cis=0.833198 x 1028
Surface 20 ;
r = 493.47675 x = 0.000000 '
- C4 = 0.280809x 107 C6 = -0.360081 x 10-12
J 8 = 0.929800 x 10-17 ~ C10=-0.100162x 10-20
12 = 0.116050 x 10-24 C14=-0.979417 x 10-29

Surface 26 and Surface 30 (same surface)

r =162.15533 x = 0.000000

Cs=-0.235140x 107 Cs=-0.709685 x 10112
Ce=-0.957183 x 1017 Cro=-0.947024 x 1022
Ciz=0.274134 x 1025 Cra=-0.469484 x 1030
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Oe= -0.13-7097 x 10-25 G o = 0.475629 x 10-59 012= -0.370236 x 1023 Cl4 =
0. 833198 x 10,28 Surface 20 r = 493-47675 x = 0.000000 C4 = 0.280809-x 10-7
C6 = -0.360031 x 10-12 C8 = 0.929800 x 10-17 C10 = -0.100162 x 10-20 C12 =

0.116050 x 10-24 Cl4 = -0.979417 x 10-29 Surface 26 and Surface 30 (sane
surface) r =162.15533 x = 0.000000 C4 = -0-235140 x 10-7 05 = -0.709685 x
10-12 OQe= 3%%53%183 x 10-17 Cm = -0.947024 x 10.222 012 = 0.274134 x 10' 26
Cl4 = -0.4% 8% X 10- 30 63 Surface 36 r=-4472.59851 x=0, 000000 C4 =

0- 108255 x10- e 0, 1 10-12 Ca =0.188102 x 10-17 Cc = -0.163001
x 10, 22 Ci2 LZM%%%@SO%_%?@@@E Cl4 = -0.312367 x 10-30 Surface 48 r =

279.53959 K = 90000, .04=0. 176353~ 10 =-0. 889127x 1012 Cs = 0.132824 x
1016 d o :656.0(7)‘8%%%%‘@ 10-21 r c%%‘:ad%%aﬁf@qg 10' 25 Cl14 = -0.327893 x

52033 ﬁ$n®b£ esneRfliNg @l ues of C%}Eiétb?&%bl 615:0. 650 83 = -0.445 Li=
- C12=0.128506 x 102 Cia=-0.312367 x 1080
Surface 48
r =279.53959 K= 0.0000.00
Ca=0.176353 x 107 Ce=-0.889127 x 1012
Cs=0.132824 x 1018 : C1o=-0.701110 x 102
S C12=0.104172 x 10'2;" C14 =-0.327893 x 1080

(Corresponding values of conditions)

B1=-0.650
82=-0.865
B3 = -0.445
L1=3208 mm
12=3652mm
E =466.7 mm
D = 455.6 mm

(D 1 52| =865

O

| @) |L1-12(/1L1] =0.138
3181/181] =0.385
@) 1E-DI/|E| =0.024
Fig. 14 are charts 1llustrating the lateral-
aberrations in the third embodiment.
In the aberration charts, Y represents the image

height, the so0lid lines represent the wavelength
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L2 = 365.
| Li -L211l
charts i

aberratio

> mm E = 466.7 nm D = 455.6 nm (1) | $21 =0:865 (2)

LI10.138 (3) 1,01/1/311=0.385 (4) iE-DIIIE1 =0.024 Fig. 14 are

| ustrating the lateral aberrations in the third enbodi nent.
n charts, Y represents the image height, the solid |lines represent

t he wavel ength 64 157.624 nm the broken lines represent wavel ength

157. 624 +
157. 624 -
aberratio
corrected

h hi rd [ i I d_ i he fi d
éngoéik;ntgggg%¥¥§n£ 3%2%%?%Q§Ea o@g?tﬁﬁﬁfhé F?ré?efblE%?F%ﬂﬂif%éﬁgodinents,

ect to the F2 laser having a center wavel ength of 157.624 nm a NA

with resp
of 0.75 i
14.6 nm

O

%i@m@ 45 ;}%%HE‘ ands £ g qafﬁsgy{fggé.esr&pﬁeagﬂmg@w

pm= 1 nm respective I'S evide

I the expos i ght Wi a"waveleng

rom-the

nlggaré it isgrmg@w5t7haé%§h%;fh5%raat%@ﬁag&%ﬁ%@?ggi&% be

gth

pmin

n" FREGE T 578&Ycan be provided and the image circle with radius

I whic stPE gg%@é%écg?ogegﬂgngggfgépion,charts, it is
known that the chromatic aberrations can be corrected
for the exposure light with a"wavelength of 157.624
i].pﬁ in the third embodiment as similarly corrected
in -the first and second embodiments.

As described above, in the first to third
embodiments, with réspect to the F; laser having a
center wavelength 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, 1in which the aberrations beglinning 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.

Moreover, in the first to third embodiments, an
off-axis quantity 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 patﬁ 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 chromatic aberrations are corrected, can be provided on the wafer.
Therefore, a high resolution of about 0.1 gin can be obtained in addition
“to providing a rectangul ar effective exposure region that is-approxinmately
22 mMmm x 6.6 mm Mreover, in the first to third enbodinents, an off-axis
gquantity A as small as about 3 mmcan be set up on the wafer Wbecause the
second imaging optical system & has a nearly unit (equal) magnification p2
and the opifeal-tatd sgparaltONrbg iU EiedokA idiee 1y Gisnittar & the two
internedi ate i mages fornmed by a nutual approach. As a result, a rectangul ar

65 ef fectiye RXPOSUI & nfn€ HLD APRIOG akel Ynashkai @ g@s ¢ 132 T8 X §¢ 6 MM can
be provided in the inmage circle that is as small as about 14.6 mmin

radius. Thus, ;ah seRbiICal s SustAM SuRerd ofmi N AbERKALION conrectign,
m ni aturization, optical adjustnent, nechanical design, and in cost of

menuf act Urd g an bey Al Nedn FUIL BerID! endi d ok b LA i 6,

enbodi nents, the reticle R aCid the wafer Wcan be arrange paraIIeI to

each ot hery, apd . 2300, acBloane PERRANl oul 8L d oA DR i efLLan of cgravity

(i.e., horlzonta ane enses constitutin Irst 1 magi ng

opti cal Sc?/ Fgﬂn %{‘%oté‘ﬁrodf'rd@:gufac fjfcf'i‘l[; EXE\FBB‘ t%al ¢fie arranged
in parallel a a single optical axis 0 he direction o gravity
because the fl"E;E‘urthermore, in the first to third embodrments,
the reticle R aind 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 G1 and the third imaging optical system G3 can

i
D

arranged in parallel along a single optical axis
AX of the direction of graﬁity because the first
imaging optical system G1 and the third imaging
optical system G3 are provided in an upright positiocon
along the common reference optical axis BAX.
Bccordingly, 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,
andarenotsubjecttoasymmetricaldeformationcaused
by their own weight. Likewise, optical adjustment,
mechanical design and high resoluticon are
advantageously ensured.
Additionally, in the first to third embodiments,

the intersection line of the reflecting planes of the
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i

i magi ng 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 Wand nost of |enses constituting the
projection optical systemPL (91%in nunber for all the enbodinents) are
parallel, and are not subject to asymmetrical deformation caused by their
own wei ght ¢ kigkewhse; cQnt i oAt hadjdist MRBL mi PEghani calgdesicgns &Rdnli gh
resol ution are advantageously ensured.- Additionally, in the first to third
enbodi nent 5+ jthey it efseeticon hige ofothe sell ecting %!oart%aefﬁh@e 66
first Optlcg| path folding mrror 1 and the second oOptical path folding
mrror 2 a up, so-thaty the t4 cak +axj, ?yg% he. fir | ARgi ng

opti cal syé?gﬁ'ﬁ%aGlPat g opti cal tg(l:ips AX%tOF tsde S %%El?r?algisﬁ%sggﬁ cal
system & d Is I 55 A8 t thl i L i ystem G3

i ntersect g?’o‘%\ggpgwﬁﬁ rle glesr\ce ;CJHCE rgt}fe #eéﬁgg?lggg%ncggl%tﬂpgf%aﬁol di ng
mrror 1 a e d tical 0] dj ! r - . rally
formed as ggfsﬁz%g[gg%agﬁngg% %‘é%eo%afl E"Ivah% %Mtorr?ercgloptél eférﬁddé]%ﬁggbottom
side are s int Lght ! i eles_tri | es, .6 opti cal
path fol d?ggg#ﬁ o?y%k/gRAEBgmgjéggFtS%%eégt %éﬁ ?7{5311%? t( g%eorp IP%gl system

(Increases Tne-qnti caly, adjustLient Ada 1MBANIGA o 881 01 AISr S| Tphg because

it is poss
the second optical path folding mirzor 2 are

integrally formed as a triagonal prism member in which
(o the top side and the bottom side are shaped into right
N’ .

angled iscosceles 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 1t is possible
to position the three optical axes AX1- AX3 and the
ridge lines of the optiéal 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 stablility because the

O

optical axis AXZ2 of the second imaging optical system
G2 1s set up so that it is 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




to position the three optical axes AX1- AX3 and the ridge lines of the
optical path folding mrror FMin connection at one reference point. In
addition, the high-accuracy optical adjustnent is sinple and the

optical -systens have higher stability because the optical axis AX2 of the
second i magi ng optical system & is set up so that it is perpendicular to

the referenee Optdeabaaxis, £ wihids Hye conmman aqpa'fzﬁ'msa%esysf the

first inmaging OptIC system iTd i maging op em G3.

refl ect i”ﬁ; %%sél“ﬁ##%s‘f i S ?tg{‘ép'nét Sorer gnd the
second 81#)' 8ca @_atal;{ fglzgﬁ(ﬂgo@“ ﬁl%r sjfle%]?a%%tagwe}l% 115 thesyspé)(éh\cal axi s

of fhe i magl hg optrca axi of the
d t t AX3 f the,third
;Srergglnngl ma@ Pg%lﬁg Iyé? a&%}{n B ett dfatt@ioengpep%cigng Xé%&?&@%tjp%gﬁt)l ;s

d b d b I ' d 16, ill
an i nt or SSCPLER PP ar PATBELIAG %%%%2?%? 6% pod - gma 'at no e
folding mrr c1 an t ond Q%tg%p %_ gath f.ol dlng glrror which is
not | ocat e‘?nlpgtiL fife =¥ gimsg; t i'0h" f SEe bt i RRF BAE AT F ST FPr st

|nag|ng(ngé£gl SySten]ggscrle gntg'cal axi 'gsAX%ﬁ%wghein the

alternative, Figs. 15 and._16,r illustrate an
intersection line of reflectihg planes of fhe first
{:j optical path folding_mi?ror-l and the second optical
' path folding mirror 2 which is not located at the
intersectioﬁ of the optical axis AX1 of the first
imaging optical évsteanl, the optical axis AX2 of the
second imaging optical system G2 and the optical axis
AX3 of the third imagihg optical system G3.
Fig. 15 1is a schematic block diagram of a t
- catadioptric optical system based on modification
exanmple 1. In the catadioptric optical system shown
in Fig. #5, the optical axis AX1 of the first imaging
optical system Gl and the cptical axzis A3 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 coptical
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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second i magi ng optical system &G and the optical axis AX3 of the third

i magi ng optical systemG3. Fig. 15 is a schematic bl ock diagramof a
catadioptric optical system based on nodification exanple 1. In the
catadioptric optical systemshown in Fig. -1-5, the optical axis AX1 of the
first imaging (J optical system Gl and the optical axis AX3 of the third

i mgi ng optixgal BYStem GBrar e nGoidci AeRtin Jhep it £1 SGtitQy | Ere of
reflecting planes of the first optical path Fo | ding mirror 1 and the second

optical - path fokding figr 9t 2ai SsbReatad on i hecsi g1 9RANY! & £t G, the

concave mrror r the optical axis AX1 of the first inaging optlcal

system Gl ang JdieoPtiical op88 i s G O the Ll Ih | BGING: optical system

Fi g. 1 i's a schenmati ifagram of a catadloptrlc OptIC syst em

based on npdi fﬂégoplgn %aml%%% 4&11 E%Fﬁra%aodégm:gllc S(g/pgl%é:ﬁJ em shown

in Fig. 16, tical "axi's I ragl ng T'cal em Gl and

the optical; ?llzg A3 of i e, %P&rc%l rk?x?pE)FC@he §Lem %?ﬁ nfq st

coi nci dent i'nt'ersect I"i'ne O I Ng planes

optical Bg Ocjhe & dé*tégno 1 az@&'dcﬁé‘% %%I?RH' Calcs B t@hfe%ﬂ&@% mrror 2

is |ocated concave or t e op i cal” axi'§ "AX1 of the

frrst i moing o g1 oal . sustem g, o teg optical. Ax{s; %G of thgyihi rd

intersection line of reflecting planes of the first
optical path folding mirror 1 and the second optical
{j; path folding mirror 2 lslocatedcmlthe51decﬁfconcave
mirror CM for the optical axis AX1 of the first lmaglng
opt.ical system G1 and the optical axis AX3 of the third
imaging optical system G3, |
Moreover, in previous embodiment, the opticai
axis AX1 of the first imaging optical system Gl and
the opfical axis AX2 of the second imaging optical
system G2 are orthogonal and the optical axis AX2 of
the first imaging optical system G2 and the coptical
axlis AX3-0of the third imaging optical system G3 are
orthogonal. However, theymay also be constituted so
that the optical axis AX1l 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., modification example 3 shown in Fig. 17.

Furthermore, in previous embodiment, the
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i magi ng optical system G3 Moreover, in previous enbodi nent, the optical
axis AX1 of the first imaging optical systemd and the optical axis AX2 of
the second inmaging optical system & are orthogonal and the optical axis
AX2 of the first imaging optical system & and the optical axis AX3--of
the third imaging optical system G3 are orthogonal. However, they may al so

be_const! tyhpdczg0 o thatat heoaptheals axt e ML Al heotish Iapotog, opti cal

system Si e optlca axi s AX2 of t e secon optl systen1G2 and

the opticak; agn%s%ﬁ %E?c SRS L LR e ) %g%f%

non- or t hogonal modi |cat|on exanp

Furtherm)rCEaIi,J ? S;gﬁgﬂy§%§n2§§ ment, tQSl .1885 I ﬁPhé%%%lfd ghe first

i magi ng op t he op tTear axis 3 of I'magi ng

opt i cal Ziféﬁ%‘fﬁo%fﬁlﬁ%rsdﬁm%?#? Fﬁ?ﬁ%&ii\%ﬁcé{"t"h%ﬁy Epti cal h
axis AX3 o 2khe gé?Qt%%%tﬁ? £8 i i p el. to eac
biBes e c ! SE OGO b

other is al'8d po Fn Fig. 18.

the first BATi %%#rg”%ﬁx?%% gpélg“”ﬁ-o%?’fﬁélaéﬁ S%é?&n' ”tﬁ%fe 185 h To1 i ng

mrror 2 |§ ngg %pln dent mnth tTe Optlcal.%ﬁka‘AX1 géethe

cssi e.g.,
modification example 4 shown n Fig. 18. In the
modification example 4 shown in Fig. 18, thé

'CE intersection line of the first optical path folding

mirror 1 and the second optical path folding'mirtor

2 is not coincident with the optical axis AX1 of tﬁe

=h

i

3

)]

i

e
in

st imaging optical system Gl and the optical a
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
2 may also be constituted so that it is coincident with

the intersection of optical axis AX1l 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 i1maging optical
system G2 and optical axis AX3 of the third imaging
optical system G3.

Additionally, in previous embodiment, the
optical axis AX1 of the first imaging optical system

Gl and the optical axis AX3 of the third imaging




first imaging optical systemd and the optical axis AX3 of the third

i magi ng optical system G3. The intersection line of the first optical path
folding mrror 1 and the second optical path folding mrror 2 may al so be
constituted so that it is coincident with the intersection of optical axis
AX1 of the first inmmging-optical system Gl and optical axis AX2 of the
second i magigtd @RI £k reyStem R Of Bheallnter $secli-en nof dapitd galcaxis AX2 of
the second imaging optical system and optical axis AX3 of the third

i mging  ophicgalo ystem (3 sAdd whonal# bohé Nf PESY OHS £IDed BB, 1 he
optical axis AXI of the first imaging optical system "Gl and the opti cal

axi s AX3 oftdhe.thignd hARginge &5 0Pt g8 axst@zg%%@ésnan mag'iln% to

(coincident "with) each other (the axis AX1 of e first 1 magl Nng opti cal

(
system GL gad t1e1a5) 3+ 8f2c0f aLBen3@eORd iyiingb g1 ORY £ale SYSLEMG are made

or t hogonal e axis AX2 e second 1 taging optical system & and the
i AX3 tdd I 1.Ng; tl l. t Qﬁﬂg th' ).

ﬁék;ver, aBEbEE%?J%%#gﬁﬁrﬁgkﬂ?%ﬁgt%gﬁlppt?dgygggﬁgt%k‘_ ofF?%eQF?%g?aiﬁaging

optical s-yglem e Gl and e ophl gal, A 5e A3 Ofc fheehliad 1 MRokDG L

optical system are not par other"1s al'so poSs

e.g., modi Li6ad oA P! &1 ReeIRMN LN By Ae ek 4 hen A L athqn exanple

5 shown
' optical axis AX1 of the first +maging optical system

Gl and the optical axis AX3 of the third imaging

C} : optical system G3 are not parallel to each other is
also possible. See, e.qg., modification example 5
shown in Fig. 192. - In the modification example 5 shown

infig,]jﬁ the intersection line of reflecting planes
of the first optical path folding mirror 1.and the
second optical path folding mirror 2 is set up so that
it intersects with the optical axis AX1 of the first
imaging optical system G1, the optical axis AX2 of the
second imaging optlcal system G2 and the optical axis
AX3 of the third 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 projectioén

exposure apparatus ¢f the embodiment shown in Fig. 2

is described below.
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inF, g.. 19; the intersection line of reflecting planes of the first
optical path folding mrror 1 and the second optical path folding mrror 2
is set up so that it intersects with the optical axis AXL of the first

i mgi ng optical system Gl, the optical axis AX2 of the second inmaging
optical system &G and the optical axis AX3 of the third imging optical

system G3 at onepp@Lnt8(rfger§ncgﬁg§fgﬁ. ggga@%g t@gﬁlﬁ@%ﬁh§gdpe

constituted so as not to intersect at” the referencé point.” See, e.g., the

modi fi catippy E€:i2rSeMind Rl Pe 18 AG L 95118 a{}%é&ra%u ¥ | ed

construction of the projection “exposure apparatus of enbodi ment shown

In Fig. 2 the gRBGIDROnReLAW 1kl 8205 & fia0san shpwng, Lhe pener a

construction of the projection exposure apparatus of "t rment shown

|0 Fig. 2 abbGrah 9 aBneahanaed, 420580 Wi G, Shpws: 21kar i 009, L0 the

illum nati on “optical system e projection exposuré apparatu of Fig.

ool ed S9obEUL PN QLICH, AGIAM HOLOR SOPUR SPOLLERN 004 DE R0 Bot | on

optical syste _ projection sure appar at 1 _ _ iI'rst, a
et o o CaSH LUt hon Sk e e e MBI R eyt e 1
a portion of the projection thical system of.thg
projection exposure apparatus of Fig. 8.
First, a detailed construction of the'portion
C:} .0f 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) . Howevé¥, the application of an AxrF
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
rarranged 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 alsc be reduced.

A light from the light source 100 is led into

the inside cof a first illumination system casing 110
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with a F,

| aser |ight source 100, e.g.. 156.624 nmin wavelength used in a

natural oscillation (alnost half width 1.5 pn). However, the application of
an ArF exciner |aser light source of about 193 nm a KrF excinmer |ight

sour ce of

about 248 nm an Art laser light source and the |Iike can also be

used in the present invention. The |ight source 100 may be arranged on the

| over 11 0ot suhete Lhgnahg dhach of fhey exagpyre P alyge AR gxg usi ve

area (foot

print mai N bo €~ éxposure apparatus can ecr eased

an also bb-PodRget LR | oHE 7 m EREFgne Sourrectg 9 PRV ERET The

i nsi de of

uni t (BMJ)

optical el

I il Lum ' . i 110 72 .vi b hi
BR6 he CEATTE FY T Tt O S9Stert CRRFRT 2160 Fauer Yok movabl e

a base pl a%ggg%%%ﬁlgdﬁgﬁ ealgg% iﬁ?ﬁ%r %ipt?g%fb%%ﬁ?a?#s -gr %gbggg%e;rgrlo o

mat chi ng

ical path he_| i gh 100 and he main bod

of e expBEhre et o™ CNoF BOUEt 5t RCRONRTEL Al AOROTRr? e 11 ght
100_and th hi it 1D1.1s opticall d b

oyl nder (E0b&P 107 L oA San Sopr TEAT. Bath bhEadon T RS Shatl M ChPRY uni t 101

and the fi
cyl i nder
I '“\.I

L

LR WM DBLLO0 s DI04 CILEAY G 10,0 APLL O Ly conpected by a
the optical path between the light sourcellOO and the
Beam matching unit 101 is optically céﬁnected 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

—
r+

ube) 103, Nitrogen or & rare gas (inert gas), such

u2
u3

as helium and the like, is filled in the optical path
of the cylinder 102 and cylinder 103. |
The light led into the inside of the first
illumination system casing 110 passes through a micro
fly's eve lens 111 (an oﬁtical system equivalent to
a first fly's eye lens), and iens 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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like, is filled in the optical path of the cylinder 102 and cylinder 103.
The light led into the inside of the first illum nation system casing 110
passes through a mcro fly's eye lens 111 (an optical system equivalent to
c afirst -fly's eye lens), and |lens groups 112, 113 constituting an afocal

and then Gk’ 26 BT TRt LEA T OF THRAG BTOral GTITRGEIOH Hivay

and then cones to a turret 11 p i array

PpLical (o BIRMS 1 OPLYLC PLRRY 1opf 1 481 coLemaNte o e gL Ty o oY

l ens 111 is an op em conprising many fine (m ¢ér aving a

P e ofr Saly enBOIRL ARLALANGSLABRLLEAI LY Ancha L1 PRAALY 0 2

dense arran _ Generally, e mcro S eye Téens i §7constituted,
Form the 1 PRE T eRe SFeupe. T Fraarran Lo aiiveal Bronente (s  osed in
(SP 5, 5°0. 300 o0 Decused SR e AT LLAEUAR ik wXAgs) aleLe, o
Lanner oL 1 HIE SRR PR LA 50, P2 9B s 06 AT g oot aue
diffraCtiOEfggé-i8p9ﬂ¥§y€%89§%%i elements disclosed in WO 29/
49505 (EP 1,069,600), wﬁerein the elements are forme&
on one substrate by an etchiné technique can be used
_(\ as the diopfric array optical elements.
hlthepluraldiffracﬁioharrayopticalelements
or the dioptric array optical elements supported by
- the turret 114, a  light passing through one
diffraction, or dioptric, array optical element
positioned in the illuminating optical path incides
intoamicro £fly's eye lens 117 viaa focal zoomoptical
system (115, 116). A front focal point cf the afocal
zoom optical system (115, 116) ié positicned 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 is an optical system
equivalent tg a second fly's eye lens. The micro
fly's eye lens 117 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 1ts emergent side
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or the dioptric array optical elenments supported by the turret 114, a |ight
passi ng through one diffraction, or dioptric, array optical elenent

positioned in the iltumnating optical path incides into a mcro fly's eye
l ens 117 via a focal zoomoptical system (115, 116) A front focal point of
the afocal zoomoptical system (115, 116) is positioned in the vi ci nity- of

t he di ffraqblacg;rk ?5é¥ﬁe9tl'a% el eairﬁrét mclr rd hf%[%h%pter}}ét féﬁgqup?tl .C eI enent

of the turret 11 mcro fly's eye ens 71 s "an opti cal sys

equi val ent cb?lsacfx‘?ﬁ?'é‘i’i fbéyvi ;?‘%fr' E§FSmi H}e ey tha &fg €

i ncludes many fine [ense are S eye%I enses and

d
gggrrﬁfz 2 %rc%g no Vpgow dedq:!% Fsgqeené%%gstrft -sglthe 532 (abgﬁgé?ocus pI ane) .
The moro Lh¥sseyenhens, g s <9 %dwéeeg bya palr of derp.fly' s eve

| enses at a “sSpace a e optic axl's, an aspneri ce may

al so be int E(}%cgg i nt o #ﬁg ef E%%épgu{:%ulrgﬁice Th| ;sLtconstruct 't nresults

in the suppreSS|on of the occurrence o coma a erratlon n t e mcro

G L7 but i BACSH 118 O obLer6° BUriHe RBPS, O FurPBE FYRE SEBBOR oVl dod wi th

airis sto aanular pe,rture an quadrupaql e aperture na so be
arranged |ﬁht Ehe vicioni F;i/ of> rear gens ﬁ‘id»‘ and  suppres s&¥ %he

occurrence of unevenilluminancedistributioh<n1the
reticle. Furthermore, a turret type stop provided
(:} witb.a iris stop, a annular aperture and a quadrupole
aperture may also.be arranged in the vicinity of rear
focal plane of tﬁe micro fly's eye lens 117.
The light éxiting from the micro fly's eve 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 1s positioned in the wvicinity of
position of a_surfacé light source (plural light
source r&ages) formed by the micro fly's eye lens 117.
" The movable blind mechanism 120 is provided with a
fixed illunmination 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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focal plane of the mcro fly's eye lens 117. The light exiting fromthe
mcro fly's eye lens 117 illum nates a novabl e blind nechani sm 120
superinposed via a condenser optical system (118, 119). The front focal
position of the novable blind mechanism 120 is positioned in the vicinity
of position of a surface light source (plural light source i-arages)

rrte D SR it LTl AR PEIIED 20 1

provi ded w um nation sto xed Wwth a

It apertynq a0d 2 myabl e, blind. 122, o0, vating, o g WD of rgp

illumnpationfieldTegionin nni Ng di rection: vabr&lind 122
Scanni ng PP TERELhE h HborBase S REPRG w bt Acor = AEARSH o Soné (frame)
Feti ol e, TRECOTEEFudT! BTt K hbbabi 6 B Th. rebtant s tz0t 187 di scl osed
movabl o bl ind  mhERant SHPE2CPRRFLE r SIATCOPI Ot i POHIASET ohLSySk em

130, P | RBGTHY bBEi FAP UYL da 6% THE 511t iat PR el ML ERL & pr ovi ded
e e P WSRO S e B

“illumination system casing 130. An imaging optical
system of the illuminating field stop is provided for
C:;. re~imaging the ililuminating field stop on the reticle
by . .a given enlargement magnification. . The lens
_groups(131-134}andopticalpathfoldingmirrors(135,
136), which constitute the illumination field stop
imagingopticalsysténmustnotlueusedfor51vibration
source because they are fixed .to the second
illumination system casing 130. The second
illumination system casing 130 1s supported by a
supporting member 211 on the base plate 200. The
magnifiecation factor of the imaging optical system of
illuminating field stop may be egqual to {(unity) or a
reduced ratioc.

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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groups (131-134) and optical path folding mrrors (135, 136), which

constitute the illunmnation field stop imaging optical systemnust not be
used for a vibration source because they are fixed to the second
i I'l'um nation system casing 130. The second illum nation system casing 130

is supported by a supporting menber 211 on the base plate 200. The
Tagni 11 o abkanf aalar oOf e simgl ng APkl cale eyateeby LLLUTGaLAO 1 el d

stop may be equal to (unity) or reduced ratio driving

units (142, 14pq’}efv% t Ay HEOElr}_eaIthfﬂﬁtgLr@Hp%.ri 1Jc%e 1}:@11191{11&&%1?{ cal zoom

rel ay optlcal systemin the direction of optical axis “are arrang in the

first illu td% ggstthem C}QSHggv#gf f'l-r{lsec qu nﬂ:%%aén?@ a%ﬂ? are

nounted to uter side o I'um™nati on system casing 110

to prevent &%@9@ AL AR 1 IdGa P DK%, OPLI 85 PRUTY £B.01 1L

unit 144 for rivin urr et and driving unlts 145, 146

for drIVIE? Rﬁﬁzé ﬁegﬁ%Hﬂf %}&gPsllgg goniﬁl utlngskq% d9§a| zoonlrelay
e o]

optlcal SYyS mln t dirréc n o I cal aXIS ar e m)un e out er

side of theirst (dlhupLaaton, system.Bas p%,ghllotho gpegere@%ltﬁgﬁogts (147,

cont ami nat{on in t t1'ng” op i & Farth I Vi

148) for dpLving. ) the 4 &S HARE 118 ¢ 1193, ERUSL LA L3O § hee Spagenser

illumination system <Casing 110 to prevent the
contamination in the illuminating optical path.

C Further driving units (147, 148) for driving
the lens groups (118, 119) constituting the conldénser
optical system in the direction of optical axis,
rotating at least one lens group with an axis
perpendicular te the optical axis as center and moving
{offsetting) the other lens group in the direction
perpendicular te the optical axis are mounted to the
outer side of the first illumination system casing 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, 1198) in tHe direction of optical axis.
Contrels of slanted illuninance (inclined
illuminance distribution) on the wafer surface and

slanted {(inclined) telecentricity are obtained by the



optical systemin-the direction of optical axis, rotating at |east one |ens

group with an axis perpendicular to the optical axis as center an

{of fsetting) the other lens group in the direction perpendicular to the
optical axis are nmounted to the outer side of the first illumnation system
casing 110. The focal length of the condenser optical systemcan be

d novi ng

changtd andduntisntaka dhessitze rofnan) khlupireath ong 11 e9i pngfor meg, on a

waf er and

(118, 119)

i1 uminancen(igngd ipede ri lshumg papce digt 1 buldon)y

slanted (i
of f set of

to the opt
group int
il lumnati
or arare
i nsi de of

to di schar

al l'owi ng NbLrogalee Ofa @ [ 88038 6INCIL GRS ’héffﬁinﬂ%nae&ﬁgrﬂfﬂg,t he | ke,

A

O

the illumnation NA (numerical aperture) can be properly changed
on the retiglgningapendenttyoof seﬁrﬁbeQE@@aPthBmﬂﬁ@e%tp@cébeaxg%“s groups

in the direction of optical axis. Controls of slante

£L §g&&gce and

of %E%gyﬂ
nclined) telecentricity are obtal ned by tﬁe rotation and

syt e, (348 19 e mnense copigol ey

ir i . h ti i [at . RQM a prev
S o e b TR R Y IaT B g
gas ('PSEttlﬁ oreSUCh @g,hehisym apd ta?"fjoéz!ai‘ﬁg ntioc%&
i 10, and a tube

the first l'um nation sSystem casing

ge fromthe, st m nati on system cas
to flow into the inside of fthe first illumination

systemcasing 110, and a tube 152 for allowingnitrogen
or a rare gas (inert gas), such as helium and the like,

to discharge fromthe first illumination system casing

trical

ving orie | ens

i ous

ni t rogen
into the
2 for

110 are arranged on the cuter side thereof. Valves

(161, 162) for controlling the gas inflowrate/outflow
rate are arranged at the tubes (151, 1523,
respectively. If the inert gas is helium, the tubes
(151, 152) are connected to a helium
recovery/regeneration unit, e.g., disclosed in Japan
Kokai 11-2193902 (WO 99/25010, Ep 1,030,351).

Whidle 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
iare gas ’(inert' gas), such as helium and the 1i_ke, to
discharge from the second illumination system casing
130 are arrandged on the outer side therecof. Valves

(163, 164) for controlling the gas inflowrate/ocutflow

78




110 are arranged on the outer side thereof. Valves (161, 162)for
controlling the gas inflow rate/outflow rate are arranged at the tubes
(151, 152), respectively. If the inert gas is helium the tubes (151, 152)
are connected to a helium recovery/regeneration unit, e.g., disclosed in
Japan Kokai 11-219902 (WD 99/25010, EP 1,030,351). Wile a tube 153 for

all owi ng nitabgen oreca rarangad (iaert Was) tdueh asihehiumiangd)the |ike

to flow into the inside of the second illum nation system casing 130 and a
tube 154 fofegbkeviingehi/trog€ntdre dndateggas i[d mrtigas) thsuahi@sshel i um
and the like, to discharge fromthe second illum nation systemcasing 130

are arranged1 88,t hesqut esrsi dgl kber eohn ot ¥es t6168he164Y ehAro€onYLr ol 1i ng
the gas inflowrate/outflow 78 rate are arranged at the tubes (153, 154),

respectivelyentf otthed i neNt vgasré Soheld Wit e e dabes on( 1931 £154) are al so
connected to the previously nentioned heliumrecovery/regeneration unit.

Further, a bell owsly7Onks,pravi dedi1fieyws connecting the-d+4igkd | lgyination
system casing 110 and the novable blind nmechani sm 120. Another bEl | ows

171 is providghedetari cpnneet Eng stthe MDYARLE ] HAds yEchankgmiiP apd the
second il lum nation system casing 130. The bellows 170, 171 are forned of a
material which #1188 o ¢ghlai Pldedr pe Hahlex boloity Ather bellows
171 is provided for connectiang the movable blind
mechanism 120 and the second illumination system
CE casing 130. The bellows 170, 171 are formed of a
materialwhichhasaacertaindegfeeofiﬂexibilityand
rigidity that is not so great as to deform 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 lighf source
100 to the micro fly's eye lens 111 is divided
two-dimensionally by.many fine lenses, and one light
source imade 1s formed on the back focal plane of each
fine lens, respectively. The beam from the many light
source images (surface light scurces) 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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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

al umi numand the like. In the illum nation optical systemIL arranged as
above, a beamincident fromthe laser light source 100 to the mcro fly's
eye lens 111 is divided two-dinensionally by many fine | enses, and one
light source inage is fornmed on the back focal plane of each fine |ens,

respectivetyglafhehensrlr emsttan neny2l,i ght3) sourke beeges (swsfaedy | i ght
sources) fornmed at the back focal plane of the mcro fly's eye lens 111

incides inte onendiffvast itone adriayr pptitdaln eb@ental & Demed tdi Fhraction
optical elenent for annular nodified illumnation, arranged in the

i I'lum nati @Anudpid cahopatti &y tha hwkiebk thildh vi &#dhhes af acalaze@m. 79 rel ay
optical system (112, 113) The beam converted to rings via the diffraction

optical el emennifrodtispnglian dedi fied bd bunkpatdion f o8 88a85anaut 8
illumnation field at its back focal plane and inits turn at the incident

pl ane of therpi grothkyisceyhenslatdio¥ anthgiafacali gognapptigals system
(115, 116). The beaminciding into the mcro fly's eye lens 117 is divided

two- di mensi pnakliys byneeRyrdéae berseSoptranh B bightesourge i mpge)is formed
on the back focal plane of each fine ?ens where the beam i nci des,
respectively. Thiise PBRY 3RRUAInki YAt SOHELSSicro fly's eyve lens
117 is divided two-dimensionally by many fine lenses,
and a light-source image is fofmed on the back focal
C} plane of each_fine iens where the beam incides,
| respectively. Thus, many annular 'ligﬁt sources
(éecondary surface light sources) are provided (same
as the illumination field formed by the beam inclining
into the micro 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 1lluminates 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 bklind 121 and the movable blind 122 of the
movable blind mechanism 120 is subiected teo "a
condensing action of the imaging optical system of

illumination field stop  (131-134) and then
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(seéondary surface |ight sources) are provided (same as the i 11 uni nation

field formed by the beam i nclining

light from

condensi ng action of the condenser optical

illum nates a given plane

t hese secondary surface |light sources is subjected to

into the mcro fly's eye lens 117). The
a
system (118, 119) and then

optically together with the reticle R

super i nposgegly
- of each fine

szm“!asteg tfet f@g‘ilcﬂ. e 'd lwlirg aat 'g%rkféflef(grﬁu rgl%%rtgg the C shape

ens constitutin

orned on

the i1xed bFind 1% S‘?’%ﬁrdﬂﬁﬁéstﬁ@esb?l Xﬁ”lE"zane the movabl e blingd o
Systom of 1.2?| i het o ]glgtdo o ST H S i 180 PN Rat es. ¢ ne
ot 116 11 N o HKE BRALFar Ul 1A% Ratd o 87 HLEI - pol
nd <6 on) CHOA FIAT Fre G REEOLe (Tou s, et seol (ool oye)

the diff |, el h
URente dfonget b ehe TH RGt on ttPal path

ionaihCchular 1llum1natlon,can.be 1mposed by

be i nmposed, b tcm
dioptric arf %lgh%ptei%%ﬁj
by the turret 11
CONVEN
'switching the diffraction array optical elements or
the dioptric array optical elements arranged in the
‘illumination optical path by the turret 114. In the
case of the annularmodified illumination, for example,

~ both the size {annular

{outer diameter) and shape

ratio) of a annular secondary light source can be
changed by changing the magnification of 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 cof the
focal zoom optical system (115, 116) without changing
its annwiar ratio. Only the annular ratio of the
annular secondary light source can be changed by
properly changing the focal length of the focal zoom
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,
10.

with reference to Fig. 8 and Fig.
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case of the annular nodified illumnation, for exanple, both the size
(outer dianeter) and shape (annular ratio) of a annular secondary |ight
source can be changed by changi ng the magnification of the afocal zoom
relay optical system (112, 113). Moreover, the outer dianmeter of the
annul ar secondary |ight source can be changed by changing the focal |ength

of the focal zof)ma_og%irs%all-ﬁgat ﬁrintoﬁg ti%%G?eg:f%ng %@nﬂg%gﬁysl Hss annu- | ar

ratio. Only the annu ratio o annu second source can be

h db . I h i | 1 h [
Cyet om ( Lao P12 w2 ROE L A T st PSSP e 8t B P sour ce.

A detail ed, constructign_ of rti.on_of _th prQj.ection_optical stemPL is
descri bed hgrggﬁ%lrfiegm%%tﬁeggreer%%s?opl'—liag.e8@5&“&? g(.:af .e%)l %ﬁ descri bed

Gl canroontBRET | BEGPAA Hod A t RAHE: bide P&l ¢ CPRARE baet dr300. whi ch
becones, thed8tun ol LienaReal SUus Byl SunoLiLag PIber s, (281 222)
o oo 198, 8 200,10 Bl Lo SUpROLLing Terbersy, are veltl cal 1y
Anti - vi braéf'lggnuriint %J.(ggsm' BZQ%)d fl%r, ibsl?il:a cIJH:Ctl supporting members

are vertically arranged in practice. Three supporting

members may also be used. .
O Anti-vibration units (231, 232) for isolating
vibrations from the floor at a micro G level are
moﬁnted to the supporting members (221_,_ 222y,
respectively. In the anti-vibration units (231, 232),
an air mount with controllable internal pressure and
an electromagnetic actuator.(e.g., voice coll motor)
are arranged in parallel or in series. The
transmission of vibrations from the floor to a colunn
240 for holding the projection optical system 1is
reduced by the action of the anti-vibration units (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 is
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vibrations fromthe floor at a mcro Glevel are nounted to the supporting
menbers (221, 222), respectively. In the anti-vibration units (231, 232),
an air mount with controllable internal pressure and an el ectromagnetic
actuator (e. g. , voice coil notor) are arranged in parallel or in series.
The transm ssion of vibrations fromthe floor to a colum 240 for hol ding
the projection optical systemis reduced by the action of the

anti-vibrathpRviid® w284, a 282) c1 A Ptugal Ry rAfo SUPPRPHLRG MRHLERS (251,
252)- for supporting a reticle stage fixed plate 301 are vertically

arranged on:hBerediWme248sel 1FHi88 pBaaid 340, enly fawi YRyt §g nenbers
(251, 252) are shown, but they are actually four nenbers (may al So be three

menbers). IrsThe &iovni LA EloRhXP RS @ caPRal AtUS AirS 1821 PHW ded with a
reticle stage RS float supporting on the reticle base fixed plate 301. The

reticle stage;yBS iis comst vtutad so; that: tde fetihcle 12§n1§@@| be Adpearly

driven in the Y-axis direction wwth a | arge stroke, al so can be driven

in the X-axisq o 8XiSadideatiiQnsn 1andnQzkdinect | %ﬁ%g%ﬂger&ﬁmgnd the Z

axis) with alittle driven anount. Mreover, a reticle stage RS 1n. which
The et i ol & SRagolt S8 b oviden. ETRG oty e BESe ity TbBRam f (B R0 as to
a little driven amount. Moreover, a reticle stage RS
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.
keep amomentum in a direction reverse to the direction
of movement of the reticle stage. Such a reticle stage
isdisclosed,e.g.,inJapanKokaill—251217(USPAppl.
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 10-209039
(EP 855,623) and Japan Kokal 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 1s a reflecting plane, which is a moving
(measuring) mirror of the reticle interferometer RIF.

A reticle chamber partition 310 for ferming a space

where an optical path in the vicinity of the reticle
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keep a nonentumin a direction reverse to the direction of novenent 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), Mdreover, a reticle
stage holding two reticles along the Y-axis direction (scanning direction)
as shown in Japan Kokai 10-209039 (EP 855, 623) and Japan Kokai 10-214783

(EP 951, 054) i smay: £ 89 b8 wusedhasnthe rehkclie istag8.RS A ¥ ehhcheq

interferoneter RIF is arranged on the Teticle base fixed plate 301 for

measuring the 1RQtiiaN ?ﬂf‘f’ah@%cﬁ@i‘@hé’fﬁé@’f@'ﬁenba%fe theg L4t ‘Iila%e stage RS

in the XY direction. One end of the reticle stage RSis a reflecting plane,

which 1s a;gavi ng qbBRASHELNR W £EOTIL Lhe sefbolie, Igteriarogpter RF - A

reticle chanber partition 310 for formng a space ere an opti path in

the vicinity tgfclf?%egc%kgke(nggeghio%ﬁ)eﬂaﬁgtb:@;Fl}o%éiggr.tzk pF g?gter ogen,

helium and the iIs arran on t'he € base fixe 301. A

door for g}g%ggr%ﬁl fgﬁ:i@éﬁpb&a"fi?%ﬁr?&eﬁvfr@ 1G] € rockeL éﬁg&r%h?’"‘“) ey

be provid retic pool" room enporarrly Té&ceiving reticle

before | TMbRG e il gl atg thectetigle chamherc and.fembacing ¢ he

internal gas with an i1néert gas is arranged ol ning | ereticle

SRS one SR T8 SENIER O (A SR GaRpr Lt on 310
' arranged by adjoining it to the reticle chamber.
A bellows 321 for connecting the reticle chamber
C> partition 310 and the second illumination system
casing 130 1s arranged. The material of the bellowé
321 is similar to the previously mentioned bellows
(170, 1?1)} A tube 331 er allowing'nitroéen.orEirare
gas (iﬁért gas), such as helium and the like, to flow
into the reticle chambér and a tube 332 for allowing
nitrogen or a rare gas {(inert gas), such as helium and
the like, to discharge from tlie reticle chamber are
arranged on the outer side of the reticle chamber
partiticén 310. If the inert gas is 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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casing 130 is arranged. The material of the bellows 321 is simlar to the
previously nentioned bellows (170, 171) . A tube 331 for allow ng nitrogen
or a raze gas (inert gas) , such as heliumand the like, to flow into the
reticle chanber and a tube 332 for allowng nitrogen or a rare gas (inert
gas), such as heliumand the like, to discharge fromthe reticle chanber

are arran eg.on the outer side of the r ti%lhe chan%%r/. arti.tion 310. If
the inert (g% 1fg hefis er&ndlﬁh@mfﬁﬁgsed?SS headateiafso®he thRnected to
the previou nmenti oned heliumrecovery/regeneration wunit. Valves (341,
542) For ' AORLEUIE M £ he St Fhe Pow ¥ ab B0t F BAOHR e B aTiofgad at t he
tubes (331, EEZ) resgecti vely. Mreover, a bellows 351 for connecting the
reticle bad®ttP¥ed 4 ht e’ BHE and EhePerd ekhi 6he o4 ohRisa odystlem i s
arranged. The materjial of the bellows 351 is simlar to the previously
ment i oned TdelFdfs B21S ThES 1 ahelspatei mehéow cvhi tpdf reffdcketicle Ris
seal ed by the action of the reticle chanber partition and the bell ows (321,
351). The §raRrbedt iRML Bxpdant eaBPpditse useild gtdvilded - wdh)a wafer stage
fixed plate 401. The wafer stage fixed plate 401 is horizontally supported

on the base pl dthee 2000 heCHCEXGHP BRI ENtERRE bR&MSON. eInPES V(i41a¢d  412) for

isolating vibrations fromthe floor at a mcro,
with a wafer stage fixed plate 401. The wafer stage

fixed plate 401 is horizontally supported on the base
plate 200 by-the action of anti-vibration units (411,

412) for isolating vibrations from the floor at amicro

O

G level. In the anti-vibration units (411, 412}, an
alr 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 in the XY direction and is floatably
loaded on the wafer stage fixed plate 401.

The wafer staée WS compiiées a Z-leveling stage
for inclination in the.biaxiai direction of 8 x
(directfon 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 Kokal
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G |l evel .

In the anti-vibration units (411, 412), an air nmount wt

h

controllable internal pressure and an electronmagnetic actuator (e.g., voice
r)y may be arranged in parallel or in series. The wafer stage W5
is novable in the XY direction and is floatably |oaded on the waf
fixed plate 401. The wafer stage W5 conprises a Z-leveling stage

coil nmoto

i nclinati omLmemeﬁol axizal, i r egbixan of 19 g{gbpect

er stage
for

LRf r@d@tion around

S
the X axis) and (y (dlrectlon of rotation around the %an|s) and novabl e

in the Z-ax
(directio

51@'3@%'0%%%% ﬁét age fop_Aadd ngoit JH&Y&H'G

n of rotation ar Z axis) “direction.” For exanp e

e 0z
a wafer

Stage _di s 0sed s Japar Kokais & 63&§1J£ 22290 1 LA, beysed as the

waf er stage

descrlbed
10- 163099,

Japan Kokai

2,290, 658,

Moreover,” TWwo wat'er

earrane a

S

g @E%Qquggl88?%§?%551?§pqg@ é%gqﬂy%gk 10- 163098 Japan Koka

kai an Kok

214783 (EP 951, 054), or

cp sé%g"% FEE, 2, S0 IR SRR pe 1 oty

_|ncorpora%ﬁg ?gﬁ%% Jﬁﬁ ﬁ5f§%ZUQFIQf g?%egf&ggkgPrg@{eé h0|d§f? wWI for

| oadi ng t

He vacuum suction and/ e

arranged Qn %hg fer stage Wb. A wafer chanber

A wafer table (wafer hcolder) WT for loading the
wafer by vacuum suction and/or electrostatic suction

is arranged on the wafer stage WS. A wafer chamber

partition 411 for forming a space where anoptical path.

in the vicinity of thé wafer W is sealed with én inert
gas {nitrogeh, helium and the like) is arranged on a
wafer stage fixed plate 401. A door for mdving 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.

3 sensor column SC is fixed to a lens barrel (or
the column 240) of the projection optical system. An
alignment sensor 421 for c¢ptically measuring the
rosition of an alignment mark on the wafer W in the
XY two-dimensional direction 1is provided, an

auto-focus leveling sensor 422 for detecting the
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partition 411 for form ng a space where an optical path in the vicinity of
the wafer Wis sealed with an inert gas (nitrogen, heliumand the like} is
arranged on a wafer stage fixed plate 401. A door for noving the wafer in

or out of a reticle stocker (not shown) may be provided. Areticle spare
roomfor tenporarily receiving wafers before noving the wafers into the

waf er chanber ,and repl acing the internal gas with an inert ga-s is arranged
by adj oi niRgSH 1O Pﬁetg}&gﬁfeghéﬁ}bEP.e A~ g&risoA IOt GRROSCIPPFi%@d to a | ens
barrel (or the columm 240) of the projection optical gystem An alignnent
sensor 4212%bF @pticcHli9nieadd ithe t heclpawi tionsof fanfd i gfiermndark on the |
wafer Win the XY two-dinensional direction is provided, an auto-focus ’
| evel i ng s@rsdm 4201 a5i adetddon ¢ A ioe a186 Ppost f eon ioft ahbewatert ¢n t he

Z-axis direction (optical axis direction) and the inclinations of Ox, Oy

and 8 z i Friakiaadnrddiy o amralfdfsr antd aieybire érnOWERmEE measuring
the position and amount of novenent of the wafer table WI in the XY

direction @f rheoimted tedindBemoiheokindisectaionedse Baaldied FIA

(Field Image Alignnent) systemwhich the mark position by illum nating an

al i gnment tar khgn steies oiaf ¢io i &C1.i ght having a broad wavel ength region,

such as a halogen lanp and the Ii ke,
At least one of a FIA (Field Image Alignment)

s;;tem which the mark ‘position by illuminating an
alignment mark on the wafer with a 1light having a broad
(} _ wayelengthregion,suchasaahalogenlampandthelike,
and then prdcessing this mark image, a LSA {Lasei;.Step'

Alignment) system which measures the mark position by

irradiating a laser light on a mark and then using

[4}]

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 fregquency on an alignment mark like
diffraction gratings from two directions and then
interfering two diffraction lights generated by the
mark with each other 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. Bn auto-focus leveling senscor which
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and then processing this mark imge, a LSA (Laser Step Alignnment) system
whi ch neasures the mark position by irradiating a laser light on a mark and
then using a y light using light diffracted and scattered by the mark and a
LIA system (Laser Interferonetric Alignnent) which detects the positional
information of mark fromits phase by irradiating a laser light with only a

little di rent freguency on_an.alignnent .mark Like,. diffraction gratings
fromtwo a[ifiég?:f%i%osns Zaﬁacf{??leng%feicn ef erPﬁSltr%Dma?f f?gctggﬁeﬁtg:h?g gener at ed
by the mark.,w.th.eac othfr S Zgjtable for thg alkgnnent sensor 421. The
auto-focw??%@@ﬁiﬁ&‘?&%ﬁﬁ 42ICRERTE AFFETHET It hB ESuFT BAF oF X whPer to be
exposed coincjd (focuses) wi,th the image surface of the projection

opti cal sy%LEJeJFna%jtr? aﬁﬂ%-?ﬁ@uémlt&/_e{f?ﬁélsggn%%? \?ﬂ%ﬁe%§oa’et‘g‘§&s Faxi s
direction positions of_ detection .points in plural |ocatjons arranged into a
matrix is %ﬁtﬁﬁﬁ@¢cﬁh?hgegﬁéﬁ%gﬁugq%ﬁﬁﬁihﬁ Eéﬁﬁﬁf4%9?@qio?ﬁis case,
the detection points in plural locations are arranged in_a range including

the slit-13%® %XpBBARE rédi of fOIRER by He Pt BFectién dpiitcaiTXk8ystem The

wafer interferoneter WF neasures' the position and the amount of novenent
of the waf®tPefYge region formed by the projection optical

system.
The wafer interferometer WIF measures the
position and the amount of movement of the wafer stage

- in the XY direction. One end of the wafer stage WS

C

becomes a reflecting plane. The reflecting plane
becomes a moving {(measuring) mirror of the wafer

interfe

ometer WIF. A fTube 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 1like, to discharge from the wafer

chaﬁber are arranged on the outer side of the wafer
N chamber partition 411.

C If the inert gas is helium, the tubes {431, 432)
can be connected fto the previcusly 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 is
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in the XY direction. One end of the wafer stage W5 becones a reflecting

pl ane. The reflecting plane becones a noving (nmeasuring) mrror of the
wafer interferometer WIF. A tuba 437 for al Inwipg nitrogen or a rare gas
(inert gas) , such as heliumand the like, to flowinto the wafer chanber
and a tube 432 for allowng nitrogen or a rare gas (inert gas) , such as

hel fum and,Lhe ;ldke L0 0 achar 98 Lham L pe vatel,. ¢harbel, plecarpanged on

t he outer srde of anbér "partition |ner gas is

hel i um thﬂléuﬁg rA_fLBall Of%:)hec}ggﬂg\‘?porhnoefte égI&%g)e ]P(r%ew Ou%{t%’%”e.nt' oned

hel i um recovery e enerati on” uni 1 ves (4 1 co ?Ilng t he

g2s 1111 o 8LLD 3‘“{1 S St s e

iti 11 SC 88 .
it S RIS IS, b T AR
5 e 8 L R P e S T tod DRSS Ay 408,11 Y,

and the bell ows 51 The d |bed‘§ %ectl on_exposure a Earat us,is

provided with a acl'l?EF ;} i Gd 80 T XBYEM Y a%PB fddiSphte in the

proj ection, optioaly system Jhe. R gatlon gRLSal; ystemis royided with a

: a purge space in the projection optical system. The
projection optical system is provided with a first

(3! imaging optical-system for forming;aprimary image {a

first intermediate image) of the ﬁattern. of the
reticle R. The first imaging optical system 1is

composed of lense

l'J']

{L2-L7: corresponding to L11-L110
in the first imaging optical System of Fig. 2). The
parallel plane plate L1l and the lenses (L2-17) are
received in divided barrels (501-507}, respectively.
Connection techniques between the divided barrels are
disclosed in, Japan Kokal 7-86152 (USP b5,638,223).

The-parallel plane plate L1 is held by a cell

@

511. The cell 511 holds the parallel plane plate L1l
50 as to be put between the top surface and the under
surface o©of the parallel plane plate Ll. The held
locations are plural locations {3 locations or ﬁore)
in the circumferential direction (8 z direction) of
the parallel plane plate Ll1. An air {gas)-tight

structure is disposed between theparallel planeplate
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rr imagi ng optical systemfor formng a primary inmage (a ~J | first
internmedi ate image) of the pattern of the reticle R The first inmaging
optical systemis conposed of lenses rL2-L7: corresponding to L11-L110 in
the first imaging optical systemof Fig. 2) . The parallel plane plate L1
and the |l enses (L2-L7) are received in divided barrels (501-507),

respectivelly.an&onnectdon t echni ques behwueen m@-w dedsbakret sy are
di scl osed in, Japan Kokai 7-86152 (USP 5, 638, 223). Ther-parallel plane plate

LI is helddwy & E§1b~551171)- . Theecebl 121 hpbds sthe paral gk plang. pl ate LI
so as to be put between the top surface and the under surface of the

paral | el mLaznewb)ag%, lsls dhepbeldir l0eaticts @he Ry alud esald s (3

| ocations or nore inthe circunferential direction (9z direction) of the

paral |l el pl . i &( - L r i I Q§9€ bet ween
t he paral r@gfé“%%%&% gltuer %@Lﬁfaggﬁshtg%%?g%%%%ﬁﬁ? g\%ggiﬁ -L7) are

held by ¢&l kg d 5@%%5%%) (1.hhe gel | §h§5£t ‘15&712098‘61&1{15 éf@sgﬁur(ah?' L7) so as

to be put between e top surface an e bottom surface of rins arranged

at the peni Yon®f (864 80989, b3 hdkre) I@letﬂsléikeql@&dwﬁén%%f' ural

| ocations (3 locationsor nore) irithe circunferential irection of the

| enses. The dividsd bagrels ((891:207) and the cells
The divided barrels (501-507) and the cells
(511—517).are connected by ffames 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 Ilcocations along its
circumferential {téngential} direction. An air
{gas)~tight structure is disposed between the frame

521 and the divided barrel 501.

In the first imaging optical system, an actuator
532 for moving the lens L2 1in the optical axis
direction (Z direction) and inclining it in the &
x, By directions is arranged. This actuator 532 is
"arranged at a pitch of 1200 in three locations which
is egual 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 be
used as the actuator 532. If the driven amount of

actuator 532 is the same, the lens L2 can be moved in

90
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(511-517) are connected by franmes 521-527. Apertures for allowng an inert
gas (helium to pass inside of the projection optical system are arranged
in the frames 521-527 at plural locations along its circunferenti al
(tangential) direction. An air (gas)-tight structure is disposed between
the frame 521 and the divided barrel 501. In the first inmaging optical
system anthetaiat 9k al1532 ifsodimedngohherhensehz L1 dde bapt ineal 1 Axtis
direction (Z direction) and inclining it in the B x, 8 y directions is

arranged. fhishactatorg §3diirsc @ $aANgeds at +a iy tich gf 200, 4p theee
| ocations which 1is equal distant fromthe optical axis and spaced in the

ci rcunf er eft i &lendiameeth €No €z tdier ectd oM o rAsizneadr + HPE Or ¢ i Birezeehectric
el enent, cylinder mechanism driven by a pressure fluid or gas and the |ike

can be usedcas itdies acd ust Of b3t | ir ddBe dE VRN AMUAE u@fc o At or 532 is
the same, the lens L2 can be noved in 90 the optical axis direction. The

lens L2 cagzbe igwd ) ned7 ighbdhetQ %i@iYad recti@pulseting it up so that
the driven anount of the actuator 532 in three different locations is

different, respectitted i A6t Uah9E3I n2B3pt iR3P1 PPSLB37 0P8R SR lar to
actuator 532. In the first imging optical system an actuator 543 for

noving thesd ensok3ndfihletX¥ pkarerizsiartRpged.p1dhesesagtvatQfe®43 is
bet ween the actuator 533 and a

- These actuator 543 1s between the actuator 533 and a

frame 523 and is arrangea at a pitch of 1200 in three

C} locations which are equal distant from the optical
| axis and different in the circumferential direction
( & =z direction}.. A linear motor, piezoelectric
element, cvlinder mechanism drliven by apressure 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 511. This tube 551 may also be connected
to the previously mentioned helium
recoverysFregeneration unit. A vwvalve 561 for
contreolling the gas inflow rate 1s arranged at the tube
551.

The projection optical system is provided with
an optical path folding mirror M 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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frame 523 and is arranged at a pitch of 1200 in three |[|ocations which are
equal distant fromthe optical axis and different in the circunferenti al
direction B z direction) A linear notor, piezoelectric elenent; cylinder
mechani smdriven by a pressure fluid “or gas and the |like can be used as the
actuator 543. A tube 551 for allowing heliumto flowinto the inside of

the proj echl QRN cahcsy 3L i andthalogfal Ruihe s fhyi ded Jalrel Hll. This

tube 551 may al so be connected to the previously mention ium

recovery-regenerafj og ynit %é\nm' MPr PO Tiflmif £ONG QUL BY Thee 0ag nf | ow

rate is arranged at the tu 551. e projection optic SysS s provi ded

with an ophiGalebably Loldlhng, i ioor e EMLI pi-gor ! Heaﬁgﬁg o BYr f‘ hipr st

opti cal pat ing mrror a secon opt1ca Idlng rror. The

opti cal pat pghal gy - Lhcar FM gag jhe. ¢ f%ﬂ&ﬂe %&rléym;aﬁpc%lsge%S' tion of

91 a net al s ar um num and mo Side "races | triagona
o zf"?fg%@“mﬂwgrazwiboészegzo% O e T
3 0, e gpOn SERERLEL T plave, B8 Tl 4w A e prker s o
cryclite, nchibalidhqodd §BUM,THOrd 4%, SodLuMeh Hori 88, B3N e,
chiolite,'lithium fltoride, sodium fluoride, barium
fluoride, calcium fluofide,: magnesium fluoride,
(} yttrium Jfluoride, yféerbium ;%uoride, necdymium
fluoridé, gadolinium fluoride,_lanthanum fluoride,
osmium fluoride, strdntium fiuoride and the like can
be used. A congt ncti in Qh ch a dielectric
multilayer film is arranged.on a metal film, such as
aluminum and the 1like, may also be used. The dielectric
mnultilayer 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 f£ilm so as to decrease it and to correct a
difference:U1phasedifferencebetween]?polarization
and S polarization due to the incident angle {emergent
angle) {angular characteristic of PS phase

difference) g0 as to homogenize it in a desirable range

of incident angles. If a phase difference between P
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fluoride, calciumfluoride,' magnesium fluoride, C yttriumfluoride,
ytterbium fluoride, neodym um fluoride, gadoliniumfluoride, |anthanum
fluoride, osmumfluoride, strontiumfluoride and the |ike can be used, A
construction in which a dielectric nultilayer filmis arranged on a netal
film such as alumnumand the |ike, may al so be used. The dielectric
multilayer filmfunctions as a protection coat for preventing the netal

filmfrompxidatiiantidhi sandi ebechoiamud itliayer ekiilané pncthors e correct
the phase difference between P polarization and S polarization caused by a

refl ecti nguhilghti fa0netbecaneialHd lims9iag posdecrease fta@ndnd g=correct a
difference in phase difference between P polarization and S polarization

due to theghBcidenthangyl golerer et o AN @) ahaned p& ehar agt efhst e of PS
phase difference) so as to honogenize it in a desirable range of incident

angl es. |fp@1phase € bhenence: bet waen Rud2 PRkabiczat+ O8rard ox pokari zation
exists, this is undesirable becaus.e the inmaging positions of an inage due

to the P pohagkzahban PG rARNRGS JUueg it hece; pohaY kzatketAdeviate and
cause the deteéerioration of inmage quality on the imaging surface; thus a

desirabl e r£e59huti®N iS5 Nelo Ot Aedn Mr eausre oW bl aRg WirdQEs maybe
kept so as to perpendicularly intersect to each other in place of formng
the first apdyrthe may be kept so as to perpendicularly intersect
to edch other in place of forming the first and the
second optical patﬁ folding mirrors on one member. In
<:} this case, it is ponsidered.that.the ftwo plane mirrors
are kept adjustably, e.g., by a technique”disclosed
in Japan Xokai 2000-28898, which is incorporated
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 1ight from the first intermediate

image formed by. the first imaging optical system. The

O

second imaging optical system is provided with lenses
(L8, LY9: 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 mirror CM. It is preferable to coat the

entire concave reflecting mirror CM with 8iC for

93




second optical path folding mrrors on one nenber. In c this case, it is
considered that the two plane mrrors are kept adjustably, e.g., by a
techni que disclosed in Japan Kokai 2000-28898, which is incorporated
herein by reference. The projection optical systemis also provided wth a
second i magi ng optical systemfor formng a second internediate i mage (a
secondary inmage of the pattern) nearly equal to the first internediate
image in gkgesdosedadnch |l pgbtrdiomhhe i steimtes edigats, r FaRge forned
by, the first imaging optical system The second inaging optical systemis
provi ded wpEhthenseficafdBrelide €05 HRSRQNNIAY 10 NeGalivedlepsespbal, L 22
in the second imagi ng optical system G of Fig. 2) and a concave reflecting
mrror CM3Shesar: 2oa0nPastta1ef, sSchand, 9 gan heuseduAsahhecpmterial of
the concave reflecting mrror M It is preferable to coat the entire
concave 1 ef} gl RoaTNIRrL MM bh <3G S0k, 93 1deaaspidl £ald oy ppeyent i on.

The reflecting surface of the concave teflecting mirror CMis Tornmed by

vapor dep@sbbisan &ff IRtAhScSUh Ahefad £ialkM PHMARL thesoli ke A
dielectric nulti-layer filmmy al so %e vapor deposited in p?ace of a netal

film In thig ﬁtaasteer§§ls”&%r§§@ﬂie%’§r9f: Fﬁlﬂ"@fi%. ML hayeletbhm netal

fluorides such as alum num fluoride, cryolite, iolite, I'ithiumfluoride,
sodium flupgj;de; Rasiuflich as aluminum fluoride, cryolite,
chiolite, lithium fluoride, sodium fluoride, barium
fluoride, calcium flucoride, magnesium fluoride,
(} yttrium flucride, vytterbium fluoride, neodymium
| fluoride, gadolinium fluoride, lanthanum fluoride,
osmium fluoride, strontium fluoride and the like can

be used A construction n which a dielectric

[P NP Fn M e

[ =]

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 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 film. 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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fluoride, calciumfluoride, magnesiumfluoride, yttriumfluoride, ytterbium
fluoride, neodymum fluoride, gadoliniumfluoride, |anthanum fluoride,
osmum fluoride, strontiumfluoride and the |ike can be used. A
construction in which a di electric multilayer filmis arranged on a netal
film such as alumnumand the |ike, may al so be used. The dielectric

mul tilayery fit ALl BAGIIONG; A5 RIOL B5LLAB DA JOT 5 rPREMENMANG LG Metal
filmfromoxidation. This dielectric multilayer filmenables the nmetal film

to have a,6¢LraCtI NPohuBglisa SO R8st 9sdRRLRASE, L B8 PRASE ; dLfEgRENCE
between P polarization and S polarization caused by a reflecting light from

the metal Inb8knl18oAA1EAINY iiiald PO Aisakly hampgent 2es 4 ¢ fherence in

phase difference between P polarization and polarization caused by the

| nci dent %&h%e off el Lol oo 2091 o). d A00yLat, AL BeLE! ot at%LeePaS%Bhase

di fferenc 'n a abl'e range of incrdent ang ase

di 1 er encec bebueens polacl:aaii 0n apd S¢ pokardzaton existay thhs is

undesi rabl e because the 1magling positions o ot

pol ari Zati%agg?i% aé‘uk%%%erel dyg 4t 0 t ﬁ%s%zpe%%i @éé?ﬂu‘&%"dﬁt ¢ sang, ccause the

deterioration I mage quality on t I.magi ng surface and a ‘desirable

250 ) b B Sk AETefy: 108 mLeniel 2y8! ddesone L Eepigny s
mirror can include ULE or Be. If Be 1is used, it i#&
preferable that the whole concave reflecting mirror

C}_ CM is coated with éiC and the like.

“ The thical felding mirror FM and the lens LS8

are contained by a divided barrel 601, the lens L9 is

contained bf a divided.b_rrel 602 and the concave
reflecting mirror CM is contained in a divided barrel

603. A holding member 610 for holding the optical

foldingmirror FM is mounted to the divided barrel 601.

A mechanism for adjusting the position of the cptical

folding mirror ¥M (first and second optical folding

mirrorsy in the B x, 8 vy, @ 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, L2) of the second imaging optical

system are supported by supporting members {611, 612).

Supporting members disclosed in Japan Kokai 6-250074

and Japan Kokai 11-2311%92 are suitable for these

supporting members (611, 612). The concave reflecting
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preferable that the whole concave reflecting mrror CMis coated with Sic
and the |like. The optical folding mrror FMand the lens L8 are contained
by a divided barrel 601, the lens L9 is contained by a divided barrel 602
and the concave reflecting mrror CMis contained in a divided barrel 603.
A hol di ng nenber 610 for holding the optical folding mrror FMis nounted
to the di videdoharcel 0G0l he Astrchani SMIPLnadiust i pG 1t heyRest i pg of the
optical folding mrror FM(first and second optical folding mrrors7 in
the B x, esﬂpp@ﬂ:é’df%@“9”_55@55‘190'.rtt3_|.n%0§fférh}5’@r' ns1hHe @épg'o&e&ﬂgns may be
arranged between this holding nmenber 510 and the divided barrel 601. The

| enses (L8yohB)krQf akilie 1386080 A FRY N9 xORtd £ad- 2 SY9am ar BROK dby
supportingﬁ%nbefé (611, 612). Sug%orting menber s i§b|§§§%Hin %gan Kokai
6-250074 = pndo dapay Kokais il 2531192, ar epgul Lal | ni & ting
menbers (611, 612) The cgngéve ref 8cting SSQﬁféég?nénl%ﬁﬂ%iggiggond

i magi ng opfiga st.em, L. rt, YV A SURROE L nmber 613. Supporting
menber s d?%c?oéggyin ?%pgﬁI%%%§? 6§%§%%%4?§ﬁapanék§%§¥? 11-231192 are

sui tabl e for thig suppeptidig nepber,, 81 nd L.pcorpora in by
reference. The prd?ec??o? opt?%a! é?gte%??s fﬁ#%ﬁgﬁl ﬁ%%vigggﬁaf%ﬁ athird
SR ORSi Gk aR¥SEMChOra fO[B QY i 0aly 19Bee & M edHcedni mage: of the

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

on the wafer based on a light from the second
Y intermediate image formed by_ the second imaging

optical system. The third imaging optical system is

provided with lenses (L10-L13: corresponding to the
lenses L31-1311 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. Technigues for connection of the

flange FL and the column 240, for example, are

-
O ‘disclosed in Japan Kokai 6-300955 (USP 5,576,895) and
Japan Kokai 11-84129 are applicable. A sensor column

SC is mounted to the flange FL.
The variable-aperture stop AS 1s contained by
a divided barrel 703 and the lenses (L12, L13} are.
contained by divided barrels {704, 705). The L10-L13

are supported by cells (711-712, 714-715),
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on the wafer based on a light fromthe second internediate imge forned by
the second imging optical system The third inmaging optical systemis
provided with | enses (L10-L13: corresponding to the |enses Tal-L311l in the
third imagi ng 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 |ens

Li | i's contained byyd1qi vised banrel 02 dr {hange FlosypnorLegsby a colum

240 is arranged in the” divided barrel 702. Techni ques for connectlon of the

flange --Ly ggdgtl@ C?ég%ln?ffparfero G, P4 kgl 3394 A Jangn Kokal

6- 300955 (U 576 and Japan Kokal are “applica A sensor

ot A g baR s £ 2L (i A0ds Bl T@&&%éé&)fﬁ foRE BERSLIR A5 1S

contained b arre enses areé” “cont ai ned

by divi ded parr, . T 1 3 e supported by cells (711-712,
714-715), gg ;g%%eéggée{?P§Tﬁn Eﬁ?%c?u?é 6% he cells (711 712, 714-715)

o spoenbetvaer I NS SRS AR A
A e T R %@szw%%fﬁani%;;' "5 L
arranged. Apghtures op 4ali ”Qné”th%eréeﬂf§ (711-712, 714-715)
are arranged. Aperiures for allowing an inert gas
(helium) to flow into the inside of the projection
(j\_ optical system are arranged in plural locations along
their c¢ircumferential direction 1in 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 Ox, By directions are arranged.

These actuateors (731-732, 734) have construction

@

similar to the actuator 532. A tube 751 for allowing
heliumto discharge from the projection optical system
is arranged in the divided barrel 705. This tube 751
is alsoc 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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(helium) to flow into the inside of the projection C optical systemare
arranged in plural locations along their circunferential direction in the
frames (721-722, 724-725). An air (gas)-tight structure is disposed between
" the cell 715 and the r 7-iv_derl barrel 705. In the third inaging. optical
system actuators (731-732, 734) for noving the lens (LIO-L12) in the
optical axis dir Lon d.incli.ni theci magi n tical systemin the B x,
O y directions aﬁgyatr’rgﬁg %1{"88 ﬁ@s%gggt%gt%%%%%iggﬁl% Fhaves
constructi‘lglqe

i.nd | 32, b f || hel i
to di scharge Ff%%t‘?é%‘?%}eg@tc’ﬁg%fg; |re jﬁl%?éflteléxeﬂ'ozg%??g%é%&f#?lge di6v: gcrand

barrel 705, This tube 751 is .alsq connected to the eviously nentioned

hel i um re%%éeraf/l/ relei(&)e%alrlgtei fﬁ%ﬁ@ A VeC76T ftg’re plgjoﬁbfoglrl PY1fhe gas
inflowrate is arrangedd\aﬁ%the tﬁbg} 751. 97 Next, the enbodi ments of

amanuf act T R Sorocess et ReFhé Pt 8Yirousl y nentioned exposure appar at us
and an exposure t hod ,are used.in the |ithographic ocess are descri bed
bel ow. Fig. 11 ibgfg‘di dgrisn Sh \;}V/iaT‘FgrEl‘IHeshod’f/&:IPﬁrf:b(ﬁ PLOWE%%&G% ng
process (sem conductor chips such as, [C.or LSI %nd tE}gi like, Jiquid crystal

panel , CCOF M3RRAAG T HBRInREPE Sidad! S AR FOIRLRF-RE SR RD THTFE. 2 as
IC or LSI and the like, liquid crystal panel, CCD,

thin-film magnetic head, micro-machine and $o on). As
shown 1in Fig. 11, design sﬁep 201 illustrates a
(} function)properfy design (e.g., c¢ircuit design of
semiconductor deviges and the 1like) of devices
(ﬁicro;devices)andzapattérndesignforobtainingthe

functions are also made {design

e Y Ve T EN

step). Successively,
a mask (reticle} for fofming a designed circuit
pattern ié 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).

Next, in the step 204" (wafer processing step),
éctual circuits and the like are formed on the wafers
by'using wafers prepared in step 201 and step 203
accofding to a lithographic technique and the like as
described later. Subsequently, in the step 205, the
device assembly is conducted by usingwafers processed

in step 204. Such processes include, e.g., a dicing

process, a bonding process and a packaging process
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shown in Fig. 11, design step 201 illustrates a f function/property design
(e.g., circuit design of ~J sem conductor devices and the |ike) of devices
(mcro-devices) and a pattern design for obtaining the functions are also
made (design step) - Successively a mask (reticle) for form ng a designed
circuit pattern is prepared in a step 202 (nmask preparation step) .
Al t er nat i Velh/i pwahels cancbeamehuf@cour édh wittdp d0Matercakddumch @as silicon
and the like in a step 203 (wafer manufacture step). Next, in the step
204- (waf edepraocéssi ng step) actual circuits and the like are forned on the
wafers by using wafers prepared in step 201 and step 203 according to a
| i t hographi c t efimegueyandihheal i kéeas 2deScr{brdpatteionSubsequently, in
the step 205, the device assenbly is conducted by using wafers processed
in step 204 srhuchipnecessesdundartle, ircguda, digi.rg , progesactd dondi ng
process and a packagi ng process 98 (chip enclosure) and so on in step 205
accordi ngcom £ femand.orfFitad t y,a idumwaist e 230G 4 hpedtd Ot ,thd nspecti ons
conducted include, e.g., an action confirmation test, a durability test and
so on for dehel cdevpeep grepat edsite St eps5205.f Af £ eprpicacesshag, Hie devices
are conpl eted and shipped. Fig. 12 is a diagram show ng one exanple of the
devices are completed and shipped.
Fig. 12 is a diagram showing one example of the
wéfer processing of step 204 in TFig. 11 for
(\ semiconductor devices. In Fig. 12, the wafer surface
- is oxidized 1in 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 icon 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
according to the demand called for by the processing
H\'.
CJ steps.
in the wafer processing steps, if the above
pretreatment process has been completed, a
post-treatment process as follows is executed. In the
post-treatment process, first, a sensitizer 1is

applied towafers in a step 215 (resist formation step).

Successively, a circuit pattern of mask given by the
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waf er processing of step 204 in Fig. 11 for sem conductor devices. In Fig.
12, the wafer surface is oxidized in a step 211 (oxidation s-tep).. An
insulating filmis formed on the wafer surface in a step 212 (CVD step).

El ectrodes are fornmed on the wafers by vapor deposition in a step 213
(electrode formation step) . Anion is inplanted into the wafers in a step

214 (ion pAphayRsbaA St eR)yst Sheps (3kbodhreughasirp 2ddsgonshintyte a
pretreatment process of the wafer processing, and are sel ected and executed

accor di ngek@otier demmitdh 68l lrds £ 05 by t ABoRIOCESSItan 6reléNsSd oih the wafer
processing steps, if the above pretreatnent process has been conpleted, a

post - tr eal;geRly PLERCESSr 8 1 k| QW be @RS | INb £ Pe t ROz bh8RITeNt
process, first, a sensitizer is applied to wafers in a step 215 (resist

formation,gteR)s UECes$LYRIYea ai &£ EULt 2RAt tRfdy, Of o PRk, 91 ¥eBphy the 99
| i t hographic system (exposure apparatus) and exposure nethod descri bed

above is §ransketisad fnMeESr $nid o St eR2d6,EeXPOSHE e, SEEPkne X, the

exposed wafers”are devel oped in step 217 (devel opment step), and exposed
menbers i'pha pakl.s©Xcepiihar é@eaféﬁo‘m?&%yté@clﬁ?ﬁ'g%n@ﬁ%?@i@re removed

by etching in step 218 (etching step). After, the etching is finished, any
(etching step). After, the etching is finished, any
unnecessary resist is removed in step 218 (resist
removal step).

(} Circuit patterns are formed on the wafé;s 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 #m 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 preducing
high accuracy exposure control.

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

a number of tubes (inflow port/ocutflow outlet)
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unnecessaryr resist is renoved in step 219 (resist renoval step). CGrcuit
patterns are forned on the wafers by repeating the above nentioned
pretreatnment and post-treatnment process steps. if the manufacturing nethod
of this enbodinment is applied, devices with a high integrated |evel of
about 0.1 Umin mninumline width can be produced wth sufficient yield.

The et hod canald eohie susecf - 4BE-eRATSUr § AppaLalip.apd L/, gxpsure

met hod descri be ove 1n the exposure process _ y
't avi o P TR s RadErRs T SRR Frr s A BA RS Mo cover.
proj ect i on ot Taf =05t B Lt dCRbsad | Ffud T B4 e PR hiifer of
(i1 ow port Uit Eiont Far - 1 Bnt BET AR RR T T o FRGToRE, T oRS chamber <
O the gasSITATRS pro) BT gir SR Byt S Al e FHT ank B of"opt i cal
1 ovabl o BAEE T LPHE BPEsSdr 5O BALATbf F4 Cehith oBubR PRE BFhe val ue
of the prOL%%H(%Eé¥néﬁgjv§X%%?@f the projection optical syétem
more tight than that of the illumination Optical
system.
C Furtheimore, the pressure- change of an inert gas
filled or circulated among optical elements of the
illumination system and projection optical system is
detected, and optical elements Ifor aberration
correction (L2-L3, L5-L7, L10~L1l2 in Fig. 8 through
Fig. 10) may alsc be driven based on the detected
result. Such a technigque is disclosed, e.g., 1in
WOo538/10917 (EP 1,020,B97).
Additionally, it 1is preferable that the
(j_ concentrations and/or  the total amount of
| light-absorbing substances {(gases such as oxygen (0},
carbon dioxide (C0;) and the like, water vapor (H;0)
and so on, are given as substances absorbing exXposure
beame and light~absorbing substancesnfor the F; laser
light of wavelength 157 nm) in the optical path of the

illumination optical system, the optical path ih the

reticle chamber, the optical path in the projection
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nore tight than that of the illum nation optical system C Furthernore, the
pressure change of an inert gas filled or circul ated anong optical elenents
of the illumnation systemand projection optical systemis detected, and
optical elenents for aberration correction (L2-L3, L5-L7, L10-L12 in Fig. 8
through Fig. 10) may al so be driven based on the detected result. Such a
technique is disclosed, e.g., in_ W99/10917 (EP 1, 020,B97). Additionally,

it is preP&afelt fsERE apfcdM® alRdnsCand/RAtRhd % ot hie awdls of C

| i ght - absor bi ng substances (gases_such as oxygen (02 car bon di oxi de (C02)
and the | ichanhatep Nafan{FRON ehnnderemd e blyi vén e ubshadces
absor bi ng exposure beans and |ight-absorbing substances for the F2 | aser

| i ght of visvel ergEmRAE nmalhovkd lopt i cainganhrefitdres i i nati on opti cal
system the optical path in the reticle chanber, the optical path in the
proj ecti opllkgqabpei cdio5gdt eraramdnthe wbt i take pathohh-tehswabéng chanber
are controlled i ndependently of each other. For exanple, allowable

concent r atsiudrst and ean C it | bralke it by asduntp die chusld diite abaelri ng o
substances can be variably set up because the-wafer chanber and the reticle .
chanber havamhert agptithe reticle chamber have short optical :

paths. Thus, the open/close mechanisms of the reticle
chamber aré siﬁpiified_and contact with the outside
airorndx—inoflight—absorbingsubstancesisavoided

(j: becgusecﬂftheretiéleexchanqeandthevﬁferexchange,
Bllowable concentrations and an allowable ¢total
émount of the light?absorbing substances are harshly
set up in response to the illumination optical system
having a long optical path.

An F; laser can be incorporated im 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 1s particularly superior in high

@

permeability, stability of imaging characteristic of
optical system and cooling property since its heat
conductivity is about 6 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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‘pat hs. Thus, the open/close nmechanisns of the reticle chanber are
sinplified and contact with the outside air or mx-in of |ight-absorbing
substances i s avoi ded C because of the reticle exchange and the wafer
exchange. Allowable concentrations and an allowable total anount of the

| i ght - absor bi ng substances are harshly set up in response to the

illum nation optical system having a |long optical path. An F2 | aser can be

gases SUCHORE At umRTES . Afon (RS . A GeRICASPRRAS S o MABLHS o
bl havi I h of 157 Hel i [ ticularl
Cuper 1 or | PEREA OPRLANA 1ty - SEAR | 115¢ BF SRR hheehar ARy | ShFc of
tical t d | i t i i.ts heat ivity i bout 6
[V mes. r oAE B TERGAEL RAE BFC0 A LEbiP i s SHRRAAA D Sf S oRr | ¢ i ndex

to pressure change is about. 1/8 greater than that of, .  nitrogen gas. In this
enbodi rrent*z}nfihe%&%s 35F the %?e?P%&%ﬁePaEﬁd Oﬂéﬂﬂr%tﬂi ke dmaibk? Dwhi ch
fills the 102 opti cal gaLh of the interferoneters (wafer interferoneter
reticle i PREASRINEET Y SBNGARNEe PASTRIBR FAE BPROPBEETOR CopEHRFesyst em can
be helium _ And, the gas in the optical path of the illum nation _optical
syst em canthe FirpRddeh st nTBRJER S & S5edukle TRAePPEAfeNg RSk . ©Fhe gas

used in the optical path of ) )
the illumination optical system can also be helium and

the gas in the wafer chamber, the reticle cﬁambef, and

inside. the projection optical system can be nitrogen.

C\: o ~ The following photopermeable optical materials
| constituting the illumination opticaiﬁsystem and the
projection optical system that can be used inelude:

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

.and diffraction optical elements, In addition,
flucrite (CaF:), modified quartzs such as F-doped

silica glass, F- and H-doped silica glass,
QH~ceontaining silica glass, F-doped and
QH-containing silica glass and the like can also be

(Y used. The photopermeable eptical 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 flucorine <concentration is
preferably 100 ppm or mcore, 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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the illum nation optical systemcan also be heliumand the gas in the wafer
chanber, the reticle chanber, and inside the projection optical system can
be nitrogen. The foll ow ng photoperneable optical inaterials constituting
the illumnation optical.. systemand the projection optical systemthat
can be used include; lenses, parallel plane plates, mcro fly's eye | enses
and diffraction optical elenents. In addition, fluorite (CaF2), nodified
quartzs sWRheASTERbped Zsilid calybesnles /A HPdoped Si | bbd glass,

CH containing silica gl ass, F-lgoped and OHcontaining silica glass and the
li ke can &veipsabikedl Phelphot oyperdeubes /opmdcalr nheesi.al n ddnstituting
the illum nation optical systemand the projection optical system may al so
i ncl ude t H&l- ppavhzokisi FInsadiloredy hadis,i edhquactzenirahé ol doherH silica
gl ass, the fluorine concentration is preferably 10D ppmor nore, and nore
preferabl ygioun Lsarpges ber8da pphm- 23620002 pph 10n gdwe +- Hopedrand H- doped
silica glass, the hydrogen concentration is 108 preferably 5 x 101"

mol ecul es/IomBtbe [Fesdopandd amod eOHprefret abhy nly xs i Dicanuf kxabes/and or | ess.
In the OHcontaining silica glass, the concentration of OH “group is
preferabl yfilwoairangeofeddrppmer 180pppiherdlnl yheOB- doped mndre
OHcontaining silica glass, the fluorine concentration is preferably 100
ppm or norand the concentration of OH group is preferably lower

than the fluorine concentration. In this embodiment,
the concentration of OH group is preferably in a range
C ~ of 10 ppm - 20 ppn.

When an- imag'e is formed by using 2 region freé
of the optical axis 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
illumination optical system.

Moreover, in this embodiment, a portien of the
optical element in the optical elements constituting

L the projection optical system is inclinable te the &
X, Oy 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 copticsl systems) with the optical axis
as the center by forming the optical surxfaces
(refractive surfaces/reflecting surfaces) of these

optical elements so as to have different powers in the
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and the concentration of OH group is preferably lower than the fluorine
concentration. In this enbodinent, the concentration of OH group is
preferably in a range C of 10 ppm- 20 ppm Wen an image is formed by
using a region free of the optical axis of the projection optical system
as in the present enbodinent, an illum nation optical systemdisclosed in
Japan Kokai 20 00-217 65 (TJSP Appl. 340,236 filed on July 1, 1999) can be
used astr@ﬂﬂqq%ﬁ$ﬁ&H4ﬁF%Eﬁﬂ&ﬂss?@ﬁﬁﬁnﬁ@ﬁ&%ﬁﬁ,tpnQﬁ?g(ﬂﬁbatmﬂn, a
portion of the optical_ elenment_in the optical elenments constituting the
proj ecti on (BpORGEr 1 sy st baRpd Hafel pREBINE t h3me B of &he diomdeitods and/ or
movable in the XY plane. The optical elenments may al so be rotatably
arranged i flegnafkecti dfUrdeetation (2p9 z astéemMadni¢n t satfase and
third i magi ng optical systens) with the optical axis as the center by
form ng theremacainglrf albsd s (parrdey ependur racasyt ef liget iofg saetaces) of
these optical elenents so as to have different powers in the 104
mer i di onal 28vmets t Bhsager pdIRIFEatdonD eaukhot ey Wi opskilgmatic
pl ane/ refl ecting plane) of the optical elenments (conductifig an astigmatic
surface pedddssteyFeThins tary arekentl rresis t $ciem toor rest 1 gagyihent i ca
aberrations such as an astigmatic difference on the optical axis (center
astigmati saf the projection optical system, or a zhombic
distortion of that.
-Per exanple, a2 construction in which an actuator
C;! and a driving axis are disposed along the tangential
~direction of the circumstance of the frame 1s arranged
between a frame and a divided barrel such that the

frame is driven to the divided barrel in the g z
direction. It i1s preferable that the actuator is
equal distant from the optical axis and arranged in
a plurality of different locations at an equal-angle
piteh in the circumferential direction ( 8 =z
direction). A mechanism for rotating optical members
with an astigmatic surface is disclosed in Japan Kokai
8-3278%95 (USP 5,852,518). Furthermcre, 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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of the projection optical system or a rhonmbic distortion of that. Fir
exanpl e, a construction in which an actuator ED and a driving axis are

di sposed al ong the tangential direction of the circunstance of the frame is
arranged between a frane and a divided barrel such that the frane is
driven to the divided barrel in-the 8 z direction. It is preferable that

t he actuat equal distant fromthe optical axis and arranged in a
plurality® &qﬁ%?eﬁPQQﬁﬁu?Bn§@% T egualidmgl Bhepplidirs nspaee
circunferential direction e z direction). A mechanismfor rotating
optical nBibéhe W%Hm&ﬁaafswgnﬁputcl%@lf 576 Hem RBdl esed i DUpas Kokai
8-327855 (USP 5,852,518). Furthernore, a purge space may al so be fornmed on
the outsi AB36Te tRE PO Trepacd i?nt ARt caki sadtormbpt i cal system and/ or
purge space of the projection optical system In this case, the allowable
concentration ahddaltdiovadleétotabaraddint pdfané ghtabbsios lalmgalsgbslt ance of
the purge spaces on the outside are set up nore unexacting than 105 the
purge spacsstor waddnrmekdeieé thhel pirsgerspice wafetheidkl affi bhiei on opti cal
system and/ or the purge space of the projection optical systen).

Addi t i onaPky] e-paral beit itahes peaea . s Tre pwedl lorl tHewafelatiede of the

| ens on the wafer side of the projection optical system The parallel plane
pl at e may also be provided as a cover to the purge space of

[

the projection cptical system similar to the reticle
‘side. _

(:} In addition.to the Fr laser light that supplies’
apulse light having a wavelength of 157 nm aé provided
for in this embodiment, implémenting various other
light sources is also'possiblef For example, the
following light sources can be implemented a KrF
excimer laser light supplying a light of wavelength
248 nm, and an ArF excimer laser light supplyving a
light of wavelength 193 nm, and an Ar; laser light
;upplyinga]ightofvmvelengthlzsxun.Aharmonicwave

. 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-deoped) fiber amplifier that ceonverts the Ilight
source toe an ultraviclet light with a nonlinear
optical crystal may also be used.

The present invention is applicable not only to
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may al so be provided as a cover to the purge space of the projection
optical systemsimlar to the reticle side. Cln addition to the F2 |aser
light that supplies a pulse light having a wavel ength of 157 nm as provi ded
for in this enbodi nent, inplenenting various other |ight sources is also
possi bl e. For exarrpl e, the follow ng Iight sources can be inplenmented a KrF
exci ner | aser t supplying a . li vel e 248 nm and an ArF

exci mer Id‘ék?rlol g’l:lﬁvéﬁg % &5/ %@WISP%& %g‘glﬁvigi?snrﬁn%rﬁl%n Ar z

| aser light,, supplying a Ilght of wavel ength 126 nm Aharpnonic wave given
by anpl i fg}hbea B F&Fﬁo wi R aadt ngbEPORET engPRANEERE | fi9%red region

oscillated froma DFB sem conductor |aser or a fiber |laser or in the
vi si bl e re@%ﬁ%%%hﬂgEFlE(Fﬁb’dt(BPtE@tWﬁ‘Erfrﬁﬁlda W idepe d¥ eftilsere anpl i fi er

that converts the lig source to an ultraviolet light with_a nonlinear
opti cal cr@%taalglrﬁ?sa?r‘é]asgéaﬁs%d O ITife Sprickent Vavest redl theapdiitabl e not
only to 106 m cr o- devi ces such as, sem conductor devices and the |ike, but

al so to an ‘éx%éé‘ﬁﬁf@%ﬁéﬁ?a@uéfQ‘%*Clﬁra’ﬁsfaerIWﬁlj sisiechi N pakt&r-ns From a
nother reticle to a glass substrate, or a silicon wafer and the like, to
manuf act uret @hite LRPS OF © 2 PRIK 356 130 BV, EXHOSIQ%tamﬁééﬁﬁ@ appar at us,

an EUWV exposure apparatus, .
an X-~ray exposure apparatus: and an electron ray

‘exposlUre apparatus and the like. Tramsmitting
reticles are commonly used in the exposure apparatus
O using DUV {deep ulﬁraviolet) or VUV (vacuum
.ultrav1olet) light and_the like. Silica glass,
F-doped silica glass, fluorite, magnesium fluoride,
or gquartz crystal and,the.like are used as the reticle
substrate. In a proximity-mode X-ray. exposure
apparatus and an electron ray eiposure apparatus and
the like, transmitting'masks (stencil mask, membrane
mask) are used. A silicon wafer and the like is used
23 the mask substrate. Such exposure apparatus are

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

{USP Appl. 661,326 filed on September 13, 2900) r WO
88/66,370, Jepan Kokal 11-124479, Japan Kokai
2000-12453, Japan Kokal 2000-28202 and so on.

The present invention is applicable not only to
the manufacture of semiconductor devices, but also to
an exposure apparatus which can transfer device

patterns onto a glass plate which are used in the
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an X-ray exposure apparatus and an el ectron ray exposure apparatus and the
like. Transmtting reticles are commonly used in the exposure apparatus
using DUV (deep ultraviolet) or VU (vacuum ultraviolet) light and the
like. Silica glass, F-doped silica glass, fluorite, nmagnesium fluoride, oz
quartz crystal and the like are used as the reticle substrate. In a

proxi mty-node X-ray exposure apparatus and an el ectron ray exposure

apparatu et ike, -tr Ltting.masks (stencil mask, nmenbrane mask)
are used.smgxﬂgi E‘l%@ﬁk\ﬁafgﬁ a ggglr]fé“}% ké"”l%fﬂgé&g a lt%‘?ra%%%ﬁ%?r ate. Such
exposure gggarat S ar%. %;sclose in WO 99/34255 (EP 1 043,3%82, WO 99/ 50712
(USP Appl S*BET 596 FrIEd Th- Septeftbe £ *PF S9B60) *RAG T 85 d6, 370 CHapan Kokai
11-194479, _Jap Kok%iv,ZOOO-liﬂﬁS Jagaquokai 2000: 29202, and 38 on. The
present i?ggﬁﬁﬁ%F?s F001G TaBRE TotRonPR 1D 2t FELANLT ated® of D
seniconduc%or devi ces, but also to an exposure apparatugfmhi h, can transfer
device piEt&ths 3Gt o Y YFass?pl HiE WAREH G 0E8d PA t hEITM0% MBnufacture -
of displays including liquid crystal display devices. An_exposure apparatus
whi ch trlﬁﬁgpér‘%l‘ae%gégfpéﬂdeﬁﬁg Wﬁs&rceeraéﬁ?%rﬁéf-‘ér Ui ng%h@are used in

t he manufacture of thin-film nmagnetic head, and an exposure_ apparatus used
in the MAATPEATTRLET Oiérdd%a%iacgﬁﬁ}ﬂ@/i@%’l&ﬁfh SECBOBIAED and

the like, and sc on can also be applied.
The above-described present invention applies
the scanning step mode of operation. The présent
C:7 _ invention isalso applicable to a step-and-repeat mode
reduction projection exposure apparatus inwhich 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 previocusly mentioned embodiment.
The aperture stop may also be arranged in the first
imaging optical system. A field stop may alsc be
C: | arranged in 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
gystem.
The projection magnification of the

catadioptric preojection optical system is given as a
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the like, and-so on can also be applied. The above-described present

i nvention applies the scanning step node of operation. The present ¢
invention is also applicable to astep-and- repeat node 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 noved
i n successive steps. An .aperture stop is . arranged in the third inmaging

opti cal s§§ﬁ¥ﬁ§thh§aﬁ%§%%ﬁ$?§eﬁéﬂq%%¥dm§ heft SROPKELBPREtur e St op
may al so he arranged in the first imaging optical system A field stop may
al so be &PWEGER" iT‘thtPF@éﬁc%‘éno‘PaQ%é J%o%?ttilé’ﬁl 3t Lirekmedi ate i mage -
between the first inmaging optical systemarid the second inaging optical
system ah8 the FRIRELIR I 3heoi Af@FRiface §hage  bétwea t h&S8econd

i magi ng optical systemand the third inmaging optical system The projection .
magni f i caPFon@Bf t%ealcafaliiopt LRE pBidctRBANdPi €akisyst emi sagi ven as a
108 reduction ratio in previously nmentioned enbodi ment. However, the

proj ecti oAAagid ereati et 50 dABEIRRFLERt 100t he Hatdueked® ot i bE

(magni fication), it can also be an equal ratio (an unit magnification) or
an enl ar §eRenrofi&s ol ¢ ArayRPRilddiT b} oNFEF Exanphbarigfement ratio,
projectionmagnification is the enlargenent rati o,

the optical system can be arranged so that a light is-
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
opticél system and a tertiary image is formed by the
first imaging optical system on a substrate such as
wafer and the like.

As described above, in the catadioptric optical
system, Ehe projection exposure apparatus and the
exposure method including fthe optical system of the
previously menticoned embodiments, the optical
- adjustment and mechanical design are improved. The
aberrations beginning with chromatic aberrations can
be fully corrected. For example, @ 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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the optical systemcan be arranged so that a light is incided fromthe side
of the third imaging optical system a primary inage of the nask or the
reticle is fornmed by the third inmaging optical system a secondary inage
is formed by the secondary inmaging optical systemand a tertiary image is
formed by the first imaging optical systemon a substrate such as wafer
and the |ike, ﬁs descri bed agove, in the catadioptric optical system the
proj ecti oW EXPOsBrE dppaF&ud Yarfd RREY adx fFUF 82 Rt Idd Fihel §&iGsdi€he opti ca
system of the _ previaously. nentioned enmhodi ments, the optical adjustnent and
nechani cal* RSt §A éPﬁ:E:}‘Fr%F'O\'?é(thEFH 2¥B&T & iVRITHIYISTHFAY WHEH tchr omati ¢
aberrations can_be fully corrected. For exanple, a resolution of about 0.1
(mor | es®&HR! bé Cadht @b ed THy Susi iy aPFEGIRR E wh R K 2R tWekfe| RRGER %5 160 nm or

| ess in the vacuum _ultraviol et wavel ength region. Particularly, in the
previ ous &fod nEhes]l tHe TR Feal Npidie SoHee aBFE TS iansHesad Ghe t he
vicinity of two internediate i mages 109 which are formed by a nutual
approach &P %theadecand s i migithg optiiealo Eisebm Wasntd B neadt§ dgual (unit)
magni fication. Thus, the present invention provides for a small distance in
t he exposuravezgbdme fitoabeRE abbohrcapraedision, glinftrd wrfsetiguantity, and

is favorable in aberration correction, mniaturization, -
optical adjustment, mechanical design, manufacturing

cost and so on.
Moreover, in the manufacturing method of
{“; micro-devices using the projection exposure
apparatus and the éxposure method of the previously
mentionéd.embodiments, improved micro-devices can be
manufactured via the projection optical system in
whichtheopticaladjustmentandmechanicaldesignare
simple. In addition, aberrations beginning with
chromatic aberrations can be fully corrected and a
high resclution of about 0.1 4m or less can be

achieved.

1
A
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‘optical adjustnent, nmechanical design, manufacturing ~cost and so on. o
Moreover, in the manufacturing nethod of micro-devices using the projection
exposure apparatus and the exposure nethod of the previously nentioned
enbodi nents, inproved m cro-devices can be manufactured via the projection
optical systemin which the optical adjustnent andmechani cal design are
sinple. In addition, aberrations beginning with chromatic aberrations can
be fully corrected and a high r sSbLuBIMESabout 0.1 amor | ess can be
achieved. no C LA 2M5 1. A projection exposure apparatus for projecting a
pattern on a first surface to a second surface through a projection

gl g opti Ca) PEuDey et EntRATRG SPEal O (B | WadrE bRt G et &
second i magi nfiogt i salf=mitbsyst emdwvhag surre8dcanech®f | gctiRgeptidsor: a
third i magi ng optical subsystem having a dioptric inmaging optical system a
first foIdfﬁ%lﬁgir%%sgﬂmrdﬁﬂgﬁlﬁﬁsan optical path between the first imaging
optical subsystemand the second imaging optical subsystem and
the projection optical system comprises:
a first imaging optical subsystem having a
dioptric imaging optical system;
a second imaging optical subsystém having a
concave reflecting mirror;
a third imaging Sptical subsystem having a
dioptric imaging optical system;
a first folding mirror arranged in an optical
path between thé 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 optical subsystem;
said first imaging optical subsystem forming a
first intermediate image of the first surface into
the optical path between the first imaging optical
subsystem and said second imaging optical gsubsystem,
and said second imaging optical subsystem forming a
second intermediate image of the first surface into

the optical path between the second imaging cptical

subsystem and the third imaging optical subsystem,

111



a second folding mrror arranged in an optical

i'magi ng optical subsystemand the third imaging optical subsystem

first

first surface into the optical path between the first imaging opti
subsystem and said second imagi ng optical subsystem and said second
i magi ng optical subsystemformng a second internediate i nage of t
surface into the optical path between the second inmagi ng opti cal
and the thi¥d i'5&yi REOIFRTeAPNs EYGEEME ARPAZATIHE PCS@EdiBA eposure
apparatus according to Caim1, wherein said first folding mrror
second fol dih@ifi Arorhageia Sakd ferpdctiohdsner ade BnE 8nSeconkd

reflection surf ce

spatial ly. Fffle*Proj e {Toh°
wherein said first and second refl ection ‘
4. The proj®etidnt eRposure bbpaFatds satch? arnhisafr e dhes of Qs ¢s

wherein said projection optical systemfornms a reduced i mage of said

pat h between the second

sai d

i magi ng optical subsystemformng a first internediate inmage of the

cal

he first
subsyst em

and said

ich are g sitioned so that they do not overlap
Suf et Hifar st LRCHOROFWT FRFY 0 claim 2,

surfaces are substantially flat.

1-3,

pattern on %Qi 8RafhdtdRENSIA i Vel seFsth kiR, spatil b¥oj ecti on exposure
apparatus according to any one of clainms 1-4, wherein at | east one of said

first

i magi ng optical system and said second inagi ng optica

3. The projection exposure apparatus according to
claim 2, wherein said first and second reflection

surfaces are substantlally flat.

4, The projection exposure apparatus according to any

one of claims 1-3, wherein said projection optical

system forms a reduced image of said pattern on said -

photosensitive substrate.

5. The projection exposure apparatus according to any
one of claims 1-4, wherein at least one of said first
imaging optical systemand said second imaging optical

system has a apérture stop.

6. The projection exposure apparatus according to any
one of claims 1-5, wherein a pattern on said original
is projected on said photosensitive substrate with

moving salid original and said photosensitive

substrate in the same direction with respect to said

projection optical system.
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system has a-aperture stop. 6. The projection exposure apparatus accordi ng

to any one-of clains 1-5, wherein a pattern on said original is projected

on sai d photosensitive substrate with noving said original and said
phot osensitive substrate in the sane direction with respect to said
projection optical system 112 7. The projection exposure apparatus
according to any one of clains 1-6, wherein an optical nenber constructing

said first 7neghag Hphkedisysd isﬁrea&@m@éﬂtalsoaac@xfdm optdgdl axis
extending in a straight i ne, ﬁgg an optical nenber constr%cting gaid

third i mgifgeopbircalc syshem iis- & r apged- < ®ngaan Rt £ah 1 aXimemé rsai d
third imagi ng optical systemextending in a straight Iline. 8. The

proj ecti on €xpesuiA-@pPPar aldsd ageardh ngirﬁ@%mg opeiefaic! B8 elr 7i sWherei n:
the f irst imaging optical subsystemand the third inmaging optical

subsyst em haveaa qeMBNcoRt i £ak i @%its, opandatihes i Este:sigdacaqgand, the second
surface are orthogonal in a direction of gravity. 9. The projection

exposure apparatiustacderdj Rgd an &haiimk Ln@mybersms arimgni fgeatien j 32 of
the second imaging optical subsystemsatisfies the following condition:

third imaging optical system ig arranged aleng an optical axis

pf said third imaging optical system extending in a straight
line.
8. The.projection.exposure apparatus according to any
one of claims 1-7, wherein:

the first imaging optical subsystemand the third
imaging optical subsystem have a common optical axis,
and

the first surface and the second surface are

orthogonal in a direction of gravity.

9. The projection exposure apparatus according to
Claims 1-8, wherein a magnification P2 of the second
imaging optical subsystem satisfies the following
condition:

0.82 < |P2] < 1.20,.

10. The projection exposure apparatus according to
any one of claimé 1-9, wherein the following condition
is satisfied: |

0.20 < P! /IP! < 0.50,

where a magnification of the
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0.82 < Ip21 < 1.20. 10. The projection exposure apparatus according to any
one of clains 1-9, wherein the follow ng condition is satisfied: 0.20 < IP1
/1(31 < 0.50, where a magnification of the 113 projection exposure
apparatus is defined as (3, and a magnification of the first inaging
optical subsystemis defined as (il. 11. The projection exposure apparatus
according to any one of clains 1-10, wherein said projection optical

systemis telecentric og%ical systemin the both of the original side and
t he phot 0seREPY PR % uFSPPETES siRPAZABUS hel Torftvi@edi raor Bn saidd second

| Mg N 0Pt éghi SYsaBhI Softl ndgCd; ki VIGhBly UordoaPURlind BELEOT; 12. The
projection optical apparatus according to any oné of clal -1l ,” wherein:
the first inrpéinsdisat pLinage is forned in an optical path between the first
folding mrror and the second inaging optical system and the second
internediate image is forned in an optical path between the second i nmagi ng
optical system and the second.folding mrror. 13. The projection exposure

apparat us aqcor drfae e o féaikMck?, « WReRIrE Sapfalrdisis and c3e@Ndgl Rtcer nedi at e
any one of claims 1-10, wherein said projection
optical system is telecentric optical system in the
both of the original side and the photosensitive
substrate side and the concave mirror in said second

- imaging optical system is arranged in vicinity of a

pupil thereof.

12. The projection optical apparatus according to any one of

claims 1-11, wherein:

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

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

and the second folding mirrorx.

13. The projection exposure apparatus according to
claim 12, wherein said first and second intermediate
images are formed at opposite sides through said

second imaging optical system respectively.

14, The projection exposure apparatus according to
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i mges are forned at opposite sides through said second inaging optical
systemrespectively. 14. The projection exposure apparatus according to 114
any one of clainms 1-13, wherein: a second optical axis of the second i magi ng
optical systemis orthogonal to a first optical axis of the first inmaging
optical systemand a third optical axis of the third inmaging optical

system 15. The projection exposure apparatus of Claim1l4, wherein: the
second optical axis of the second inmaging optical systemextends in a

strai ght |inénvi@naghefprdjattson édpostihergigar at us according to any one
of clainms 1-15, wherein: an intersection |ine of an extension plane of the
refl ecting surface2off@Fenfli Rt i6Rdi MREEEr roF &R afcONBNIPGHY Prane of
the reflecting surface of the second folding mrror is set up so that an
optical axi $P&fl%he FYPELN Adgidy pEreal Sstedl Bht pPFd&EL BEESof the
second inagin%]optical system and an  optical axis of the third,inaging
optical syst@mtiatletEactiBRISRY BBILHCA L BY oM G} éckhdd Rpdsii®
apparatus according_to any one of clainms 1-16, wherein: the first fol ding
mrror has a®Back Surfhee thieffedfiafyt M r POIC G r 8¥PE@ng a beam from t he
first '

15. The projecticon exposure apparatus of Claim 14,
wherein:
the second optical axis of the second imaging

\n
CJ optical system extends in a straight 1line.

16. The projection exposure apparatus according to
any one of claims 1-15, 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 system, an optical
C:} axis of the second imaging optical system and an
optical axis of the third imaging optical system

intersect at one point.

17. The projection exposure apparatus according to
any one of claims 1-16, wherein:

the first folding mirror has a back surface
reflectingmirror for reflecting a beam from the first

imaging optical system to the second imaging optical
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i magi ng optical systemto the second inmaging optical 115 system and the
second folding mrror has a back surface reflecting mrror for reflecting a
beam fromthe second imging optical systemto the third imaging opti cal
system 18. The projection exposure apparatus according to -clains 1-17,
wherein an image of said patternis formed in a position deviating froma
position of a reference optical axis of the projection optical systemon

t he photose§§gEg%§ syibgtrate. 19. An exposure nethod for projecting a
pattern on a projection original onto a photosensitive substrate via a

proj ection opticalysySLeMEMPELIESi o ¢ (eGLING AR ¢ 14 upLRat i ag lighs in the

ultraviolet region to the pattern; ditecting the illumnating light to a

first C' irBgEng Optd §ak 1Sy M GOt aidt NG 81 HigOPA T i A HBG NGy RLd cal
systemvia the patternto formfirst internediate imge of the pattern of

the projectiofe ot Qi@ ingdidPei AT st dhuRNat a0t hiighf {hamithe first
intermedi ate inmage to a second imagi ng optical system containing a concave
reflecting nepeoEatio {@sead. second internediate inage; directing the
illumnating a light fromthe

18. The projecticon exposure apparatus according to
claims 1-17, wherein an image of said pattern is formed
in a position deviating from a position of a reference
<:} ocptical axis of the projection optical system on the

photosensitive substrate.

19. An exposure method for projecting a pattern on
aprojectionoriginalont651photosensitivesubstrate
via a projection optical system comprises:

directing an illuminating l1ight in the
ultraviclet region to the pattern;

directing the 1illuminating light to a first

C:} imaging optical system containing a dioptric imaging

optical system via the pattern to form first
intermediate image of the pattern cof the projection
criginal ;

directing the illuminating light from the first
intermediate image to a second imaging optical system
containing a concave reflecting mirror to form a
second intermediate image;

directing the illuminating a light from the
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" 116 second internediate inmage to a third imaging optical . system containing

- a dioptric inmaging optical system to forma third internedi ate image;

deflecting the illumnating light fromthe first 1inaging optical system by
a first folding mrror arranged in an optical path-between the first

i magi ng optical systemand the second i maging optical system and
deflecting the illumnating light fromthe second inmaging optical system by

a second folg dgn g Q@ RE & aRged sinh A0 0ptd Gah i pat bnkefMegen, hhe sacond
i magi ng optical systemand the third 1maging optical system 20. The

exposure methogh @GCLMIHHL £ Ongl al Milh « Wher ey f@&doﬁitri%a.@ng seeend
folding mrrors have a first "and second refleé%lng surfaces mglch are

posi tioned o fichat attheyadenpetnmarkammapratially. 21. The exposure net hod
according to claim 20, wherein said first and second reflection surfaces

are substantiall ydirdct3dg The £XROSUIEa AELROM: 86G0FHROLHQ 8RY s@ne of
clainms 19-21, wherein a final inmage fornmed by thé nethod is a reduced

whorei n at [easl AR o Taard 1 Por Thaitng ot aal eyt Ehth A d second
i magi ng opt ixGataS¥8 M an optical path between the first imaging
optical system and the second‘mnaging‘optical system;
and
deflecting the illuminating light from the
second imaging optical systém by a second folding
mirror arranged in an optical path between the second
imaging opticél system and the third imaging optical

system.

20. The exposure method according to claim 19, wherein
said first and second folding mirrors have a first
and second reflecting surfaces which are positioned

so that they do not overlap spatially.

21. The exposure method according to claim 20, wherein
salid first and second reflection surfaces are

substantially flat.

22. The exposure method according to any one of claims 19-21,

wherein a final image formed by the method is a reduced image.

23. The exposure method according to any one of claims
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has a aperture stop. 24. The exposure nethod according to any one of O ains
19-23, wherein: the pattern on the projection original is projected onto

t he photosensitive substrate and exposed while the projection original and
the C photosensitive substrate are noved in the same direction for the
projection optical system 25. The exposure nmethod according to any one of
clains 19-24, wherein: the first folding mrror has a back surface

reflecting mgrror, fonpehefd@chicng &, Beamdd opyt he. f41 st » d frRgiNG, Opsi cal
systemto the second imagi ng optical system and the second folding mrror

has a back sprfiace) Jeftemthng Shiko05ebend ahlLFingopLReaM amdhe second
i magi ng optical systemto the third inmaging optical system 26. The
exposure nehhed AcgpeditRg-4 0saBy .one of clainms 19-25, wherein an optical
menber constructing said first inmaging optical systemis arranged al ong a
first optical axis extending in a straight line, and 118 an optical nenber
constructing said third imaging optical systemis arranged along a third

optical axig4.exhendikp®dur@ s f Rbaha cbioReli2d -+ ke exns W cret hnd
according to any one of clains
19-23, wherein:
the pattern on the projection original is
projected onto the photosensitive substrate and
exposed while the projection original and the

(:: photosensitive substrate are moved in the same

direction for the projection optical system.

25. The exposure method according to any one of claims
12-24, wherein:
the first folding mirror has a back surface
reflectingmirror for reflecting a beam from the first
imaging optical system to the second imaging optical
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,

26. The exposure method according to any one of claims
19-25, wherein an optical member constructing said
first imaging optical system 1s arranged along a

first optical axis extending in a straight line, and
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19- 26, wherein: the first inmaging optical systemand the third inmaging
optical system have a common optical axis, and the first surface and the
second surface are orthogonal in a direction of gravity. 28. The exposure
nmet hod according to any one of clains 19-27, wherein a magnification P 2 of
the second imaging optical systemsatisfies the followng condition: 0.82
< 1P21 < 1.20. 29. The exposure nethod according to any one of C ains

555 e e o BT b 88 0 bl

0.50, where a Ication o 1 opt opt SysS i's”defi ned

as 1 and RofRau i oafdonn of Lbetidal Jimghng aptladpBYskemdg defined

asp 1. 30. e exp acc any one of“clains 19- 29,

wher ei n SaiQXE%9h§P$5°@n9Q$iggkﬁhéﬁ%ﬁnliﬁe tel ecentric optical systemin the

both of the original” side an ot osensitive substrate side and sans
concave mrror in said second imagi ng optical system is arranged in
vicinity of a pupil thereof. 31. The exposure nethod accordi ng any one of

claims 19-30, wh@r€kBosure method according to any one of claims
19-26, wherein:
the first imaging optical system and the third
imaging optical system have a common optical axis,
and
C) the first surface and the second surface are

orthogonal in a direction of gravity.

28. The exposure method according to any one ¢of claims
19-27, wherein a magnification P2 of the second
imaging optical system satisfies the following

condition:

0.82 < |P2] < 1.20.

29, The exposure method according to any one of Claims

O

19-28, wherein the following condition is satisfied:

0.20 < Bl /IPI < 0.50,
where a magnification of the catadioptric
optical system is defined as f, and a magnification
of the first imaging optical system is defined asp

1.

30, The exposure method according to any one of claims
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the first internediate image is fornmed in an G optical path between the
first folding mrror and the second inaging optical system and the second
internediate image is forned in an optical path between the second i nagi ng
optical system and the second folding mrror. 32. The exposure nethod
according to claim 31, wherein said first and second internedi ate i nmages
are formed at opposite sides through said second imaging optical C system

respectivel yo 5 Thsexpogure, 18t lod, aeeanding o Aoy one of ol afge  19-32,

wherein: a Sécond optical axi's o econd i na opt’ systemis

orthogonal £9 13 44k 5L ;@DbECAlc AXisy < OLntiie hid $ J1RGI g optiscal, syst em and

a third optica axl s of t I magi ng optical system

exposur e methiod. agcor dhogph QALY v INeLeLRy difle seaand optigal axis of

the second 1maging optic systemextends 1n a'straig | ine. 35. The

exposure nethod. accordi-ng .t q ARy i%‘f‘sé’éoﬂj%jakﬁﬁ%gir g £ %%rleis%s@é'm

intersection |ine of an extension plane o | ecti ng surface of the

e enond 73 £ hpr oo FLe ksl ool gk (el ng surtface of
31. The exposure method according any one of claims
19-30, wherein:
the first intermediate image is formed in an
(:> optical path between the first folding mirror and the
second imaging optical system, and
the second intermediate image is formed in an
optical path between the second imaging optical system

and the second folding mirror.

32. The exposure method according to claim 31, wherein
sald first and seceond intermediate images are formed
at opposite sides through said second imaging optical

(} system respectively.

33. The exposure method according to any one of claims
19-32, wherein:

a second optical axis of the second imaging
optical system is orthogonal to a first optical axis
of the first imaging optical systemanda thirdoptical

axis of the third imaging optical system.
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axis of the first inmaging optical system an optical axis of the second

i magi ng optical systemand an optical axis of the third i nagi ng optical
system intersect at one point. 36. The exposure nethod according to any one
of claims 19-35, wherein the final image is forned in a position deviating
froma position of a reference optical axis ~~ of the projection optical
system on the photosensitive substrate. 37. A manufacturing nethod of

m cro-devi c c i : it hagr i C i t gggje ion
exposure ne?ﬁdd gg@%r%ﬁ djggkgnyﬂgﬁgﬁg# c %§§€a§§¥§6gg)lg%' . A?ﬁ'
manuf act uri pg Jet ped of mcro-devices conprises a lithographic process

using the projection exposure apparatus according to any one of clains

1-18. 39. An img;ng QUIGRE tie(g%ifg&ii@ S £g§9%é)soﬁd fi agjcieﬁgrface

onto a second surface, conprisés: east one reflecting sdr rranged

between thegfi i1 SUtAce, apdbheisecond sirf aegn t heief | ecting surface

conprising a netallic™ reflective filmand a correction filmwhich is
arranged on the netallic reflective filmand corrects a phase difference
caused by a difference of deflected state possessed by a reflected |ight

fromthe netal | irge b@lJAOIF¥andEhBY according to any one of Claims
19-34, 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 éO‘that an optical
axis of the first imaging optical system, an optical
axls of the second imaging optical system and an
optical axis of the third imaging optical system

intersect at one point.

36, The exposure method according to any one of claims
19-35, wherein the final image is formed in a position
L:; deviating from a position of a reference optical axis
of the projectionoptical systemon the photosensitive

substrate.

37. A manufacturing method of micro~devices
comprises:
a lithographic process using the projection

exposure method according to any one of claims 19-36.
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40. The imagi ng optical systemof Caim39, wherein: the correction film
corrects an angular characteristic of the phase difference caused by the

di fference of deflected states possessed by the reflected light fromthe
metallic reflective filmso as to obtain a desired distribution. 41. The

i magi ng optical systemaccording to Claim39 or 40, wherein: the correction
filmhas a dielectric multilayer film 122 42. The imaging optical system
according tggany n?é&?%%#ﬂﬂg ot Ada &@%{E&Qbi&&ﬁ@é@'ébﬁprrelféeegt' ve film
cont ai ns al um num ) e 1naging optical system according to any one of
clains 39-42,,ypherein th £ 4 f ] I Loptica
folding mrror oﬁﬁru%ﬁsgc%?néﬁ%%tﬂ%%?nggggb%?gﬁgkﬁggggagggkgﬁhé?
refecting SHLlace: Bt 8l3efla Yhph «eachh y OLAR o fi4c1 1G4 RO RY Ot cal
system according to any one of “clains 3974 : ereln the imging optical
system fornms an image of the first surface onto the second surface based
on a radiation of 200 nm or less. 45. The imaging optical system according
to any one 3of Phﬁ'm&éﬁkﬁ'goﬁ@%H%I‘éﬁ@tbﬁﬁ%%ﬁﬁﬁﬁ&'anﬁﬁﬁgéi%ﬁuéface I'S
formed in a position deviafing froma

first surface onto a second surface, comprises:
at least one reflecting surface arranged between

the first surface and the second surface,

the reflecting surface comprising a metallic

o

reflective film and a correction film which 1is
arranged on the metallic reflective £ilm and corrects
aphasedifferencecausedknradifferencecﬂfdéflected
state possessed by a reflected light from the metallic

reflective f£ilm.

40. The imaging optical system of Claim 39, wherein:

the «correction film corrects an angular

characteristic of the phase difference caused by the

C:; difference of deflected states possessed by the
reflected light from the metallic reflective film so

as to obtain a desired distribution.

41. The imaging optical system according to Claim 39
or 40, wherein:
the correction film has a dielectric multilayer

film.
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position of a reference optical axis of the projection optical systemon
the second surface. 46. 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
inafirst surface on the photosensitive substrate arranged on 123 a
second surface, using the imaging optical system according to any one of

clai ms 39-43as §ad diﬁé@ll%fc% |k 1 ORET GA) s SYAL §%o%1£gp£%| &Gty O gxposure
met hod for projecting a tern on a projectionoriginal onto a

phot osensi t e c1siPakr atee. 48] NGna JY Oh ection optical system conprising a
step of: projecting an inmage of the projection original arranged on the

first surface on the pReLASENSidd ¥EecBURAL Falign *IJTANYEH s081Lhe Mmarond
surface by using the inmaging optical systemaccording to any one of C ains

39-45 as the projection optical system 48. A projection exposure apparatus
for projecting a pattern on a projection original onto a photosensitive

substrate, whereiie theaBhejEdpODcadPlsiveAl By skeMMasn gt theasty ahge
reflecting menber arranged in an optical path between the flrst surface

and the secemd s fase3wub saiydherafigeti ng menber reflects a light so that
a phase difference between
the reflecting surface is arranged on the optical
feolding mirrer for intersecting optical axes before

and after the reflecting surface intersect with each

C} other.

44. The imaging optical system according to any one
of claims 39-43, wherein the imaging optical system
forms an image of the first surface onto the second

surface based on a radiation of 200 nm. or less.

45. The imaging optical system acccrding to any one
of claims 39-44, wherein the image on said first
1 surface is formed in a position deviating from a
position of a reference optical axis of the projection

optical system on the second surface.

46, 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
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a P polarized conponent and a S pol arized conponent for the reflecting
menber substantially does not exist when the P polarized conponent and the
S pol ari zed conponent cone to the photosensitive substrate. 49. The

proj ection exposure apparatus according to 124 C aim 48, wherein said
reflecting menber reflects the light so that a phase difference caused by a
difference of deflected state does not exist. 50. The projection exposure
appar at us agcaqrJdi t Lm 4 r. 49 rel n: sal ti er has

a netallic ?e%%ﬁé@eegﬁﬁﬁééﬁh g%%ﬂ?e%??2§#%§%$§h%ﬁfg#§iaﬁew%% on the
metallic re i i ; s (L ff %ﬁﬁ% a

di fference %Fﬁ%%&%g? ;%?Egﬂgfgﬁggggggééggggquég?gf%éggggr??ght ?%n1 t he
netal lic rephectiye EilsPewl. The projection exposure apparatus according to
Claim50, wherein: thé correction filmhas a dielectric multi-layer film
52. The projection exposure apparatus according to Caim50 or 51, wherein:
the netallic reflective filmcontains alum num 53. The projection exposure
appar at uUs aqqor di ng i e & b 48 p YA NneBALY reblectifge. penbey seflects
the light so that "an angular characteristic of the phase difference

pattern on a projecticnoriginal onto a photosensitive

i
|
|
i

substrate using a projection optical system
comprising a step of:

projecting an image of the projection original

C; arranged on the first surface on the photosensitive

substrate arranged on the second surface by using the

imaging optical system according to any one of Claims

39-45 as the projection optical system,.

48. A projection exposure apparatus for projecting
a pattern on a projection original onto a
photosensitive substrate, wherein the prejection
optical system has at least one reflecting member
(:l 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.

49. The projection exposure apparatus according to
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caused by the difference of deflected states possessed by the reflected
light fromthe netallic reflective 125 film becones to be a desired
distribution. 54. The projection exposure apparatus according to any one of
clainms 48-53, wherein: the reflecting surface is arranged on the opti cal
folding mrror for intersecting optical axes before and after the
reflecting surface intersect wwth each other. 55. The projection exposure
apparatus according to any one of clainms 48-54, wherein; the imaging

optical sysgemihpyms %'Ple'rr@ﬂﬁ &fx:LEihleefﬁbkﬁilﬁnﬁ'rﬁé}ﬁﬁe%k@fh%ts@c&ﬂ@ surface

based on a radiation of 200 nm or Iess. The projection exposure
apparat us aggendi 8g @ﬁata@mw@eqflﬁf@kg&cﬂ@c%sé@wﬁbmb%efﬂéa@éel nmage is
formed in a position deviating froma position of ref erence optical axis

of the projgégtigr pptteal Sg@@ée@@ygt@gtp@yf§@n5|tlve substrate. 57. A
proj ection exposure nethod for projecting and exposing a pattern on a

projection original onto a photosensitive substrate, conprises the steps
of : passing the light fromthe projection original to said photosensitive

substrate thpQugmatpkedsictonen e&idashi8gappdestuantdd@drding to
claim 48 or 49, wherein said reflecting member has
ametallicreflective film and a correction £film which
is arranged on the.nwtallic reflective film and
corrects a phase difference caused by a difference
CE of deflected state possessed by areflected light from

the metallic reflective film.

51. The projection exposure apparatus according to
Claim 50, wherein:
the correction filmhas adielectricmulti-layer

fiim.

52, The projection exposure apparatus according to
C} Claim 50 or 51, wherein:

the metallic reflective film contains aluminum,

53, The projection exposure apparatus according to
Claim 48, wherein:
saidreflecting member reflects the 1ight so that
an angular characteristic of the phase difference
caused by the difference of deflected states possessed

by the reflected light from the metallic reflective
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reflecting the light with a reflecting nenber so that a phase difference
between a P polarized conponent and a S pol arized conponent for the
reflecting nenber substantially does not exist when the P polarized
conponent and the S polarized conmponent cone to the sensitive substrate.
58. The projection exposure nmethod according to claim 57, wherein said
reflecting nmenber has a netallic reflective filmand a correction film

which is arnanged.a tallic : i ve. f] and, gorrects a phase
di fference céUsegg%yBg&%ff?grg%céiéig%gﬁﬁgtfghgﬁg ate ﬁ%géessed by a
reflected light fromthe netallic reflective film 59. The projection

exposure nethod according to claim 57 or 58, wherein: the correction film

has a_di el eay ] ol bird AYgE s ofl a1 60n (BN AALLL SELION, £XROSUTE, MELhO

according to claim 59 wherein: t rc reflective | m cont ai ns

alum num Gy A€ 0LCId 00 RXPRUIes MeLRad-J0f , proj ecting a pattern on a
projection original on a photosensitive substrate using a projection

optical system 12ReCPARNIH LGN SEERE £f 2 PaSSHBY dhed ghte f&9m the
projection original to said phOtosensitive substrate through at |east one
felding mirror for intersecting optical axes before
and after the reflecting surface intersect with each
other.
T,
A, 55. The projection exposure apparatus according to
any one of claims 48~54, wherein;
the imaging optical system forms an image of the

first surface onto the second surface based on a

radiation of 200 nm. or less.

56. The projection exposure apparatus according to
any one of claims 48-55, wherein the final image is
formed in a position deviating from a positicn of a
(:; reference optical axis of the projection optical

system on the photosensitive substrate.

57. A projection exposure method for projecting and
exposing a pattern on a projection original onto a
photosensitive substrate, comprises the steps of:
passing the light from the projection criginal
to said photosensitive substrate through at least one

reflecting member; and
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reflecting nmenber; and reflecting the light with a reflecting nenber so
that an angul ar characteristic of the phase difference caused by the
difference of deflected states possessed by the reflected light fromthe
reflecting menber beconmes to be a desired distribution. 62. The projection
exposure method according to any one of clains 57-61, wherein: the
reflecting surf ace is arranged on the optical folding mrror for

intersecting opticglriaxes; Ref ere PPGnef tarcd he Eg&hg%gggggfﬁﬁgﬁggrintersect

with each other. C 63. The projection exposure netho ing to any one
of clainms 5462 nuherei Qnlies | ARG N OREECA) e t FYSLEM f @7 B3R i Bgg of the

first surface onto the "second surface based on a radiation of 200 nm or

less.  64. The M0k QR EXROSY € JIBf pd ,acCordfigchendny £ ohe ©f sl ai s
57-63, wherein the pattern is projécted in a position deviating froma

posi tion of ramefer eReencad satupiithOf i sNe PRILLIAHD BREIQAlyByst em on
the 128 photosensitive substrate. 65. A catadioptric optical systemformng

a reduced imrge pof A fdFsb el fREQOAEALA S8LPNG 8T fOCE QN1 SES: A
first imaging optical subsystem arranged in

component come to the sensitive substrate.

58. The projection exposure method according to claim

57, wherein saild reflecting member has a metallic

reflective film and a correction film which is
arranged on the metallic reflective film and corrects
a phase difference caused by a difference of deflected
state possessed by a reflected light from themetallic

reflective f£ilm.

59. The projection exposure method according to claim
57 or 58, whereiln:

the correction filmhas adielectricmulti-layer

(:} film.

60. The projection exposure method according to claim
58 or 59 wherein:

the metallic reflective film contains aluminum,

61. A projection exposure method for projecting a
pattern on a projection original on a photosensitive

substrate using a projection optical system
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an optical path between the first and second surfaces, and having a first
optical axis a second inmaging optical subsystemarranged in i./ an optical
path between said first inmaging optical subsystem and said second surface,
and having a concave reflection mrror and a second optical axis; a third
i magi ng optical subsystemarranged in an optical path between said secon
i magi ng optical subsystem and said second surface, and having a third
optical axis; said first imging optical subsystemhaving a dioptric
i magi ng opt cealpsysi am 388 dstBisd dfRgi ng  optical subsystem having a
dioptric imaging optical system and said first and third optical axis
being arranged opagsdQigORaXilsigh6. FAceatae pRlu- i< Opbncal-igyisigm for make
an optically conjugated relationship between a first surface and a second
surface conpoi sesd ahiysdeh BRGIING: GRib Sak askbt Bysheayh alt argestidnean
optical path between said first and second surfaces 129 and having a
di optric i maegifiig: ©pi hgalmeayisé el amdecond i magi ng optical sub-system
arranged in an optical path between said first inmaging optical sub-system
and sai d second suefaes:tahdghaviendl Bgheomdave 4 etk&td®ni AYr m@mbart hird
i mgi ng optical sub-systemarranged in

so that an angular characteristic o¢of the phase

difference caused by the difference of deflected
states possessed by the reflected light from the
reflecting member beccmes to be a desired

Y
<§ distribution.

€2. The projection exposure method according to any
one of claims 57-61, wherein:

the reflecting surface is arranged on the optical
folding mirror for intersecting optical axes before
and after the reflecting surface intersect with each

other.

63. The projection exposure method according to any

®

one of claims 57-62, wherein the imaging optical
system forms an image of the first surface onto the

second surface based on a radiation of 200 nm. or less,.

64. The projection exposure method according to any
one of claims 57-63, wherein the pattern is projected
in a position deviating from a position of a reference

optical axis of the projection optical system on the
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an optical path between said second i nmagi ng optical sub-system and said
second surface and having a dioptric imaging optical system a first
folding mirror arranged in an optical path between said first imaging
optical sub system and said second imagi ng optical sub-system and a second
folding mrror arranged in an optical path between said second i nmagi ng
optical sub-system and said third imagi ng optical sub-system wherein there
is a positi i Y J said first surface in the opti cal

pat h bet \Aeeﬁﬂgggﬁdé&?%?étl i%a%lgﬁé%grpat%égél sub-system and said second imaging
optical sub-system and there is a position optically conjugated to said
first surface in the optical path between said second inagi ng optical
sub-system grd sal i i i Lcal - . Q7 dioptric
bt Al system adoordry 5 PR bk AT Pt BT nt o TR 2P
second i magk g g OPLical, SEEz-sscy.st%@g c8Doyk + gne, 150c6fd Tog gatadi optric
optical systemaccording to claim 67, whereln a magniftication of the
second i magLpg,0ptigal sub-systemsatisfies the followi ng condition: 0.82
< 1(321 < 1.20. 69. The catadioptric optical systemaccording to claim 66,

wherein: the secopdsimag ngnQRLichlostbe%st &MPagsdld 888tanged 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 optiéal axis;

a third imaging coptical subsystem arranged in
an optical path between said secon imaging optical
subsystem and said second surface, and having a third
optical axis;

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

arranged on a common axis,

66. A catadioptric optical system for make an
optically conjugated relationship between a first
surface and a second surface comprises:

a first imaging optical sub-system arranged in

an optical path between said first and second surfaces
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two negative lenses. U 70. The catadioptric optical systemaccording to
claim 68, wherein the second i nmagi ng optical subsystemhas at |east two
negative |l enses. 71. The catadioptric optical systemaccording to claim 66,
wherein an image of said first surface is formed in a position deviating
froma position of a reference optical axis of said catadioptric optical
systemon said second surface. G 72.

Thecat adi optghgor?{taj‘pﬂlléysdt mg&@icngfnp%&gh@ ok 1 00¢r &y s@ihd catadioptric

optical system forns reduced 1 nage of “said first surface on said second

surface. 73. Thecaj adi ophkl gﬁg_tgl&c[?,% Syt eaREcQn NGl OcL Al g}rrg}i]gé(\@ yein a

first internedi ate i nage of sai rst 131 surface 1s formed 1n the optical

path betweenggaigtht f44 8t PBOi PYt R LA 2 SHD S | ARG, 584 dopegond | magi ng
opti cal sub-gystg)ml and gasecond i nter ms%li llelte y]’isérrggméﬁ%%l:rg‘?dogecond surface

is formed inghBe Qpii&ml apathsbehvesn said sgeend-4 mging eni{ggl a. _
sub-system and said third i magi ng optical sub-system 74. The catadioptric

optical systepnefa+fd al-8¥13.ct Wogr giin-Adwe; fol l owing condition is satisfied:
LI -L21/1L11 <O. 15,

a third imaging optical sub-system arranged in
an optical path between said second iﬁaging optical
sub-system and said second suxface and having a
dioptric imaging coptical system;

Q} a first folding mirror arranged in an optical
path between said first imaging optical sub system
and said second imaging optical sub-system; and

a second folding mirror arranged in an optical
path beﬁween sald second imaging optical sub-system
and said third imaging optical sub-system,

wherein there is a position optically conjugated
to said first surface in the optical path between said
first imaging optical sub-system and sald second

(:} imaging optical sub-system, and there is a position
optically conjugated to said first surface in the
optical path between said second imaging optical

sub-system and said third imaging optical sub-system.
67. The catadioptric optical systemaccording to claim

66, wherein the magnification of said second imaging

optical sub-system is about one.
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where a first distance between the first internediate imge and the concave

reflecting mrror in the second imging optical sub-systemalong t

opti cal

axis is defined as L1, and a second di stance between the s

intermedi ate i mage and the concave reflecting mrror in the second

opti cal
catadi optric opti cal

subsystem along the optical axis is defined as L2. 75. The
system according to claim 73, wherein the catadioptric

adi ! | ¢ gL e
ir T ace and CHe SoLeRS S 126, o der YR ThE e PANLES Ora
DI /1B < 0.c24, werg;q di ﬁ%%!h%%?c‘?é}é@%’ha (?‘HE %??Oéeégﬁcf'iﬁr?éﬂo

opti cal

along the optical axis is defin

sub-systemon~a nost “i fage”s

the opti cal o%:?@ﬁcé% %J—Qﬁgt@n s%%zigfiéﬁdcsu @cﬁf?@ﬁgn@y

the surface

an exi pupi " posi

he
econd
i magi ng

e first
ion: |E -
gi ng

al ong

8l sgonygersion from

of the first inmaging optica system on tﬁe nost | mage side
to the concave reflectipgghir p[%%m Qh%”:§§9ond i magi ng optical subsystem
as D. .

The projection optical

according to claim 73, wherein: the first internmediate image is fo

an

opti cal

path between the first folding mrror and the second

optical sub43ystem c8R@ddioptric optical systemaccording to claim

(:;

>y

66, wherein:

the second imaging optical subsystemhas at least

two negative lenses.

70. The catadioptricoptical systemaccording to claim
68, wherein the second imaging optical subsystem has

at least two negative lenses.

71, The catadioptric optical systemaccording to claim
66, wherein an image of said first surface is formed
in a position deviating from a pocsition of a reference
optical axis of said catadioptric optical system on

said second surface.

72. The catadioptric optical systemaccording toclaim
71, wherein said catadioptric optical system forms
a reduced image of said first surface on said second

surface.

73. The catadioptric optical systemaccording toclaim

71, wherein a first intermediate image of said first
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the second internmediate image is formed in an optical path between the
second i magi ng optical sub-systemand the second folding mrror. 77. The
catadioptric optical systemaccording to aim 66, wherein the foll ow ng
condition is satisfied: 0.20 <121 /1131 < 0.50, where a magnification of
the catadioptric optical systemis defined as (3, and a magnification of
the first inmaging optical sub-systemis defined asll. 78. The catadioptric

optical SYSLEPAECOr dndd bkl Bl whereldn abh difses,carsiddupi ng said
first imaging optical sub-

system and a I'enses constituting said third

| magi ng opt irGals SUbTEYSE £ aaﬁt%mngggba'sgwteﬁ%@dsi;@i'& QILERY axis.

79. Thecat adi optricoptical systemaccording to claim 78, wherein an optical

axi s of sai dfddSlqidpoind1 0RLLCA)s B4R, SYShemsand, 1 Opt keale &4 S0 said
third inmaging optical sub-system’are co-axial. 80. The catadioptric optical

syst em acCorgingh tor A i s 660nWNeheifk c850s Of o LRe anymbeh ObJiensgs in all
| enses constituting the catadioptric optical systemare arranged al ong the

singl e opti galt stw8in The gasadbopt riinfé@Pﬁitgcébtﬁ}’cﬁéﬁ%ﬁﬁc%rﬁi@mt0 daim
66, wherein a reflecting surface of the first folding

and said third imaging optical sub-systemn.

74. The catadioptric optical system of Claim 73,
wherein the following condition is satisfied:
O |L1-L21/1L1] <0.15,

where a first distance between the first intermediate
image and the concave reflecting mirror in the second
imaging optical sub-system along the optical axis is
defined as L1, and a second distance between the second
intermediate image and the concave reflecting mirror
in the second imaging optical subsystem along the

optical axis is defined as L2.

75. The catadioptric optical systemaccording to claim

@

73, 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:

|E - D} /IE| < 0.24,
where a distance between a surface of the first imaging
optical sub-system on a most image side and an exit

pupil position along the optical axis is defined as
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mrror and a reflecting surface of the second folding mrror are positioned
so that they do not overlap 82. The catadioptric optical system according
to Claim8l, wherein: an intersection |ine 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 mrror is set up so that an
optical axis of said first imging optical sub-system an optical axis of

sai d secondyi maging, (?:pféﬁ:%lzlnc%u% %%Ple@o%gr%rl&ptff% @#he U £dget hird

i magi ng optical system 1 i nt rsect at one pol nt catadloptrlc

opti cal_systemacgoediig. J @Lgy ofP opbieLeln dsnggy‘é%te%g'é’ﬂt ke Qpisgal system

is a telecentric optical system™on th si the first surface and the

second surf age.q84s 1BeCalnd RB ik OpYECEl SYSL eEORD Rgod nefluced | mage

on second surface conprises; a first imaging optical systemwth a first

opti cal aX'%ed@ﬂ@hlh%gyﬁ@ngﬁqﬂdh?“sﬁE@j&ﬂeﬂagﬁoﬂﬁnﬁﬁ@ndﬁ%fkéhrSt

surface and said second surface and has a dioptric ineging optical system
a second |ngghng PPt hed; Salp- gystemwith a  concave reflecting mirror and a
second optical axis, which is arranged in an optical path between said
first imaging optlcal sub-system and said second surface;

76. The projection optical system according to claim
713, wherein:
the first intermediate image is formed in an
(:} optical path between the first folding mirror and the
second imaging optical sub-system, and
the second intermediate image is formed in an
optical path between the second imaging optical

sub~-system and the second folding mirror.

77. The catadioptricoptical systemaccording to Claim
66, wherein the following condition is satisfied:
0.20 < [Pl /IPpI < 0.50,
where a magnification of the catadioptric

optical system is defined as p, and a magnification

of the first imaging optical sub-system is defined

asPl.

78. The catadioptric optical systemaccording toclaim
67, wherein all lenses constituting said first imaging
optical sub-system and all lenses constituting said

third imaging optical sub-system are arranged along
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and a-third i mging optical sub-systemwith a third optical axis, whichis.

- arranged. in an optical path between said second inmaging optical sub-system

and said 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. 135 85. A catadioptric optical systemformng a reduced i nage
on second sukfadaglorpeipsessala kist. i nagi ng optical sub-systemwith a first
optical axis, which is arranged in an optical path between said first
surface and said second surface and has a dioptric inmaging optical system
a second i magi ng optical sub-systemwith a concave reflecting mrror and a
second opticaf . e catthdbiogh 1 scarmrahged $ysaempticoadd paght detheen sai d
first imaging optical systemand said second surface; and a third imaging
opti cal sub-%@stéﬁh%@hna ami pgtioptl cakiaxi ef wWeiich ifd gt ahgedimg an
optical path between said second inaging optical systemand said second
surface and ¢@sigadi gptleT8visiaygt inémh capt iopst e lahefesehd ftilvistdopti cal
axis and the third

imaging optical sub-system are co-axial.

80. The catadioptricoptical systemaccording toclaim
66, wherein:

85% of the number of lenses 1in éll lenses
constituting the catadioptric optical system are

arranged along the single optical axis.

81. The catadioptric optical system according to Claim 66,
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

82. The catadioptric optical system according to Claim 81,

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 said first imaging optical sub-system, an
opticalaxisofsaidsecondimagingopticalsub—system

and an optical axis of the third imaging optical system
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optical axis are positioned on a common axis. 86. The catadioptric optical
system according to claim 85, wherein an inage of said first surface is
formed in a position deviating froma position of a reference optical axis
of said catadioptirc optical systemon said second surface. 87. The
catadioptric optical systemaccording to claim 86, wherein said
catadioptric optical systemforns 136 a reduced imge of said first surface
on said second surface. 88. A catadioptric optical systemfor make an

optically conjrugatedcielat i enshigy between a first surface and a second
surface conprises: a first optical sub-systemarranged in an optical path
between said first and second surfaces and having a dioptric imaging

optical system -' a second optical sub-systemarranged in an optical path
bet ween sai d g3 r sthepthtald iseipt sy st @pt addlsaiyd tsae ande sukdfiace @bdilkavi ng a
concave reflection mrror; a third optical sub-systemarranged in an
optical pathtdetwbenrcsiaid setdndaapd captsub: systémaands gaitkm segond
surface and having a dioptric optical system a first folding mrror
arranged i n aeDbptecalripaigt beaweenssand o bsttloptidabt sfibclsygsf msand sai d
" second optical sub-system and

surface and the second surface.

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

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

a second imaging optical sub-system with a
concave reflecting mirror and a second optical axis,
which is arranged in an optical path between said first
imaging optical sub-system and said second surface;
and
(“- a third imaging optical sub-system with a third

optical axis, which is arranged in an optical path
between said second imaging optical sub-system and
sald 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.
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a second folding mrror arranged in an optical path between said second
optical sub-systemand said third optical sub-system wherein there is a
position optically conjugated to said first surface in the optical path
between said first optical sub-system and said second optical sub-system
and there is a position optically conjugated to said first surface in the
optical path 137 between said second optical sub-systemand said third
optical sub-system 89. The catadioptric optical systemaccording to claim
88, wherein said third optical sub-systemconprises a dioptric inmaging
optical systemantl saikddidst rand opxecond syfaaesrhamid Lo voaheda
rel ati onship therebetween. 90. The catadioptric optical systemaccording to
claim 88, whanghse the s@8Bht calt pacel akglrsgeend i maging optical
sub-systemis about one. 91. The catadioptric optical systemaccording to
claim 90, wherein afpeht figagioy 32 0fal heupeeqit @i B8 20pL k&al
sub-system satisfies the followng condition: 0.82 < Ip21 < 1.20. 92. The
catadioptric optieall ssiem accarwi N L d@h8Y 1in &8n wherieisl phersecond
i magi ng optical subsystem has at | east

between said first surface and said second surface

and has a dioptric imaging optical system;
a second imaging optical sub-system with a

concave reflecting mirror and a second optical axis,

@

which is arranged in an optical path between said first
imaging optical system and said second surface; and

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

where the first optical axis and the third

optical axis are positioned on a common axis.

86. The catadioptricoptical systemaccordingtoclaim
85, wherein an image of said first surface is formed
ina positiondeviating fromapositionof areference
optical axis of said catadioptirc optical system on

sald second surface.

87. The catadioptric optical systemaccording toclaim

86, wherein said catadioptric optical system forms
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two negative |lenses. 93. The catadloptric optical systemaccording to claim
88, wherein an image of said first surface is formed in a position
deviating froma position of a reference optical axis of said catadioptirc
optical systemon 138 said second surface. 94. The catadioptric optical
system according to claim 92, wherein said catadioptric optical system
forms a reduced image of said first surface on said second surface. 95.
The catadioptric optical systemaccording to claim 88, wherein a first
i nt er nedi at e d tegduobdsath 4 ref sdhdsddfracte dsrfaceedn mdihe optboal path
between said first optical sub-system and said second optical sub-system
and a second swt Eanedi ate i mage of said second surface is forned in the
optical path between said second optical sub-systemand said third optical
sub-system 96. The catadioptric optical systemaccording to Caim 89,
wherein the followng condition is satisfied: 0.20 < 1131 /1(31 < 0.50,
where a magnid§ cat® oncat athe wat adi opfprtiicca bpt sgalt esystiery | smdéki nedh as 13,
and a magnification of the first optical sub-systemis defined asl13l. 97.
The cat adi optopcioptlilcal sysiemadecbrdengttionship between a first
surface and a second surface comprises:
afirstoptical sub-systemarrangedinanoptical
path between said first and second surfaces and having
a dioptric imaging optical system;
w. a second optical sub-system arranged in an
optical path between said first optical sub-system
and said second surface and having a concave
reflection mirroxr;
athirdopticélsub—systemarrangede1anoptical
path between said second optical sub-system and said
second surface and having a dioptric optical system;
a first folding mirror arranged in an optical
path between said first optical sub system and said
(L second optical sub-system; and
a second folding mirror arranged in an coptical
path between said second optical sub-system and said
third optical sub-systemn,
wherein there is a position optically conjugated to
said first surface in the optical path between said
first optical sub-system and said second optical

sub-system, and there 1s a position optically

conjugated to said first surface in the optical path

137



claim87, wherein all lenses constituting said first optical sub-system and
all lenses constituting said third optical sub-systemare arranged along a
single 139 optical axis. 98. The catadioptric optical systemaccording to
claim97, wherein an optical axis of said first optical sub-systemand an
optical axis of said third optical sub-systemare co-axial. 99. The
catadioptric optical systemaccording to claim 87, wherein: 85%of the

nunber of |ensesybBrakhilenseondUstitli Babthe, LRéAth PRLELEJoPhEGY system
are arranged along the single optical axis. 100. The catadioptric optical
system of C aignt 88a1l vg’tﬁsejs?saernej | ecting surface of the first folding

mrror and a reflecting surface of the second folding mrror are positioned
so that they do not overlap. 101. The projection exposure apparatus
according to Caim 100, wherein: an intersection |line of an extension plane

of the refl exti mhsuEftac® 6btie: bphrsitc 4 Didi NPemM S & 06 r ddndy av €Xkensi on
pl ane of the reflecting surface of the second folding mrror is set up so

that an opti a8, @XegeGfn s8d ddf thstr Opigicatasubuyssd e8t can capip eabesaxi s of

sai d second optical sub-systemand an optical axis of the third opti cal

systemintersecii@btene imaging optical system and said first and
second surfaces has a conjugated relationship

therebetween.

.r'_\l
&J 90. The catadioptricoptical systemaccording toclaim
88, wherein the magnification of said second imaging

optical sub-system is about one.

91. The catadioptricoptical systemaccording toclaim
90, wherein a magnification P2 of the second imaging
optical sub-systemsatisfies the following condition:

0.82 < [P2] < 1.20.

P 92, The catadioptric optical systemaccording toclaim
88, wherein:
the second imaging optical subsystemhas at least

two negative lenses.

93. The catadioptric optical systemaccording to claim
88, wherein an image of said first surface is formed
in a position deviating from a position of a reference

optical axis of said catadioptirc optical system on
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140 point. 102. The catadioptric optical systemaccording Caim 89,
wherein said catadioptric optical systemis a telecentric optical systemon
both sides of the first surface and the second surface. 141 103. A
catadioptric optical systemformng an enlarged i nage of an object,
conprising: a first imaging optical systenm a second inmaging optical system
havi ng a concave reflecting surface; a third imaging optical system a
first deflectdpnareldectdgngusydace arranged in an optical path between the
first inmaging optical systemand the second i maging optical system and a
second deflecting reflecting surface arranged in an optical path between
the second i maging optical systemand the third imagi ng optical system

wherein an opdd cainh@¥as £dibpe fild bt gl ngy SPECAE c sy stiery ardcan inopt i cal
axis of the third inmaging optical systemare co-axial, light fromthe object

whi ch passes $hyowgl tdient Barid id@ghAG @ # L8l opRyisd £ b¢isiFerd Fbidls
internmediate image in the optical path between the second inmaging optical

system and t he tddndeldragiange opti sak dsystrem andfbicghtorf roam & heebbtner nedi at e
i mge whi ch passes the second inmaging optical systemforns a second

i nternedi ate swagacien the optical path between the first inmaging optica
system and t he second optical inmaging

95. The catadioptric optical systemaccording to claim

88, wherein a first intermediate image of said first
surface is formed in the optical path between said

first optical sub-system and said second optical
sub-system, and a second intermediate image of said

second surface is formed in the optical path between

said second optical sub-system and said third optical

sub-system.

96. The catadioptricoptical systemaccording toClaim
89, wherein the following condition is satisfied:
C 0.20 < IBl /1Pl < 0.50,
where a magnification of the catadioptric
optical system is defined as P, and a magnification

of the first optical sub-system is defined asfl.

97. The catadioptric optical system according to
claim 87, wherein all lenses constituting said first
optical sub-system and all lenses constituting said

third optical sub-system are arranged along a single
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optical system 104. The catadioptric optical systemaccording to claim 103,
wherein the first imaging optical system conprises a dioptric system and
the third i magi ng optical system conprises a dioptric system 105. The
catadioptric optical systemaccording to claim 104, wherein the second

i magi ng optical systemfurther conprises a negative nmeniscus |ens arranged
in adjacent to the concave reflecting surface. 106. The catadi optric optical
system accor ding; L@ iclal 104, wherein the first internediate imge is
formed in an optical path between the second deflection reflecting surface
and the second inmaging optical system and the second internediate inmage is
formed in an optical path between the first deflection reflecting surface

and the secongg i mginRg QRLLGAloSYELEModA2c4A7. s JBe gt 2dLORITE £gOR cal
system according to claim106, wherein an intersection |ine of an extension

pl ane of the geflrcsy ngyissirbascapniophecall 8t sdekleet han retl@stingsurface
.and an extension plane of the reflecting surface of the second deflection

reflecting swhBceyisk Stadi SR bhat . LHpticak axis ehithe dptskaimagi ng
optical subsystem "an optical axis of the second inmaging optical subsystem

and an opticaduBxksysfer hgrehidg-4 xpging optical subsystemintersect at one
point. 108. The catadioptric optical system according to claim 104, wherein
over 85% of the nunber of lenses in all |enses constituting the catadioptric
optical systemare arranged along the co-axial. 109. A catadioptric optical

system form ngg arrH érege: £4 1 dpkirisd oW i GEE s P9 Omen S€60ad rsdikfag e aGaTPr i ses:
an i magi ng optical system having a concave reflecting surface; an another
i magi ng opti cat, syslars affanged between the inmaging

m\

(J 85% of the number of lenses in all lenses

constituting the catadioptric optical system are

arranged along the single optical axis.

100. The catadioptric optical system of Claim 88,
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.

K} 101, The projection exposure apparatus according to
Claim 100, 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 said first optical sub-system, an optical

axis of said second optical sub-system and an optical

axis of the third optical system intersect at one
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optical systemand the second surface; a first deflection reflecting surface
arranged in an optical path between the first surface and the inmagi ng
optical system and a second deflecting reflecting surface arranged in an
optical path between the inmaging optical system and the second defl ection
reflecting surface, wherein at |east one of the first deflection reflecting
surface and the second deflection reflecting surface conprises a netallic
reflective fhbmand a correction filmwhich is arranged on the netallic
reflective filmand corrects a phase difference caused by a difference of
defl ected state possessed by a reflected light fromthe netallic reflective
film 110. The catadioptric optical systemaccording to claim 109, wherein
the correctipp2fil Theot &eals @AMt angubpt iehar agiaydiwtd e of dtihe phasen
difference caused by the difference of deflected states possessed by the
reflected lighy wiveaeihe setal Id£rsefilogaitve bidon sl as gk @bt aisn 2 desired
distribution. Ill. The catadioptric optical systemaccording to claim 110,
wherein the tedereeiioncfobmibas ayditedeadn ilcothl §ilaygesffthe £143t1112. The
catadioptric optical systemaccording to claim111l, wherein the netallic
reflective fshpreod aamng ahwmswaondlIudheceat adi optric optical system
according to claim 110, wherein the catadioptric optical systemforns the
imge on the first surface on a position deviating froma position of
reference in an optical axis of the catadioptric optical systemon the
second surface. 114. A catadioptric optical systemformng an i mage of a
first surface onto a second surface conprises: an inmaging optical system
havi ng a concave reflecting surface;

(>

O
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an anot her inmaging optical system arranged between the inmaging optical
system and the second surface; a first deflection reflecting surface
arranged in an optical path between the first surface and the inmaging
optical system and a second deflecting reflecting surface arranged in an
optical path between the inmaging optical system and the second defl ection
reflecting surface, wherein at |east one of the first deflection reflecting
surface and the second deflection reflecting surface reflects a light so
that a p e i fference between a P polari,zed conponent and a S pol ari zed
corrponenESif orf‘gt%aﬁi’émtﬁﬁt PRECHE S8t AEi an| ¢n neragskiaft alihen the P
pol ari zegdbjeeonqangrisirand the S pol arized conponent come to the second
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system,

wherein an optical axis of the first imaging optical system and an
optical axis of the third imaging optical system are co-axial,

light from the object which passes through the third imaging optical
system forms a first intermediate image in the optical path between the
second imaging optical system and the third imaging optical system, and

light from the intermediate image which passes the second imaging
optical system forms a second intermediate image in the optical path
between the first imaging optical system and the second optical imaging

optical system.

104. The catadioptric optical system according to claim 103, wherein
the first imaging optical system comprises a diopiric system, and
the third imaging optical system comprises a dioptric system.

105. The catadioptric optical system according to claim 104, wherein
the second imaging optical system further comprises a negative meniscus
lens arranged in adjacent to the concave reflecting surface.

106. The catadioptric optical system according to claim 104, wherein
the first intermediate image is formed in an optical path between the second
deflection reflecting surface and the second imaging optical system, and
the second intermediate image is formed in an optical path between the first
deflection reflecting surface and the second imaging optical system.
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the deflection reflecting surface reflects a light so that an angul ar
characteristic of the phase difference caused by the difference of defl ected
states possessed by the reflected light fromthe deflection reflecting
surface so as to obtain a desired distribution. 145

107. The catadioptric optical system according to claim 106, wherein
an intersection line of an extension plane of the reflecting surface of the
first deflection reflecting surface and an extension plane of the reflecting
surface of the second deflection reflecting surface 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 point.

108. The catadioptric optical system according to claim 104, wherein
over 85% of the number of lenses in all lenses constituting the catadioptric
optical system are arranged along the co-axial.

109. A catadioptric optical system forming an image of a first surface
onto a second surface comprises:

an imaging optical system having a concave reflecting surface;

an another imaging optical system arranged between the imaging
optical system and the second surface;

a first deflection reflecting surface arranged in an optical path
between the first surface and the imaging optical system; and

a second deflecting reflecting surface arranged in an optical path
between the imaging optical system and the second deflection reflecting
surface,

wherein at least one of the first deflection reflecting surface and the
second deflection reflecting surface comprises a metallic reflective film and
a correction film which is arranged on the metallic reflective film and
corrects a phase difference caused by a difference of deflected state
possessed by a reflected light from the metallic reflective film.

110. The -catadioptric optical system according to claim 109, wherein
the correction film corrects an angular characteristic of the phase difference
caused by the difference of deflected states possessed by the reflected light
from the metallic reflective film so as to obtain a desired distribution.

111,  The catadiopiric optical system according to claim 110, wherein the
correction film has a dielectric multilayer film.
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112.  The catadioptric optical system according to claim 111, wherein
the metallic reflective film contains aluminum.

113.  The catadioptric optical system according to claim 110, wherein
the catadioptric optical system forms the image on the first surface on a
position deviating from a position of reference in an optical axis of the
catadioptric optical system on the second surface.

114. A catadioptric optical system forming an image of a first surface
onto a second surface comprises:

an imaging optical system having a concave reflecting surface;

an another imaging optical system arranged between the imaging
optical system and the second surface;

a first deflection reflecting surface arranged in an optical path
between the first surface and the imaging optical system; and

a second deflecting reflecting surface arranged in an optical path
between the imaging optical system and the second deflection reflecting
surface,

wherein at least one of the first deflection reflecting surface and the
second deflection reflecting surface 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 second surface.

115. The catadioptric optical system according to claim 114, wherein
the deflection reflecting surface reflects a light so that a phase difference
caused by a difference of deflected state possessed by a reflected light from
the metallic reflective film substantially does not exist in the reflected light.

116. The catadioptric optical system according to claim 115, wherein
the deflection reflecting surface comprises a metallic reflective film and a
correction film which is arranged on the metallic reflective film and
corrects a phase difference caused by a difference of deflected state
possessed by a reflected light from the metallic reflective film.

117. The catadioptric optical system according to claim 116, wherein

144



the correction film has a dielectric multilayer film.

118. The catadioptric optical system according to claim 117, wherein
the metallic reflective film contains aluminum.

119. The catadioptric optical system according to claim 114, wherein
the deflection reflecting surface reflects a light so that an angular
characteristic of the phase difference caused by the difference of deflected
states possessed by the reflected light from the deflection reflecting surface
so as to obtain a desired distribution.
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