DES CR=P-MX C14 CATAD 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 hogr aphi ¢ process forlﬁ‘ﬁ?ﬁ@ r:tr%'ieﬁiﬁfﬂ such as sem conduct or
sta evi ces or t

devi ces, devices, liquid cry di spl ay he |ike. Background

Art In the photolitRegaphbegRiOCesD f1Q¥, 1 M §$éﬂ”{§yﬁemé¥¥@$gﬁﬁinnge

devices and so on, projection exposure apparatus in ch apa

of a photornggwﬁéﬁUgoﬁ%@fﬁ- @g@gﬁ;?g@ﬂ%?gﬁégngMW%ﬂicIe" hereafter) is

exposed onto a wa r a glass e an i'ké coated with a

photoresi st pgdp e 1i g8 4 @ projection optical system have been used.
Then, the resolving power (resolution) required for the projection optical

Tore in order Lo | meFOVBSTRET T it SGe Ao IFaeT L B8 SoRdUet & 08k B&E and so
on. As a resé‘ﬂ)\t:ictarlesy\@fgheggﬁ&" A é}iﬂ)ﬁ'gh'}%t ia%alli‘gghs( %)égroisr%esgii%ht) 1

optical system, especially a high-resolution
catadioptric type projection optical system suitable
for a projection exposure apparatus used in a
photolithographic process for manufacturing devices,
such as semiconductor devices, devices, 1liquid
crystal display devices or the like.
Background Arxrt

In the photolithographic p?ocess for
manufacturing semiconductor devices and so on,
'projectionexposureapparatuslewhichaapatternimage
of a photoreticle or a reticle (generically called
"reticle” hereafter) is exposed onto a wafer, or a
glass plate and the like coated with a photoresist and
the like via projection optical system have been used.
Then, the resolving power {(resolution) required for
the projection cptical system of the projection
exposure apparatus has been increased more and more
in order to 1improve the integration level bf
semiconductor devices and so on. As a result, the

wavelength of illuminating light (exposure light)



nmust be shortened and the nunerical aperture (NA) of the projection

optical sys
wavel engt h
resol ution
light is s

tem nust be increased. For exanple, if an exposure light with
of 180 nm or less is used, it is possible to achieve a high
of 0.1 pmor |less. However, if the wavelength of illum nating
hortened, the absorption of |ight becones remarkable, and the

ki nds of gl asss taber salox {optdcandrdatter iralmlse ritthat azer berqw adiitcabfy used
are limted. In particular, if the wavelength of illum nating |ight
becones 180 th¥n ptdiesst ibhe qpactiadald ys usablme: gt abe irateekaleds limted
to fluorite only. As a result, the correction of chroi-Liatic aberrations

beco: L-Le-s

refl ective

i npoFi bl eeixump depptri £  atrypeeppajsact £on lapthcal wsystem
Here, the dioptric type optical systemis an optical system which does
not contai nw=féeehigteh sfir f aceam( eandaves r £kl eskidve int riorsoamd lebavex
mrrors) with power, but only contains transm ssive optical

menbers, suek asadrensvecarponest s refsotesdrirbed fabove, jhereridessimt to
the allowable chromatic aberrations in a dioptric type projection

optical systemenad,a iveryheawaew lhandtaf o fl askl uhighit Soyr te gisc needed.
an increase in the cost of laser |light source and a decrease
of its outpythcreenrayoitdabladsdbpedver o f21ight becomes remarkable,

this case,

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

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

decrease of its output are unavoidable. Morecver,

In



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 | eps _in that na chromatic aberrations
occur and TFERYt RS Pet2VA L8BRGKkED ﬂ@&é‘tq]\/‘éev;lﬁj%s?é 1585?1 ?98 | ens
takes a positive value in this connection% In a so called. catadioptric
optical systdmaLBRSt ikt 8d AP RIOhDFniGRyF B 8InSHRE PBf IetP v ™ TR and

| enses, the a have _characteristic of_the concave reflective_m.ror is best
used to the BR&xF KM iSHBn “dptFRar deeF §i g60F EOFPEE i Qh oJfrade
aberrations beginning with the chronmatic aberrations and tg curvature of
i mge fieldfErel PossiBEE TR Spit & Yo AR S 2§t mpPeCebird FCct ﬁ.ecl-tbh%%r, t he
manner in which an incident-beam and an enmergent beam are separated for

a concave r&IEEPFVEOHTTIPONE it 3 oPOFidat et L €8St 13T A EyOPantd ¥ari ous
techni ques for this _separation have been proposed, For _exanpl e, Japanese
Lai d- Qpen AP §7eab{oho Ros 0 BVE25092 ¢ U 5Ihpat BRE 5T l%éﬁ%ég?)redi%c%% s a
catadioptric optical system which is a catadiqgptric optical system using
an exposur @ PEgilont {8f¥eRaRi sP iy RInNG Doy flted 6}0% tlons gccur

and that the Petzval sum takes a negative value (a
positive lens takes a positive wvalue 1in this
connection).

In a so called catadioptric optical system
constituted by combining a ccncave reflective mirror
and lenses, the above characteristic of the concave
reflective mirror is best used to the maximum in an
optical design and good correction of aberrations
beginning with the chromatic aberrations and the
curvature of image field are possible in spite of its
simple construction. However, the manner in which an
incident-beam and an emergent beam are separated for
a concave reflective mirror is point of greatest
difficulty, and various technigques for this
separation have been proposed. For example, Japanese
Laid-Open Application No. 8-62502 (U.S5. Patent 5,
861,997) discloses a catadioptric optical system
which is a catadioptric optical system using an

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



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
intermedi ate i mages. SUMVARY OF THE | NVENTION I n view of the above

probl ens, the present .invention Ls ainmed at providing a catadioptric
optical sy8PdmGhich*fidacii? tatREOIRT chPRagi¥id Feht a 1 Eani A
design, fully corrects aberrations .beginning with chromatic aberrations
and achi evedSa o hight YB§oMit§ bRl bf 1& L EArMAAdr §2ssPadiety & Fi JRETTEh  wa-
UMl emnrT t- hr) f 1T RnT)TrL_nr | Pss_in the NT;jri_~iirn1l) 1
travi nli-tWikselahgtth ¢ edicoh. Nor édker ,Opdyl‘Elé‘ilngSé(Stf?d‘Ba&’{)%tmrbe opti cal
system according to the present invention, it is provided a  projection
exposure app&PRLAEL ARG aPfexpdalr & etk 1afildh FERAUGERR fJa‘gi |4l—f%.ti ng
optical adjustnment and nechanic-al design, fully corrects aberrations
begi nni ng W&I§ idhk biarilc BEper fahonsecand ®nsBRE&E - high resol ution of,
e.g., 0-1 pnor less and lowy sets up the off-axis quantity of an

effecti ve eRPOBIARY p@ginFﬁﬁﬁEtl‘H’éI‘BHti cal axis. Furthernore, by using a
proj ection exposure apparatus and an exposure mnethod according to the
present inventionInitvigWpredi dellea MRATRacPEPiNEWS, the present

invention 1s aimed at providing a catadioptricoptical
system which facilitates optical adjustment and
mechanical design, fully corrects aberrations
"beginning with chromatic aberrations and achieves a

high resolution of 0.1 pm or less using a light with

wavelan
Wavelar

gth of 180 nm or less in the vacuum ultraviclet
wavelength region.

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

Furthermore, by using a projection exposure

apparatus and an exposure method according to the

present invention, it 1is provided a manufacturing



met hod of m crodevices which results in the manufacture of good
m cro-devices at a high resolution of, e.g., 0.1 }amor |less. To solve the
above problem the present invention provides a catadioptric optical
system formng a reduced inmage of a first surface onto a second surface
conprises: a first imaging optical systemfor formng a first internediate
i mge of themefihresd swrff acwicaddevtcles di nhimlrrorasiiEhsis ddrrage’l in the
vicinity of a position of forming the first internediate imge to deflect
a beam pri omat Ha c afitrey of hgopdsit cribordahére st ak. a ih-i gh frigse - Uitdtadr nedi at e
image iv fornmed; a second inmaging optical systemfor formng a second
i nt er nedi at e fi,megegw,t v .al pmageidfikassonfactor nearly equal to the first
internediate image in the vicinity of a position of formng the first
i nternedi at e i nag€obased wa theebeamofromphebflierst i thes nelf as&ni thage,
the second image optical subsystem has a concave reflecting mrror and at
| east one negaintvechensroaiskepnad f dRdiaw): aptrorc wieicthi ©8 lar sdasgedni n t he
vicinity of a position of formng the first internediate imge to deflect
a beam pri ofctran it g afat eredtthe doosmaizen awhere fhessecohdfegteergmdicat® i nage
is 5 fornmed; and

second surface comprises:

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

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

intermediate image to deflect a beam prior to or after

o F N § TSRy Lo~ £3 R N SRR A 4 + y S
sition where the first intermedlate image 13

(]

the p
formed;

a second imaging optical system for feorming a
second intermediate image with a magnification factor
nearly egqual to the first intermediate image in the
vicinity of a position of <forming the first
intermediate image based on the beam from the first
intermediate image, the second 1image optical
subsystem has a concave reflectingmirror 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 pricr to or after

the position where the second intermediate image 1is



athird imaging op ical systemwhich is arranged in an optical path

bet ween the second i magi ng optical subsystem and the second surface and
has a dioptric imaging optical systemto formthe reduced i mage onto the
second surface based on the beamfromthe second internediate inmage.
Further in another aspect of the present invention, the present invention
provi des a feal&doptRflc optical systemforming a reduced i mage on second
surface conprises: a first imaging optical systemw th a first ~rt~cal 'r
slsr .J p. rl-"athiyd ypagins gptigainsystiem VRl alil§ aqrapge det veen
the first surface and the second surface and has a dioptric inmaging
optical sysiemnRaBbEierd Dregh RE BPeiedalt i & ehP Rt Famégdd“r&aﬁiétlgéﬂ ecting
mrror and a second optical axis, which is_ arranged in an optical path
bet ween t hestbeyts istaghRg YR | TRFOHE B ARG S RN Seb8fd S G AR EL 24nd a
third i magi ng optical systemwth a third optical axis, which is arranged
in an optichhragdriy ortiver FHE tIedr i adli R copeidid e dyidt 2R afl tohe
second surface and has a dioptric imging optical system where the first
optica|;”dghgnaepm@%g@@ﬁgace based on the beam from the second

intermediate image.

Further 1in another aspect o0f the present
invention, the present invention prcvides a
catadioptric optical system forming a reduced image
on second surface comprises:

a first imaging optical system with a first
t

cal axig, which is arranged in an optical pat

cpti is,
between the first surface and the second surface and
has a dioptric imaging optical system;

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

a third imaging optical system with a third
optical axis, which 1s 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 6 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 syste conprises: the projection
optical systdhtE6Aprasés: aad P&t Thiagl A@ optRead X s8bspsEeRhabivhy~h
dioptric imaging optical system a second inaging optical subsystem having

a concave rEfFRcPERGT rror; ry nnt l1lral c11-)13}1A171i nrl
a dioptric imaging optical system a first folding mrror arranged in an
optical path bet t hercihvest - | ABgitHye opPircal 2RebSyst efRAG T/t Heh8econd

i magi ng optical subsystem and a second folding mrror arranged in an
optical paf¥eeehEen 2HenSdcondPitfEgt A§Sopt i c AL SUHSFIOEM AR O IhESt hird
i magi ng optical subsystem said first inmaging optical subsystemformng a
first i nter@mﬂ%’@tlﬂ@aé@%fpﬁ%éeFitrlsl’EGSﬁlrIPa@gei?ﬁ PR R optPddla path

between the first imaging optical . .
a photosenslitive substrate through a projection

optical system, comprises:

the projection optical system comprises:

a first imaging optical subsystem having a
dioptric imaging optical system;

a second imaging optical subsystem having a

concave reflecting mirror;

u
u

dioptric imaging optical system;

a first folding mirror arranged in an optical
‘'path between the first imaging optical subsystem and
the second imaging optical subsystem; and

a second folding mirror arranged in an optical
path between the second imaging optical subsystem and
the third imaging cptical subsystem;

said first imaging optical subsystem forming a
first intermediate image of the first surface into the
cptical path between the first 1imaging optical
subsystem and said second imaging cptical subsystem,
and said second imaging optical subsystem forming a

second intermediate image of the first surface into



subsystem and said second imagi ng optical subsystem and said second
i magi ng optical subsystemformng a second internediate inage of the first
surface into 7 the optical path between the second i naging opti cal
subsystem and the third i maging optical subsystem Further nore, in the
further nore_ aspect of the present invention, thg resent inventio
provi des anthéxpesiut e2hePridd RAPFIESThgt I Re SSEPS ofma@éﬁé‘? a®Phg
illumnation light in the ultraviolet region; illumnation an original on
which a preB®ssrht fld a5 tefRR itd ¥ bnédasd  Ble GR T vRR AatSions Y FitGt -
projecting said predeterm ned pattern of said original arranged on said
first surface, onfBr&hehdioEBnsi & sulitt FEEE AGMHgSBRCSaPd Sdtond
surface by using a catadioptric optical system Further nore, in the
further norBr&sEeet BIVERE 1 Pt esleht PRESHT bniNYRE LT EME OV AR i9dh
provi des an exposure nethod for projecting a pattern on a - projection
ori gi nal on€®PE SHHeE oBEtdI A vEOTIRIbsS £ Ale V1A &LHR§ eefiton optical system
conprises: directing an illumnating |light in the wultraviolet region to
the pattern; dired€RBFathend| | @R natilngiPighttona fiyERt i fdyi ndopti cal
system containing a dioptric imaging

ultraviclet region;

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

projecting said predetermined pattern of said

original arranged on said first surface, ontoc a

ed on said second

rhotosensitive substrate arran

u

surface by using a catadioptric cptical 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 onto 2 photosensitive
substrate via a projection optical system comprises:

directing an illuminating light in the
ultraviolet region to the pattern;

directing the illuminating light to a first
imaging optical system containing a dioptric imaging
optical system via the pattern to form first
intermediate image of the pattern of the projection

original



optical systemvia the pattern to formfirst internediate innage of the
pattern of the projection original ; 8 directing the illumnating |ight
fromthe first internediate inage to a second i mgi ng optical system
containing a concave reflecting mrror to forma second internediate

image; directing the illum nating |ight fromihe . second. internediate
image to a third iGiegERG LG | l@y‘é{“ Metoht i iu?‘ﬁ&ta%aiogbttﬂ%efr]iﬁ ing
optical system to forma second internediate inage, deflecting the

i |1 umi nati ng- 1 ¥ 9RESF it enEURBESEC PragFRg Dpfiacht " dy3k Ry & 43 ST
folding mirror arranged in an optical path _hetween the first _i magi ng
optical systdm BAdHHE sdcofhdNiCRat ng §EAL G sPém™ Hn H%ef PESLI fig t he
illumnating Iight fromthe second inmaging optical systemby a second

fol ding ni rS®FCRAr dritfedr s S opt F&AIPat h bet ween the second i nagi ng
optical systemand the third imging optical . system Further nore, in the
further nore aspeci®Cth&d pEdgent LAV REANT he prigRht fﬁ?)@ntt’r%ﬁ
provides a nmanufacturing nmethod of mcro-devices by using the . exposure
net hod of t e ppadehn Hawentist Orl RdFPr FSi ﬁgthérrlqtl%‘?ﬁé{}%i EPSridcdss using

the projection exposure . . . . .
system containing a dioptric 1maging optical system

to form a second intermediate image:

deflecting the illuminating light from the first
imaging optical system by a first folding mirrcer
arranged in an cptical path between the first imaging

optical system and the second imaging optical system;

19
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deflecting the illuminating light from the
second imaging optical system by a second folding
mirror arranged in an optical path between the second
imaging optical system and the third imaging optical
system.

Further more, in the further more aspect of the
present invention, the present invention provides a
manufacturing method of micro-devices by using the
exposuremethmﬂofthepresentinventionorcomprising
a2 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



apparatus of the present invention. Further nore, in the further nore
aspect of the present invention, the present invention provides an 9

i mgi ng optical systemformng an inmage 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
metal lic réMatiPde oRihrand S ToffedtdOht PRI AWt BRI © rﬁaéﬁkf n the
netallic reflective filmand corrects a phase difference caused by a

di fference SMIATBCPEFO st af€ eSesSsed Hyea FAMRELEFT i ght from t he
metallic reflective-film 'Further npore, in the further npre aspect of
the present invedti bfastthens 88dmte s hyBht§BR IFR Ades2RIFS PEHY B a proje
ction original on a photosensitive_ substrate using a prof ection optical
system thetifageirsft SHELPES et P oh D6 i%F RAFCSarTa@h§8&F S a first surface
on the photosensitive substrate arranged on a second surface, using the

i magi ng optical syBEensof leHel pPefeht L fAFeRPBALAS SaPd aprvfédtlilohCopti cal
system Further nore, in the further nore aspect of the present invention,
t he present TieriienE T &/ epr dviildes & dprdj €62 T 86 CépRurel kBt hyd ¥Rk ptdj ecti ng
a pattern on a projection original onto a photosensjtive substrate using
a projecti ofXamngaf ggsﬁ}éﬁ]me allic reflective £ilm and corrects

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

‘Further more, in the further more aspect of the
present invention, the present invention provides a

nrodection exnosure apparatus for
Voo A B haaliaiallV it T -

Hd

rojecting a
pattern on a projection criginal cn a photosensitive
substrate using a projectionoptical system, the image
of said projection original arranged in a first
surface on the photosensitive substrate arranged on
& second surface, using the imaging optical system of
the present invention as said projection optical
system.

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

comprising a step of : projecting an image of the

10



conprising a step of : projecting an inmage of the 10 projection original
arranged on the first surface on the photosensitive substrate arranged on
the second surface by using the inmaging optical systemof the present
invention as the projection optical system Further nore, in the further
nore aspect of the, .present jnvention, the present 'nvention:provides a
proj ecti on BYSULRFEIGIhRTAISTRor Frio] RFPMOR tBEt%éFﬁtoﬁué & BeTti on
original onto a photosensitive substrate, wherein the projection optical
system has t&© PEREOSRE TEFLEEL PHY TehdER altdifged® nognt%ﬁtﬁﬁﬂongath
between the first surface and the second surface, and said reflecting
menber ref| L 3Ge| PghtUgsnthdtRealRagndcoghicayl syster g4 5hgz - w
smor APnnl -r- J7Hr-r) rnnr) nn-nHa S polarized conponent
for tMarefP&ﬁﬁ?@tnéﬂﬁﬁntéaﬁsﬁﬁuﬁQﬁI9r86é§ﬁkﬁneQP§ﬂ%@%nsﬁﬁéqﬁ-

pol ari zed conponent and the S pol ari zed conmponent cone to the

phot osensi tive suB&GERer ROrched Thorlee fwIthe s maherd 8RS asfedtldf the
present invention, the present invention provides a projection exposure
nmet hod for BEGEREENGNY Fukiern G P précadt i dhveritgidfalPbpvades a

phot osensitive substrate wusing a projection optical system conprising the
steps of : PASSI®GELRE | IGAROFHSIA t RPBASIEEAF onf BFi gPTRI€E618f d @

phot osensitive substrate through at |east one L
patternon aprojectionoriginal ontoc a photosensitive

substrate, wherein the projecticnoptical systemhas
at least one reflecting member arranged in an optical
path between the first surface and the second surface,

and said reflecting member reflects a light so that

2 phase difference between a P polarized component

s i - i = 4 D HFY LS s alT e e - ia

nd

31}

a S polarized component for the reflecting member
substantially does not exist when the P polarized
component and the S5 polarized component come to the
photosensitive substrate.

Further mcre, in the further more azspect ¢f the
present rnvention, the present invention provides a
projection exposure method for projecting a pattern
on aprojectionoriginal ocn a photosensitive substrate
using aprojectionoptical systemcomprising the steps
of:

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

reflecting member; and

11



reflecting nmenber; and 11 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 becones to be a desired distribution. Further nore, in
the further nore aspect of the epresent i nvention, %ﬂe gresent vention

& ®E

I . i
provides a catadf 8pLEct bPEi fA€ sYsP8Mm trbriing &5 &q‘%rd'&%mg@fr a first
surface onto a second surface conprises: a first i mging optical subsystem
arranged i nSPantbati caRMpat R Wetdeerr i hEafitest: Shd Csetdndt86r fREES S and
having a first optical axis a second jnmagi ,ng optical subsystem arranged in
an optical Pathegermeen carded rBy i WREI Yl BPELEICe s by S aRd eshi d
second surface, and having a concave reflection mrror and a second
optical axi&taieshi P@STRYPRG dpYi ddie sulsshseemest r dAaged i ATdh 6Pt cal
pat h between said second imaging optical subsystem and said_ second
surface, anfeha@Ediglagdt hi pgm i cteaRPE:S saitd fi R i rfagi MF dpLECA
subsystem having a dioptric imaging optical system said third inmaging
optical subdystemMabirg -a dioptric imging optical system and said first
and third optical axis being _
Further more, in the further more aspect of the
present inventioh, the present invention provides a
catadioptric optical system forming a reduced image
of a first surface onto a second surface comprises:
a first imaging optical subsystem arranged in
an optical path between the first and second surfaces,
and having a first optical axis
a second imaging optical subsystem arranged in
an optical path between said first imaging cptical
subsystem and said second surface, and having a
concave reflection mirror and a second optical axis;
a third imaging optical subsystem arranged in
an opticel path between said second imaging optical
subsystem and said second surface, and having a third
optical axis;
said first imaging coptical subsystem having a
dioptric imaging optical system, said third imaging
optical subsystem having a dioptric imaging optical

system, and said first and third optical axis being

arranged on a common axis.

12



arranged on a common axis. 12 BRI EF DESCRI PTI O14 OF DRAWNGS Fig. 1is a
diagramillustrating the basic construction of a catadioptri c optical
system of the present invention. Fig. 2 is a diagram schematically
illustrating the general construction of a projection exposure apparatus
provided with catadioptric optical systens_ according to enbodi nents of

t he present BRAENt PBF Pﬁiﬁgbf@EtP WiNG8al system Fig. 3 is a diagram
illustrating the positional relation between a rectangul ar exposure region
(i.e. effective E)?-]Sfosurle £Egi dn)d FAFFBA ohld WEFER CWEhd 4§ @arm_g r en
c ecgp- t- -1 ¢c- -- 1 -::, v- -i s-- . Fig. 4is a diagramillustrating
the lens cERSISTEREFSH BT &f cht@alF BELARE HpEi ERIE 1KAt e S FFMbPdethitth
optical system PL) according to a first enbodinent. Fig. 5 is a diagram
i|lustratingrefed bt éndenabefy-atons in the first enbodiment. Fig. 6 is a

diagramfor illustrating the lens construction of_ a catadioptric optical
system (projectiBa%optd ca¥ ydt BMEAL) SERBPGITAFE 6Ly ddcghtit X 8HIdtH nent .
Fig. 7 is a diagramillustrating the lateral aberrations in the second

enbodi nent . the general constfuction of a projection exposure
apparatus provided with catadioptric cptical systems
according to embodiments of the present invention as

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

o Faran
N L )

~o Anmtical
1Ce Cop

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

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

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

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

Fig. 8 is a diagram illustrating the general

13



Fig. 8 is a diagramillustrating the general 13 construction of the
proj ecti on exposure apparatus of the enbodi nent shown in Fig. 2. Fig. 9 is
an enlarged viewillustrating a part related to an illum nating opti cal
syst em whi ch constitutes a part of the projection exposure apparatus of
Fig. B. Fig. 10 is an enlarged view illustrating a part related to an
i |l um nati ngoopteur tgyxht @ﬁgmﬂ@mr@aﬁgﬁ%me@xaowﬁe HPP A& 3prb] et i on
exposure apparatus of Fig. 8 Fig. 11 is a diagramillustrating a
flowchart 6hea embhatfadantnghowpted d&flidevices (sem conductor panel,
CCD, thin-filmmagnetic head, mcro-nmachine and so on). Fig. 12 is a
drawi ng for illustiat-i ) oheabxanpglad gofl détal |ledl REéWaf-88ep RPG4L Yof Fig
11 in the case of a sem conductor device. Fig. 13A is a diagram
il lustratingetiset ¢@nstocorst ruecl Rod nFt dngat agicdmal c opireal ShstEn-
(projection optical systemPL) according to a third enbodinment. Fig. 13B
is a di agramefertithgsts atd ngepritnciopfal thart rofl ectaradi cptpPEUSR i cal
system (projection optical system PL) according to a third enbodi nent.
apparatus of Fig.

Fig. 10 is an enlarged view illustrating a patt
related to an illuminating optical system wnich
constitutes a part of the projecticn exposure
apparatus of Fig. 8.

Fig. 11 is a diagram illustrating a flowchart
of a manufacturing example of devices {(semiconductor

~h A e Vi o Amae T A it
el SU\-...AA A o e e A g b

L8

TESET ard +khea
oL adila s

the like, 1 d crystal
panel, CCD, thin-film magnetic head, micro-machine
and so on) .

Fig. 12 is adrawing for illustrating cne example
of detailed flow of step 204 of Fig. 11 1n the case
of a semiconductor device.

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

Fig. 13B is a diagram for illustrating principal
parts of a catadioptric optical system (projection
optical system PL}) according to a third embodiment.

Fig. 14 is a diagram illustrating the lateral

14



Fig. 14 is a diagramillustrating the lateral 14 aberrations in the third
enbodi nent. Fig. 15 is a diagramillustrating the construction of
nodi fication exanple 1 of the third enbodinment. Fig. 16 is a diagram
illustrating the construction of nodification exanple 2 of the third
enbodinment. Fig. 17 is a diagramillustrating the construction of
nodi fi cat i oabexarpt €ocd sofi hehkhitthli rémzodd odatmer g. 18 is a di agram
illustrating the construction of nodification exanple 4 of the third
enbodi nent. Fig. £9¢i.s al@rawing idl ustragireg t he 1lcomsreucdtion dgfhe
nodi fication exanple 5 of the third enbodi nent. DETAI LED DESCRI PTI ON OF
PREFERRED ENBQRIMENE Sikbirg.ofl meda fdi @t amn ldxushpatel ig ahethasktbird
construction of a catadioptric optical systemof the present invention. In
t he di agr anemthei cagéadi.optric optical systemof the present invention is
applied to the projection optical systemof a projection exposure
apparatus. As shomigi.n Fig. 1listheacatdidagptani c daftlicatrasysiem afhd he
present invention is provided with a

construction of modification example 2 of the third

embodiment.

Fig. 17 is a diagram 1illustrating the
construction of modification example 3 of the third
embodiment.

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

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

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

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

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

dioptric type first imaging optical system Gl for

15



dioptric type first imaging optical system Gl for 15 formng a first
I nternmedi ate i mage of a pattern of

mrror 1

I nt er medi atpletege and a secondary image of the

reticle R arranged as a first surface
as a negative plate. Afirst optical path folding mrror | is arranged

the vicinity of formation position of the first
by the first imaging optical system GL. The first optical path folding

deb kedtrsy aa béams hecidermtrnedt hé of iima gien nedpattd e Faagd or a
beamfromthe first internediate image to a second imagi ng optical
&. The secpadidladg ngropiricad spsteni@s hasug fconeave refleeta ThAY S mirror
(CM and at |east one negative lens 3, and a ti an iliLail. e 4-'

size to the first internmediate image is formed in the vicinity of
formation positi dnfdfr¢bedtistli phéatnédilation§ mager obakdds ar tdegbeam from

the first

I nternmedi ate i mage. A second optical path folding mrror 2 is

in

i nternmedi ate i mage forned

system

t

pattern) nearly equal

I
in

e

arranged i nihhehd o hetiy idfy f of nmetd oma posirt iroms of lidine o Setdred §hrétnedi at e
i mage forned by the second inmaging

intermediate image focrmed by the first imaging optical
system Gl1. 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
a second imaging optical system GZ. The second
imaging optical system G2 has a concave reflecting

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

+=h o
il

R, | 2 o ke oa s o Al 2 e 4o o ! - A v e e ~ F L =N
Second Iihiverijediacrts liaykc vall l1indge UL Tir

[\l
n
t

intermediate image and a secondary image of the
pattern) nearly egual in size 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 pecsition of the
second intermediate image formed by the second imaging
optical system G2. The second opticai path feolding
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
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optical system G2. The second optical path folding mrror 2 deflects a
beamincident to the second internediate inage or a beamfromthe second
internediate image to a dioptric type third imging 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 positiorére sd iass hotop ol e@ér | Bp t¥paficdldyng Thier rhirrdli magEng-lopti cal
system G3 forns a reduced inmage of pattern of the reticle (an inage of the
second i nt erafeldéatd rigrege Gndeao fitak $eage dPrthecadapadhoprricl vt i cal
systen) on a wafer Warranged as a second surface as photosensitive
substrate basetron 2 ghre peah if ¥ onedheoses ot it evest apeshatigalIn-t he
above construction, a chromatic aberration and a positive Petzval sum
produced by The tiirst limeging opthicad LspytsdieGlGand otttes t 4i Fa durgiing
conprising plural |enses, are conpensated by the concave reflecting mrror
CM and t he degadévef patst ¢es)of Thaprediede tlhe see@r cifntéenedicaredi mge
can be formed in the vicinity of the first internediate inage by a
construct i onrnthermekid sseeondmiateryi ngndpt ixal Lingst eniG2dfas afnedrty equal
(unit) magnification. In the present invention, the distance fromthe
optical axicstofdanpdxpiosetiegloayEten) an ffeEervd arranged as

a second surface as photosensitive substrate based on
the beam from the second intermediate image.

In the above construction, a chromatic
aberration and a positive Petzval sum produced by the

first imaging ocptical system Gl and the third imaging

. H e r-3 U R -
OpPLdiadl ¥YSvell go, wilioil {

=~ -
=R A

rt

are dioptric optical sys
comprising plural lenses, are compensated by the
concave reflectingmirror CM and the negative lens{es)
3. Moreover, the second intermediate image can be
formed in the vicinity of the first intermediate image
by a construction that the second imaging optical
system G2 has a nearly equal (unit) magnification. In
the present invention, the distance from the optical
axis of an exposure region (i1.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 1is not only favorable in aberration

correction, but also favorable in miniaturizaticn of
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exposure region), nanely, the off-axis quantity can be lowy 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 al so favorable in mniaturization of 17 optical systens, optical

adj ustment, mechani cal design, manufacturing cost, and so on. As dgscri bed
above, the oadohdainagivif ®pErcaPP SySEtm aIsbarEefe cMpelédiTh' of the
chromatic aberration and the positive Petzval sum produced by the first

i magi ng opt idezd 1 g st @A L aRE e ¢ hiced t 4 rrﬁ@idngscbpgpcal system G3 al |
alone. For this reason, a |arge power (dioptric power) nust be set up for
both the concavelsefdaxef hged s VEM GRE HRE PRfat-mdd 1 FEnePéd)C L
constituting the second inmaging optical system Q. Therefore, if the
symretry of stiteteBc&R PRAEE nghBptd VBP eyt ehe &2 Tl FESseSh TPRE TokCur rence
chromatic aberration or chromatic coma aberration_ increases, thus an
enough resoladtd onaiéway alahinbhebB O Sobt AVRed € XECBLdSNGH R I ¢ AE SHrbdunt
invention succeeds in ensuring good symetry and preventing the . previous
menti oned asyvaretiiredl ERROHET cOPABSTd ht POt By &SdopRAg WM oldtiridt i on
which results in a set up having a nearly unity rragnification for the
second i nmagilmE DbEpcAP tigatlemVEL HnE ¢ lar Rafithg For this reason,

a large power (dioptric power) must be set up for both
the concave reflecting mirror CM and the negative
lens (es) 3 constituting the second imaging optical
system G2. Therefore, if the symmetry of the second

imaging optical system G2 collapses, the occurrence

N m s A =
[ O.D_Y.LMJLIC [

ical chromatic aberraticns such as lateral
chromatic aberration 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 is
described in more detail hereafter with reference to

the following conditions.
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t he concave reflecting mrror CMin the vicinity of its pupil position.
The construction of the present invention is described in nore detail
hereafter with reference to the followi ng conditions. 18 In the present
invention, it is preferable that the magnification 132 satisfies the
following condition (1). 0.82 < 11321 < 1.20 (1) Condition (1) specifies
an appropriate rahfetdf PHREFRREcABVEM UBPRof 1the SsBESHE § #Bdiend "ot cal
system &. if this condition 1) is not satisfied, it is not referred
because t hetdff - akpgrguahErty For BHe dptilcallpat h Hepar dtq bhOMHdI®ases,
thus the large scale and conplication of the optical systens cannot be
avoi ded. I ncadditdan itlis not preferred because iL. f r,r-m..-et r 4 -al
,-d- . rr-"m-a} i sol- ~orntL11GVL.. VU1LC1l1ceV41J V
L... V11t V 1119cB2. <4 B2t w A -BO. . r k UV w L nlJ such as lateral
chromatic aberration or chromatic coma aberration and the |ike cannot be
prevented. It is fendigre?er bbl eSPRAL fhes| aneaPPr@nriateorgngmd f he
upper limt is 1.15 for condition (1) . It is even nore preferable that
the |ower |PRgNi%kigagzon ¢ €nditd 68 qANd ImagRE prESentainyERticdh, it is
preferable égat

If this condition 1) is not satisfied, it 1s not
preferred because the off-axis guantity for the
optical path separation increases, thus the large
scale and complication of the optical systems cannot
be avoided. In addition, it is not preferred because
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such as lateral chromatic aberrationor chromatic coma
aberration and the like c¢annot be prevented.

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

In the present invention, it is preferable that
the following condition (2) is satisfied.

L1 - L2| /iLi|] < 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
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the followng condition (2) is satisfied. IL1 - L21 /IL1l < 0.15 (2)

Here, L1 is the distance between the first internediate imge and the
concave reflecting mrror CMin the second i nmaging optical system &G al ong
the optical axis. L2 is the distance between the second 19 internediate

i mge and the concave reflecting mrror CMin the second imaging optical
system 2 alphgrirdiapei éadla axiand | hhehecngse ofr ¢ heegrieseRt™i hyent i on,

L1 and L2 are distances fromthe intersection of the optical axis and a
per pendi cul@ frofhehe dared nbbicatianJi pRGE qol thes ol Gl BPBIWRER
extending the perpendicular down to the concave reflecting mrror CM

al ong the opeféalalaxisipecabdetitfe daseraddihttePigmgeti snYan ofed on t he
optical axis. Condition (2) specifies a positional relation between the
first interhbdanteli2nage faofsrednis\e 3 herohj £&© iyt hgeopti el c§yshém GL and
the second optical system@&. If condition (2) is not satisfied, it is not
preferred beghise it he iof Bngké L eupenidyCch dp 1t heomophiechhr tpame depicat i on

i ncreases, thus the large scale and conplication of the optical systens
cannot be Zwage-Lbd. the i opivkeapr eféeriadpl ewhigar tdetappamdyinthe s

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

Condition (2) specifies a positional relation
between the first intermediate image formed by the

first imaging optical system Gl and the second

o I~y +ha carmmn A
Ak e —
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nage form

optical system GZ.

If condition (2} is not satisfied, it 1s 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 l1imit is
0.85 for condition (2).

In the present invention, it is preferable that
the first intermediate image is formed on the cptical
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



0.85 for condition (2). In the present invention, it is preferable that

the first internmediate image is formed on the optical path between the
first optical path folding mirror 1 and the second imgi ng optical system
bGZt and tﬂe secogd intermediate image is forned on the optical 20 path
etween the second i magi ng optical system G and  the second gptical path
fol ding mi rPértmbelwf%ﬁﬂsthéﬁ@fmt%ylé‘taa%iPigt9P(§le%% DHEES G%y?t”ec%'rsp
increases and the optical adjustment and nechani cal design _becone easy
because t hetHiestameenBetamiehc ilr $ta 5lir faced 1 RHd "Sechfd <ur f ake Egﬁfbe
shortened. Mreover, when the present invention is applied to a projection
exposur e appasat.us he et aligHtt bfo § Heh ahePé 145baraY 85 ¢ Sard el Rédiiced
because the distance between the reticle R arranged on the first surface
and the wafend athangertér adecond LUFFaRE | anShoREERGR 1 FA -t heS prddent
invention, it is preferable that LI 7 .-7" ]1.. 11 C11t.1110 WI111 1 L
Li .Ai 4 beoth&eapy beamise thy diisangeibgtieen Dor SFRYIHRIAS < 0. 50
(3) Here, Ris the nmagnification of the catadioptric optical system

(proj ecti onappt pwowg@ﬁﬁpp%wqébe shortened. Moreover, When

the present invention is applied to a projection
exposure apparatus, the height of the whole apparatus
can be reduced because the distance between the
reticle R arranged on the first surface and the wafer
arranged on second surface is shortened.

In the present invention, it is preferable that

e -~ o TN me e - 2 4 1
the followin ion (2) is satisfice

P e ] ~
[ORO BRGNS .

0

0.20 <|Bt/ IBLl) < 0.50 (3)

Here, B is the magnification of the catadioptric
optical system (projection optical system if applied
to a projection exposure apparatus). BL 1is the
magnification of the first imaging optical systemG1.

Coridition (3} specifies an appropriate range cof
the ratio of the magnification B of the whole systen
to the magnificationfl of the first imaging optical
system G1.

If the ratio is more than the upper limit of
conditicn (3}, it is undesirable because the angle of
dispersion (angle range) of a beam incident intec the

first optical path folding mirror 1 and the second
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to a projection exposure apparatus). R is the mgnification of the first
i magi ng optical system G. Condition (3) specifies an appropriate range of
the ratio of the magnification R of the whole system to the
magni ficationRl  of the first imging optical systemGlL. If the ratio is
nore than the upper limt of condition (3) , it is undesirable because the
angl e of doppérsibn fanghe fangg)ngf ambeazmi nckdemtnines e  faindt
optical path folding mrror 1 and the second 21 optical path folding mrror
2 increasescandeqonstdyentiey ddeldesiogh sofr eof Yetkaatd fg fm | ipe becenres
difficult. In particular, reflecting filmmaterials wusable for a |ight
with wavel edgtfh ishol ter fimapak80i cniaare ral Sbetitmnedlimusaterisldi fficult
to keep the reflectivity at a high level in a broad angul ar band
const ant. Theatdilfd efence iln glef | edttilvivtavdéewesm Pshpoltard zedzahi g0 and S
pol ari zed light or the phase change al so changes with the angle of
i nci dence and atbegéfsar d imites,t whussitssecidatfdd amlh et eeepr &thicon of
the i magi ng property of the whole system On the other hand, if the ratio
is less thanefhectititd ht £ khiighlVeWsl linialbrdadlangAl &ri balnda ¢ on u
i L. -LVr, "JJ, -L1 i.. uit lAe s a A ab e because the |oad of
magni fi cat i oonkactror, whheh cshbfiédenee the berfder bf villtey tiw tdeiemadi ng
optical system G3,

polarized light and S polarized light or the phase

change also changes with the angle of incidence and
therefore in its turn is associated with deterioration
of the imaging property of the whole system.

On the other hand, 1f the ratio is less than the

£ 4 - -
L 4
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LriL s WO L o 1
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o {3}, it is undesirabkle
because the locad of magnification factor, which should
be the burden of the third imaging optical system G3,
rises, and thus a large scale of the optical systems
cannct be avoided.

Moreover, it is more preferable that the lower
limit of condition (3) is 0.25 and its upper limit is
0.4¢6.

Furthermore, in the present invention, 1t 1s
preferable that the catadioptric optical system is a
telecentric optical system on both sides of the first
surface and the second surface. When the system 1s

applied to a projection exposure apparatus, 1t 1is

preferable that the projection optical system is a
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rises, and thus a large scale of the optical systens cannot be avoi ded.
Moreover, it is nore preferable that the lower |imt of condition (3) is
0.25 and its upper limt is 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 systéecientappl ped toad prcjteti on bepdswetappsr tide and s
preferable that the projection optical systemis a 22 telecentric optical
system on botfieret ¢kde si deTlahd @ahercsadelorhi snedhbesuctPonl @Ha es to
lowly suppress the magnification error or distortion of inmage when

posi tional suppresw bwaep niéghhd rettclom or rwaf epramtl ¢ herititken oedur .
Furthernore, it is preferable that an angle made by a |ight passing

t hr ough t heiregeewhafn bpamitiienalpeimsipal crayk ribeecbnebes5d afi hates or
less in the whole field so that the optical systens are substantially
tel ecentri cor | wather preséntienvéntkiconpcictun s pfefethbracme , sati sfyg t he
following condition (4), in addition to the catadioptricoptical system
which is tgleeértrritcle’ thatui ian ~dnglléd ®made Spycsa HEghtDEadEing 0. 24
(4)

through the center of beam {(i.e., principal ray)
becomes 50 minutes or less in the whole field so that
the optical systems are substantially telecentric.

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

P | o =
Wil KO cal = L

W

e

¢}

IE - DI/ IE|l < 0.24 (4)

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

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

If condition {4) is not satisfied, 1t 1s not

preferable because the occurrence of asymmetrical
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Here, E is the distance between the surface on the inage side of the first
i magi ng optical systemd and its exit pupil position along the optical
axis. Dis the distance by air conversion fromthe surface on the inage
side of the first imging optical system G to the concave reflecting
mrror CMin the second 1imaging optical system & along the optical axis.
Condi ti on (dhrsmecifcesahepositional selclti ons beehedm k helexphmagugt | of
the first imaging optical system 3 and the concave reflecting mrror CM
| f conditi oabe4)rd sioont osathgfareat iict ciognaotb e prefiareb| @ngdekhgsd it
occurrence of asymretrical 23 chromatic aberrations such as | ateral
chromati ¢ abemnrdt ilpa dowlhy osapircer €evfadaberration and the |ike cannot be
| oWy suppressed. Moreover, it is nore preferable that the upper |imt of
condition (4) is MotZovaurt hetnmisemdieiprpfefmalbee tig & heh pr ep@sr
invention that the intersection line of an assuned extension plane of the
reflecting piade (@h assuiediopl arke) obsaitlheld’by infinitely extending a
pl anar reflecting plane) of the first optical path folding mrror 1 and
an assuned extenskFontpleammeont,t het rdef | preifrg pbare i0f the seresd¢pti cal
path folding first inmaging optical systemd, an optical axis AX2 of the
second i magingeoptical t&yest eh €2 lantde ageoptienl 1in@ soAX@n ddsehaadhird
i magi ng optical system G3

extension plane of the reflecting plane (an assumed

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

H YT
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first imaging optical system Gl, an optical axis BX2Z
of the second imaging ocptical system G2 and an optical
axis BAX3 of the third imaging optical system G3
intersect at one point (reference point). This
construction results in the optical axis AX1 of the
first imaging optical system Gl and the optical axis
AX3 of the third imaging optical‘system G3 becoming
a common optical axis, and particularly enables to
position the three optical axes AX1-AX3 and the two
reflecting planes in relation to one reference point.
Therefore, the stability of the optical systems
increases, and the ocptical adjustment and mechanical

design become easy. An even higher accuracy optical
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intersect at one point (reference point). This construction results in the
optical axis AXl of the first imaging optical system GL and the opti cal
axis AX3 of the third inmaging optical system G3 becom ng a commobn
optical axis, and particularly enables to position the three optical axes
AX1-AX3 and the two reflecting planes in relation to one reference point.
Theref ore, &Hgusttabéhicty cafn t hieeoptfiscal 1 systtears  &ndr eavyas; amdgtued opti cal
adj ust mrent and nmechani cal design becone easy. An even hi gher accuracy
optical 24 adpbstineny csanbéd aciditarved amgd eweeht hnghethestabtliictel can be
achieved by setting the optical systens so that the optical axis AX2 is
per pendi cul g s ttedn $ o atia cat haxo 3 tAXla bfat he AKEst si pagegdptiudalr system
G and the optical axis AX3 of the third imging optical system G3.
Furt her noretci thies optef erabba i Ahe prfesert fimvenimegitdmtcmtli clednses
constituting the first imaging optical system Gl and all | enses
constitutingysthen Ghi edd magi bgtdptitax syAEM B teie tdrradgedaghiony a
single optical axis. This construction causes any flexure due to gravity
to becone repaticanal bystsymmesri cal and provides to oWy suppress -L h e
deterioration of imaging property due to the optical adjustnent. In
particul ar, when Fhrtheappbred tbtais preffectaldheexposthe gppasatuts, the
reticle R and the

invention that all lenses constituting the first

imaging optical system Gl and all lenses constituting
the third imaging optical system G3 are arranged along
a2 single optical axis. This construction causes any
flexure due to gravity to become rotationally
symmetrical and provides to lowly suppress the
deterioration of imaging property due to the optical
adjustment. In particular, when it is applied to a
prcjection exposure apparatus, the reticle R and the
wafer W can be arranged parallel to each other alocng
a plane perpendicular to the gravity direction (i.e.,
horizontal plane) and all lenses constituting the
first imaging optical system Gl and the third imaging
optical system G3 can be arranged horizontally along
a single optical axis in the gravity directionby using
the first imaging optical system Gl and the third
imagingopticalsystmnGBjj1anuprightpositionalong
the common optical axis. As a result, the reticle,

wafer and most of the 1lenses constituting the
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waf er Wcan be arranged parallel to each other along a plane perpendicul ar
to the gravity direction (i.e., horizontal plane) and all | enses
constituting the first inmaging optical systemd and the third imaging
optical system G3 can be arranged horizontally along a single optical axis
in the gravity direction by using the first imaging optical system GL and
the third PHegiemtopni e8It syt ehy &3 &im agre dpr i ghiopdsianbaldlvong:o t he
common optical axis. As a result, the reticle, wafer and nost of the

| enses cons&hbitd aige €hieo 28n r oy BEeitont opti dalf osyea birar dUselt® RdreiZont al |y,
not subjected to an asymmetrical deformation due to their own weight, and
this is vergwhawsabhé . i reedsthilfg 1 dplieddt hdivesiatehe, imechadibedn desi gn,
high resolution and the like. Further, it is preferable in the present
invention thaticwt 85esidfuttheentinber wfchandesxaln afllesiemses &dnstituting
the catadioptric optical system (the projection optical systemin the
case of apptgergutionoaddrohectlildfe exposure apparatus) are arranged

along a single optical axis. For exanple, if the first inmaging optical
system G and theFehithe i magt g 1the Foowhen adpt ¢ cal naxitse alwmpssedll | enses
in many | enses constituting the optical systens are held horizontally and
an asymtri@ﬁﬁf@e}f@]ﬁrf@k}ﬁénOﬁ@é ﬁé% cf the number of lenses in all

lenses constituting the catadicoptric optical system’
(the projection optical system in the case of applying
it to a projection exposure apparatus) are arranged
along 2 single optical axis. For example, 1if the

first imaging optical system Gl and the third imaging
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the common optical axis, almost all lenses in many
lenses constituting the optical systems are held
horizontally and an asymmetrical deformation due to
their own weight does not occur by this construction,
therefore it is further favorable in ensuring optical
adjustmént, mechanical design, high resoluticn and
the like.

Additionally, as described above, the negative
lens{es}) 3 in the second imaging optical system G2
regquires 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 alcone. Accordingly, it is
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their own weight does not occur by this construction, therefore it is
further favorable in ensuring optical adjustnm(~-nt mechanical design, high
resolution and the like. Additionally, as described above, the negative

| ens(es) 3 in the second inmaging optical system & requires a |arge power
(refractive power) to conpensate for chromatic aberrations being produced
by the firstdehgrad loptivatheysiregs entaddidrtthinr ¢ ha ha§heg st odl
system G3 al one. Accordingly, it is 26 preferable in the present invention
that the secdorsgihgagimiyl optli cals sgwt €/ B2 haat atl eleedstt vaongagati ve

| enses 3. This construction enables to divide and bear a necessary power
with at | eadterisesnégat iVeisl ensestandtiient entadrhe pr o désvicdeconsdi t ut e
stabilized optical systens. Enbodi nents of the present invention are

descri bed héresaf t er ,nav el sreafer poee t oWiliéd fot| dagt dreawi ngatlyge 2 is a
di agram schematically showi ng the general construction of a projection
exposure apmparaeas whickch is progi dedrwi t preocatdadi oftei ccPndtiltyte. d 1A |
+- L. .. . 7F~L, ... V41L.-413JYJLCIllLac\ . .V11111
L. VCIL Lstdbillililzed opticdl Gystems.J Vi 1 C1 CJCI | L invention
as a projection optical system In Fig. 2, the Z axis is set up in '
parallel to a ref Emhe@ivpritcal ¢f the present invention are

described hereafter, with reference to the following
drawings.

Fig. 2 is a diagram schematically showing the
general cons£ruction of a projection expcsure

apparatus which 1is provided with a catadioptric

3 mm Tl mtrmb v A AT R e b oAbl ot s A~ F R s o a - -
UbJL_-LLrG._L DXQL.CALI. [= A \_J..LJ.AH LW Tl L Tll Lo VL il l_JJ. L B el N
invention as a projection optical system. In Fig. 2,

the Z axis is set up in parallel to a reference ocptical
axis AX of the catadicptric ocptical system
constituting a projection optical system PL, the Y
axis is set up in paralilel to the paper surface ¢cf Fig.
2 in a Plane perpendicular to the optical axis AX.
Mocreover, Fig. 2 schematically shows the general
construction of a projection eXposure apparatus, and
its detailed construction will be described later in
Figs. 8-10.

The described projection exposure apparatus is
provided with, e.g., a F2 laser (wavelength 1537.624

nm) as a light source 100 for suppliying an illuminating
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axis AX of the catadioptric optical systemconstituting a projection
optical systemPL, the Y axis is set up in parallel to the paper surface
of Fig. 2 in a plane perpendicular to the optical axis AX.  Mreover, Fig.
2 schematically shows the general construction of a projection exposure
apparatus, and its detailed c?nst ruction wll be qglscri bed later in Figs.
8-10. The desc¥Pbefipréfractionl 8kpssaie® appalatus Lild M pravilded W Eht e. g.,
a F2 | aser (wavelength 157.624 nm) as a |light source 100 for supplying an
i || uni nat i nge@ezrgie@%t Igomttyaviid et $RYFSE 1 Pile SvIaRmy rﬂa%%H@lm%ﬁE@S
energent fromthe light source 100 evenly illumnates a reticle R where a
gi ven pattern FetiglfedR WBEES et , Tay FptPRalt 85 hi Bethwehe he 1i ght
source 100 and an illum nating optical systemlIL is sealed by _a casing
(not shown) , andMPZDAEETHr ot P EECGHt BédiceP G R B art Pt ilced P Fenmber
on the reticle side in the illum_nating optical systemIL is filled wth
an inert gasowsteR a9 handntfas L1l RRSGET geRti57d thESFeRe ei 7§ a gas
with a |low absorptivity of exposure light, or kept in a nearly vacuum
state. The r&3ted RYi & iCF idral (BP thalP ¥R t hé PRy Sl eC8n I& Tetikfe stage
RS via a reticle holder RH attern to be transferred is forned on the

A
reticle, and @ FetPadgA a@rOQs*E?t@Pi RECifad t eRATPEF AP WERR Feticle

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 abscorptivity of
exposure light, or kept in a nearly vacuum state.

The reticle R is in parallel held in the XY plane
ocn a reticle stage RS viz 2 reticle holder RE. 2
pattern to be transferred is formed on the reticle,
and a rectangular {(slit-like) pattern region with a
long side along the X direction and a short side along
the Y direction in the whole pattern regicn 1is
illuminated. The reticle stage RS 1is movable
two-dimensionally along the reticle surface (i.e.,
the XY plane) by the action of a driving system whose
illustration is omitted and is so constituted that its
position coordinates are measured and positionally
controlled by an interferometer RIF using a reticle
meving (measuring) mirror RM.

A light from the pattern formed on the reticle

forms a reticle pattern image on a wafer W, which is
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| ong side along the X direction and a short side along the Y direction in

the whole pattern region is illumnated. The reticle stage RS is novabl e
two-di nensionally 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
control | ed bypam imsenisdrioineees URISK et Ag & iretd cf et agovi gy { Fedsitite ng)
mrror RM A light fromthe pattern forned on the reticle fornms a reticle
pattern i mage cgre at waher o WL 1w T h sivss 28ma Bdhot oSérssi Wiadee substkatdnvia a
catadioptric type projection optical systemPL. The wafer Wis in
paral | el hepdranlléé X¥lgl ame tdre X Wb banst age aWsadar atadkeW S aule (waf er
hol der) WI. Then, a pattern image is formed in a rectangul ar exposure
region witha avdbag Sdaelal oiwpfae Xaldecti ohTand Th&her t2 spa&talong t he
Y direction on the wafer Wso as to correspond to the rectangul ar
i |lunm nati ngmmegs drs dio tthedr 2hi &l ee Rt aopty tak| §xphiw nafeegdvage IMBL i s
novabl e two-dinensionally along the wafer surface (i.e., the XY plane) by
the action eflandrs viderge $psigenhendshl reébhusty atricon $boor stied adipahd t s
position coordi nates ar

the Y direction on the wafer W so as to correspond to

the rectangular illuminating region on the reticle R
optically. The wafer stage WS is movable
two~-dimensionally aleng the wafer surface (i.e., the
XY plane) by the action of a driving system whose
illustration is omitted, and its position coordinates

P R A EL I =Y

PR ~ = = A + 1
al = il oWl &N Qaliu [

T -y
. AL [

posi ally controlled by an
interferometer WIF using a wafer moving {measuring)
mirror WM.

Fig. 31is adiagram showing a positional relation
between the rectangular exposure region (i.e.,
effective exposure region) formed on the wafer W and
the refé&fence optical axis.

As shown in Fig. 3, 1in the embodiments, a
rectangular effective exposure region ER having &
desirable size is set up in a position separated from
the reference axis AX by only an cff-axis quantity A
in the +Ydirectiocn in a circular 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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interferoneter WF using a wafer noving (nmeasuring) mrror WM Fig. 3 is a
di agram showi ng a positional relation between the rectangul ar exposure
region (i.e., effective exposure region) fornmed on the wafer Wand 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 positi&f S¥pat ICeB*PILoRT € HéegéPér%ﬁcJesa[x)lg§rJﬂ@(W ol §t BR 2 Rxi s
guantity A in the +Y direction in a circular region (image circle) wth a
radius B and8i4btt A& rleference axis AX as its center. Here, the
X-direction length of the 29 effective exposure region ERis LX and its
Y-direction |eng€R | ®UYer| n WAHEF  worlds, FhEt h@rg?rﬁgéin’r?éhﬁéf t Hdre
rectangul ar effective exposure region ER having a _desirable size is set up
in a positi&®Sepagited fe6He AtheY PeferRNEE Taxi S8 AX By aR HFFFVARPs Fuantity
Ain the +Y direction, and the radius B of the circular inmage circle IF
is specifiedesd BabLs PAAUdE IR &1 dt i @ C TkpoSir & aRyT dRCERIEAM t he
reference axis AX as its <center. Therefore, a description is omtted, but
a rectangulF&e rEfas eRECoAXEsyPEn DY 28. © tdffaet Fvevantitny datitok T%gi on)

with a size and a shape . ) )
+Y direction, and the radius B ¢f the circular image

circle IF is specified so as to include the effective
exposure region ER with the reference axis AX as its
center. Therefore, a description is omitted, but a
rectangulér illumination region (i.e., effective

illumination region) with a size and a shape

Ye avrnasnira raddlon R NS
vie T = =

....... gion ER I

ng to the effect

]J
1

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

Moreover, in the described projection exposure
apparatus, the projection optical system PL 1is so
constitdted that its inside 1is kept in an air
"{gas)~-tight state between an cptical member‘arranged
on the reticle side {lens L1l in the embodiments) and
an optical member arranged on thewafer 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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rnrrocppnHdng to tl-i in effcrti' r oypnciir c¢c rcginn g fornmed in a

position separated fromthe reference axis AX by only a distance

corresponding to the off-axis quantity Ain the -Y direction. Mreover,

t he described projection exposure apparatus, the projection optical

systemPL is so constjtuted that its inside_is kept in an ajr as)-tight
state between an @ﬁﬁ"&g glhi C(ajjlee(sré%
t he enbodi nents) and an . optical nmenber arranged on the wafer side glens

FIfehber et Fah§ed ©lch & RE &tiScFE T

L311 in th&riedi WRRt s} KEmGHg bt T 8BIY Sfenders Nabhst PREITA T Hea t

projection optical systemPL, and is filled with an inert_gas such as
e HVERSgd € gad LA RAE 1qkeOBE Y&t FiS& 9fbat by avde ubiiest at e.
RS and the |ike are

hel i um gas

30 Furthernore, the reticle R and the reticle stage

€€ Lil

in

in

arranged i nPE¥ PaFSW UptR AL CFdt IFY DEENeBA t U T |3 und REEToS a0t i TaFhsyst em

IL and t he

nitrogen or &eliifd 948 aRd PRd 1YReI2ss2 el FRE +AkS & Scadilne hotn §Rown)
reticle. R and the reticle stage RS and the
like or the? c&8FrgJd s (Rept FROYHearNy Chactifimlst atd AdtitP8Ral |'yhet he
nd the |like are arranged in a narrow

W5
optical patF€betnell 8RE PP é@t%ilo‘hlﬁpﬁ:égle A PRRAd FReP hflel W

whi ch seal s and encl oses the

waf er Wand the wafer stage

projection optical systemPL, but an inert gas, such as

but an iner%ﬁpas, sych as nitrogen or helium gas

sing 1s kept ina nearly vacuum state.
Additionally, the wafer W and the wafer stage
WS and the like are arranged in a narrow optical path
between the projection optical system PL and the wafer

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

and the like ige filled intA a2 ~sedinm inot Shown) which

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 long side of the exposure region
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seal s and encl oses the wafer Wand the wafer stage W6 and the |like or the
casing is kept in a nearly vacuum state. Thus, an atnosphere in which the
exposure light s alnbst not absorbed is forned over the whol e optical
path fromthe |ight source 100 to the wafer W As described above t he

iIIunination rggion on _the el cIe a dth LEXposure region o mafer w
(i.e., effelbi St e r@B gb%%ggle Q£F?ﬁgoﬁﬁ%ﬁ%cgp 5bt|cm
system PL are rectangles w S ort si des. Ln the_Y directiaon. refore
t he ret|cIeSCBQtﬁ@?ﬁgt§j§%aﬁW833éHa oAb ALY V&r‘%fregton &ﬁléﬁ Ya width
equal to the | gng sjde of the exposur on_31 on t he e nd has a
| engt h cor rBSFamtH n(gs‘fﬁntlﬁéig s ¢ qﬁﬁﬁﬁcte"ye (1ro% g &ué‘ﬁt ﬁ§ waf er W
by noving scannln the.reticl stage RS and. t fe a and in
its turn th P@ﬁtﬂ ¢9%nantﬁe N WREy fiEHT o ﬁsﬁaa' tﬁb qﬁﬁg\s&irection
(i.e., sane_ orientation) alon the short-si de dlgectlon i
direction of SHEGREPANGUILY & ots]aFe Sr"’ler&?oﬁharn% £R& i Ffufi nat?aﬁer egl on,
whi l e the posi tiaonal contro %ﬁf reti e R.and .t he fer Wis taken by
a driving Sys€&mhatrign’im ??8r5; T LPRITF, S VR ?ﬁ%oplke “Fnthe
enbodlnents the(PrOQe%tlon %p%hcal stenEPL |ncluding t he. cata%loptric
ir icn o rectangular exposur€ region a

opti cal sys

theilluminationregion,whilethepmsitionalcontrol
of the reticle R and the waferVW is taken by a driving
system or an interferometer (RIF, WIF) and the like.

In the embodiments, the projection optical

system PL including the catadioptric optical system

€]

rovided with 2 dioptric type first imacg

LQ

n ing optical
ol =

’_l.

system G1 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 twe 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 1image ©of the reticle pattern) and a
dioptric type third imaging optical system G3 for
forming a final image of the reticle pattern (a reduced
image 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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system GL for formng a first internediate inmage of the pattern of the
reticle arranged on the first surface, a secon imaging optical system &
conprising a concave reflecting mrror CMand two negative | enses 3 for
form ng a second internediate image nearly -unitary to the first

internedi ate i ma nearly . e i,mage of the first internedi ate

i mge and a secgﬁi@gﬁ/@?ﬁﬁgg Jd?q%ﬁg %Fé“%zﬂ?%rn)a szrfdr%l% gPItTi e type
third i magin tLc stem &3 f i.na the reticle
pattern g %ot&g ti Tidrjrdé% Bt TR %t?%f"egﬁgﬁt%?%)m(?n t[}h%ggéfgg‘ V@%\W‘anged
on the seconq’] surface based .on a {Lromthe S ﬁ ternedi ate i mage.
32 Moreover ,-d% thé SénbbBrFeM S, Og 5&?%31“ t h°f oq ng © rﬁ?rﬂgr 1 for
deflecting the |jght from he first otlc %\emGltoth
second |rrad1“h3ggb’gf=’| QBF1 et T2 &% érP‘ n@g& l{}l% Ri Y913t tHe

formation p the first interned otlcal at h

bet ween the%fsﬁ ﬁtlsk?g g’fﬁﬁfrﬁgtl%ﬁt?&?l %&%?eﬁ]%G%}h%nggﬁé f“ﬁ'éig"] g opti cal

tem G. A d_opt| t 2 f detthIht
¥ om the cCBE T madi R GPPE 41" ShETEmR TEPhesERI 7d % Tgt G Bt Feal

tem G3 dip th ty.of the format t f, th
Staond it PRI é?@g?%'@ﬁe%e%' G o4 barth o BeP wothe DAL S etBid I ol ng

optical SySts%rns]tCesz L??d tﬂesecond optical path foldingmirror 2 for

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

path between the second imaging optical system G2 and
the second optical path folding mirrer -2,

respectively.

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

axis AX1 and the optical axis RX3 are set up so as to
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second i magi ng optical system G3. In the enbodi nents, the first

internedi ate i mage and the second internediate inage are forned in an
optical path between the first optical path folding mrror 1 and the
second i magi ng opti cal system & and an optical path bet-ween the second

i magi ng opti cal tem second o t| cal at.h | di n rror 2,
respectivel y.° 1|'—‘h?¥ﬁ§r% %lhr? trt?ete%ﬁﬁo‘& CF‘I]re i ,55%& H&&% Ptical
system GL has a linearly tended optical aX|s AX1, the third imaging
optical sysfemh@®"Ras l&?fﬁeé?‘llf ext}ehdéd rEptibhr &RiSs 1AL Cife Opti cal
axis AX nd the optical axis AX3 are set g coi ncj de h the
ref erence oﬁthieca“l’agﬁlrs WA)@rﬁhlacrtF“i“sgeél ﬁrsaislnlg L L2 ] t he

reticle and _the waf Ware_ arranged, i ara l el to .each other . al ong

pl ane per peRdidt¥ & p't 1% Gt B t‘@&:t gnthe geaVJatEh(?rJtrz‘:'oﬁFéIOFM ane. In

addition, all lenses  constituting the firgst ing opti stem d and
all lenses dorfsti tﬁtrht‘rbmthgnFﬁllr dgll ARG ng IoIE)t Pg%% CLE98y er?ﬁée z\éélsaﬁ%o

arranged aI on the h rlzo lan on the reference optical axis AX
the of her e Ogectnd Fhobt A Copfiat S IegBLdA b S S beHnS In Aichonr |y

ext ended opt nd_t |_axis AX2 is set up.so @s to b

|
is the com®rt %2 %g)ﬁésé& EO Je’b\}glr‘“ g%h%?htehtif tlmaglng oP

system G3 are also arranged along the horizontal plane
on the reference optical axis AX.

On the other hand, the second imaging optical
system G2 also has a linearly extended optical aXis

AX2, and this optical axis AX2 is set up so as toc be

e}
[LH

ro

|‘D

ndicular to the reference optical axis AX, which

is the common single axis. Moreover, both the first
optical path folding mirror 1 and the second optical
path folding mirror 2 have planar reflecting surfaces
and are integrally constituted as one optical member
(one optical path folding mirror FM) with two
reflectrng 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 G1,
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. Furthermcre, both the

first optical path folding mirror 1 and the second

34



optical path folding mrror | and the second optical path folding mrror 2
have planar reflecting surfaces and are integrally constituted as one
optical nenber (one optical path folding mrror FM with two reflecting
pl anes. The intersection line of these two reflecting planes (strictly the
intersection line _of their _assuned extended glanes%,are set up so that

the axis AXPRLERé ??F&fPﬁgdi%“HpHEélzs%ﬁ’s MBIt i A 3 IHenbf the
second i magi ng optical system G . and the axis AX3 of the third imging
optical syst&mf ei%?@i?&cttl%g Tone” BoiSnt  FuFthef fbr @PRG e RE aRlr st
optical path folding mrror 1 and the second 34 optical, K path foldin? mrror
2 are const MHUEE a5 FPBAL TR ARE Trlef | FeEi Rt Cidy £ I RS EnePliise

enbodi ment and _ in the second enbodi nent, and both the first optical path
fol di ng nirP&rt ARd 49 sBEdmP bptli caldpdthe FEICAHY RPATHFas &ath
constituted as rear (back) surface reflecting mrrors in the third

enbodi nent . TOPELRERITEF FPRe Pnt 8F Fal CBBtSeehUERE effect PRE r d§idghk ) of
reflectingplane of the optical path foldingmrror FMand gptical AX is
set up, theSMess2¢Rer SALE&E SRI-Tam ey S Aloft thet REFECERROEXPSIT e regi on
will be. In the enbodi ments, fluorite CaF2 crystal)_is _used for al

dioptric ogﬂ%ép%@ﬁér%h?lJeﬂgeEé’rﬁpJor}FééﬂEYeelﬁ Ry cIEg¢tiygnregion

of reflecting plane of the optical path foldingmirror
FM and optical AX is set up, the less the off-axis
guantity A of the effective exposure region will be.

In the embodiments, fluorite (CaF, crystal) is

used for all dicptricoptical members (lens component)

constituting the projection optical

system. The
wavelength of the F:; laser being exposure light 1is
157.624 nm, the dioptric index ¢f CaF; in the vicinity
of 157.624 nm changes in a ratioc of -2.6 x 107% per
+1 pm of wavelength change and in a ratio of +2.6 x
107% per -2 pm of wavelength change. In other words,
the dispersion of dioptric index (dn/daA) of CaF; on
the vicinity of 157.624 nm is 2.6 x 10°%/pm,
Therefore, in the first and second embodiments,
the dicptric 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 1.55922354, and the dioptric
index of CaF,; to 157.624 nm -~ 1 pm = 157.623 nm 1is

1.5582406. On the other hand, in the third embodiment,
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wavel ength of the F2 | aser being exposure light is 157.624 nm the
dioptric index of CaF2 in the vicinity of 157 .624 nm changes in a
ratio of -2. 6 x 10-6 per +1 pm of wavel ength change and in a ratio of
+2.6 x 10-1 per -1 pm of wavel ength change I n other words, the

di sp-ersion |o tricin

Tb3Peon” mibie ofpBRies. 2 B cHA R 5. e bRl st Sma S e
Cholex. of chrBé“ S us3583) I ey C?JgﬁP%fsC? 938 R te ) Te605a0n 2B the
oavel ength i%ﬂz” 5325 qﬁb BeEaER i -5'?589 1 s R Qs R 157, 624
L ST 08 ML TS g e gL opt i, Jomcol 2 o

enbodlnents Lg ég g eight in a direction perpendicular to the optica
axis is Qe A @ he di stance (ampunt of sag) froma tangent plane at

t he vertex of aspheri surface. to osi.tion spherjcal surface
at the height y B &fgt %E Ot o tRes eSS ”E-‘ﬁ«ER\r‘errtJeﬁl ﬁﬂ hEdr T adi us

as r, the conic coeff |C|ent as aspheric coefficient

d
oS on (henthe PR BT e b S R R B K S T

nurer i cal f(%r elx? a(s )y, the distance (amount of sag) froma tangent

plane at the vertex of aspherical surface to aposition
on the aspherical surface at the height y along the
optical axis as z, the vertex curvature radius as r,
the conic coefficient as kK and the n-order aspherical
coefficient as Cn, then the aspherical surface is
expressed by the following numerical formula (a).

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

4 6

y' + Cs + y® + Cg - vyt

+ Cio * ¥'% Ciz = v¥¥ + Ciy * vy

14
-+ {a)

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

[Embodiment 1]

Fig. 4 is adiagram showing the lens construction
of a catadioptric optical system (projection optical

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

first embodiment, the present invention is applied to
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Y4 z = (y2/r) [/ [2 + {1 - (1 +K) ( y2/r2}1/2 ] + C4 + C6 y6 + C6 ya + Cl0
y1l0+ Cl12 y12 + Cl4 y14 ... (a) In the enbodinents, a * sign is attached
on the right side of surface no. on a lens surface which is fornmed into an
aspherical shape. [Enbodinent 1] Fig. 4 is a diagram show ng the | ens
construction of a catadioptric opfical system (projection optical system
PL) accordi iy P& % ‘?‘FFéPnerrBB&ilrFé}uPi. SIW’E%@ Jflilré"EhJe?rBod'i‘%ﬁ%atth%nﬁresent
invention is applied to 36 a projection optical systemin which aberrations
i ncl udi ng cﬁrrb‘ﬁgtlﬁé%érq%@méﬁslcara@%%F%étoéb‘s féok € o LRSI £ PF QAR with
wavel ength of 157.624 nm1 pm |In the _catadioptric optical systemof Fig.
4, the firRXPEYEEY oI nEal I&)stweay &l eduhbri és 12 7 ngat Pe terPBeus | ens
Lii having an aspherical concave surface facing to the wafer side, a

bi convex |ens L1Ar &becsmiaddieRérid-grtd ankofvetra®nRIL 49 - alnegative
meni scus |l ens L15 having a convex surface facing to the reticle side, a
positive merdikeud i%enE 1NBIRAE n§PL toReaveY §GEhcE I abPAP kDS ERe Reticle
si de, B
negative meniscus lens L1l having an aspherical
concave surface facing to the wafer side, a biconvex
lens L12, a biconvex lens L13, a biconvex lens L1l4,
a negative meniscus lens L15 having a convex surtface
facing to the reticle side, a positive meniscus lens
1L16 having a concave surface facing to the reticle side,
a positive meniscus lens L17 having a concave surface

a pesitive meniscus lens

P

L18 having a concave surface facing to the reticle side,
a biconvex lens L19 and a positive meniscus lens L110
having a convex surface facing to the reticle side in
crder 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 zlong 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



a positive nmeniscus lens L17 having a concave surface farina to the ratirl
-irisn nngitiv e mani~ri i s lens L1B having a concave surface facing to
the reticle side, a biconvex lens L19 and a positive neniscus |ens L110
havi ng a convex surface facing to the reticle side in order fromthe
reticle side. The second imaging optical system G2 conprises a negative
meni scus | ersUES#amaiafiadc ﬁcgbé $@idre r¢hErRg B4 dehe a dtlicdrveide, a
negati ve meni scus_lens L22 having an aspherical concave surface facing to
the reticle&hrfeldrd # dohead eflRsi Ad3nmi o & CMEA veorldars fE 3kt he
reticle side along the propagative route of light (i.e., the incident
side). The thiRYSiFaFihd OpiEcals harent &3 baiiges canbiecomaxthers L31
havi ng an aspherical convex 37 surface facing to the facing reticle side, a
bi convex | &&CiBg, %o bFBEnvektieAs 1BBlea BWirconpavé UmnssL8p, A%, pesitive
meni scus | ens, L35 having a convex surface facing to the reticle side, an
aperture stop ASNVEX Biedbhvek® |hehd1nY6ahae 5 Rd canl @8 phee hyalx sonviexcsur f ace
facing to the wafer side, a biconvex lens L37, a positive nmeniscus |ens
L38 havi ng & aohvex sur frdce widd hgstisle he ar b i cba ixlel ea oddtii.vea

meni scus lens L39 having a convex surface facing to the reticle side, a
bi concave | &fsS1iBiVearntehl seitthol eB6nvieX8| Bay ilIBd 12 sV ¥RX asplraheceur f ace

facing to the wafer side in . _
facing to the reticle side, a positive meniscus lens

L39 having a convex surface facing to the reticle side,
a biconcave lens L310 and a plano-convex lens L2311
having a plane surface facing to the wafer side in

order from the reticle side along the propagative

Values of data of the catadioptric optical

- system of the first embodiment are identified in the
following table (1). In the table (1), A represents
the wavelength of exposure light, B the projection
magnification (magnification of whole system), NA the
numericad aperture on the image side (wafer side), B
the radius of image circle IF on wafer W, Atheoff-axis
quantity 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 directicn {dimension of short side), respectively.

Moreover, the surface no. represents the order
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order fromthe reticle side along the propagative roll te of | i
Val ues of data of the catadioptric optical systemof the first enbodi nent

are identified in the following table (1). In the table (1)

t he wavel ength of exposure light, Qthe projection magnification
(magni fication of whole systen

th i | . t t
si de (wafer odi deJUrBacse r adicds owienagreeggF Irelecﬁwg—'laﬁe\r/vaﬁ‘ultre‘sn&? A e%

off-axis

a8 G

no. represents the order 38 of surfaces fromthe reticle sid

_ : _ ? al%ﬁgj
propagat i vethie e¢2 £8F TUTfaRE f rofiPRe tleti M@ 9% UF PALE CDel G

surface (first surface) to
(second suptad@cel -t e 1R var &Vé THER us 261 &ir® Ac
radius in the case of aspherical surface:

mm, d the axj
 6UrEERECe T afi 5B anéd thfyCasgndin at%heail&pﬁi%ur G&E t

surface, i
avel eng~h,

ErerE ex t VeFHERE

the wafer surface, beinguthe ina?e surface

rrht

, A represents

i mge
e

quantity of effective exposure region , LX the dinensjon of
effective eRpGRAB2FFiON B AFEAGT he T x1diFhit iEIEEO’Cldi Frgﬁsi

side), and LY the dinension of effective exgosure,zﬁgion EE alonq%t
direction (&urdasren BEidbriheiRRY eCl Skt ey HbF DVE

bfi “df 1 Bng

he Y

@rf ace

t he
obj ect

ure

al space of

ow

respectively. Furthernore, the surface distance d c@aqges its
sign wth rafect 8d Hegr @i aqhersdtdr8, The SYighapp, 1-&., surtace

distance {mm), andn the dioptric index to wavelength,
respectively.

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

optical system G3. The curvature radilus of a concave
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the surface distance d is taken as negative on the optical path fromthe
first optical path folding mrror | to the concave reflecting mrror CM
and on the optical path fromthe second optical path folding mrror 2 to
the i mage 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 psHiface LH@iRHe TUrVABUFE bYi@l 6s SR éénéave lgﬁra'fcg%létfaci ng
to the reticle side is+ taken as negatjve in the first im ing opti cal
system G . &F 4%k 66hérKHANAS PRE Cut Vat 6FE rEyf uSUsH 3L RbRcAFE WP f ace
facing to the reticle side is taken_as Eositive and the _curvature radius
of a convex odurf &6 Fa%i FHTEG Ghd 2 FeRAcFe shgeried 1GkenSasenddats ve in the
third imaging optical system G3. The curvature radius of concave 39
surface faciiiFtectte feidel e sFdet@ked?, 3hciBBAR T 8e) 2L 8t%hkdn Gs
positive and the curvature radius _of ,a _convex surface facj ng to the
reticle sid®re9ressdon roqufcgdeft $EGDL i 4Tt akBR a3°R8GSt I vB2H Y t he
progression route of light in_the second inmaging optical system Q. [Table
1]  (Main d&EHICAl= spETt 884 Gm

{Table 1]

(Main data)

A =157.624 nm

B=-0.25

NA=0.75

B=146 mm

A=3mm

LX=22mm

IY=66mm

(Data of optical members)

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 L.12)
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
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6= -0.25 NA=0.75 B=14.6 nm A=3nm LX =22 mm LY = 6.6 nm (Data of
optical nenbers) Surface no. r n (reticle surface)129.131192

18233. 1422120. 0000001. 559238 (lens L11) 2*229.432108.970677

3286. 7404831. 0000341. 559238 (lens L12) 4-803.121881. 000000

5666. 7587433. 6330151. 559238 Oens L13) 6-296.741421. 000000

7180. 0000038. 3518301. 5580BBtMéns L14) 8- ¥HIPIBB02813! 25234 fenmOl.15)

9201. 1494512. 9339781. 559238 6%!?ens L15)

10 128.43 221.621142
11* -127.65364 20.866949 1.559238 (lens L.16)
12 -120.00000 1.000000
13 -302.13109 23.424817 1.559238 (lens L17)
14 -150.00000 1.600000
15 -1158.54680 23.049991 1.559238 (lens L18)
16 -228.52501 1.000000
17 433.60390 22.934308 1.559238 (lens L.19)
18 -656.20038 1.000000
19 188.30389 21.335899 1.559238 (lens L110)
20 563.10068 86.000000
21 o -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
CM)
27 395.88538 -13.328549 1.559238 (lens L.22)
28* 172.15013 16.355803
29 453.07648 12.000000 1.559238 (lens L21)
30 114.73897 273.261083
31 o -94.835481 (second optical path folding
mirror 2)
32* -774.94652 -26.931959 1.559238 (lens L31)



10128, 43682221. 621142 11*-127. 6536420. 8669491. 559238 (| ens L16)
12-120. 000001. 000000 13-302.1310923. 4248171. 559238 (|l ens L17)
14-150. 000001. 000000 15-1168. 5468023. 0499911. 559238 (| ens L18)
16-228. 525011. 000000 17433. 6039022. 9343081. 559238 (| ens L19)
18- 656. 200381. 000000 19188. 3038921. 3358991. 559238 (| ens L110)

20563. 1006888. 000000 21862 %3626 (first opd

path folding mrror

22114. 73897- 12. 0000001. 559238 (| ens L21) 23453.07648-15.§§g&§% ,
24%172. 150184 13. 3285491: 86884 (1 ens L22)3b8BH633537.9P: 3.32)
26162. 8584428. 227312(concave reflecting mrror
27395. 88538343, 3285491, 88838588 (| ens L22) "28940PP. 1501316. 355803

29453. 0764812 0000001. 559238 (lens L21) 3011473897273, 261089 .
3100- 94. 835381 (second @3P2BH0 path fol di RGIPBIA rr orl-559238 (lens L.33)

32*-774. 946372- 26. 9319594315.957%855?8 (1 ens L?’—%;;..scl)lglsoz
38 505.14516 -12.000000
39 -128.75641 -209.396172
40 -180.58054 -24.481519
41 -331.81286 -14.336339
42 w -30.366910
43 -1502.56896 -24.392042
44* 933.76923 -1.000000
45 | -357.34412 -25 686455
46 2099.98513 -1.000000
47 163.08575 -32.557214
48 -631.02443 -1.000000
49 -124.04732 -35.304921
50 -639.72650 -18.536315
51 467.75212 -40.196625
52 -616.22436 -1.000000
53 -95.47627 -38.068687
54 © -11.016920

(wafer surface)
(Aspherical data)
Surface 2

r =229.43210 x = 0.000000

42

1.559238 (lens L34)

1.559238 (lens L35)

{(aperture-stop AS)

1.559238 (lens L36)

1.559238 (lens L37)

1.559238 (lens L38)

1.559238 (lens L39)

1.559238 (lens L310)

1.559238 (lens L311)



33275. 96516- 1. 000000 34- 376. 08486- 31, 3712461. 559238 (| ens L32)
35388. 08658- 1. 000000 36- 219. 25460- 29. 1953141. 559238 (| ens L33)
374359. 72825- 32. 809802 38505. 14516- 12. 0000001, 559238 (| ens LM
39-128. 75641- 209. 396172 40- 180. 58054- 24. 4815191. 559238 Cens L36)
41-331.81286-14. 336339 4200- 30. 366910( aperture-stop AS) 43-

1502. 56896- 94~ 89 38882x KE9238 Cens 10636)-44419381076923- 1. 000000
45-357. 34412- 25, 6864551, 559238 (|l ens L37) 462099. 98513- 1. 000000
47163. 08575082 055432611 1859238 Qens Cip38)674809%310792443- 1. 000000

49- 124. 04732- 35. 3049211. 559238 (| ens L39) 50-639. 72650- 18. 536315
51467. 75212CuF 086218 K82 38 10814 324584 5)108%- 616. 22436- 1. 000000
53-95. 47627- 38. 0686871. 659238 (lens L3 11) 54C0O 11.016920 (wafer surface)
(Aspheri cal Surdgged}  Surface 2

r=-127.65364 x = 0.000000
Ca=-0.130822 x 1077 Cs=0.512133 x 1012
Cs=0.875810 x 1016 Cio = 0.138750 x 108
Ciz = -0.203194 x 1025 Cia = 0.241236 x 1027

Surface 24 and Surface 28 (same Surface)

r=172.15013 x = 0.000000

Ca=0.293460x 107 Cs=-0.868472 x 1012
Cs =-0.848590 x 1017 Ci0=-0.159330 x 1022
C12=0.868714 x 10-26 C14=-0.116370 x 102
Surface 32

r=-774.94652 k= 0.000000

Csa=10.253400x 107 Cs=-0.505553 x 10712
Ce=0.151509 x 1016 Cio= -0.433597 x 101
C12=0.841427 x 1028 C1a =0.165932 x 1030
Surface 44

r =933.76923 k = 0.000000

Ca=-0.140105x 107 - Ce=-0.779968 x 1012
Cs=-0.148693 x 1016 Ci0=0.100788 x 102
Ci12=-0.251962 x 102 Cua =0.104216 x 102

(Corresponding values of conditions)
Bl =-0.626

B2=-0.919
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r = 229.43210 'K = 0.000000 42 4 = 0. 174882 x10-7C6 = -0.593217 x10-12 C8
= -0.194756 x 10-15 do = 0.677479 x 10-21 Cl2= -0.212612 x j()-.25C14 =
-0.320584 x 10-30 Surface 11 r = -127.65364x = 0.000000 C4=- 0.13082 2
x10-7Cs = 0.512133 x 10.12 C8 = 0.8 75810 x 10-16C10= 0.138750 x 10-19 C12
= -0.203194 x 10 25X14 = 0.241236 x 10.27 Surface 24 and Surface 28 (sane
Surface) r #3¥7943%5013 K = 0. 000000 C4 = 0.293460 x 10'7 Cs = -0.868472 x
JO, 12 Cs = -0.848590 x 10.17 C10 = -0.159330 x 10-22 C12=0.868714x 10-26
Cl4=-0. 11691dx 33.220mSur f ace 32 r = -774.94652x= 0. 000000 C4 = 0.253400 x
10-7C6= -0.505553 x 10.12 Cs = 0.151509 x 10-16C o = -0.433597 x 10-21 C12
= 0. 841427 *2rF0312daam = 0. 165932 x 10-30 Surface 44

E =484.8 mm

D=443.3 mm

1 |82] =0919

2 [L1-L2{/|L1] =0.076

(3) I8]/{B1] =0.400

4 |[E-DI/IE| =0.086

Fig. 5 are charts showing the lateral
aberrations in the first embodiment.

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

As is evident from the aberration charts, it is
generally known that the chromatic aberrations are
well corrected for the exposure 1light 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 cptical
system PL) according to the second embodiment. In the
second embodiment, this invention is applied to a

projection optical system in which aberrations

including chromatic aberrations are corrected for an

44



x = 0.000000 r = 933.76923 C4 = -0.140105 x 10-7Cs = -0.779968 x 10,12 Ca =
-0. 148693 x 10-16C o = 0. 100788 x10-21 Cl2 = -0.251962 x 10-25Cl4 = 0.
104216 x 10-29 (Correspondi ng values of conditions) 61=-0.626 62=-0.919 43
63 = -0.435 L1=335.3 mm L2 = 310.0 nm E=484.8 mm D= 443.3 nm (1) 1621

=0.919 (2) | LiL2 1 /IL11 =0.076 (3) 1811 (811 .= 0.40Q_(4).lE-DI/|El
:?T{)OSG Fig. %‘%ﬁuéﬁaﬂ-t@bsqwm% Y ellﬁIbﬁ*%]ﬁ* w%aé@rhr gt 2257 -i%??rfémfidst

enbodi ment. In the aberration charts, Y represents the image height, solid
lines the wafel BHBER 2T57Y 628 df bRBKEA T ¥ nEEERFIBIR, 1 pm = 157. 625 nm
and dashed lines 157.624 - 1 pm= 157.623 nm resgectivelg.EAs i s_evident

fromthe aberrati @ dHa®t§2tiadi QP tgadderaP by Cerdoviny BREM the Efdonsti c

aberrations are well corrected for the exposure Iight wth a
the first imaging optical 'system 1 comprises a

positive meniscus lens L1l having an aspherical
concave surface facing the wafer side, & negative
meniscus lens L12 having a concave surface facing the
reticleside,akﬁconvexlensLl3,atﬂconvexlénsLl4,
a pesitive meniscus lens L15 having a convex surface
facing the reticle side, a positive meniscus lens L16
having an aspherical concave surface facing the
reticle side, a.positive meniscus lens L17 having a
concave surface facing the reticle side, a positive
meniscus lens L18 having a concave surface facing the
reticle side, a biconvex lens L19 and a pocsitive
meniscus l1ens L11C having an aspherical concave
surface facing the wafer side in order from the reticle
side.

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

The third imaging optical system G3 comprises

45



wavel ength of 157.624 1 pmin the first enbodinent. [Enbodinent 2] Fig. 6
is a diagramshowing the | ens construction of a catadioptric optical
system (projection optical system PL) according to the second enbodi nent.
In the second enbodinment, this invention is applied to a projection
optical systemin which aberratjgns _including chromatic aherrations are
corrected fér BACAAERHoshPBS| i hAL mpﬁﬁlﬂé¥eﬁghgfﬁs Gt ACG 15P7%24 nm (1
pmsimlarly as in the first enbodinent. In the catadioptric optjcal
system of FiSEIBacet he cAnStth eyt hd Copt Sddle sy %&"Sd‘nﬁﬁ%%iéaff
positive neniscus |ens L11 having_an aspherical concave surface facing
the wafer siad®0 % heygt Ied L FERPsEED T dnd? LNBVAAE g O RBAEavE Fdii Flce
facing the reticle side, a biconvex lens L13, a biconvex lens_L14, a

posi tive mediatiRy| e LI® hhGiRg 2l E6nvek SHFARE2VRact RSt he3fet il e
side, a positive nmeniscus lens L16 having an aspherical concave surface
faci ng the DigigrYexXsilfisalpoyi t#De2hsi 5868 1S8R LAY 'hdvi 7§94 T LoRcave
surface facing the reticle _side, a positive neniscus lens L18 having a
concave sur F&dE §aBEngenFel et ¥ didR, 2 P BREHFARX IXRECK1BVANE &
positive neniscus |lens L110 havi ng an aspheri cal congave surface facing
the wafer sif@cimgdriaerwafgm FRE e BREORY L Lens L37, a positive

meniscus lens L38 having an aspherical convex surface
facing the reticle side, a positive meniscus lens L38
having a convex surface facing the reticle side, a
bicontcave lens L3110 and a plano-convex lens L3111
having a plane surface facing the wafer side in order
from the reticle side along the propagative route of
light (i.e., the incident side).

Values of data of the catadioptric cptical
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
numerical aperture on the image side {wafer side), B
the radius of image circle IFon wafer W, Atheoff-axis
quantity of effective exposure region ER, LX the
dimension of effective exposure region ER along the
¥ direction (dimension of long side), and LY the
dimension of effective exposure regicn ER along the

Y direction {(dimension of short side)}, respectively.
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Th-L- second inmaging optical system G conprises a negative neniscus |ens

L21 having

a concave surface facing the reticle side, a negative neni scus

| ens L22 having an aspherical concave surface facing the reticle side

and a concave reflecting mrror CMin
the propagative route of |ight

., the incident side). The thirﬁ

i.e
i magi ng opti cal s%ﬂﬁﬁﬁ?%rcoﬂﬂqé%§e45“h'bF@SHV%&ePEﬁsq_ ALFETg A

order fromthe reticle side along

aspherical convex surface facing the reticle side, a biconvex lens L32, a
positive meditsckACEENS TIOF3 TGyt ACdbved Uit 989 tcitFPR RE3 Tl e
side, a biconcave | ens L34, a biconvex lens L35, an aperture stop AS, a
negative nEHEREEIPENS ILEE Iy ifAP BF B8 pheri&al® COvER C&uPRadE t?}h%i ng the

waf er si de,

| ens L310 aR@id1Pi drive cdMaxe| esr E3FE HARGPYNE pPaRd aSifiFacer fdcitig t he
in order fromthe reticle side along the propagative route of

waf er side

a biconvex lens L37, a positive neniscus |ens L38 having an
aspherical EdaxtstrFicse ki hgtt RETiacel eta) 882 ¥3RT tFV& IRéifi scus
l ens L39 having a convex surface facing the reticle side, a bicaoncave

light (i.e.cumieatnErdendidiz®l ST Gas of iRt hesf CHRe Tat a8i 5pCriiRsS opt i cal

system of the second enbodi nent are identified in the

In the tabl
proj ection

én( Hhe ¢apeprdsentRherRE amvEPEfG e of "BRpostire’ fi g2 {
space of surface, i.e., surface distance (mm}, and n
the dioptric index to wavelength, respectively.
Furthermore, the surface distance d changes its
sign with reflected degree. Therefore, the sign of
the surface distance d i1s taken as negative on the
optical path from the first optical path folding
mirror 1 to the concave reflecting mirrcr CM and on
the optical path from the second optical path folding
mirror 2 to the image surface, and is taken as pecsitive
in other optical paths. Then, the curvature radius
of a convex surface facing to the reticle side is taken
as positive and the curvature radius of a concave
surface facing to the reticle side is taken as negative
in the first imaging optical system 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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magni fication (magnification of whole system) , NA the nunerical aperture
on the image side (wafer side) , B the radius of image circle I F on wafer
W Athe off-axis quantity of effective exposure region ER, LX the

di mensi on of effective exposure region ER along the X direction (dinmension
of long side) apd LY_the dinension of. effecti,ve, exposure region. ER al ong
the Y di rec‘%‘}%ﬁa&?i Fefdinch T tzlﬁofte%s]i%{a“f S1¢8shbe i-\/ngl.e &g‘cl\}b‘?'%B er,
surface no. represents the order of. surfaces fromthe reticle side al ong
the propagatiivee! di Pedtd i of S| PGt F1EM taﬁé?rrelf?cfzélrs‘(ﬁtfﬁﬁg Bttt he

obj ect surface (first surface) to the wafer surface, . being the inage
surface (se®dnd SHY4eE)surl TAFvREuFe F 6se§)¥céﬁr?égiee (WVer € ex
curvature radius. in the case_of ag%)her' cal surface; m& g t he i al
space of surfelniclgdent,SlLe) dilst ant&ofmy S, P L he® GPGSt rF LS i ndex
to wavel ength, respectively. Furthernogre, the surface distance d changes
its sign wPtPReafpdctedl d&gtiet. erléfgg}%, 1het&gnS6F°the 1A 18
distance d is taken as negative on the optical path fromthe first optical
path fol di n§® i FRér S¥$o*Ph&<oncave reflecting mrror CMand on the
optical path fromthe second optical path folding mrror 2 to the inmage
.surface, and is té’f@@fff’is positive 1in other optical paths. Then, the
curvature radius (I\?If‘ ada(r:‘anex surface facing to the reticle side is taken

ain
A=157.624 nm
B=-0.25
NA=0.75
B=146mm
A=3mm
LX=22mm
LY=66mm
{Data of optical members)
Surface no. r d n
(reticle surface} 74.237501
1 392.09887 18.011517 1.559238 (lens L11)
2% 1161.26854 22.550885
3 -197.82341 12.000000 1.559238 (lens L12)
4 -320.24045 1.072412
5 4535.10509 27.582776 1.559238 (lens L13)
6 -230.22207 1.003739
7 180.02979 31.376675 1.559238 (lens L.14)
8 -16797.46544 1.001727
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as positive and the curvature radius of a concave surf ace f acing to the
reticle side is taken as negative in the first imging 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. th %gird
i magi ng opfical system2&Ghe curvat ur #9648P1% of é-@@%@g 52‘71 urface f
acing to the reticle side Si . e . , the incident side) is taken as
positive antthe curvatUdS1}efdi us of a Ve urface facing to the

reticle side (i . e. , the incident side) is taken as negative along the
propagati velYout e of |ig#t-64%87t hesecond i pﬂﬁjoptiééﬁﬁgg%é 3 [ Tabl e
21 (Main data) X = 157.624 nmB=-0.25 NA = 0.75 B=14.6mm A=3nm

12 -120.00000 1.034195

13 -243.75596 21.927192 1.559238 (lens L17)

14 -1560.02545 1.001112

15 -355.46587 23.499758 1.559238 (lens L18)

16 -170.06869 1.005485

17 380.97487 22.758028 _}.559238 (lens L19)

18 -1174.10533 1.018161

19 162.68954 24.8165637 1.559238 (lens L110)

20* 644.69642 86.000000

21 o -275.440338 (first optical path

folding mirror 1}

22 116.98457 -20.000000 1.559238 (lens L.21)

23 5566.37904 -19.644110

24* 165.29528 -22.001762 1.559238 (lens L22)

25 383.86012 -26.835741

26 170.63370 26.835741 (concave reflecting
mirror CM)

27 383.86012 22.001762 1.559238 (lens L22)

28* 165.29528 19.644110

29 556.37094 20.000000 1.559238 (lens L21)

30 116.98457 275.440338

31 ) -106.008415 {second optical path

folding mirror 2)
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LX = 22 mm LY=6.6mm (Data of optical

menbers) Surface no.rdn (reticle

surface)74. 237501 1392.0988718.0115171. 559238 (lens L11)
2*1161. 2685422. 550885 3-197.8234112. 0000001. 559238 (lens L12)
4- 320. 240451. 0 72412 54535. 1050927. 5827761. 559238 Dens L13)
6- 230. 222071. 003799 7180. 0297931. 3766751. 559238 (| ens %@é
](. 8 ETB%LBD

8- 16797. 46543%. 001727 4$761.3%63910149. 6406243°H59238

10111. 81156146. 176310 11*-147.6426750. 0000001. 559238 (| ens L16)

12-120. 000083. 034195 132TUHI7450621. 927193 78E8)

38 (lens L17)

14- 150. 025451. 001112 15- 355, 4658723. 4997581, 559238 (Iens.Llﬁ) »
16-170. 068684. 005485 1738809308722, 7580288058348 (| hedPH249)lens L3z

18-1174.105331. 018161 19162. 6895424. 81653

35
36
37
38
39
40
41
42
43
44*
45

46

48
49
80
51
52
53

54

352.73770
-178.20333
-1076.81270
1804.27479
-120.27525
-250.01576
521.40215
oo

152.18493
252.15324
-995.58003
262.29146
-210.53420
-8044.39654
-124.46496
-627.72968
534.41093
-9748.42213
-131.28658

Qa0

-35.675204

-51.479106

-28.746535

-169.573423
-35.635941
-35.714360
-24.235048
-24.773335
-4.265268
-37.825368
-1.000000
-30.482411
-1.002741
-36.754604
-9.489076
-27.941522
-1.007391
-50.000000

-12.503787

71.559238 (lens L110)
1.006012

1.559238 (lens L33)

1.559238 {lens 1L.34)

1.559238 (lens 1L.35)

{(aperture stop AS)

1.559238 (lens L36)

1.559238 (lens L37)

1.559238 (lens 1L.38)

1.559238 (lens L3%)

1.559238 (lens L310)

1.559238 {(lens L311)

(wafer surface}
(Aspherical data)

Surface 2
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32*-8761. 14

ace 11
r=-147.64267
Cs=0.117741 x 105
Ce=-0.441188 x 1015
Ci12=-0.114006 x 1022
Surface 20
r =644.69642
Cs=0.378434 x 107
Ce=0.247735 x 1018

Ci2=0.256558 x 102¢

20* 644. 6964286. 000000 2100- 275. 440338(first opti cal
22116, 98457- 20. 0000001. 559238 (| ens L21)
28-22.0017621. 559238 (| ens L22) 25383.86012-26. 835741
26170. 5337026. 835741(concave reflecting mrror
27383.8601222..001 . 559
29556.3709426!6%6%%%%.5%§§§§0@#
3100- 106. 008415(second opti cal f ol di m.rr
gsﬁﬂééL%%3©¥51.559238 (1 ﬁé&gé¥%9§§§%g
34-751. 81935- 30. 3039601. 559238 (| e
36- 178. 2033338169434 550238 (1 e
381804. 27479- 28, 7465351, 559238 (l e
40- 250. 01576135 555931 10859238 (I e
420- 24. 2950§1§I(fapert ure stop AS)

ens L22) 28*165.2952819. 644110

ns L21) 30116.98457275. 440338

r 2) 49

. 72974-1. 078193
770-1. 006012
81270- 51. 479106
7525- 169. 573423
215- 35, 714360

oER§043TRpE

K- eakjoopiazity

& = 0.000000

Cs=-0.764549 x 1011
Ci1c=0.122309 x 1018

Ci1a=0478194 x 1027

k = 0.000000

Ce=-0.751663 x 1012
C10=-0.222239 x 10%

C1a=-0.235204 x 1028

Surface 24 and surface 28 (same surface)

r =165.28528
Cs=-0.236840x 10-7
Cs=-0.122244 x 10-16
C1z=0.109632x 10-25

Surface 32

r =-8761.14467 k= 0.000000

Ca=0.138366 x 107
Cs=10.264075x 1017
Ci2=-0.494187 x 102
Surface 44

r=252.16324

k = 0.000000

Ce=10.766085 x 1012
Ci10=-0.209608 x 1021

C14=-0.837618 x 1(r30

Cs=-0.162646 x 1012
C10=0.265565 x 1022

C1a =-0.786507 x 103!

x = 0.000000
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43152. 18493- 24. 7733351. 559238 (l ens L36) 44*252.15324-4. 265268
45-995. 58003- 37. 8253681. 559238 (|l ens L37) 46262.29146-1. 000000
47-210. 53420- 30. 4824111. 559238 (|l ens L38) 48-8044.39654-1. 002741
49- 124. 46496- 36. 7546041. 559238 (|l ens L39) 50-627.72968-9, 489076
51534.41093-27. 9415221, 559238 (|l ens L310) 52-9748. 42213-1. 007391
53- 131. 28658456-65Gtt0010550238 (| enbt T 13444454010 503787 (wafer surface)
(Aspherical data) Surface 2 50 r = 1161.26854 K = 0.000000 CA= 0.141234 x
10-1 0. 566668 =0 HF4THX 1¢8 = 0. 141009 5084989 ¥*' = - 0. 504032 x 10-20 CI2
= 0.747533 x| 0-24 Cl4= -0.400565 x _10-28 Surface 11 r = -147.64267 K
0.000000 C4 Gz D02386PA% 0™90-6 Co= -Bu7ed3694% x 10| 8 =-0.441188 x 10-15
Clo = 0.122309 x 10-18 d.2=-0.114006x 10"222 Cl4 =0.478194xl| o-27

(Corresponding values of conditions

B1 =-0.650

B2=-0.885

B3=-0.434

L1=347.8mm

1L2=311.9mm

E =453.1 mm

D=473.4 mm

(11682 =0.885

(2) |IL1-L2|/{L1] =0.103

@ 181/1811=0.385

(4) |[IE-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.

Ls is evident from the aberration charts, 1t is
known that the chromatic aberrations are well
corrected for the exposure light with a wavelength of

157.624 + 1 pm in the second emboediment similar to in

the first embodiment.
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Surface 20 r 644.69642 K 0.000000 C4= 0, 378434 xla7 C,. = -0.751663 xj 0-12
Cs = 0.247735 x 10*16 Clo = -0.222239 x 10-20 Ci 2 = 0.256558 x| 0-24 Cl4=
-0.235204 x 10-28 Surface 24 and surface 28 (sanme surface) r = 165.28528 K
= 0. 000000 C4=-0.236840 x 10- 7 C,6= 0.766085 x 10-12 Cs = - 0. 122244 x
10- 16 Cio = -0. 2?%%(308 x| o- 21 Cgr 0. 1096 a2- x 10 - 25 Cld= -0, 837618 x
10-30 Surface 32 37%?“144:‘%5 K = 0.000000 C4=0. 138366 X 10-7 CA=

-0.162646 x 10-1.2 4076 X 10-17. G 0. 26 G 2=
0 Aoatae X 10 2ete The 0 yast0 Ao SAPO N A, PR AR oR LE 5t 18y P K

0. 000000 51 C4 = 0.697432. x 1 714444 270, 747474
10-17 C o =IfiF$9988F Leab- Ef(%hcfcsldénﬁzs%éirﬁéo 25‘“%14%e 56‘301%‘6543Xx

10- 29 Correspond| ng val ue f condit 61 = - = - =
-0.434 (|_ | 2P _31'4675_1 ;%:M:% goi g;{lﬁ glr}r#ﬁ‘cla(r)ns)are congt?%%teB as f?:o8n86 B3

surface reflecting mirrors. Moreover, in the first
and second embodiments, the angular widths cf a beam
incident intc the reflecting plane of the first
ocptical path of 2 folding mirror 1 and the reflecting
plane of the second optical path of a fclding mirror
2 increase in proportion to the numerical of aperture
on the image side of the catadioptric cptical system.
In this case, if the reflecting planes are formed of
a dielectric multi-layer film, the reflectivity
changes with the incident angle and the phase of a
reflected wave disperses with the incident angle, thus
it isdifficult to ensure good angular characteristics.
Therefore, it is preferable that the reflecting planes
are formed of a metal film to obtalin good angular
characteristics, such as a reflectivity nearly
constant for a wide range of incident angles. However,
the reduction of reflectivity arises if the metal is
subjected to irradiation of the F2 laser 1n 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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E=453.1nmm D=473.4m (1) 1,3 21 =0, 885 (2) ILl - L21/I1LIJ = 0.103
(3) 1R1/ 1,6 11 = 0. 385 (4) 1 E- DI /1 EIl =0.045 Fi g. 7 are charts
showing the |ateral aberrations in the second enbodinent. In the
aberration charts, Y represents the inage height, -s-olid lines the

wavel ength 157. 624 nm bhroken, lines 157.624 + 1 pm = 157.625 nm and
dashed [inestliZPIigpAn thenthizgdzeq ePéspe&qp]{/%lﬁlPeﬂsl isC@virdent from
the aberration charts, it_is known that _the chronatii aberr%%;f s are well
corrected fotSthBo&pdsure! 7 ght Bui th*% hhvélergith 6F 1 RSE'S 5@ in the
second enbodinment simlar to in_ the first enbodinpent. 52 [Enbodiment 3] In
the first arfdls&6dnd ekBodinehe e, A5oth FRENLYT3RELEptRThF Mp&td $ BPdieng
mrror 1 and the second aoptical path foIdiQP_nirror 2 are constituted as
front surfaebapef 1Kkt iR§ iHTR6Rs i avrebrendiauiAg 5% stheaP SeEdrd
enbodi nents, the angular widths of a beam incident into the ref]ecting

pl ane of theaXipstEXoptdical pat hSsf EMRBRFINgORITAGH ! | St ¢He Gef | &cti ng

pl ane of the second optical path of a folding mrror ,
reflecting plane 1b inclined to the optical axis AX1

at an angle of 45¢ and a plane of emergence 1c
perpendicular to the optical axis AX2 of a second
imaging optical system G2. The seccnd optical path
felding mirror 2 is formed as a right-angle prism
having a plane of incidence 2a perpendicular to the
optical axis AX2 of the second imaging optical system
G2, areflecting plane 2b inclined to the optical axis
AX1 at an angle of 450 and a plane of emergence 2Zc
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
integratly constituted as one optical path folding
mirror FM. Then, the optical axis AX1 of the first
imaging optical system Gl and the optical axis AX3 of
a third imaging optical system G3 are so set up that
they linearly extend and constitute a singie cocmmon
optical axis, i.e., a reference cptical axis BAX.
Furthermcre, the intersection line of the rear (back}

surface reflecting plane 1lb of first optical path
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2 increase in proportion to the nunerical of aperture on the inmage side of
the catadioptri c optical system |In this case, if the reflecting planes
are formed of a dielectric nmulti-layer film the reflectivity changes
with the incident angle and the phase of a reflected wave di sperses with
the incident angle, thus it iﬁ diffi cuk%‘ to ensure %ood]éfmgul ar
charact er i stiodsd 1 1 ¥herBroF 8T it | S ef P40 & ThAt tHE Tof | ectimy? BPanes

are formed of a nmetal filmto aqhtai ood angul ar. charactc-ristics such
as a refl ectifgt§Chedrd ypTéBﬁst tOEo eac%aeorp%b%a&f Han%lildéﬁﬁda%%ges.

However, the reduction of reflectivit rises if the nmetal i ubject ed
to irradiat Pdrf 0PIt Ke 32 | $8Er UPn Sth t%?%o%?er%plﬁﬁtaaﬁ rff Hy 5l %txtfeotxygen.
Accordingly, both the first, optical th foldin mrror t he, second

] ! g.an
optical  pat fFHeoldifg i PRGNS O el EonsPHERTl By rehr YBECHE St hao

reflecting 53 mrrors in the third enbodi nent. re specifically, . as shown
n Fio. 13pA%he T FBE GRTGAR PAASTBAAPRG: 7 i1 BYSERR F0r AEE A e
right-angle prismhaving a | ape_of incidence |a perpendicular to the
optical  axPE U2 Lof a % 6T ¢ aigh Ry Opti Gt P 8§ S FEmOEL 1 55 ot &7 ¥t g
plane I b inclined to the optical axi t an angl e .of 450 and a pl ane

of energencE3l AT hEFF&HAT cBFartD ?ﬂzn%Ai(ﬂﬁﬁgera%‘;% PRI bt -a second
| magi ng optical s %t%@é%%igg%A%%%%%{cg%%%akh%a%Qrst optical path
folding mirror 1 and the second optical path folding
mirror 2 are constituted as rear (back) surface
reflecting mirrors in the third embodiment.
Therefore, the rear (back) surface reflecting
plane 1b of the first optical path folding mirror 1
and the rear (back) surface reflecting plane 2b of the
second optical path foldingmirror 2 are not subjected
‘to the irradiation of F2 laser in an oxygen-containing
atmosphere. As a result, the reduction of
reflectivity caused by the F2 laser irradiation can
be avoided, even if the reflecting planes are formed
of ametal film to ocbtain good angular characteristics,
such as a reflectivity that is nearly constant for a
wide range of incident angles.
Moreover, if the reflecting planes (lb, 2Zb) 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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folding mrror 2 is formed as a right-angle prism having a plane of

i nci dence 2a perpendicular to the optical axis AX2 of the second i maging
optical system @&, a reflecting plane 2b inclined to the optical axis AXl
at an angle of 450 and a pl ane of errer gence 2c perpendicular to the
optical axi m_G3. . Moreover, the

first opti cgpepgtqf?%?&fog’g%?ﬁﬂga d‘gpt Ifchle %égjg%gegﬁﬁ%é?tﬁatlﬁ‘%%?dl ng

mrror 2 are ntera- nstl d as _one op ca ahfoldln mrror
M Them. LB | SREomd Lin RPN AL REY Hufle, okt 43540 it Sy St

dth t I AX hird I G3 t
32 that °Fhé§%qﬁ%§hy a;tenangﬁdtt ot ife S o SocohmBn S ot ekl SSX?E,
.e., a reference_optic axi . Furthernor the intersection |ine of

Lhe Tear (DACRTS SHPFAC 1011 &1 nd P e PRIGRGT ot oph o FBoCiF 54

f ol di .and th K fl d
opti cal pat ASFdi i fig® ﬁﬁﬁﬁlﬁfré(ﬁé‘é%ﬁ“{@%ﬁ FEE ke ”%tf?eawag%rs Lo
the first t t €] AX2. of th d
 magi g opt ?%%u”g%%?zéf ?H‘@ufo:p%?Eap%gﬂméa%mwﬁﬁ. d Tl ng
optical system i ntersect one oint (refer ence dp%y %] a?éedescrl bed
above, bot hCPH‘@???sxﬁagHﬁ aﬂ Bglacﬁah “ i tPof - Cand The®Second” opt i cal

path f0|dln%ransportatlon4 Accordingly, in the thi{@ embcdiment,
the first intermediate image is formed between the
emergent plane lc o€ the first optical path folding
mirror 1 and a concave reflecting mirror CM. The
second intermediate image is formed between the
concave reflecting mirror CM and incident plane 2a of
the second optical path folding mirror 2. The third
embodiment is specifically described below.

Fig. 13 is & diagram illustrating the lens
construction of a catadioptric optical system
(projection cptical system PL) according to the third
embodiment. 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 pm
in the third embodiment.

In the catadicptric optical system cf Fig. 13,

the first imaging optical system Gl comprises a
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mrror 2 are constituted as rear (back) surface reflecting mrrors in the
third enbodi ment. Therefore, the rear (back) surface reflecting plane |b
of the first optical path folding mrror I and the rear (back) surface
reflecting plane 2b of the second optical path folding mrror 2 are not
subj ect ed to t e irradiation of F2 Iasg{rl1 an .oxygen- cont a| ni.

at nospher e. PAS % Jr‘é%ulltlenﬂﬁé:ur%du]c??gn BAVEAY vidy &iRRg Bﬁ%e F2

| aser irradiation can ?e avoi ded éron the refleél ng_ pl anei_ are f or med

of a netal FPPMAY%T obtairf Yo %ﬁ&ﬁ’l &Wa‘? I EFE SO Uth®4s

reflecti vit that is earl tant for a_wde ran nci.dent_ angl es.
Moreover, i Fepre Gt bepe né %lefba ORCE FHégfar%%sﬁfe% anes
(1a, 1c, 2a 2c) of .the fir cal ath foldin rrar .t he second
Optical patRer ISt hG LB (3 bRes of e DUt BB% mThe wiict hi By 7 S58 irike

formati on position of 12 fII’St% ﬂter.rredl ate im a second_i ntermedi ate

i mage, flaBeld&rettsi6PS dohtingy ikt aﬁanvﬁg‘ |§1&5c118,$ 3eiPlartes are
t f dto the, r f Fur.t h tt d | th
froma reti i REES et ;srf%@ff‘%iamsﬁ% e %éﬁtﬁ.czfm'ez%f pSLE e
apparatus. The conpact nature of t ar at.us §9 favorable in

transportat?&?nﬁgéo?ﬂfﬁﬁﬁ/e fafing ‘?1 %llllﬁe A AP T FSEVE

i nt er nedi ate i mge |s_L forr£eld et.ween the
menls ens av1ngau1asphe ical concave surface

facing to the reticle side, a positive meniscus lens
L17 having a concave surface facing to the reticle side,
a positive meniscus lens L18 having a concave surface
facing to the reticle side, a biconvex lens L139 and
a positive meniscus lens L110 having an aspherical
concave surface to the wafer side in order from the
reticle side.

The second imaging optical system G2 comprises
a negative meniscus lens L21 having a concave surface
facing to the reticle side, a negative meniscus lens
1,22 havimg an aspherical concave surface facing to the
reticle side and a concave reflecting mirror CM 1in
order from the reticle side alcng 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 L32Z,

a positive meniscus lens L33 having a convex surface
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energent plane 1c o- f the first optical path folding mrror 1 and a

concave reflecting mrror CM The second internediate inage is forned

between the concave reflecting mrror CM and incident plane 2a of the

second optical path folding mrror 2. The third embodinent is specifically

descri bed bel ow. Fig. 13 is a diagramillustrating the lens construction

of a catadifgpting &ptitdue §9§ﬂ&%e(§ﬁﬁﬁandﬁlBBHQ%ﬂes§§Pémqﬁ5faécordlng

to the third enbodine-nt. in the first and second enbodi nents, the

pr esent |nv&ﬁQ%ﬁvﬁ§eﬂ%@saﬁﬂﬁca%PeQRﬁ%tuﬁﬁm%ﬁﬁPoﬁsmﬁﬁc%?géﬁ&%ﬁl|n

whi ch aberrations including chromatic aberrations are corrected for an

exposur e I|mﬁﬁhﬁ@HsalﬁﬁV%ﬂgHbﬂ@WﬁnQSWHGQQPHﬁQH?%ﬁnCW%V?HespﬁﬁﬁFe

enbodi ment. In the catadioptric optical systemof Fig._ 13, the first

i magi ng opt if@d 1 BYsttem Gh &onplicsesSa e pdsi i GeNVEH stf8 S ehs 'Ll 12 havi ng

an aspherical concave surface facing to the wafer side, a negative

neni scus | eﬁsta_q@vnavlﬁQSaLééncav@%&gtﬂa‘e% f‘f%’éiﬁ&“tsoleﬁlﬁeLﬁeg( helvd k¥de, a
bi convex | ens L13, a positive neniscus |ens L14 having a convex surface

facing to BheCRdE s dee e posid F?et}f’rénlfg*éa§lleeﬁéd@lf5ah%9igﬁ§'l‘éeconvex
surface facing to the_reticle side, a positive neniscus lens L16 having an

asphe- - i cal MEdhcavBSshefgcd 3 ¥R PE BhEOPEAYS & BT HRCalpssing vied

neni scus | ens , . ,
the reticle side and a plano-convex lens L311 having

a plane surface to the wafer side in order from the
reticle side along the propagative route of light.

Values of data of the catadioptric optical
system of the third embodiment are identified in the
following table (3). In the table (3), A represents
the wavelength of exposure light, 3 the prcjection
magnification (magnificaticn 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 guantity
cof an effective exposure region ER, LX the dimensicn
of the effective exposure region ER along the X
directicn {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.

Mcreover, surface no. represents the order of

surfaces from the reticle side along the propagative
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L17 having a concave surface facing to the reticle side, a positive

meni scus | ens L18 having a concave surface facing to the reticle side, a
bi convex lens L19 and a positive neniscus |lens L110 having an aspheri cal
concave surface to the wafer side in order from t-he reticle side. The
second i magi ng optical system G conprises a negative nmeniscus |lens L21
havi ng a codddhactsiupfacd Naghagfrem Hére ef ¢ ELE 1 el r hagegaiti Meh nefi scus

l ens L22 having an aspherical concave surface facing to the reticle side
and a conca@@»@gmaﬁﬁi&QFﬁﬁﬁﬁoﬁfgmsﬁr$utﬁ@§ﬁ)fK@nﬁbﬁewﬁéﬁﬂCB@QﬁiﬁﬁaJong

t he propagative route of light (i.e., the incident side). The third

i magi ng opt Pealn@ydthegn GInedRpred a ce bilconverd e nNfFChAvi ng amhe
aspherical convex surface facing the reticle side, a biconvex lens L32, a
posi tive nerugclast PERsTEZE havt hgs aréemeex Bur f&de CBIX YaERRG tediesreticl e
side, a biconcave lens L34, a biconvex |ens L35, an aperture stop AS, a
negative méni §b@sCRERsOE3BhRawERG ANl Cadpherifcale cavex Slifmesidhcing to
the wafer side, a biconvex lens L37, a biconvex lens L38, a positive

meni scus | eA®ADD hbv gt ag conves - sustiacka facidag tonthe (Rt clandinle, a
negative meniscus |ens L310 having a concave surface facing to the
reticle sidéhandiorpraso-ldonesxtredia 3avRAET@tha pedieechiiVade’ to the

waf er side in order fromthe . .
Furthermore, the surface distance d changes its

signwith reflected degree. Therefore, the sign of the
surface distance d is taken as negative on the optical
path from the first coptical path folding mirror 1 to
the concave reflecting mirror CM and on the optical
path from the second optical path folding mirrer 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 ceoncave surface facing
to the reticle side is taken as negative in the first
imaging optical system Gl1. On the other hand, the
curvature radius of concave surface facing to the
reticle side 1is 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 tc the reticle side (i.e., the incident

side) 1is taken as positive and the curvature radius
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reticle side along the propagative route of light. Values of data of the
catadioptric optical systemof the third enbodinent are identified in the
following table (3) In the table (3), d\ represents the wavel ength of
exposure light, P the projection nagnification (magnification of whole
systen), NA represents the nunerical aperture cnpn.the inage si.de (wafer
S-de ), B e BEEHt S WHeR FRAFAS DRI| hRgE Tt ref b1 O ont the Wefer W A
represents the off-axjis quantjty .of an ef-f-ective _.exposure regi on ER
LX the di meridieoningh dafet oFRatd | vé Sexpok6re 3 8gi6iF ERL 4RO RE X1
direction (dinension of long side) ,_an LY represents the.di nension of
the effecti W& BxpBaGAE T e§POHT ERO fal bAGtthe?® di PECtTBROPH neRGLHdf the
.5hort side) respectively. Mreover, surface no. represents the order of
surfaces frémihealefivdeBi §¢ -al ong the propagative 58 direction of |ight
fromthe reticle surface which is an object surface (first surface) to the
waf er surface befﬁ@bt e image surface (second surface), r the curvature
radi us of surface (vertex curvature radius in the case of the aspherical
surface: mm , d aingrtad| space of surface, i.e., surface distance (m) ,
and n the dioptric index to the wavel ength, respectively. Furthernore,
the surface di stah&dodbéhBRges its sign with reflected degree. Therefore,
the sign of the B=-0.25

NA=0.75
B=146mm
A=3mm
1LX=22mm
LY =6.6 mm

(Data of optical members)

Surface no. r d D

(reticle surface) 78.905334
1 342.16576 16.022696 1.559307 (lens L11)
2* 991.85390 17.753350
3 -219.16547 12.000000 1.559307 (lens 1.12)
4 -320.00000 1.000000
5 2955.64579 26.141043 1.559307 (lens 1.13)
6 -246.44297 1.000000
7 194.21831 26.260817 1.559307 (lens L14)
8 1323.96976 1.000000
9 107.60955 40.108611 1.559307 (lens L15)
10 113.33032 159.676621
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surface distance d is taken as negative on the optical path fromthe first
optical path folding mrror I to the concave reflecting mrror CM and on
the optical path fromthe second optical path folding mirror 2 to the

i mage surface, and is taker. as positive in other optical paths. Then, the

curvature ;ﬁﬁi us of con_\lﬂgé.&@?face faci n‘% %ﬁégﬂg gﬁﬂgéggof'hgn%ﬂl%)taken as

positive the curva di us of the*conca ci'ng "to the

reticle side_is taken as, ive in the fi i mgi ng optical systemd.
On the ot het?2hand, the 'Sléﬁﬁgﬁoure radi us ]0¢60§@Q1cave surface facing to the

reticle side_is taken as, [tive and the, ¢ ure radi of .copvex
surface facﬂ‘?’lg to the ré‘@?ggg%m de is t%@e%léigé negatli'%ggﬁﬂw&qt' ird
i mgi ng optical system The curvature Lus of concave surface

directing t&*the reticl'égap(a@(i.e., the]i'é@l(a nt side) is taken as

oticle s b (i e e PREMGANG side) | SHREM s nagPRULIaang (e

propagative route of |i L. thesecond i i optical system Q. [Table
31 (Main dda) A = 15%%5%%% it

17 521.59548 25.488040 1.559307 (lens L19)
18 -467.35041 1.000000

19 163.47702 24.1871562 1.559307 (lens L110)
20 493.47675 59.076923

21 ®© 42.000000 1.559307 (incident plane of

first optical path folding mirror 1)

22 @ -5.000000  1.559307 (reflecting plane
of first optical path folding mirror 1)
23 o -288.258092 (emergent plane of
first optical path folding mirror 1)
24 117.68987 -20.000000 1.559307 (ens L21)
25 494.06235 -20.317103
26* 162.15533 -23.222125 1.559307 (lens L22)
27 424 56556 -30.146320 (concave reflecting
mirror)
28 174.51441 30.146320
29 424.56556 23.222125 1.559307 (lens L22)
30* 162.16533 20.317103
31 494.06295 20.000000 1.559307 (lens L21)
32 117.68987 288.258092
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6=-0.25 NA=0.75 B= 14.6 mm A=3mm LX =22 nm LY = 6.6 mm (Data of
optical nenbers) Surface no.r dn (reticle surface) 78.905334 1342. 16576
16. 0226961. 559307 (lens LLi) 2*991. 85390 17.753350 3-219. 16547

12. 0000001. 559307 (lens L12) -320.00000 1.000000 52955. 64579
26.1410431. 559307 (lens L13) 6-246.44297 00 7194, .2: :

26. 2608171.3 9307 (I ens®L14) 81329. 96976 %Q 00 910175.‘%@%@“0”1‘*”

40.1086111. 559307 (lens L15) 10113. 3soglzan%ggs'egonzpo%%%al%gth folding mirror 2)

34 © -42.000000 1.559307(reflecting
plane of second optical path folding mirror 2)

35 © -75.000000 {(emergent plane of

second optical path folding mirror 2)

36* 4472 59851 -25.928698 1.559307 (ens L31)

37 261.48119 -1.000000

38 -702.65223 ‘25.574812 1.559307 (lens L32)

39 484,70684 -1.000000

40 -171.00841 -36.095030 1.559307 (fens L33)

41 -824.20256 -52.106954

42 11305.93183 -29.474446 1.559307 (lens L34)

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 -39.6567019 1.559307 (lens L37)

50 293.635644 -1.000000

o1 -227.08614 -39.175338 1.559307 (lens L38)

o2 3890.58196 -8.150754

53 -120.00000 -39.612810 1.559307 (lens L39)

54 -519.19928 -10.442215

55 457.48024 -21.691566 1.559307 (lens L310)
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11*-148.8403849. 913127 1,559307 (lens L16) 12-120.000001. 000000

13- 222. 9534520. 859126 1.559307 {lens L17) 14-150.000001. 000000

15-401. 5557723. 223530 1.559307 (lens L18) 16-183.828661. 000000

17521. 5954825. 488040 1.559307 (lens L19) 18-467.350411. 000000

19163. 4770224. 187152 1.559397@%Iens L110) 58&@%3.4767559,076923

210042. 000089 1.559307 %Hﬁdﬁa t pl ane of 1 optical path folding mrror
1) 2200-5. 000000 1.5593Q7_(reflecting plane of first optical path folding
mrror 1) 2§00-288.2580@@2%%H§rgent pl ane?6PUH0P s oﬂﬁ%@%&’%ﬁ?ﬁiggﬂding
mrror 1) 24117.68987-20. 000000 1.559307 QOens L21) 25494.06295-20. 317103
26*162. 155388 23. 222125 %. 559307 (I ens Lzzizigﬁ@h.56556-30.146320 (concave
reflecting mrror) 28174.5144130. 146320 29424.5655623. 222125 1. 559307 (Il ens
L22) 30* 162 maey3upiaeed 17103 31494. 0629520. 000000 1. 559307 (lens L21)
32117.68987288. 258092 61

(Aspherical data)
Surface 2

r=991.856330 x = 0.000000

Cs=0.117208 x 107
Ce =0.401356 x 1017

Ciz2=0412618x 10

Ce=0.310236 x 1012
Cio=-0.265435 x 10%

C14 =-0.238346 x 1028

Surface 11

r =-148.84038 K = 0.000000
Ci=0.637735x 107 Cs=-0.462907 x 101
Ce=-0.137097 x 1015 Cio=0.475629 x 10r15
Ci12=-0.370236 x 1022 C14=0.833198 x 1028
Surface 20

r =493.47675 k = 0.000000
C4 =0.280809x 10-7 C6=-0.360031 x 10-12
C8=0.929800x 10-17 C10=-0.100162x 10-20
C12=0.116000x 10-24 C14=-0.979417x 10-29
Surface 26 and Surface 30 (same surface)

r=16215533 k = 0.000000
Ce=-0.235140x 107 Cs=-0.709685 x 10712
Ce=-0.957183 x 10717 Ci0=-0.947024 x 1022

Ciz =0.274134 x 1(r28 Cie = -0.469484 x 1020
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33cc5. 000000 1.559307 (incident plane of second optical path folding mrror
2) 3400-42.000000 1.559307(reflecting plane of second optical path folding
mrror 2) 35C0O 75. 000000 (energent plane of second optical path folding
mrror 2) 36*-4472.59851-25.9286981. 559307 (lens L31) 37261.48119-1. 000000
38-702. 65223-25. 5748121. 559307 (|l ens L32) 39484. 70684- 1. 000000

40-171. 00848ugace®$50301. 559307 (|l ens L33) 41-824.20256-52. 106994

4211305. 93183-29. 4744461. 559307 (lens L34) 43-116.92116-179- 952947

44- 250. 00000=35178 18880 1x 55d8090( | ens L35) 45613. 05439- 28. 469304

46CO- 24. 889346( aperture stop AS) 47165.48519-20. 1837651. 559307 (Il ens L36)]
48*279. 539504 3 0008DF0x HB. 1112. 01574395 09598832011589307 (I ens L37)

50293. 63544- 1. 000000 51-227.08614-39.1753381. 559307 (|l ens L38)
523890. 58196. 8:01188¥E4x BBY 120. 00000-39=6%263091 x588307 Qens L39)
54-519. 19928- 10. 442215 55457. 48024-21. 5915661. 559307 (| ens L310) 62

C12=0.128506 x 10 C1a=-0.812367 x 1030
Surface 48

r =279.563958 & = 0.000000

Cs=10.176353 x 107 Ce=-0.889127 x 1012
Ce=10.132824 x 1016 Cio=-0.701110x 102
Ciz = 0.104172 x 1025 Cia = -0.327893 x 1030

(Corresponding values of conditions)

B1=-0.650

LY

L1=3208 mm
L2=3652mm
E =466.7 mm
D = 455.6 mm
(D | B2] =865
(2) |IL1-L21/1L11 =0.138
@161/1811=0.385
4 |E-D|/IE] =0.024
Fig. 14 are charts illustrating the lateral
aberrations in the third embodiment.
In the aberration charts, Y represents the image

height, the solid lines represent the wavelength
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562169. 78959- 1. 000000 57-132.52125-50. 0000001. 559307 (Il ens L311) 58 (wafer
surface) oc-12.499991 (Aspherical data) Surface 2 r = 991.85390 K =

0. 000000 C4= 0.117208 x 1(y7 C6 = 0.310236 x 10-12 C8=0.401356x 10-17

Cl o= -0.265435 x 10 20 Cl12=0, 412618x 10.24Cl14 = -0.238346 x 10.28 Surface

s = 0 137887 501 b. T80 1% opiras x 16l et 5Ty g s

0 833198 x 10 28 ;rEaCf %gnr: ]ﬁ?ﬁjéz 75K = EQOQ%QO géSEEQiZ§O809X 10-7Co6

= -0.3600311x "1:F4 nh - an 1hes
represent wavelength 157.624 - 1 pm = 157.623 nm,
respectively.

As is evident from the aberration charts, it is
known that the chromatic aberrations can be corrected
for the exposure light with a wavelength of 157.624
+ 1 pm in the third embodiment as cimilarly corrected
in the first and second embodiments.

As described above, in the first to third
embodiments, with respect 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, in which the aberrations beginning with
the chromatic aberrations are corrected, can be
provided on the wafer. Therefore, a high resolution
of about 0.1 g#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 path separation is provided in the
vicinity of the two intermediate images formed by a

mutual approach. As a result, a rectangular
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CS = 0.929800 x 10-17C10 = -0.100162 x 10-20 C12 = 0.116050 x 10-24C14 =
-0.979417 x 10-29 Surface 26 and Surface 30 (sane surface) r = 162. 15533K =
0. 000000 ¢4 = -0.235140 x 10-7C6= -0.709685 x 1012 Ca = -0.957183 x

10-17C o = -0.947024 x 10.22 012 = 0.274134 x10-26C14 = -0.469484 x 10-3 63

<1015 s DEISSTOIR FORDOEEE TS L 163061 0 1055 A7 S D T3Es0E x 10, 26
< 10.7 Co= BIEBIIET xOTOE 194" a6 £ 0OV 355% S 1006 TG 8o 0 FOLEIT &k 1021
condi ti ons) 16145 - 07650 85 SL00863 ¢ 6510 448 L LU300. & MNP’ L' He365. 2
mmE = 466, 7€¥2aftsystemmguperlor in aberration correction,
miniaturization, optical adjustment, mechanical
degign, and in cost of manufacturing can be obtained.
Furthermore, in the first toc third embodiments,
the reticle R and the wafer W can be arranged in
parallel to each other %nd along a plane perpendicular
to the direction of gravity {(i.e., horizontal plane).

All the lenses constituting the first imaging optical

system Gl and the third imaging optical system G3 can

o}
D

arranged in parallel along a single optical axis
AX of the direction of gravity because the first
imaging optical system Gl and the third imaging
optical system G3 are provided in an upright position
along the <common reference optical axis AX.
Accordingly, the reticle R, the wafer W and most of
lenses constituting the proiection optical system PL
"(91% in number for all the embodiments) are parallel,
and are not subject to asymmetrical deformation caused
by their own weight. Likewise, optical adjustment,
mechanical design and high rescolution are
advantageously ensured.

Additicnally, in the first to third embodiments,

the intersection line of the reflecting planes of the
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(1) /321
| E-DI I | El

6-865 (2) IL1-L2111L11.=0.138 (3) 1,8 111)311 = 0.385
=0.024 Fig. 1'4 are charts illustrating the |lateral aber

in the third enbodinment. In the aberration charts, Y represents the
hei ght, the solid lines represent the wavel ength 64 157. 624 n-,n, t

br ok i . . | h 7.624 - = . 625
dashed 11 nod * Topr S6rt ThvBRoRgHFP 187 804" L 1 Bm L 189 d3F "Reeehd
tively. As i ' f th b ti har t [t i k
{ho: ohr omat DB AHet F abFoRs 16 bBccairert ba2 1oF CRY WibotbrbTPTght i th a
wavel ength of 1S7.624 . 1 kﬁ%tqgetgérd enbodi nent _a .sinilarl¥é%9rrected
nt’s: [

in the firsPPdnd 3ecdidSe
third enmbodinents, with respect _t h
of 157 .624%im tg‘ f }ug?‘rg

FasCrbedr 10808, P
F I, . .
gor eopreeedl bBRF R T AR Y

rs

NRPIF OF L A1 R

[ ircl i th di f 14.6 I n, whj b ' '
W Th e cRUSTERT G aBeY SRR e bot Fobtbh San'he Cibr ool HoAsen 4

vafer. Therefore, g highJesobutlon, of abgut 0o Lk muoan be. oltaln

point}. The first optical path folding mirror 1 and
the second optical path folding miricr 2 are
integrally formed as a triagonal prism member in which
the top side and the bottom side are shaped into right
angled isosceles triangles, i.e., one optical path
folding mirror FM. As a result, the stability of the

o cal system increases. The optical adjustment and

J
I__l

t

I

mechanical design are simple because it is possible
to position the three optical axes AX1- AX3 and the
ridge lines of the optical path folding mirror FM in
connection at one reference point. 1In additien, the
high-accuracy optical adjustment is simple and the
optical —systems have higher stability because the
optical axis AX2 of the second imaging optical system
G2 is 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 ¢f the

(4)
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providing a rectangul ar effective exposure region that is -approximtely
22 Mm x 6.6 mm Moreover, in the first to third enbodi nents, an off -axis
guantity A as small as about 3 mmcan he set up on the wafer Wbecause the
second i maging optical system G has a nearly unit (equal) magnification
~2 and the _ogptical path separation.i,s provided in the 6 vicinity of the two
i nt er medi atélirrﬁatge%pg&rcr‘?e]tsj gﬁ‘tg‘ %%Gépgaﬁwfﬁgﬁ n%saﬁdré@tﬁt,se ond
rectangul ar 65 effecti exposure region_approximately as |la 22 mm X
6. 6 nh canoBe iprbbi HaH T 41 T fafe I PEI & ERAL ©9's LR Smt Pods Wbout 14, 6
mmin radius. Thus, an. optical_system super.ior in aberration correction,

T i at ur i 2aBPShC opt A AR AjluSnerRS TbeRdni A dHELPET L Ghd FHSCE of
manuf act uri n% can be obtaiped. Furthernore, in the first to third

enbodi ment sG1 -t hBer 8Pt &2 R 3X 45 thé2vaf e PV R8RS dredhied FRT1GEal 1 el to
each other and al ong a pl ane per p,enchuI ar ts t he di r%ﬁai an_ of gravity
(i.e., hori8¥fCAN H%R®° TAY OPfd Fohs%l Eohe i bty ikt fi ¥R e IR ng

optical system Gl and the thjtird i magi ng optical system can be arranged
in parall el ORISR B SVAGISE dpt i LRI s 3€ AR CoP HheP ot Péctlizdi oF S §Ri ty
because the first imaging optical. system Gl and the third ipagin opti cal
system G3 aP8ifrtovi ded i FSFChpPEGht PBEVE -on gﬁ%ngsi‘ﬁé“%onﬁﬂn Fg“feerence

OptIcalamgl'%)é'rnati_ve, Figs. 15 and 186, illustrate an

intersection line of reflectihg planes of the first

cptical path folding mi;ror 1 and the second optical

path folding mirror 2 which i1s not located at the

intersection of the optical axis AX1l cof the first
G

1

Fa R = ¥ - L ;

\ X2 of the

rt
-
17}
o]
o]
i+
|_J.
[1p]
o
'._l
Jal)
e
[_l
A
T

second imaging optical system GZ and the optical axis
AX3 of the third imaging optical system G3.

Fig. 15 is a schematic block diagram of a
catadioptric coptical system based on modification
example 1. In the catadioptric optical system shown
in Fig. 45, the optical axis AX1l of the first imaging
cptical system Gl and the optical axis AX3 of the third
imaging optical system G3 are coeoincident. The
intersection line of reflecting planes of the first
optical path folding mirror 1 and the second cptical
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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Accordingly, the reticle R the wafer Wand nost of |enses constituting
the projection optical systemPL (91% in nunber for all the enbodi nents)

are parallel, and are not subject to asymretrical defornmation caused by
their own weight. Li kevvi se, optical adjust msnt mschani cal design and high
resol ution are e I Sur e fiist to third
embodi nent s ¥ the #? ag gg?oﬁ: lnrg E?{' tdr?idrg |ng plya%]es o] the 66

first opti cal pat 6fgg|odltlhat tSLreoropFl Qgr}atplecset%;?%k oBtll ecﬁ% Igat(pffoédl ng

mrror 2 are set axi's rst”1magi ng

opti cal systg\rg%é;lgskhe opgy%al A>% of theeae qumlorae&gl}[pgacmt r(i:al

system & af th| rd-Irmagi ng cal syst em G3

t t at t Th f t | di
mrror | and* iR ekond Bptrenl HRT R P e nge?ﬁD 3 o gl ?‘8&%" -
f d t I b whi
e aro shaped S @ ¢ ghie. a”ﬁ@eicéa#é‘ag&%f 3 Paridted L B a e S o

h foldi : bi_l i
ner eases. b et”%%%?csa»r““aamé? Gty OB %'*ZFE%E.‘% zysten
t t he_ t I dqt d
[ nes of tha™GAYEEl BREN T di T REFr oF VI GOTHOSTESnat ond Tt er ence

point. In addition, the, iine of reflecting planes of the first

optical path folding mirror 1 and the second optical
path folding mirror 2 is located con the side of concave
mirror CM for the optical axis AX1 of the first imaging
optical system Gl and the optical axis AX3 of the third

ima r'f"lh
1itach L0l

U8

optical system G3.

Moreover, 1in previcus embodiment, the optical
axis AX1l of the first imaging optical system Gl and
the optical axis AX2 of the second imaging optical
system G2 are orthogonal and the optical axis AXZ2 of
the first imaging optical system G2 and the optical
axis AX3-of the third imaging optical system G3 are
orthogonal. However, they may also be constituted so
that the optical axis AX1l of the first imaging optical
system Gl, the optical axis AX2 of the second imaging
optical system G2 and the optical axis AX3 ¢of the third
imaging cptical system G3 are non-orthogonal. See,
e.qg., modification example 3 shown in Fig. 17.

Furthermore, in previgus embodiment, the
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hi gh-accuracy optical adjustment is sinple and the optical-systens have
hi gher stability because the optical axis AX2 of the second i nmagi ng
optical system & is set up so that it is perpendicular to the reference

optical axis AX which is the common optical axis of the first inmaging

optical system.GL and the hi_rd i nmag ptical . system.G3., Furthernore, in
CHnc T SR T hEst

the first toPtAIGH: erbbdi
of the 67 first opti athfod mrr 1andthe sec tical
fol ding mr¥ér &0 ré(f%eet 8861§daih Axo%t Péal L& gof“{l% % st
system d, the opti cal axi s AX2 of the second i magi ng

sy@PEm@! aW?ﬁ@%ptﬁ%ala‘éﬁl s SR ©f 9€Re 1t hi r ARG FRg @ptl cal

i magi ng opti cal

opti cal

system G3 intersect at onge poi n~ (reference poi nt% as, descri bed above.

shown in th%onélttfé%%"a%P%Felnlif}b%ChlffShSn?ipEécq]I st

se&a HhPBi Btd'fcar]efﬂééltleﬁrg pl anes

pat h

As

arel 8t tPRtetEé&i on

line of reflecting planes of the first optical athfoldln mrror_| and
the second ©BREEAS IRk hCE Iﬂﬁﬁd:erﬁrg%raﬁ whenopPs ifer 1 @t dfett%at Otthe
|ntersect|on of the optical axis AX1l of theflr i.m 4rfnrinni r-;; |
system Gl .tBRet Bﬁnr.dcérnae%ng ORKD G theS L8l dslhﬁgg‘} ﬁd‘@[ﬁq%éheslystem @
and the optical axis of thet ird imgin otlcal system G3. Fig. 15
is a schematPc BPRSIk d‘?EBF&m ofS a étoddilaﬁglsilg’ gptl caP €&yst €fr Based on
nodi fication :
modification example 4 shown In Fig. 18. In the
modification example 4 shown 1in Fig. 18, the

intersection line of the first optical path folding
mirror 1 and the second optical path folding mirror
2 1s not coincident with the optical axis AX1 of the
first imaging optical system
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 alsc be constituted so that it is coincident with
the intersecticn of optical axis AX1l c¢f the first
imaging optical system Gl and optical axis AXZ of the
second imaging optical system G2 or the intersection
cf optical axis AX2 of the second imaging optical
system G2 and optical axis AX3 of the third imaging
optical system G3.

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

Gl and the optical axis AX3 of the third imaging



exanple 1. In the catadioptric optical systemshown in Fig. -i-S, the
optical axis AX1 of the first imaging optical system G and the optica
axis AX3 of the third inmaging optical system G3 are coincident . The

intersection line of reflecting planes of the first optical path folding

' 1 and th d_opti.cal th foldi ' 2 1s 4l th
o1 deoppos] £8 L 15 LHRYSaBaua RF Pror RAf Forl The bt ot el I LN The
first i [ tical a. h tical 6 [ t. hi rd
| mgi ng opt FeA /i em Ean BigS 18] & b CehelaEre rodd Aagpimietia |

tadi optri ti | t d ificat] I 2. Inth
cat adi opt 11 SV TBal sy S06m SHowr *T1 AE £8 FRE off FERF aklE AL of ¢ he
first i [ opti cal tem GL and th tical [ f t.he third
| mmgi ng. opt PEAIL S5 4t SHFEEThIE EORnBrAnE B O PALePLeeE TN o1 o T
reflecting planes of the first . optical, path foldin 1 rrQr %and.the
iy e it asis

second opti P&l thratHeFerG Adad 1#8r °PY ca¥ &8¢ %h f “¢oritave

mrror CMfor the optical axis AX I of the.first i in opti cal stem GL
and the opt P&al %ki 8RAXE Nt ¢ heP Rl ‘?Prgdicr?gl o%ft'g? mgiﬁsd%éﬁ\ J3 WVbr eover

i i mhodi ment,, the_opti cal i f the first imagi tical
System G 2R -hEOBAS cal AXPEVREY of FIRE SEEGHE bt fg "Ubt Feal E Lyst om

& are Orthg%otniacl:a?ngxtir]ser‘fIocfaltl'?él %1@5(2& %:fmaging optical system

Gl and the bptical axis AX3 of the third imaging
optical system G3 are not paréllel to each other 1is
alsc possible. See, e.g., modification example 5
shown in Fig. 19. 1In the modification example 5 shown
in Fig. 19, the intersecticn 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 AXZ of the
second imaging optical system G2 and the optical axis
BX3 of the third imaging optical system G3 at one point
{reference point}. However, they may also be
constituted so as not tc 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 projecticn
exposure apparatus of the embodiment shown in Fig. 2

is described below.

71



the first i
third imagi
constituted
system Gl,

and the opt
non- or t hogo
Furt her nore,
i magi ng opt
optical sys
optical axi
axi s AX3 of
ot her is al
18. In the
of the firs
folding mr
i magi ng opt
optical sys
mrror 1 an
constituted

magi ng optical system & and the optical axis AX3 --of t

he

ng optical system G3 are orthogonal. However, they may al so be
so that the optical axis AXI of the first imaging optical
t he optical axis AX2 of the second imaging optical system &

i cal | s AX3 of . the thlc%la |nag ng opti cal stem &3 ar
naI S e® g. 15nodi f iT2 7 oA exatpt 818 9%hdWit i ndBPG T 4

t he 69 t | AX1L hf th f t
coms re&%”osraergoﬁﬂmr%gﬁ B 0u bR B Snai g (hni ne

t COl Nnci

45 RS B 6 “%w°p5' SESBTALA T ohe Ebﬁpﬂﬁ SRR aon Fi g

dif 1 h th 1 1
pg"&dlq%:ias 'gf%?tﬁer? B fae ATl o 5&5%5%%5?% Y
bELF 15, Bem anged dirs TN HR
t G&3. . The t | f the f t t | th
b B Lt b Shadh T Srne Rt prar Sy SR g Buts
dent

SOtJ@%lon'ékﬁgkﬂ?e appgkg{us of Fig. 8.

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

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

A light from the light source 100 is led into

the inside of a first illumination system casing 110
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the intersection of optical axis AXI of the first inmaging optical system
A and optical axis AX2 of the second imaging optical system G or the
intersection of optical axis AX2 of the second inmaging optical system &
and optical axis AX3 of the third imaging optical system G3. Additionally,
in previous enbodi nent, the aoptical axis AXl of the firs% i magi.ng opti cal
system G HA@ t Be BpEMcaMabGRing3 BRithe (BMYd ilmblyi ng 78%optidalt system
G3 are in parallel to (coincident with) each other (the axis AX1 of the
first inagi AdloptiRalticdystens Belhandathd Gxikl Axor 8F Stihe S edond 2Pidyi ng
optical system G are made orthogonal and the axis AX2 of the second

i magi ng opt PEAIL &y5t erha@eRA§ tiHes 4des 1 AX8NGE $REPOHI § 3 ER&dt n§ Yot i cal
system G3 are nade orthogonal). However, a construction in which the
optical axi SURRIOGELRFeMaTRer.21Rngng SRS Lafe 4G Jh&na e
optical axis AX3 of the third imaging optical system G3 are not parallel
to each ot heptichingsenpdsdil €orSealng. ¢ Mok § R cRLLEHT exXhbF8 159 shown
in Fig. 19. In the nodification exanple 5 showmn in Fi ri-_ 19. the

i nt ersect i oAl s bEalePladdt ipetWegDiEheslight necrE st lopti 8B Fdth
folding mrror I and the second optical path folding mrror 2 is set up so
that it intBes@@B!weR R el opl P cEKPHE R BXRPHR I HBUF|r sEICTRYPAg opti cal

system GL, the optical axis AX2 of the i
the optical path between the 1light source 100 and the

Beam matching unit 101 is optically connected by a
cylinder (tube) 102, and an optical path between the
beam matching unit 101 and the first illumination

system casing 110 is optically connected by a cylinder

ags),; such

mhaly 1032 Nityrooen Y a ra
as T I W e I i S LR S S

H

e
=

(o]

as {(inert

t
Y

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
illuminaticn system casing 110 passes through a micro
fly's eye lens 111 (an optical system eguivalent to
a first ‘fly's eye lens), and lens groups 112, 113
constituting an afocal zoom relay optical system (a
both side telecentric zocm 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



second i magi ng optical system &G and the optical axis AX3 of the third

i magi ng optical system G3 at one point (reference point) . However, they
may al so be constituted so as not to intersect at the reference point.
See, e.g., the nodification exanple 2 shown in Fig. 15 and Fig. 16. Next,
a detailed constructi of . the projection exposyre apparat of the

embodi ment  SKFwn= P i CBi .Yzlni%cg%% Fi pEJ 2P QUF T Ficgéjn%f?l di @y am
showi ng t he general cpnstruction of_ the projection exposure apparatus of
the enbodi mBRCShowt ¥ nS FEF.S 21 eRFg.1 Bl & Sant @RE&rigedt S 8ir adt afh-whilth shows
a portion of to the illumnation optical system of the projection exposure
apparatus 6PFHYING. 3R getrhiRIat IGd BR§Ed df Agrank dRedH Showsd 2%€ porti on
of the projection optical systemof the _pro~ection exposure apparatus of
Fig. 8. Firé&tass @afedd B ifoh o athe PRePen & iheacqiminati on
optical systemIL of Figs . 8-9 is described. The projection exposure
appar at us i 8 Ipraoyicdeel c@ilt B l@ment a-dppcliosad @b&}g% gm@?%éﬁb@ Canse. 624
nmin wavelength used in a natural oscillation (alnmpst _half wdth 1.5
pm) . HowevebPg BREappl Fagt féh f312 @Rl OAr & TéYcPREM bt e RERt Sode@ of

about 193 nm a KrF exciner ,qupt source of about 248 nm an Ar2
| aser dioptric array optical elements disclosed in WO 98/

49505 (EP 1,069,600), wherein the elements are formed
on one substrate by an etching technique can be used
as the dioptric array optical elements.
Intheplural diffracticn array optical elements
or the dicoptric array optical elements supported by
the turret 114, a2 light ©passing through one
diffraction, or diecptric, array optical element
pcsitioned in the illuminating optical path incides
into amicro fly'seye lens 117 via a focal zcomoptical
system (115, 116). A front focal point of the afocal
zoom optical system {115, 116) is 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 15 an coptical system
egquivalent tq 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 stcop is not provided con its emergent side



| i ght source and the |ike can also be used in the present invention. The

| i ght source 100 may he arranged on the | ower floor where the nain body of
the exposure apparatus. Anexclusivearea (footprint) of main body of the
exposure apparatus can be decreased and an influence of vibrations on the
mai n body of the exposure apparatus can al so_be reduced, A Iigﬂt fromthe

|i ght sour cébEODK | 5oFBE P®el he RS de oF Caftir'st §Y®uhfRat ilon’ syStem
casing 110 72 via a beam matching unit (BMJ) 101. The first illunination
syst em casi A MSIDL FBEE &Y nbVvRBEE OdpTiicaY ceféiert £ Y Rist BESI®S ahld Support s
them by a supporting nenber 210 on a base plate 200. The beam  nmatching
unit 101 combaid’s & lenabllehai rebk lf@lchigig s an pii At Faihb BEtceh t he
i ght source 100 and an the main body of the exposure apparatus. Moreover,
t he optical spatfedet meeh 2heol ightiBsyocE14008 and ¢ hétSBé@TfﬁﬁF(?H-irh@ uni t
101 is optically connected by a cylinder (tube) 102, and an optical path
bet ween t hesutidans emt chi nGhung t 1R ahd WHel $1r stT@FMdEShat ildh st em
casing 110 is optically connected by a cylinder as heliumand the like, is
filled in tBapaptesali opart téfe eceyrende 02 apd @i heeR tLe The | i ght
led into the inside of the first illumnation systemcasing 110 passes
t hrough a ntéreo microe fly's eye lens 117 and suppresses the
occurrence of uneven illuminaznce distribution on the
reticle. Furthermore, a turret type stecp provided
with a iris stop, a annular aperture and a gquadrupole
aperture may also be arranged in the vicinity of rear
focal plane of the micro fly's eye lens 117.
The light exiting from the micrec 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 is positioned in the wvicinity of
position of a surface light source (plural light
source iﬁrages) formed by the micro fly's eye lens 117.
The movable blind mechanism 120 is provided with a
fixed illumination field stop (fixed blind) 121 with
a slit aperture and a movable blind 122 for varying
the width of an illumination field region in the
scanning direction. The movable blind 122 ailows for

a decrease in the moving stroke of a reticle stage in

the scanning direction and a decrease in the width of



fly's eye lens 111 (an optical systemequivalent to a first fly's eye

l ens) , and | ens groups 112, 113 constituting an a focal zoomrelay
optical system (a both side telecentric zoomoptical systen) , and then
comes to a turret 114 for loading plural diffraction array optical
elements or dioptric array optical elenments. The micro fly's eye lens |11
is an opti céha%ge%ﬁ@@nbgrémﬁd Py €t el emi cHOF 9ensEs hé@i Agxgd
positive dioptric ower and arranged vertically and 73 horizontally in a
dense arranférerd 1 Ceres @1 yangre I@igc‘ir’éhﬂfywétéyéhleeﬁ§tlllql‘fis cORstituted,
e.g., by applying an etching treatnent to a parallel plane glass plate to
formthe fiaensdwugtégys.o b theadtevab lar raylapt Methenémants28i & osed in
USP 5, 850,300 can be used as the diffraction array optical elenments, and
dioptric ardagcdmsed igl ehepes diskibsdd N WD399/USR9803 7(FEPE101069, 600)
, Wherein the elenents are forned on one substrate by an etching techni que

can be used as thbedi bpyhitc mesay ropt itéalowtenents. mMavaheeplt and
diffraction array optical elenents or the dioptric array optical elenents
supported byechianPsmnur? éteriiids far ¢inghe dasss hg t hnpaga tonen 3y $£eact i on,
or dioptric, array optical elenent positioned in the illumnating optical
path incidesasiim® alfl cerodf| §5s ley@ Itensther ¥ngigdld oedl zoohe optidcal
system (115, 116). A front focal point of the afocal .

" i1llumination system casing 130. An imaging opticel
system of the illuminating field stop is provided for
re-imaging the illuminating field stop on the reticle
by a given enlargement magnificatilon. The lens
groups (131-134) and cptical path foldingmirrers (135,
136}, which constitute the i1llumination field stop
imaging optical systemmust not be used for a vibration
source because they are fixed to the second
illumination system <casing 130. The second
illuminatien system casing 130 1s supported by a
supporting member 211 on the base plate 200. The
magnifiecation factor of the imaging optical systemof
illuminating field stop may be equal to (unity) or a
reduced ratio.

In other hand, driving units (142, 143) for
driving the lens groups (112, 113) of the afccal zoon
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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zoom optical system (115, 116) is positioned in the vicinity-of the
diffraction array optical elenent or the dioptric array optical elenent of
the turret 114. The micro fly's eye lens 117 is an optical system
equivalent to a second fly's eye lens. The micro fly's eye lens 117

i ncludes many fine |enses which are  nuch .finer than fly's eye | enses and
produces a PEFEF S Fr &fte %ﬁﬁ?ﬁ Hglnjg‘fl?lé&?tlr‘ﬁﬁss,yﬁﬁe' Famitdd i 5
aperture stop is not provided on its energent side. 74 ggﬁpk f ocus pl ane)
The nicro fF§ PEFEENs TR CORHREPAART by a 5 r W%?Btfllr{}g s eye
| enses at a space along the optical axis, and an _aspherical suyrface may
al so beiruPBG&ﬁﬁﬂiHﬁgﬂts-%eﬂFéﬁ%%@ Wk add? AR s ES&%?%EP?&%¥esmts
in the suppression of the occurrence of a coma aberratjopn in_ the mcro
~ly's eye |éﬁé\flllrvga%esabﬁlr@s*selsl%rﬁendo%aﬁfrlém:énb%tan%égn Lé%ridance
distribution on the reticle. Furthernore, a_turret type stop provided

with a irisdsigpna BhRuLE™ BpeF PUPS ahhléfq&écﬁ)up%?ESt&ﬁé%’iﬁPg yF al so be
arranged in the vicinity of. rear focal plane of the mcro fly's eye |lens
117. Thin | 3fPARL 29Tt FRd 2% (Gt L RE IniSerdt e Pl yos thfe JigrRC i ©F

illum nates a novable blind mechani sm 120 superi npqQsedvi a _a condenser
optical sysPBHICALB2MUD)ET TP Y RERE FBCEPep%gitteifoﬁléife Pﬁetﬂﬁvgbl]’é %1i nd

mechani sm 120 is positioned in the vicinity of
illumination system Casin 110 to prevent the

contamination in the illuminating optical path.
Further driving units {147, 148} for driving
the lens groups (118, 119) constituting the condenser
optical system in the direction of optical axis,
rotating at least one lens group with an axis
perpendicular to the optical axis as center and moving
(offsetting) the other lens group in the direction
perpendicular to the optical axis are mounted to the
outer side of the first illumination systemcasing 110.
The focal length of the condenser optical system can
be changed and in its turn the size of an illumination
region formed on a wafer and the i1llumination NA
(numerical aperture) can be prcperly changed on the
reticle independently of each other by movement of the
lens groups (118, 119} in the directionof optical axis.
Controls cf slanted illuminance (inclined
illuminance distribution) on the wafer surface and

slanted (inclined) telecentricity are obtained by the



position of a surface light source (plural light source i-rrrages) forned
by the micro fly's eye lens 117. The novabl e blind nechanism 120 is
provided with a fixed illumnation field stop (fixed blind) 121 with a
slit aperture and a novable blind 122 for varying the width of an

illum nati field i in t i di i bl ind 122
bl 1 ovs or - 1o ikt BReRRRNC FRE o fing il Pk S oo e ST 2187 < TReE3% b A e

i directi d d inth i dt f j (f
of ot o6 iorioed R T ER 1 A e Sy (Rl PP f e R BPR M 4 The
_reticle. The canstruction of _the rr.ovabrla bl i néj rrecrrllar‘llj.sm 12:9 ii di scl osed
in Japan KoR& © -1‘§%§f§ Uk 58475 A ?al 1P §ht' NSt ng  EhrSidgh t he

bl e blind hani 20 enmits f the first .i |l umnati t
casing 110 &A@ Hled 15 ThesFiditle G o SEUbhY S i hatih 8y5Tem casi ng

130. An imaging optical . system.of the illum_nati field . stop is provided
for re-ima irrPg“. hBLEY 'ﬁaﬂ%??@?&lﬁ%pféﬁltcﬂgv?étliagﬁlee' by a -given
Fol ding mirrors (185 TE G889 AnitntbBRor) Tat 65End 1§ PURT Rt bhe PEE ot op
they are [i R6d> oA EReTSBOORE A FaT hatT sy SULHT 481 ABS150° The Second
H11um nati Oréosygigvrp Cians‘éggt %0 ilrslsslucpeooétfeq:l?g first illumination
systemcasing 110, and a tube 152 for allowingnitrogen
or a rare gas {(inert gas), such as helium and the like,
todischarge fromthe first illumination systemcasing
110 are arranged on the outer side thereof. Valves
(161, 162) for controlling the gas inflow rate/outflow
rate are arranged at the tubes (151, 152y,
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 (Wwo 9%9/25010, EP 1,030,351}.
Wh4dle 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 allewing nitrogen or a
rare gas (inert gas), such as helium and the like, to
discharge from the second illumination system casing
130 are arranged on the ocuter side thereof. Valves

(163, 164) for controlling the gas inflowrate/outflow
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supporting nenber 211 on the base plate 200. The magnific-ation factor
of the imaging optical systemof illumnating field stop nay be equal to
(unity) or a reduced ratio. In other hand, driving units (142, 143) f o r
driving the lens groups (112 113) of the a focal zoom relay optical

t t t d f
;sﬁu;mn:a?l onr}esg%': 2%1%%; % %%&%gaThe dri v?lag 3%:{1%?%14?15&%2) :a{e nmount ed
to the 76 t h I | 1 t
e cont o RaTBRE T 111 b Bhel ngwa%ég”l%y? O SR s D T or

rotationall y(I %ﬁl wfg gh((a‘_iﬁgr ra(i]tl% ~&R ede'gté/&n nlgﬁ 121;51fe'374%\.f501

driving the 1€ns’ group cons |ng zoon1re¥ay

optical syst e%rrr}é{r_l tlhledl qlﬁrggphor} ogovgev/claé gﬁf%ﬁfop%fg.to t he outer

side of the'f on systen1ca5| 0 preven t he

contam nation in t@e i gnlnatlnqaggéf%%! p?g) Fqgth? %eg units (147,
c ut|ng

148) for driving ¢ ens’ gro-ups onst i he condenser

I
optLcal Oﬁgsgﬁ%ﬁﬁgﬁ& e ipEtLon el op1.eal A sn Statal ng.at least gone

axi perpen axi s as er and

moving (offsetthng), g, oL ah%nﬁe%rh%Pl%ﬂ 158 di sy 660198 BEnRRndL cul ar

to the optl(%ﬁ axi's are_m)une to the S|deo e first
|||wﬂnatlmiﬁysa@ngggvﬁaééofor connectiug the movable blind

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

In the illumination optical system IL arranged
as above, a beam incident from the laser light source
100 to the micro fly's eye lens 111 is divided
two-dimensionally by many fine lenses, and one light
source image is formed on the back focal plane of each
fine lens, respectively. The beam from the many light
source images (surface light scources) 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



The focal length of the condenser optical systemcan be changed and in
its turn the size of an illumnation region formed on a wafer and the
illumnation NA (nunerical aperture) can be properly changed on the
reticle independently of each other by novenent of the |ens groups (118,

119) in the direction, of .optical axis, ,Goptrols,of slanted jLluyni
(intlined  FPRGH GHCLSAS BROUTT on) 161 fic wa of "SuPEAth ! S6mi od

(inclined) telecentricit re optained by the 77.rotatjon_and offset of
the | ens grbpst¥1¥8§, ‘Hé) éhﬁn ]iff%ﬁﬁ'icﬁza%%% cooonHSPlsy%%S i cal ftozrthe

optical axis on the wafer surfacejsjes obtaqined by. movi ng .one_l en group in

the directi®R4dhe BOGTE €dxi YRGS YO r IR pr e ou%nmlﬁ&m nati on
field iable. Furth , tube. 151 f | | owi it . Ol

Gas (i nort GhOPTEEER OB Th L Gk SR EIkE O A b TR LG £He st de. of
the first illumnation .system as'n% 110, ,and_a tube %52 for a;lomﬁng
nitrogen oFUATY &fet l(’icrféf ngag A& Qch TS AUt Bhdl £theY S kEPS to

di sch f the first illumnnati t. i 11 d
the outer stdd (Het ebfe EIVESL (A 83)* O br SUom T8I g 4 e gas inf | ow

te/outfl t d,at the tub 151, 1 ' tively. If
[he inort gas | RaPi BRET G UBogS (CI510 552)" RF8 Ceombet oi Bo & el | um

recovery/regfgeggtégngéé’tﬁ%gdingﬁﬁgigﬁgqlkpbig%%ﬂuffine lenses,

and a light source image 15 formed on the back focal
plane of each fine lens where the beam 1incides,
respectively. Thus, many annular light sources
(secondary surface light sources) are provided (same
as the illuminatiocon field formed by the beam inclining
into the micro fly's eye lens 117). The light from
these seccondary surface light scurces is subjected to
a condensing action of the condenser optical system
(118, 119) and then illuminates a given plane
optically together with the reticle R superimposed.
Thus, a rectangular illumination field similar to the
shape of each fine lens constituting the micro fly's
eye lens 117 is formed on the fixed blind 121 arranged
at this given plane. The beam passing through the
fixed blind 121 and the movable blind 122 of the
movable blind mechanism 120 1is subjected to &
condensing action cof the imaging optical system of

illumination field stop (131-134) and then
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Kokai 11-219902 (WO 99/25010, EP 1,030,351). Wi-le a tube 153 for allow ng
nitrogen or a rare gas (inert gas), such as heliumand the like, to flow
into the inside of the second illum nation system casing 130 and a tube
154 for allowing nitrogen or a rare gas (inert gas) , such as helium and

the like, t |.scharge fro - o] L Lbum iQn _syste i 130 are
arrang;afl ongtlﬁgi%ﬁflfglrt%ssl (jeh%nrégr]tg%gE%Vg?\q/!élsthdfligg?s%g)ozﬁ%?((q]clréﬁgrt&);i; ng the
gas inflow rate/ou ow rat. rranged a e tubes : :
respectivel ﬁyeﬁ%’h%nidnesf pagé%hpgori%ﬁi'um the tubes (153, 154) are also

connected to the previ ous| .nent L on :i hel i um r.ecoverylregenerati,on unit.
BrdvitEn 1 or L b

Further, a bello 1o i s f or ucnb]hlﬁggtlioﬁbs th ierstaPPIUL}rﬁrhati on
111 T provied Tord ConmeRtre T Pnd oldbi TP A8~ hcRar SArE20 Snd ¢ he
2 Materi al GG RES 4 cor FAPR QT B8 of TTSATBENSY and F7GPBALSF that s
Tt er il gV By B8t mothr UBbeP Ty PESLA Ui a URCAGR A { R ke, I n
(he J1Lumnakon oot Lgsls st b dhianeet 58 Aoty 2 Beamyenent, from
’ switching the diffraction array optical elements or
the dioptric array optical elements arranged in the
illuminaticon optical path by the turret 114. 1In the
casecﬁftheannularmodifiedillumination,for‘example,
both the size {cuter diameter) and shape (annular
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 scurce
can be changed by changing the focal length of the
focal zocm optical system (115, 116) without changing
its annwiar ratio. Only the annular ratio of the
annular seccndary light source can be changed by
properly changing the focal length of the focal zcoom
optical system {115, 116) without changing the ocuter
diameter of the light source.
A detailed ccnstructicn of a portion of the

projection optical system PL is described hereafter,

with reference to Fig. 8 and Fig. 10.
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two-di nensionally by many fine |lenses, and one light source i-nage 1is
formed on the back focal plane of each fine lens, respectively. The beam
fromthe many 1 |ight source imges (surface |light sources) fornmed at the
back focal plane of the mcro fly's eye lens 111 i ncides into one
diffraction array optical elenent, e.g,, a diffraction cl):{)tic | el.ement for

annul ar  rodi fi ed" R B8RSR PRS BFCRHLPR EREITEaM AL agBﬁt i'Cal path
by the turret 114 via_the afocal zoom 79 rel a¥ optic sl%stem(l-l , 113)
The beam ceavérerdeley ArAGNYPE PRe-UFfF+3R8EI On dFt+Eal EPEMeAl S or
annul ar nodified illumnation fornms a annular illum nation fielng I%t its
back focal bfahe&oandded Misthi GhE 222 € Re Filfch Yent FASHeCar e nedio fly' s
eye lens 117 via the afoca | zoom opti cal S}llstem (115, 116)._The Sream
i nci di ng i itbiche BRECHeF | FIB eg@ 1Whs 0 T11¥DEs FPYRAFST USt wok HY Férrsi onal |y
by many fine lenses, and a |ight source inmage is forngg]ton t he back focal
pl ane of eazApPbioTd 1 RANHRBEE § HE Dbam <3 hAldey e r FaspeckY VeI 52 FRES, many
annul ar |ight sources (secondary surface |ight sources) are E;3rovi ded (sane
as the illumrideedm seebdaftd rdd b the Weam YoRP Ehildy Tt Fedficer o
fly's eye lens 117). The light from these_secondary surface Iight sour ces
i s subj ect eshpgn dTcdnidensi Agaaét ildhy dIUE heCUCoRYEHRF F 157 N CEy St em
(118, 119) and then illum nates a given plane optically together with the
rmjc|e|Qs@p@ﬁﬁ§§g@ﬁllyarranged:x1pract1ce.Threesup orting

members may also be used.

Anti-vibration units (231, 232) for isclating

vibrations from the floor at a micro G level are

mounted to the supporting members (221, 222,

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

an air mount with controllable internal pressure and

an electromagnetic actuator (e.g., veice coil motor)

are arranged in parallel or in series. The

transmission of vibrations from the floor to a column

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 24C. In Figs. B and

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

but they are actually four members (may also be three

members) .

The shown projection exposure apparatus 1s
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Thus, a r-ectangular illumnation field simlar to the shape of each fine
| ens constituting the mcro fly's eye lens 117 is forned on the fixed
blind 121 arranged at this given plane. The beam passing through the
fixed blind 121 and the novable blind 122 of the novable blind nechanism

120 is subjected to a condensin ction of e_.l.magi ng opti gal_system of

i 11 uminati oPF9BEASS alplf(llﬁ-fl%‘agcjr?d %%%ES%Qi ELGm A HRE Phe I el e R
with a given formed pattern evenly. and superimposed. Here, ,nodified

U1l uninati ofBFi Ke td ab S fodiriesd PEF‘J}rﬁ it onbe ARt EpEI € 39, |

di pole (twc-eyed), uadrupol e (four-eyed), . .octapole ei ght -eyed) and so
on) nodifiedd lSufoRet § ohU ARG Seoméﬁt%ﬁa%eéilrcc%ﬁ capy éﬁi éPie(?rFe]c%n be

i nposed by switching the diffraction array opticgl el.ements or the
dioptric ~adayVept itcalt et eheAtd Sardah§ed 1P thethi P oA Tdti A *GptG cal path
by the turret 114. in the case of the anpul arnodified, icjajlrum nation, for
exanpl e, DGR FHeS QiCAN PSUEER VERTarEt ERF And “diiape EhhBIr e FatisiSof a
annul ar secondary |ight source can be changed by changing the

magni fi cati e @f Bt hedigescal onZobrk P ER&Y Optd Carngyshent (3525 11¥3)th
Moreover, the _ outer dianeter of the annul ar secondary. | i ght source. can be
changed by éhanigi hgSt Aé FFEaIE2TeRbth S 1 HeY Sfacdl rfo%*ﬁ%%t?&&lgesf}ﬁ em

(115, 116) @érwﬁgc%hﬁn¥g@icle stage and a reticle base between

the reticle base fixed plate and the reticle stage 1s

provided. The reticle base may be shifted so as to
keep a momentum in a direction reverse to the direction
of movement of the reticle stage. Such a reticle stage

is disclosed, e.g., in Japan Kokai 11-251217 (USP Appl.
260,544 filed on March 2, 1998). Moreover, a reticle

stage holding two reticles along the Y-axis direction
{scanning directicn) as shown in Japan Kokai 10-209039

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

may also be used as the reticle stage RS.

A Freticle interferometer RIF is arranged cn the
reticle base fixed plate 301 for measuring the
pesition and the amount of movement of the reticle
stage RS in the XY direction. One end of the reticle
stage RS is a reflecting plane, which is a moving
(measuring) mirror of the reticle interferometer RIF.
A reticle chamber partition 31C for forming a space

where an optical path in the vicinity of the reticle
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its annttlar ratio. Only the annular ratio of the annular secondary |ight
source can be changed by properly changing the focal |ength of the focal
zoom optical system (115, 116) w thout changing the outer dianeter of the
| i ght source. R detailed construction of a portion of the projection
optical system PL is_descr.ihbed hereafter W th ref erenc%stf).Fi g...8.and
Fig. 10. BIRTRE G2t PBed ir'd) 8Bt t&iF BXpdEadr & Hppar 4fds is° L haf Zoht al | y
arranged on the _floor of a clean oonnggd iE.provEged wgth %hele§e pl at e
(frame cast 8FF 200wt T1f bEEGHES tHe R 5t Hife Pbparat 1§ Y Brarat
supporting nenbers %221, 222) are.vertjcall arringed on thet ba&e | at e
200. only tw6lsuphortiy ABFbERLVARE ShBwT S Ef§s.t8 QAd Ot Bat % our
supporting nenbers are vertically arranged in practicge., Three _supporting
menbers nmay? &S b UseakeAnt PAf Spéi"f%ﬂ yike (pz'%‘l‘,’légﬁi)' ‘?o’FeFé&qaeEi ng
vibrations fromthe floor at a mcrgo Glevel are nounted to th sugporting
member s (22R00A2Ppom FRInBEMARI L 1LY FRE SN 1LY B adiont 6 ietge%% 232)
an air nmount with controllable_internal pressure anf anmelgctronaqgetic
actuat or (eM§Vingoitd® cdigt hbtdr) 1% &Frandédin’ paraffBP I i Seri es.
The transm ssion of vibrations fronithe floor to a colum_ 240 far_hol di ng
the project FERIGHIREl &§8t ehpFgrnal gas with an 1nert gas 1s

arranged by adjoining it to the reticle chamber.
Abellows 321 for connecting the reticle chamber
partition 310 and the second illumination system
casing 130 is arranged. The material of the bellows
321 is similar to the previously mentioned bellows
(170, 171). A tube 331 feor allowing nitrogen ¢or a rare
gas (inert gas), such as helium and the like, to flow
into the reticle chamber and a tube 332 for allowing
nitrogen or a rare gas (inert gas), such as helium and
the like, to discharge from tie reticle chamber are
arranged on the outer side of the reticle chamber
partition 310. If the inert gas is helium, and the
“tubes (331, 332) may alsc be connected tc 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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reduced by the action of the anti-vibration units (231, 232) . Aplurality

of supporting nenbers (251, 252) for supporting a reticle stage fixed

plate 301 are vertically arranged on the colum 240. In Figs. 8 and 10,

only two supporting nmenbers (251, 252) are shown, but they are actually

four nmenbers (nm be three nenbers). The shown oj ection e osure
appar at us |§P(§:21%?gw§135 M hig ré‘trlrcqréggfja e RS H“S&Itoersjtfbﬁor‘?Fn

t he

reticle basgﬁfjcged plaﬁte 301. .The reticle sta e RS is._constituted so t hat
3

t he reticle

hedf flnbllrjr%n % thE YT 50UPrectRDREWAE A | ar ge

stroke, | so ca ven in the X-axis, Y-axis directions and 0 z
(direction gfeajrlo‘f‘éﬁ gﬁtia'r g{}ﬁ'dst’ hé-' a§<P§)Ce\MJtIh the) Vi Yk yven dibtint .

Moreover, a retic e RS in reticle stage and a reticle base
bet ween théerte]t?Jt?e%bagé f?‘?(@lclieﬁllvm? aﬂ?ﬂetﬁ&’?le?flcl stife T§T1provi ded.

Th ticl hifted t t di t

feverse to £ S@?EZP.%&%% ?aovaéw%aﬁ nst Bl TPely E‘Fﬁi‘fé{?eé P'ieh aretic
stage is disclos g . g ot 4 8an Kokai 11-251 .USP Agﬁl ., 260,
544 filed on I\/arcﬁ 2, FT@% 5. We% é)rDSLér?efllpaaera Pég Tt TP Kg 45

| e

! 35 Sha%! N YaRas SULEE N ofspanninn ot nestion, pesian n Jopan

al so be use%i@%-‘ﬁié@&'&b? stagS %ontally'supported on the base

plate 200 by-the action of anti-vibration units (411,
412) for iseclatingvibrations fromthe floor at amicro
G level. In the anti-vibration units (411, 412), an
air mount with contrellable internal pressure and an
electromagnetic actuator {(e.g., voice ccil motor) may
be arranged in parallel or in series. The wafer stage
WS is movable in the XY directicn and is floatably
loaded on the wafer stage fixed plate 401.

The wafer stage WS comprises a Z-leveling stage
for inclination in the biaxial directicn of O 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 Oz (direction of rotation around the
Z axis) directicn. 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 Kokali
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Areticle i

301 for neasuring the

stage RS in
reflecting

i nterferone
where an op
inert gas (
fixed plate
stocker (no
receiving t
and replac
it tother
partition 3

bellows (1
(inert gas)
chanber and
such as hel
arranged on

nterferometer RIF is arranged on the reticle base fixed

the XY direction. One end of the reticle stage RSis a

pl ate

position and the anmount of novenent of the reticle

pl ane, which is a noving (neasuring) mrror of the reticle

a measur i or of the reti
P BRI ) n D1 iR £9 Cof 16 At e 3-8k SBAd Wi ih an

D480 ghel ISR el ka)oL g Berngedsan dhe relic

éor e in‘or out o reti

e base
cle

| geharn) ey e srovided A iche Rpal noom dgn temarar |y
LB 1Py el 995 IR g ert g d 5 arranged by adjoin
par i1 on 310 and_y e sesppd L uriat oo syt m easl 89,1304 atygnged
195080 5o M2 20k b F14.2Y PELERITRON R ESLE, 107

a _tube 332 for allowing nitrogen or a rare gas (inert gas) ,
FGASItCEhe like, to discharge from tlie reticle chanber are

the qgﬁggfgkd%égléhﬁwg%gfﬂﬁ%f@gg?e&T for loading the

wafer by vacuum suction and/or.electrostatic suction
is arranged on the wafer stage WS. A wafer chamber
partition4li for forming a space where an optical path
in the vicinity of the wafer W is sealed with an inert
gas (nitrogen, helium and the like) is arranged on a
wafer stage fixed plate 401. A door for moving the
wafer in or out of a reticle stocker (not shown) may
be provided. A reticle spare rocm for temporarily
receiving wafers before moving the wafers into the
wafer chamber and replacing the internal gas with an
inert gas is arranged by adjoining it to the wafer
chamber.

A sensor column SC is fixed to a lens barrel (or
the column 240) of the projecticn cptical system. An
alignment sensor 421 for optically measuring the
position of an alignment mark on the wafer W in the
XY two-dimensional direction 1s ©provided, an

auto-focus leveling sensor 422 for detecting the
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partitid-n 310. If the inert gas is helium and the tubes (331, 332) may
al so be connected to the previously nentioned heliumrecovery/regeneration
unit. Valves (341, 342) for controlling the gas inflow rate/out f low rate
are arranged at the tubes (3 3 1, 3 32 ) , respectively. Moreover, a
bel |l ows 351 for, connecti the reticle base fixed plate 301 and th
proj ecti on Q@%p’i’r@ﬁlogy@ggm’? egr?'ﬁnbléﬂ.fTﬁélﬁagéF{)%tb?nt %‘éptbléiqjgws 351
is simlar to the previously nentioned bellows 321. Thﬁi’ the space in the
Xp

vicinity of @%Hes ¢b¥P€M§¢@Ysa§§a¢&ftﬂn¢hémﬁﬁ#%ﬁsopﬁ et i @n@hanber

partition and the bellows (321, 351). The projection exposure apparatus is

provi ded w&B anwafdrastagediinatt pPat angn'al vartherwapée stagenefisded pl ate
401 is horizontally supported on the base plate 200 by-the action of

anti - vi br at W ¢t SERIT IR G SO SbE A0 ARGV AHCHR brisT FRORPIRE || oor  at
amcro Glevel. In the anti-vibration units (411, 412), an air npunt

with controPfabile Wkt hat2plées8dr ¢ dd ant? eqlhfét%ﬁ&rwh)e%’lf% BRHGHER (e.g.,

voice coil nmotor) may be ar§$n ed in parallel or in series. The wafer
stage WS i $ondvabl 8P % he” T ettiron and is floatably |oaded on the

waf er stage fixed_plate 401. The wafer _stage. conprises a Z-1eveling
stage for imﬂin%?igﬁ§%ttHQQM%.i%laﬁﬁeg?FQEQﬁI age Alignment|]

system which the mark position by illuminating an
alignment mark on the wafer with a light having a broad
wavelength region, such as a halogen lamp and the 1like,
and then processing this mark image, a LSA (Laser . Step
Alignment) system which measures the mark position by
a mark and then usin

irradiating a laser light on

g a
light diffracted and scattered by the mark and a LIA
system (Laser Interferometric Alignment) which
detects the positional information of mark from its
phase by irradiating a laser light with only a little
different frequency on an alignment mark like
diffraction gratings from two 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. An auto-focus leveling sensor which
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(direction of rotation around the X axis) and (y (direction of rotation
around the Y axis) and novable in the Z-axis direction and a ( stage for
making it novable in the Oz (direction of rotation around the Z axis)
direction. For exanple, a wafer stage disclosed in Japan Kokai 8-63231 (GB
2,290, 658) ca be used _as the, wafer .stage W5, Moreover, t waf er _ stages
Ty al S0 belaTrHnGEd 4sdestr ot Fi i FAbar Kokki S 16: 5630975 sapatkokai
10-163098,Japan_¥bkai 13-16 OgngaganKokai 10-163100 éapan K%kai 10- 214783
(EP 951, 05%°)DT3ri5aBdH tikokai®“16+205030" { BP9 855 529) 2 HH-98/28685 or WO

98/ 40791. GB 2, 290, 658, EP 855, 62 EP 951, 054, WO _98/286865 and WD
08/ 40791 ar & HicH b aBe T RREBy T GREr dRtke  TASMARA T bl 8 2 ualier

hol der) WI for, | oading the fer hy vacuum suction. and/.or, el ectrostatic
suction ' 1's thrrhiigbican Tife Jat BF Sty REN X vl & L CRarberS C par ety ond!
for formng a spacewhere . anopti cal ath, in the vicinity of tﬁe waf er W
i s seal ed WPER aRTiTfdt?e%as" het i GATEAE th%clli”é])m?s % artgetiton W& waf er
stage fi xed Qlate 401. A door %or novi %,tE waf er. in_or out gf a reticle
Stocker (nof“EROWAY Sy IE r BYFBER RY o1& cPERARE T BB FOP Ch&or ari | y
receiving wafers before noving the wafers into the wafer chanber and

repl aci ng t A€SiTR%rnal gas with an

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
becomes a reflecting plane. The reflecting plane

becomes a moving (measuring) mirror of the wafer

interferometer WIF. A tube 431 for allowing nitro

L

en
or a rare gas (inert gas), such as helium and the like,
to flow inte the wafer chamber and a tube 432 for
allowing nitrogen or a rare gas (inert gas}), such as
helium and the like, to discharge from the wafer
chamber are arranged on the cuter side of the wafer
chamber partition 411.

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

chamber partiticn 411 and the sensor column SC 1is
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inert ga-s 1is arranged by adjoining it to the wafer chanber. A sensor
colum SCis fixed to a lens barrel (or the colum 240) of the projection
optical system An alignnent sensor 421 for optically measuring the
position of an alignnment mark on the wafer Win the t wo- di nensi onal
direction is provid

XY
to5f | i - ti th
86 positionVSthﬁéaggyeggfﬁ%%ﬁ%i28§§%§ %%ré%ni3%£€§8{}g§%'ég%FgFg?ﬁéL??on)e
d the i i nati f.B_x, O z,in triaxial di ti d f
htor or oneT B MR T bp LR RS iens Ske B5at P ot Sahd Bt S of ASvERdnt of |
the wafer table WI in the XY dirgch% g are nt g to . the sen%%r.gplunn
SC. At IeasPrgrYel%lﬁsgyFT“ﬁn(tFlioeT% I 3 CA'S nt? WPst it Tt LA NS Thvar k

iti by jlluninati | i t k t f ith i ght
having a brBAE WevbY&hdt o7 gt b odich Msta REPOGED PAnb nd TRaCH ke,
dth i hi [ . & LSA t ' t
A oh neabupEe kARG AEFK GORPEROPEy T1 T8 bl frg d TASA T L GHE Bha mark
and then using a %' ht, diffracted and scattered by the_nmark and a.LIA
System (Laser | nf BFf BRGSO APT GAIRINT J Ot P © Uot BcP ST pbSi tFonal

Y o1 TR 00 0L MG T 00 Lo oBhase. e Leadkatipg 1350 JJ A only
a purge space in the projectio. optical system. The
projection optical system is provided with a first
imaging optical system for forming a primary image {(a
first intermediate 1image) of the pattern of the
reticle R. The first imaging optical system 1is

sed of lenses (L2~L7: corresponding to L11-1.110

0

(&) in]
bty o

Q

in the first imaging optical system of Fig. 2). The
parallel plane plate L1 and the lenses (LZ2-1L7) are
received in divided barrels (501-307), respectively.
Connection techniques between the divided barrels are
disclosed in, Japan Kokaili 7-86152 (USP 5,638,223).

The-parallel plane plate L1 is held by a cell
511. The cell 511 holds the parallel plane plate L1
so as to be put between the top surface and the under
surface of the parallel plane plate L1. The held
locations are plural locations (3 locations or more)
in the circumferential direction (@ 2z direction) of
the parallel plane plate Ll1. An ailr {gas)-tight

structure is disposed between theparallel planeplate
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diffract-ion gratings fromtwo directions and then interfering two
diffraction lights generated by the nmark with each other is suitab
the alignnment sensor 421. The auto-focus |eveling sensor 422 detect
whet her the surface of wafer to be exposed coincides (focuses) with

L?ﬁ?ﬁflﬁmﬁf Ingoraif <o d arr%.one%%éfff“&nzﬁro ‘fé%t%egff}f%%deﬁﬁl
Pevel | ng anton 2438 L1 Th's WRATCERE detuton phis THE praPae s

| ocati ons
formed by t

d d h I I k
L%t et onopt daf CuyerakHRe warert P SR S

th t d.th t t
The: Xy di 1 deh ORS il ol 6 Sone ”Jerpgs?g'ééer\”éeéba% hee KaSieitd

pl ane. The

e for
S

t he

i ng
nts in
cus

regi on

in

vvafer. i nt e"rr’ L‘%ﬁ%hs&%@nﬁi\t‘)me Z%@epg 12%9 Io‘?lxi'i1 grl ; ?’aorm%%g {%Fog ﬁg(rae

gas (inert
chanber an

arranged on*th&Soute? ngé

i um and the

mafer

%&B@ra%z(%aipcaaﬂawnarﬁmsgeh%ﬁh%Cﬂati%ua? et has) |
such as he |un1 nd t he Hb? ﬁﬁ di scharge fromthe wafer chanber a

&5t er

The divided barrels (501-507) and the cells
(511*517].are connected by frames 521-527. Apertures
for allowing an inert gas (helium) to pass inside of
the projection optical system are arranged in the
frames 521-527 at plural locations along 1its
circumferential {tangential} 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 (2 direction) and inclining it in the &

x, Oy directions is arranged. This actuator 532 is

‘arranged at a pitch of 1200 in three locations which

is equal distant from the optical axis and spaced in
the circumferential direction (z directicn). A linear
motecr, plezoelectric 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

a0
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chanmber partition 411. If the inert gas is helium the tubes (431, 432)
can be connected to the previously nentioned 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 Tor conpgetingtie walel qchasbelpartidion iid and g he sensore fe ol um

SCis 88 ver |caly arranged on evvafer stageflxed plate 401

mat eri al of.th bel S sa t he r S i_oned
bel | ovs 321107h é@ﬁe S é’cgﬁecf%nv?& EE%{QF 519 hE %f&y ’%/\P/(quegtéﬁ ed by
the action @b /d the ML Gh CRATRGLe RALLLLERY 4L and Lhe.Beldiue. 4Rl The
described p jec |on exposure apparatus is provided wth a para pl ane

plate LI for %‘%Vﬁfo 19,43 JLEIRARRCR LDSPUR I E6L1 Rer s OpELES) s5yet o

The projec em’i s pfovi first "1 agi ng opti cal

system for ,ttj rgg%g pr53ga %/_%Eg?Qee (& phihst ioter @lep%ys |5r?zge) of the

pattern of ITst 1Tnmagi ng optica emis CornnanH

ir)rrfagi lngnebriccel system o? ngrtei_ﬁlfam% Opgglr%i(’?rl %-ys}tae-rgﬂe th]athCtlL ‘3 Ilhre5
| enses .(LZ'%'ZS)fS'i LaGR! etk b AL vidled, bars glssy %%% 7 2 raf éeect'vely-
ues t

Connecti on techni e divi arreI are I sclosed in, Japan
Kokai 7_86%§% %l£%%§a§%§’%%%'ls between the actuator 533 and a

frame 523 and is arrangeé at a pitch of 1200 in three
locations which are equal distant from the optical
axis and different in the circumferential direction
{ & z direction). A linear motor, piezoelectric
element, cylinder mechanismdrivenbyvapressure 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
recovery/+regeneration unit. A wvalve 561 for
controlling the gas inflowrate is arranged at the tube
551.

The projection optical system is provided with
an cptical path folding mirror FM integrally formed
by a first optical path folding mirrer 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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Thu-paralle | plane plate LI is held by a cell 511. The cell 511 holds the
parallel plane plate LI so as to be put between the top surface and the
under surface of the parallel plane plate L1. The held |ocations are
plural locations (3 locations or nore) in the circunferential direction

Oz direction) 'of . the parallel plane_plat . An.air s)-tight
Sructure | & Mehoded Hithesn EHITRARER An e did 88° 0 E ¥t THE cel
511. The lenses (L2-L7), are held by cells 12-517) . Th@ I1s é512-517)
hol d the | enstSseS( 2 () Erdd Y %)e“p%‘P BEMsEh tHe o uFPscet@Rd the
bottom surface of rins arranged at the periphery qf the |ensges (L%-L? )
The hel d 1oty ﬁgea’?‘ﬁdpﬁ:f)reagowﬁ&ﬁﬂr C??&%@?ﬁ itg‘h%s aIowth)rc'e‘gel"ilng e
circunferenti al %irection of %Ee Ienies.nége diYid d.barreg .(,501-507) and
the cell's (191887} SRS ThRReEtor by LFrumds SAL 855 F Yot hEdd = T oF
allowing an inert gas (heliu to pass inside of. the projection optical
syst em gre drrHhgReYi A tsﬁéb?n?‘éﬁﬁg’g%fiﬁ%cﬁlgte(iplltﬂ é?hl?géajp&oﬁs ”bﬁ%%ﬁ_) its
rirciinferpntial tangential.). direction.. An_ ai.r s).-tight structure is
(i Sposed bathiedh- the TParts CSFE it & hé i bF 464 et £ 5bE 4N Shdt 1 o1
i magi ng optical sy ienl.a actuator 532 for noyin LQ; | ens Li.in t he
opt1cal axi §1€ WR £ ebt R (08 8 FRER B) SAMPTHER hiHGTHa¢ h §RESa1te.

chiolite, lithium fluoride, sodium fluocride, barium
flucride, calcium fluoride,: magnesium fluoride,
yttrium fluoride, ytterbium fluoride, neodymium
fluocride, gadolinium fluoride, lanthanum fluoride,
osmium fluoride, strontium fluoride and the like can
be unsed. 2R construction in which a dielectric
multilayer film is arranged on a metal film, such as
aluminum and the like, may also be used. The dielectric
multilayer film functicons 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 fiilm sc as to decrease it and to correct a
difference in phase difference between Ppolarization
and S polarization due to the incident angle (emergent
angle) (angular characteristic of PS phase
difference) so as tc homogenize it in a desirable range

cf incident angles. If a phase difference between P
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X, ey d-l-rections is arranged. This actuator 532 is arranged at a pitch
of 1200 in three locations which is equal distant fromthe optical axis
and spaced in the circunferential direction (z direction) . A linear

notor, piezoelectric elenent, cylinder mechanism driven by a pressure

fluid d_the,lik b t tuagor.532. Lf the d
amount 'of * BECH bF 5321 s A1k same®ARe Fers- T3 Chh B rovéd 1 Sdsihée”

optical axis recti % g | ens Lg can _be incline [%

di rection b)‘f $1hg rit 5 S0 ¢ it P Ehe 2GR Hib ﬁf’ndc‘fo h@na&{“ﬁ‘aﬁ or 532
th di ff t t diff t t ly. t 533,

&E%ﬁﬁ%ﬂg#awﬁﬁﬁﬁﬁﬁwﬂﬁﬁéomm

system an actuator 543 f s the | ens e XY plane is

arr anged. ?ﬁésae“aﬁﬁétod‘r ‘gﬁ‘él g’t%e?latlﬁé? Q%Feg\’s‘? Ellgnf Pdme 523

and is arranged at a pijtch of 1200 in.three ocations which are ual

distant fronieHks G5t Lar v 3 fsh%rfdﬂww@réﬁtrﬂwnet FFc%r‘Ffee?Jeﬁf“Pi%

direction B z di rectl on). near to pi eﬁoel ectric

cyl i nder neEﬁérﬂ]s?ﬁHPPveﬁsbynatpr 8?2&%’1?% d °5re°gva% andt‘f’ﬂe ??E‘E‘ecan be

used as the actuator 543%6 A tube 551 for aIIov%d ium.to flow into the
e

inside of PAd RO &RAY S SRETAC &pstenPFEPSH Y A& EF 8Gdd barrel

belium S ¥R ”S%h%'rsolz?epfg@%e%tfedfotrgfnhge HEviusly IEntioned

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

herein by refere

ir nce,

The projection optical system is also provided
with a second imaging optical system for forming a
second intermediate image (a secondary image of the
pattern) nearly equal to the first intermediate image
in size, based on a light from the first intermediate
image formed by the first imaging optical system. The
second imaging optical system is provided with lenses
{L8, L9: correspcending to negative lenses LZ1, L 22
in the second imaging coptical system G2 of Fig. 2) and
a concave reflecting mirror CM. 5iC or a composite of
SiC and Si can be used as the material of the concave

reflecting mirrocr CM. It is preferable to coat the

entire concave reflecting mirrcr CM with SiC for
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recovery-fregeneration wunit. A valve 561 for controlling the gas inflow
rate is arranged at the tube 551. The projection optical systemis
provided with an optical path folding mrror FMintegrally formed by a
first optical path folding nirror and a second optical path folding
mrror. The optical _path foldin mrror FM can be 1 med, e.qg.,_ by vapor
deposi tion @ﬁgﬂ?%l$é%ﬁtl%8cﬁ%%y%PEhQHnnSﬁﬁ et ?Eélqﬂ1§a6§ﬁ ' faces
in a triagonal prismnmenber in which the top surfac an%ﬁfge | ower surface
are in the SHapéeof origfhte %%Eié&msrb%é‘é’r’égotrr anbﬁe Yo 3R

mul tilayer filmmay al so be vapor dep05|ted in place of a netal film As
t he naterla@?HﬁSHFéP@bpﬁl@eﬁﬂ%$ia§%F hi gpm © - etral2 FiBoRided "G &s

al umi num fluoride, cryolite, ~chiaolite, lithiumfluoride, sodiumfluoride,
bari um fl uddikfe; P& ierrdct Mol £ mhgyesi Um FRubRY del SoyPEr V@ma Y uori de,
ytterbiumfluoride, neodymium fluoride, gadoliniumfluoride, |anthanum
fluori de, é@rﬁ%ﬁfﬁdoﬁlnd@l%‘%‘? offi anPRItdor i el Bnd rhé N3 keCRAR  F6S used A
renn.structi nn i n whj h di e ectri r multilayer f|In1| arranged on a
et al f|In1t@ﬁﬁm%Eer&Qkﬁnﬂ§l%ﬁf%%@tFﬂﬁamﬂﬁﬁlé%#ﬁﬁe &%ﬁ# TR
dielectric rnultilayer filmfunctions as a protectlon coat for_ preventing
the metal fELMTToAEExi @atGon. 2 Thi 81U EreBt r ifd YRF E FRayerC FY P mifiFirct i ons

to correct the , ) ) , , )
chiolite, lithium fluoride, sodium fluoride, barium

filuoride, <calcium fluoride, magnesium fluoride,
yvttrium fluoride, ytterbium fluoride, neodymium
fluoride, gadolinium fluoride, lanthanum flucride,

osmium fluoride, strontium fluoride and the l1ike can

he nead Ja ~onstriuctinsmn 3 which a AdAielectric

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 protecticn coat for
preventing the metal film from oxidation. This
dielectric multilayer film enables the metal film to
have a correcting function sc as to decrease the phase
difference between P polarization and S peolarization
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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phase difference between P polarization and S polarization caused by a
reflecting light fromthe netal filmso as to decrease it and to correct a
di fference in phase difference between Ppolarization and S polarization
due to the incident angle (emergent angle) (angular characteri sti c of PS
phase dlff sp_as enize it in_a_desirable_range nci dent
angl es. gi&% RRPPES gﬁcthf%lég %fb‘ﬁeﬁgl gr PPdt3 oh<ard paol‘%r zation

exi sts, thls

d bl e. bec t he f d
To the' P polst 25l Sl'a%%eaﬁ i Pge ik tﬂos{'tﬁ% Fht FoRE G v e and

cause the deterioration. i ual it tF1 surfac . thus a
desirable r&%¥b¥ LEBROPS T &n%&gf:ia%eama %g\%g%l arth &y be
kept t di cul arly t t. ot h th i | f f

Che (st ambd neR aash By e{ai%ﬁm%a%ia%aﬁé aﬂex&%ﬁe IR

this case, it scosde ed that the two plane mrrors re ke
adjI ustably, Icé“ife b %1 t %E?\Fdﬁ’é"adiféeposgg 112 §&paf URdidaT Y 2 2@8@8

whi ch t ed r-P Th t t |
o s Aol Bt e Arde b Se Pt osla ol Se s o T E o bt ol

To the fir 2%%“"%‘@%%&5% | RSP R e 28T BoeBa oGt o PRgHe 4 B £ st
Internedlat%lrror can include ULE or Be. If Be 1is used, 1t 1is
preferable that the whole concave reflecting mirror
CM is coated with 5iC and the like.

The optical folding mirror FM and the lens LB

are contained by a divided barrel 601, the lens L9 is
contained by a2 divided harrel 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 optical
folding mirror FM (first and second optical folding
mirrorsy in the O x, By, 0 z directions and its
position in the XYZ directions may be arranged between
this holding member 610 and the divided barrel 601.

The lenses (L8, L9} of the second imaging ceptical
system are supported by supporting members (611, 612).
Supporting members disclosed in Japan Kokai 6-250074

and Japan Kokai 11-231192 are suitable for these

supporting members (611, 612). The concave reflecting
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i mge fornmed by, the first inmaging optical system The second imnmaging
optical systemis provided with lenses (L8, L9: corresponding to negative
| enses L21, L 22 in the second inaging optical system @& of Fig. 2) and a
concave reflecting m rror CM SiC or a conposite of SiC and Si can be
used as the mat eri a he. concave_reflecting mrr.or ref erabl e
to coat the™ 5r3ftcirre onoc ghreefsf%E?Pﬁig THEPSF TV Ritt C%?é:/lsyf o%el%lgL
degassificatio revention. The reflecti ?fgﬁggrfac he concave

reflecting ﬁPF’lpc?rlp | ¥orarreﬁu8§O\Fa$%)? ithi o 13' tae T sad as,
Vapor | depoBFRBE 1 HIeho 5 St Fral 8 2 F 2 _;5[&@1 e S e R Rt er ol s
f dielect | t fil t fl d h fI d
‘érlyci it Efcl "thea g‘%ﬂeﬂ*’? mﬂ'a#‘epﬁ%i 150 U PPAG He DR PG CHILor | de.
ca m fl i fl d tterbi

£l uglr:Jde ﬁ%%@yerﬁﬁﬁ? Bﬁf?g‘rﬂ%%a’éaghg‘%?\ém H%ucr???égorﬁl%‘ﬁ?hénuﬂf: Lor de,
osm um fl uori de, ftrontlumfl ori de angthelllke (;Can be|| {'rth - nngqgt

r 1 I r- nnnwrti®h B9 oL (P
net al such. as aI um_num and t he

| | fil
fARRRE M I AL Sty amaﬁm"%gfeﬁlceﬁ YOS 0B8 Tas &

protection anEnlfng a final image (a reduced image of the pattern)

on the wafer based on a light from the second
intermediate image formed by the seccnd imaging
optical system. The third imaging optical system is
provided with lenses (L10-L13: corresponding to the
lenses 131-5L311 in the third imaging optical system
G3 of Fig. 2) and a variazble aperture stop unit AS.
The lens L10 is contained by a divided barrel 701 and
the lens L11 is contained by a divided barrel 702. A
flange FL supported by a column 240 is arranged in the
divided barrel 702. Techniques for connection of the
flange ¥*L and the column 240, for example, are
‘disclosed in Japan Kokai 6-300955 (USP 5,576,895) and
Japan Kokai 11-84199 are applicable. A sensor column
SC is mounted to the flange FL.

The variable aperture stop AS is contained by
a divided barrel 703 and the lenses (L12, L13) are
contained by divided barrels (704, 705). The L10-L13

are supported by cells (711-712, 714-715),
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preventing

enabl es the
t he phase

a reflectin
honogeni zes
pol ari zatio
characteris
angle. 94 |
pol ari zati o
an i mage du
devi ate and
surface and
concave ref
pref erabl e
and the lik
by a divide

to the divi

the metal filmfromoxidation. This dielectric multilayer film

nmetal filmto have a correcting function so as to decr

ease

di fference between P polarization and S pol ari zation caused by
g light fron1the nmetal film The correcting function nearly

R SBGEEA By ¥ ne TR, SERLC %%“ﬁﬁeﬁiﬁg SobTe) (oo ar

f %Eﬁbﬁi@“ﬂ?ﬁg?@%ﬂtﬁ@fﬁﬁg b:@afpo‘ﬁa%ir %%'tﬁo ﬁlﬂa & '8
d e Lhe 8 HoRdr Yar PR © At SROSRDE RIS B TRE & H0 At

dent

L ons of
zation

cause the deterioratio g uality on the inmaging
a ‘ﬁeg??aﬁﬁg' ezépuﬁfbn ﬂ? f? gﬁ%’ned The materials of the

ncl ude ULE or S us

| ,
thot' T &%b?ﬁgr‘&%ﬁgmwsﬁl&q. B thcsd SEREER ot Al 7 t 1

th SiC

i vided” BT AP %601 24 1 bt L T8 < ”dthe#elr SBAPRGT Tor ol 602
A ol di ng nadter 6161 1O Wl APAg e OhEi A9 of 4t g 11 of LERI'S hount od

de%t@QEQnge& Apercures for allowing an inert gas

(helium) to flow into the inside of the precjection
optical system are arranged in plural locaticns along
their circumferential direction in the frames
(721-722, 724-725). An air (gas)-tight structure is

As =
al

spcsed 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 directiocon and inclining the imaging

optical system in the @x, By directions are arranged.

These attuators (731-732, 734) have construction
similar to the actuator 532. A tube 751 for allecwing
helium to discharge from the projection optical system
is arranged in the divided barrel 705. This tube 751
is also connected to the previously menticoned helium
recovery/regeneraticn unit. A valve 761 for
controlling the gas inflowrate is arranged at the tube

751.
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A nmechanism for adjusting the position of the optical folding mrror FM
(first and second optical folding mrrors) inthe Bx, 9y, Bz directions
and its position in the XYZ directions may be arranged between this

hol di ng menber 610 and the divided barrel 601. The |l enses (L8, L9) of the

ng member 610 an ] es 1
612). " Suppor o Nk ert?ﬁ?e?f;@%%é%ﬁ%?%p%’%i% RS EER 0 EAN Sapan

Kokai 11-231192 ar it t [ ) . Th
Concave 1 of FERLT RGO oS R HHor CRPS! X AES RECONE T nAPAG G | EBPdyt b 16 |

supported by _a,supporting, menber . 613. Suppqrtin nber.s di scl.osed in
Japan Kokai \énéj Z%Igo%f,po Apan ™ 5%%5 a_L]i‘-eZ%f lg?eggﬁi '?a%réo %ra tsrh]ics
supporting nmenber 613 and are .i ncgrggarlac'gbgd herein by reference. The

proj ection &pt9caf sydte ?é_cfrt}rl?% r=°proVided with a third imging optical
cystemfor Tormiag 2 figel J mag. (gonsiuced ) amoe gL WIS paLam con he
ot ovi ded i P FEHCEAEEEEOI T F L O R BE P Tl G (At RBE T OAERL AT 151 1 n
Stop uni ¢ ASC The Pene 140 e Canrar ned By 4 G HsaLbaAraT- 70T ad ¢ he
lens LI1 1 %hcionn—t?iirll.?ndmg%nae19i¥ilgggd?%5%ro7plgacﬁine and so on) . As
shown in Fig. 11, design step 201 illustrates a
function/property design (e.g., cilrcuit design of

semiconductor devices and the 1like) of devices

(micro;devices)andapmtterndesignforobtainingthe

s are also made (design

fiinectian
nnet 1o e \aesl Jn

step} . Successively,
a mask (reticle) for forming a designed circuit
pattern is prepared in a step 202 (mask preparation
step) . Alternatively, wafers can be manufactured with
a material such as silicon and the like in a step 203
(wafer manufacture step) .

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

process, a bonding process and a packaging process
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fl ange FL supported by a columm 240 is arranged in the divided barrel 702.
Techni ques for connection of the flange -F-L and the columm 240, for
exanple, are disclosed in Japan Kokai 6-300955 (USP 5, 576, 895) and
Japan Kokai 11-84199 are applicable. A sensor colunmm SCis nounted to the
flange FL. The Mariabhe APLEI UL SIOP AR s oLl ped 8 @i-\ﬂ'f barr el
703 and theyleﬁﬁgs (L12, L13§ gre contaiﬁed by %ividegMﬁ%rFeﬁs ?gﬁ, 705)
. The LIO Kkk$z44€e supported by cells (711-712, 714-715), 96 respectively.
The structure of the cells (711-712, 714-715) is simlar to that of the
cell 512. An air p(gas);otight, sgrugture issgi sppg n ens L13
and the cell 715 1n the %éll 715. In the third Fnaggﬁggéﬁgﬁca%Qg gtbnl
frames (721;% ?24+625)- 8 Queeect i Ry di vid barrel s 701- 702,
7047705) ané_nt%gecce%lg (7112712, 714-71.5_)g W ar%éﬁge’d. ﬁeriﬁﬁtels‘_;“fo_r
al | owi ng anchRl{y @At i dNelJ 4 edd o 104, e | N 8% Ol d i Prigj ot on
optical systemare arranged in plural locati'ons along their
circunferengindli i &egtiohidat 8 ERaIPs 0672314 28<l2Dd i n o 3iL (gas)
‘e | eE’d ?)\r]?ie, d h, e%{Ej - ee Intzetzr-% éccgéegjlrfg'ﬁt?léc; n H

-tight structure iIs

f- "=l in, Hedifcdshrle dompleited “ahy Eﬁ'ﬁ?édjf]the third imging
optical system actuators . %731-732, 734) #o noving the lens ( LIOL12)
in the Fig. 12 is a diagram showing one example of the

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

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

Successively, a circuit pattern of mask given by the
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optical axis direction and inclining the imaging optical systemin the ex,
ey directions are arranged. These a-ctuators (731-732, 734) have

construction simlar to the actuator 532. A tube 7S1 for allowing helium
to discharge fromthe projection optical system is arranged in the divided

b | 705., T 1 d h d
el um T ochUeFy AR Rat | YT, A USFIE 769 1 ot PBEGATONI | ngitie gas

|nflowrate|s arr.ang t _th tube 1. 97 Next thee odi nents of a
manuf act uri ngppFocrgessme 6her%l Eﬂ Pg\% ARPY Senti Srfe g?ﬁgg’-lﬁ% dppar at us

and an”expasgts, o of A1, mes L e, o aftﬁgxﬁf%;h:%%d
C S|
0TI PO VL R ke B lignd

crystal pane magnetl o

shown in Flaqj?Je}e%gg%cgge% &p. 201 i ks‘aﬁttf ates. dggtégnglﬁe§)gﬁ?é¥ de5| Qn

(e.g., circui sem ¢onddc devi'ce he "I devi ces
]Smcro deviges), and.a pa aefﬁsdeétgnré%v%*?}% %ME?%H%»L; %rEEEC'e) for
orm ng a desrgned Circui ern 1s prepar

t t
prepareoncelfoh oo grpa el v vaters e be mosclush i
step). unnecessary resist is removed in step 2192 (resist

As

removal step).

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

If the manufacturing metheod of this embodiment

Ul

is applied, devices with a high integrated level of
about 0.1 #m in minimum line width can be prcduced
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 Improving the resolving power of an expcsure
light in the vacuum ultraviolet region and producing
high accuracy expocsure control.

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

a number of tubes (inflow port/outflow outlet)
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Next, in the step 204-(wafer processing step), actual circuits and the
like are forned on the wafers by using wafers prepared in step 201 and
step 203 according to a lithographic technique and the |ike as described
| at er. Subsequently, in the step 205, the device assenbly is conducted by
using wafers processed  in step 204. Such processes _include, e.g., a dicing
process, a bBRAIITRFPPDELSY ahf & HRBREF e pledess IR MRArp ehPasese) and
so on in step 205 according to denmand. Finally, in a step 206 (inspection
step), inspeetirGiRN ORidhes edieRBREd, Mé b e afractdodh. TonbinadsHa® t est,
a durability test and so on _for the devices prepared in step 205. After
processing, fhEcCtyAFEed #E ddl Staed amd ShieppedrlRicgiar ioptaidrdgram
showi ng one exanpl e of the wafer processing of steg 204 in Fig. 11 for
seni conduct o? Y&&@Ekednd| tlrg glliunipabieder opirfaee sSys beindiczed be a step
211 (oxidation s-tep). An insulating filmis formed on the wafer surface
in a step 292PPGWS seépjc.a Meededdayninedf vaduk ot Hevi svlf ems , bgnvapor
deposition in a step 213 (electrode formation step) . An ion is inplanted
into the wafaisonwabbhestapuelgaf(tbe pPmsisstaei Dhusttedt {08t épss2tiupt hr ough
step 214 constitute a pretreatnent process of the wafer processing, and
are sel ect edsufd Skeduttde value of the projection optical system

‘ more tight than that of the illumination optical

system.

Furthermcre, the pressure change of an inert gas
filled or circulated among oﬁtical elements of the
illumination system and projection optical system is
detected, and optical elements for aberraticon
correction (L2-13, L5-L7, L1C-112 in Fig. B through
Fig. 10) may also be driven based on the detected
result. Such a technigue 1is disclosed, e.g., in
W08s/10917 (EP 1,020,8B97).

Additionally, it 1is preferable that the
concentrations and/or the total amount of
light-abscorbing substances {gases such as oxygen (0Q;),
carbon dioxide (CO;) and the like, water vapor {H:0)
and so on, are given as substances absorbing exposure
beams and light-absorbing substances for the F; laser
light of wavelength 157 nm) in the optical path of the
illumination optical system, The optical path in the

reticle chamber, the optical path in the projection
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accordin-g to the demand called for by the processing steps . In the wafer
processing steps, if the above pretreatnent process has been conpleted, a
post-treatment process as follows is executed. In the post-treatnent
process, first, a sensitizer is appliedtowafers in a step 215 (resi st
formati on step) Successively, a circuit pattern of mask given by the 99

l'i thographi coptycei]l ems(texposiHE APRAT 3bS)c ANd p £XPOIH e BT hpdsdescri bed
above is transferred on wafers in a step 216 (exposure step) . hExt, t he

exposed wafehsndver devel eped # a1l sbep i2kie b I8¥AOPIPNE £SEERh o1 BRE
exposed-nenbers in a part, except for an area where the resist renains,

are removed byret obk agpile St eR 1218abekchi Bgnelop) o AiLer (tQﬁ.det copng is

finished, any unnecessary resist is renoved in step resist “renoval

step). CircuillpaiEr&s ala 4 Dr MedAh ¢ heyaf e{ﬁebyli‘regqp@ggggg,ﬁtgwle gbove
mentioned pretreatnment and post-treatnent process steps i s app |e%,

devices witfsabBicaind ob egbal ot | eyek 00y abou! LB $edmi D MR FLpe W dth

can be produced wth sufficient yield. e e d applies the use of the
exposur e appgk ahbe Angh ihe mxposuse et bpdypdsscy i bed ghove bgtti@anposure
0

process (step 216) , thereby inproving the resolving power an exposure

light in theyepeunTHhly Al ipdegE0R AN JHWINSSAE of the reticle
chamber are simplified and contact with the ocutside
alrormix-inof light-absorbing substances is avoided
bec.ause of the reticle exchange and the wafer exchange.
Rllowable concentrations and an allowable total
amount of the light-absorbing substances are harshly
set up in response to the illumination cptical system
having a long optical path.

An F; laser can be incorporated in this
embodiment which can include, nitroegen{N,), rare
gases such as helium (He), neon (Ne), argon (Ar) and
the like as a permeable gas having a wavelength of 157
nm. Helium gas is particularly superior in high
permeability, stability of imaging characteristic of
optical system and cooling property since its heat
conductivity 1s 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

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

chamber and the reticle chamber which fills the
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hi gh accuracy exposure control. Mreover, in this enbodinent form the
tubes connected to the inside of the protection optical systemare

di sposed in two | ocations. The number of tubes is not limted to only two
| ocations . For exanple, a nunber of tubes (inflow pcrt/outflow outlet)
100 corresponding to respective | ens chanbers (spaces between optical
menber s) nmaybptdramhgedvsathe podssurshe f | uthuatifor ohetle gas {wathe
projection optical systemand the illum nation optical system can be
suppr essed tbnaeuisetmetiered vatbéclAd thhsetriferomsteal)l ovable vakue of
the pressure fluctuation is set up such that the value of the projection
optical systensimereft thhtprbardthibnofptie ] Isynd tedi©in ot iheal i usy st em
Furthernore, the pressure change of an inert gas filled or circul ated
anong opti cakndlembnrt sy=of ihethil byiingd 1 opassicamansl PI 086t LnigRAt i cal
systemis detected, and optical elenents for aberration correction
(L2-13, L5-dgtilda® ld@Psten Fag b8 hA enFihgs 18) oFae Rlsd Regdekven

based on the detected result. such a technique is disclosed, e.g., in
W99/ 10917 (fiPelrQ20,i8% )co fddi thenglady udddi snprebesphlie dhalathes s
concentrations and/or the total amount of |ight-absorbing substances

(gases such wiseoxytenid®¥)ion optical system can also be helium and
the gas in the wafer chamber, the reticle chamber, and
inside the projection optical system can be nitrogen.

The following photopermeable optical materials
constituting the illumination optical system and the
projection optical system that can be used include:
lenses, parallel plane plates, micro £ly's eve lenses
and diffraction optical elements. In addition,
fluorite (CaF;), modified guartzs such as F-doped
silica glass, F- and H-doped silica glass,
CH-containing silica glass, F-doped and
OH-containing silica glass and the like can also be
used. The photopermeable optical materials
constituting the illumination optical system and the
projection optical system may also include the
previously mentioned modified gquartz. In the F-doped
silica glass, the fluorine concentration 1is
preferably 100 ppm or more, and moere 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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carbon dioxide (Coz) and the |like, water vapor (HzO and so on, are

gi ven as subst ances absorbi ng exposure beans and |i ght-absorbing
substances for the Fz laser |ight of wavelength 157 nm) in the optical
path of the illum nation optical system the optical path in the reticle
chanber, the optical path i n the projection 101 optical system and the
optical pathprefieminayes xhabbemal e cudnd s pbhédoirndepesdentdy 9 reach

ot her. For exanple, allowable concentrations and an all owable total

amount of therkifghtalabgoribi Rg 1 Sdbsiabhees a8 BR3Vas F allok $et T4p pgeause
the water chanber and the reticle chanber have short optical paths. Thus,

t he open/ cl ocsB-mechani sim gofs i hecaetilelss, chraben raf €y 8RS edlr aggd
contact with the outside air or mx-in of |ight-absorbing substances is

avoi ded becgarseapofi d her e €eirciiel exchange Anget Be waf eﬁpﬁxchq@gﬁ.pplﬁ\[l owabl e
concentrations and an allowable total anmount of the |I'ight-absorbing

substances are baresiFydopeld UphdnoHeWREe iha ddesihljwd ngt han optj cal
system having a long optical path. An F2 1 a s er can be incorporated in

this enbodi nehtowhirzh camcenglxidei ol tEOgeR AN L1 y 808 pPAs &S SHEHeas
helium (He) , neon (Ne) , argon (Ar) and the like as a pérneable gas
having a waveténghé obnkesh tnatibel b¥nogag ricupard il a8k ¥paupardLyin high

than the fluorine concentration. In this embodiment,

the concentration of OH group is preferably in a range

of 10 ppm - 20 ppm.

When an image is fermed by using az region free
of the optical axis of the projection optical system,
a2s 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 portion of the
optical element in the optical elements constituting
the projection optical system is inclinable to the &
¥, Oy directions and/or movable in the XY plane. The
optical elements may also be rotatably arranged in a
direction of rotation (fz direction in the first and
third imaging optical systems) with the optical axis
as the center by forming the optical surfaces
{(refractive surfaces/reflecting surfaces) of these

optical elements so as to have different powers in the
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perneability, stability of imaging characteristic of optical system and
cooling property since its heat conductivity is about 6 tines 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 enbodi nent, the
gas in the wafer chanber and the reticle chanber which fills the 102
opti cal pat meflidienal edfisrootiens (paterendbteifer opet arachk eldid €r
interferoneter) and the inside of the projection optical system can be
hel ium And{dibptgssc i pltdrec dpeifdad c panky op Lies )i | lofimi Rakl 08p taRt4 Tal
system-can be nitrogen gas in order to reduce the running cost. The gas
used in the «pthealtgpat h{obndihet i hlgum nadi on aopt 1 gak tIyst ensgair a4 0 be
heliumand the gas in the wafer chanber, the reticle chanber, and inside
t he proj ectiporo opsisdalg syst®Eni eare beanigenogen. daeufield ownnge photoper meabl e
optical materials constituting the illumnation optical systemand the
projection @xymaktsystein t Aberoant bengsedudiel ude; amensess iganallel pl ane
plates, mcro fly's eye lenses and diffraction optical elements. In
addi tion, fdibfetren(@ak?), theodpfhiiers juaktizs (ehtas Esdoneda tSidrca
gl ass, F- and H doped silica glass, OH-containing silica glass, F-doped
and OH contedi nitrige sigf cgegltdss antb t bealli ke yeanem| soobe z UuselomFhie
phot oper neabl e optical materials

distortion of that.

Fer example, a construction in which an actuator
and a driving axis are disposed along the tangential
direction of the circumstance of the frame is arranged
between a frame and a divided barrel suckh that the
frame 1is driven to the divided barrel in the 9 :z
direction. It is preferable that the actuator is
equal distant from the optical axis and arranged in
a plurality of different locations at an equal-angle
pltch in the <circumferential direction ( 8 =z
direction). A mechanism for rotating optical members
with an astigmatic surface is disclosed in Japan Kokai
8~-327885 (Usp 5,852,518). Furthermore, a purge
space may also be formed on the outside of the purge
space of the illumination optical system and/or purge
space of the projection optical system. In this case,
the allowable concentration and allowable total
amount of light-abserbing substance of the purge

spaces on the cutside are set up more unexacting than
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constituting the illum nation optical systemand the projection optical
systemmay al so include the previously nentioned nodified quartz. In the
F--doped silica glass, the fluorine concentration is preferably 100 ppm
or nore, and nore preferably in a -range of 500 ppm- 30,000 ppm In the
F-doped and Hdoped silica glass, the hydrogen concentration is 103
preferably StRE1EMF #B| EPEESY chn- Bheorinmes, sanik mbthe prafes abpycle x 1018
mol ecules: /=3 _ or less. In the CHcontaining silica glass, the

concentr at i odfotheH I bl emp niast peef epdtil ga L nsgsrtangeanti/4Q ppre pug@  ppru.
In the F-dcpad and OHcontaining silica glass, the fluorine

concentr at i oRPRS epref ek lel ypnode cppimor oparie: ahdstfe expncent rati on of CH
group is preferably Iower than the fluorine concentration. In this

embodi ment, the chAdéfmtircatabhyefa@rbgadlel plpres @rably i Fangeq of 10
ppm - 20 -ppm . Wien an inmage is fornmed by using a region free of the
optical axisonfthhewpfejrectidn optilal 1l syst em thaSwhardhes PEESERtthe

enbodi ment, an illum nation optical .5ystem disclosed in Japan Kokali

2000- 21765 (RISPIAsplion Su0iz3M fy=tenn Jalhe bad999k1can e ysegras the
i Ilum nation optical system Moreover, in this enbodinent, a portion of the
optical el efeny ®hsrheeoptical deberents coonst iteitt Bg phRe Y ££4L1 9B
optical systemis inclinable to the O

the projection optical system similar to the reticle

side.

In addition to the F; laser light that supplies
apulse light having a wavelength of 157 nm as provided
for in this embodiment, implementing various other
light sources is also possible. 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 supplying a
light of wavelength 193 nm, and an Ar, laser light
supplying a light of wavelength 126 nm. A harmonic wave
given by amplifying a laser light with a single
wavelength in the infrared region oscillated from a
DFB semiconductor laser or a fiber laser or in the
visible region with an Er-doped (or both Er- and
Yb-doped) fiber amplifier that converts the light
source to an ultraviolet light with a nonlinear

optical crystal may alsoc be used.

The present invention is applicable not only to
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X, ey directioiis and/or novable in the XY plane - The optical elenents
may al so be rotatably arranged in a direction of rQation (Oz direction
in the first and third imaging optical systens) with the optical axis as
the center by form ng the optical surfaces (refractive surfaces/reflecting
surfaces) of thize optical elenents so as to have different powers in the
104 neri di onal cif ¢ eEEIVAER peypend sul aentia eadhcabhrede Y O¢pt £he the
pl ane/refl ecting plane) of the optical elenents (conducting an astignatic
surface proéedssng)buthi sahspangenenanr el ss 1@ eCOrd®Eh r adsydmeepical
aberrations such as an astigmatic difference on the optical axis (center
astigmati sn) trem s herpioiectivouapt ipcal t syasefiran £ fberkiC r i s&0kt i on of
that. For exanple, a construction in which an actuator and a driving axis
are di sposedtal anglibes sabgentaak, dicrecdidncehn ther £ rouasipace; E t he
franme is arranged between a frame and a divided barrel such that the
frame is dritenmemufiecdinvicded batielld mthe Razk disegtian. digis a
preferable that the actuator is equal distant fromthe optical axis and
arranged in lagpliurelpe yuok dpbfaeretiisl, oaat EQWs edipaduequabpangteuspitch in
the circunferential direction ( e z direction) . A nmechanismfor rotating
optical nembans Xwirbly anxastsiwgnat izpsarbacss i an selsed ddt Japan: Kokai

exposure apparatus and the like. Transmitting

reticles are commonly used in the exposure apparatus

using DUV {deep ultraviolet) or VUV (vacuum

ultraviolet} light and the like. Silica glass,

F-doped silica glass, fluorite, magnesium fluoride,

or gquartz crystal and the 1ike are used as the reticle

substrate. In a proximity-mode X-ray exposure

apparatus and an electron ray exposure apparatus and

the like, transmitting masks (stencil mask, membrane

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

as the mask substrate. Such exposure apparatus are

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

(USP Appl. 661,396 filed on September 13, 2000), WO

88/66,370, Japan Kokai 11-18447%9, Japan Kokail

2000-12453, Japan Kokai 2000-29202 and so on.

The present invention is applicable not only to
the manufacture of semiconductor devices, but also te

an exposure apparatus which can transfer device

patterns conto a glass plate which are used in the
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8-327895 (USP 5, 852,518). Furthernore, a purge space may also be forned on
the outside of the purge space of the illum nation optical system and/or
purge space of the projection optical system In this case, the allowable
concentration and all owabl e total anobunt of |ight-absorbing substance of
the purge spaces on the outside are set up nore unexacting than 105 the
purge spacedaghfpetivimer of ddigmbapsr gensparkingf Yheuikd uoiyatton
optical system and/or the purge space of the projection optical systen).
Addi tional | $1%P paval 198 VHFase pl ater i sedppangedl  anpeirs was er waiideh of t he
| ens on the wafer side of the projection optical system The parallel
pl ane pl at eLofdys BRES e P 6\ detlt GBS ra scovebot @ tder purige wpfiee amdt he
projection optical systemsimlar to the reticle side. In addition to the
F2 |aser |ightlghatasappired ampuitde | imgnufavitngea welelEnghh faf1d57 nm
as provided for in this enbodinent, inplenenting various other Light
sources i s HesN$bssi beaad] Fod axaspbesihe dpblkowings|ighd seumess can be
inplenented a KrF excimer laser light supplying a light of wavel ength
248 nm an@agnuiertumeint inbgserpichhe spplyengsacH ightcob wael engt h
193 nm and an Ar2 laser light SUPPIYing Iight of wavelength 126 n m
Ahar moni cwattbe like, and so on can alsc be applied.
The above~described present invention applies

the scanning step mode of operatidn. The present

inventionijsalsoapplicabletx:astep-and-repeatmode

reduction projection exposure apparatus in which mask

patterns are transferred to a substrate in a static

state of the mask and the substrate. The substrate

is then moved in successive steps.

An aperture stop is arranged in the third imaging

optical system in the previously mentioned embcdiment.

The aperture stop may alsoc be arranged in the first

imaging optical system. A field stop may alsc be

arranged in at least one of the position of <the

intermediate image between the first imaging optical

system and the second imaging optical system, and the

positicn of the intermediate image between the second

imaging optical system and the third imaging optical

system.

The projection magnification of the

catadioptric projection optical system is given as a
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given by anplifying a laser light with a single wavelength in the infrared
region oscillated froma DFB sem conductor |aser or a fiber laser or in
the visible region with an Er-doped (or both Er- and Yb-doped) fiber
anplifier that converts the light source to an ultraviolet light with a
nonlinear optical crystal nmay al so be used. The present invention is

appl i cabl e nbtdsMbLieD 186 i cifo-RieeVées sy mast isene d oarlbetdimeteyi.ces and

the like, but also to an exposure apparatus for transferring circuit
patterns frdiPueNsiherthetperdeatol anghags idfibss tave, ier na tsillicone waf er
and the like, to manufacture a reticle or a mask used in, e.g., a |light

exposure appa? atbs, raft EWiexpaal boapparct LSl cadn ot ) ay iexpesUrLl agpar at us
and an el ectron ray exposure apparatus and the like. Transmitting
reticles ardeor@negiskd 1atihe éxposumetappagatds camsing )DUYr( degp
ultraviolet) or VU (vacuum ultraviolet) light and the like. Silica glass,
F-doped sil ielgkrgsmettugritiey tmgwesi Dhvhluam de, Foar spianp «r ysfal and
the like are used as the reticle substrate. In a proximty-node X-ray
exposure appa® AUsI] aFd 10T Slagr £ §i Gedyl ex pios Urhee appba ateseand rahec ) i ke,
transmtting masks (stencil mask, nenbrane nask) are used. A silicon wafer
and the |ikeéEhe eREdCcads et aBskasubst patmmn Sachsexposur @ Appgiatius are
incided from the side of the third imaging optical
system, a primary image of the mask or the reticle is
formed by the third imaging optical system, a
secondary image is formed by the secondary imaging
optical system and a tertiary image is formed by the
first imaging optical system on a substrate such as
wafer and the like,

As described above, in the catadioptric optical
system, the projection exposure apparatus and =he
exposure method including the optical system of the
previously mentioned embodiments, the optical
adjustment and mechanical design are improved. The
aberrations beginning with chromatic aberrations can
be fully corrected. For example, a resoclution 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
ultraviclet wavelength region. Particularly, in the

previous embodiments, the optical path separaticn is

disposed in the vicinity of two intermediate images

109



di scl osed in WD 99/34255 (EP 1, 043, 625) , WD 99/50712 (USP Appl
661, 396 filed on Septenber 13, 2000), WO 99/66, 370, Japan Kokai 11-194479,
Japan Kokai 2000-12453, Japan Kokai 2000-29202 and so on. The present
invention is applicable not only to the manufacture of sem conductor
devices, but also to an exposure apparatus which can transfer device
patterns onthbchl ade pfarBeghitch arsugsed iapphe atly oinuhactaseont
di splays including liquid crystal display devices. An exposure apparatus
whi ch transf®agiaayiciet paetersiss banoha Warané cneafrdry anguawhi(cinat ¢ used
in the manufacture of thin-film nagnetic head, and an exposure apparatus
used in the nagnyfictatecof. iIhate, ptbRup redsk nbsisueh e fCPr cani e $ he
| i ke, and so on can al so be applied. The above-described present invention
applies thdxstannsnglst ¢ smarcef iopdrtat i onp oThe Ppresgnbn ifmeenttiloa i s
al so applicable to a step-and-repeat node reduction projection exposure
appar at us i ewihichlnask: spat tierms, arteher anSf erredquand istipst rahe ihsa
static state of the mask and the substrate. The 5 -ubszrate is then noved
in successi @ st epd.l sAd napbretrurat stopcbs raratangad mbntikedbi ed tiiregj ng
optical systemin the previously nentioned enbodi ment. The aperture stop
may al so beoarrhngddadiustanéntst meicinggi hgadpdesalgrsy sizem £ Activedich gt op may
al so be

cost and so on.

Moreover, in the manufacturing method of
micro-devices using the pProjection exposure
apparatus and the exposure method of the previously
mentioned embodiments, improved micro-devices can be
manufactured via the projection optical system in
which the optical adjustment and mechanical design are
simple. In zaddition, aberrations beginning with
chromatic azberrations can be fully corrected and a

high reseclution of about 0.1 4Um or less can be

achieved.
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arrange a in at |least one of the position of the internediate inmge
between the first inmaging optical systemand the second inaging optical
system and the position of the internediate inage ]; between the second

i magi ng optical systemand the third imaging optical system The
projection magnification of the catadioptric projection optical systemis
given as a 108 reduction ratio in i I nti oned enbodi nent.

However, the projection nagnificat?éﬁxﬂgﬂﬁa¥[ mted to the reduction
ratio (magnification), it can also be an equal ratio (an unit
nagnification) or an enlargenent ratio (nagrUfication) For exanple, if

the projecti ni.f i allon is the enlar ne: tio the tlc
system can b #?é%§8ae§bivwéteépﬂ%ﬁﬁe|%99 A de ?Foﬁff e i % t he
third i magi ”% qgtégﬁ. onS 43! 8P ”Pry ' S‘Eo%feéé‘ft”% sQ{bé{‘%?aE%“ cle
is formed by i P8 |nag|n ca s en1 a secon I ma

f d by th t t

for med by thihsffﬁﬁﬂa%f‘%‘ge%%ﬁoﬁ% Tt T e, b é‘riiL% é”agem;?er

and the like. As desgGlibed-abqve, i E§H¥%afag§®6gﬁré8 PQUé%% system the
t

proj ection exposure ap aratus an exposure net hod fncluding the

optical systemof thee;praviqusly; gENtE 9Red AMDQUIENL Sert NEaQRL Fals

dioptric imaging optical system;

a second imaging optical subsystem having a
concave reflecting mirror;

a third imaging optical subsystem having a
dioptric imaging optical system;:

a first folding mirror arranged in an coptical
path between the first imaging optical subsystem and
the second imaging optical subsystem; and

a second folding mirror arranged in an optical
path between the second imaging optical subsystem and
the third imaging optical subsystem;

said first imaging optical subsystem forming a
first intermediate image of the first surface into
the optical path between the first imaging coptical
subsystem and said second imaging optical subsystem,
and said second imaging optical subsystem forming a
second intermediate image of the first surface into
the optical path between the second imaging optical

subsystem and the third imaging optical subsystem.
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adj ust rent and nechani cal design are inproved. The aberrations begi nning
with chromatic aberrations can be fully corrected. For exanple, a
resolution of about 0. 1 (mor |less can be achieved by using a light wth
a wavel ength of 180 nin or less in the vacuum ultraviolet wavel ength
region. Particularly, in the previous enbodinents, the optical path

separation i di sposed i.n the vicinity of two internediate imges 109
whi ch are formedTBE  FRE A& Hifpr G487 TF FEnE RREDAG 15 MGFRG DHET c&° syst em

havi I it). ification, Thus, th t i i
naying. 3 oAy, Satal (UL oAV FRLLEn Ty LS DL eoenLul pyen on
-is, i.e., th f t, . t.it d i bl e.i b ti
oSt o DS ST SHPRILY (s SovREoPL e A Phce
facturi t d .. Mb in th facturing d of
Ut 2t Ur 00 0 FREnR050 AL EYCEy i LS, EON SELUEID . LN ©

met hod of th reviousl tioned i N roved m cro-devices can
be nanufact§¥£d§¥?§ ?ﬁ%e%pgﬁeévﬂgnogp ?g%?ﬁgééféﬁﬁﬁ‘ “which the optical

adj ust rent and nechani cal design are sinple. In addition, aberrations
beginning with chromatic aberrations can be fully corrected and a high

resolution of; abafe Q1,46 1 Un ! 85HFANrBE apfF ¥8E according to

claim 2, wherein said first and second reflection

surfaces are substantially 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 cone of said first
imaging optical systemand said second imaging optical

system has a aperture stop.

6. The projection exposure apparatus according to any
one of claims 1-5, wherein a pattern on said criginal
is projected on said photosensitive substrate with
moving said original and said photosensitive
substrate in the same direction with respect toc said

projection optical system.
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1.10 CLAIMS 1. A projection exposure apparatus for projecting a pattern on
an original to a photosensitive substrate through a projection optical
system conprises: the projection optical systemconprises: a first inmaging
optical subsystem having a dioptric inmaging optical system a second

i magi ng optical subsystem having a concave reflecting mrror; a third

i mging opti cal  sub ing a concave reflecting mrr
(et Tol i ng miPVOr S TRROGE AP Dbt Pcb B2 ERH bAEERCCRS it 61 magi ng
tical bsyst d he. d.i ' tical bsyst d

7ol i ng i 77 80 5 1 Bhge TSR optial WpRtALBer dhbn TREIERCond L REGInG.

opti cal subsyste&gp%t{trp tsgiijd %Ir@g%:ngi?%dnf@%négﬁbcsj%/ééfmsgzsa% first

i magi ng opti(?aqnsu systentformng a irs ate 1 nma t RS first

surface 11to o khengoti cilopatly et yeendthe L4 1oL ina) pOcARtifa! s psubsyst em

and sai d second 1magi ng optrcal _ } and said secon ing optical
subsystem Forgi.ng, gr SeRRe LALCLARM) Al ehTRORKAT LBA ULl 3Widf aged nto
the optical pat bét ween tHKe“secon I magl ng optical subsystem™and the

third imging ppLical,§ubsyshbeMcailkystem is arranged along a third

optical axis 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

orthogecnal in a direction cof 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 < |B2] < 1.20.

10. The projection exposure apparatus according to
any one of claims 1-9, wherein the following condition
is satisfied:

0.20 < Ipl /I1P1 < 0.50,

where a magnification of the catadioptric
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2. The projection exposure apparatus according to Caim1, wherein said
first folding mrror and said second folding mrrir have a first
reflection surface and a second reflection surface which are positioned
so that they do not overlap spatially. 3. The projection exposure apparatus
according to claim2, wherein said first and second reflection surfaces
are substantially flat. 4. The projection exposure apparatus according to
any one of GRfihEal- gysirel b 28FdnNadjaetibbn Bpdicaregsydtierrtdris a
reduced i mage of said pattern on said ,photosensitive substrate. 5. The
o ecti on SEHodite Bhpatat e GRS OPhd . SRPS BRGSOt 1ot AHE: 128 3nor ei n
at least one of said first inmaging optical system and said second i nagi ng
opti cal sysﬂ%h1has a aperture stop. 6. The projection exposure apparatus
according to any one of clains 1-5, wherein a pattern on said original 1is
projected on said photosensitive substrate with noving said original and
sai d phot ose ;ﬂti¥g s%pstéa%e in theosaqﬁadireggé¥hgwggczgﬁpfgt tQ sai d
proj ection ogt'ta §y§{éﬁ4 TE2°F SHR Skbjec?PBn eXposur é appara?us
according to _any one_ of claj,ns 1-6,, wherei n tical. I astricting
said first i r?ang\ynémopt iocfgl cslyas & ilsm{]gf ra‘“ﬂ%%aegﬁjonggéﬁggt%jo%§?2§% axi s
ext endi ng 'n§%tica1 system is telecentric optical system in the

both o0 the original side and the photosensitive

substreéte side and the concave mirror in said second

imaginc¢ optical system i1s arranged in vicinity of a

pupil thereof.

12. Thez projection optical system 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 mirror.

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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strai#t line, and an optical nenber constructing said third inmaging
optical systemis arranged along a third optical axis extending in a
straight line. 8. The projection exposure apparatus according to any one
of clainms 1-7, wherein: the first inmaging optical subsystemand the third

i magi nc optical subsystem have a common opti cal axis, and the first surface
and the second surface are_orthogcn b a direction of gravity. 9. The
proj ecti on e@bsuPBa ;?pir%%ﬁ%méc ﬁ ng“thc?r%}ﬁl ms 1-8, wherein a

magni fication P2 of the second _i.maginc apti c%l subsystem satisfies the

fol l owing conditi@n:SBc83% ?Bﬁfc 13%3.5 6 pr‘scﬁcé%f1 o B%BoSGr e

appar at us accordj

th fol
condition i ?%%{Sgﬂi éasaf(%ﬁol% ?§F Oﬂ‘tréﬁ} 9. %0 Eg‘\ﬁgrg A koyémf(g%“ on of

h d def fi

of the firet i &enﬁl%%iﬁ e d Séfsvi%tew‘i %2%. ﬁ%ﬁag %‘Hﬁg"‘o?%% 1553 ecti on
exposure apparat us_ac g{ Jeﬁ .t O an% one of llala Qemy'\/nerm n said

proj ection &ﬁji%af’ sfy em % eIJerE At i cp Fcal Teri'n the

15. The projection exposure apparatus of Claim 14,
whereir:
the second optical axis of the second imaging

optical system extends in a straight line.

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 c¢f the reflecting surface of
the second folding mirror is set up so that an optical
axis of the first imaging optical system, an optical
axis o 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 foclding 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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both o:= the original side and the photosensitive substrate to side and
the concave mrror in said second imginc optical systemis arranged in
vicinity of a pupil thereof. 12. The projection optical system according
to any one of clains 1-11, wherein: the first internediate inage is forned
in an optical path between the first folding mrror and the second

i magi ng optical system and the second internediate image is forned in an
optical pat h S%Et wen Fﬁg?second i magi ng optical system and the second

folding mrror. 13. The projection exposure a ratus accordin 0 _ claim
12, “wharein said fH  SREKELORALATCE nBUACE TGS AF6 Y o PBEeSE
opposite sides rough said_second i magi optical system respectively.
14" e proj = JS%CS%&Q&UPE_%OF& B §%§§T%ﬁ‘ﬁ@nso 47%%4 Sﬁedp%f‘ilbﬁai -
-13, erein:_ a second optical ,axis,o e second.imagjn op system
is orthogonalset%orégf G PP CRTRYT S Sé’fsr]:teh% %lor gthei rrtgféﬁ%éj olpr{'%l%gpgsystem
and a third ogptical , axis_of the third i magi ng optical system 15. The

projection e 68%h?%laﬁﬁﬁ?%?ﬁé of Claim14, whereir : the second optical

axis of the second imaging optical systemextends in a straight |ine.

18. The projection exposure apparatus according to
claims 1-17, wherein an image of said pattern is formed
in a pogition deviating from a position of a reference
optical axis of the projection optical system on the

phcotosensitive substrate.

19. An exposure method for projecting a pattern on
a projecztionoriginal onto a photosensitive substrate
via a projection optical system comprises:

d.recting an illuminating light in the
ultraviolet region to the pattern;

d..recting the illuminating light to a first
imaginc¢ optical system containing a dioptric imaging
optical system wvia the pattern to form first
intermediate image of the pattern of the projection
originel

d.recting 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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16. The projection exposure apparatus according to any one of clains 1-15,
wherein: an intersection line of an extension plane of the reflecting
surface of the first folding mrror and an extension plane of the
reflecting surface of the second folding mrror is set up so that an
optical axis of the first imaging optical system an optical axis o_= the
second i magi ng ciE)tl cal system and an t| cal axjs . of the third i maq.l ng
optical systé&RCc ﬂfieikél&,etr“é‘fdbﬁéep&lmrﬁg 150 al'ﬁ'%”pF‘Sj é@?lgdﬁ%%fébfzé
apparatus accordin a one! O, clains 1-.16, wherein e first folding
mrror has asé’a%tkeguf:f’é@éa PLPPelt PR F 61 11’“&9%%%%8?.%?@ bRAm %f?rmomthe

first inagi opti cal stemto the secan ng optical 115 system and
t he second fglgcﬂ'ﬁarﬁi rar%eﬁ%‘da %E?rg‘ﬁtdflzfc g‘? ting mirror for

fl b h , . ical he. third
Ilfmg?ﬁ;' "opti car s geten o EanSThBY B TER R Rk G Ch B AR E Bk drai ng o
1-17, .wh d patt f L
Gevi ati ng 11 IS bOSI (1BRIGE b FRTITNCEY ot ifcah ™ axis b -FRo TRBFBEL | on

optical systemon,Lbe iRNQLOSERSId] Y SRSLEhEe ! Tnd :PPO EgTRLNO0 for

projecting a pa
optical system and the second imaging optical system;

and

deflecting the illuminating light from the
second imaging optical system by a second folding
mirror arranged in an optical path between the second
imaginc¢ optical 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
said first and second reflection surfaces are

substar.tially flat.

22. The exposure method according to any one of claims

19-21, wherein said final image is a reduced image.

23. The exposure method according to any one of claims
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tion

original onto a photosensitive substrate via a projecti

system conprises: d: _recting an illumnating light in the

ol et

region to the pattern; d: recting the illumnating Iight

i magi ne optical systemcontaining a dioptric imaging optical
via the pattern to formfirst internediate ngeofthepanernoft
proj ection

TR §RE ERABNG | maGRAg oBPPCAIL SgStem t boREa HIME Al

S EEToA? TR R TR G T P e

i 11 uninating &
i magi ng opt i

fore, a seco
the first

opti cal

pat h

i magi ng opt|

second |nag|ng opt|

opti cal

i magi ng optica

path

ﬁf systen1conta#§p39 a dioptric inmaging optical system
Tn é) deflecting the illumnating light from

i magi nc optical systemby a first folding mrror arranged

P ef Redi At e®i

between the first imaging optical systemand the second

R . Slipbd r%e{gk%%téd‘% Ctg(]&f,a }Lh‘d;mc Bag h 9o hLOBE ¢1 Qg}ntsh

SYS y a secon i‘'ng” m ror arranged in
thygen“&ngrégﬁond i mgi ng optical systemand the third

the pattern on the projection original is
projected onto the photosensitive substrate and
exposec 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
19-24, 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 systemn.

26. The exposure method according to any one of claims
19-25, wherein an optical member constructing said
first imaging optical system is arranged along a

first cptical axis extending in a straight line, and
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system 20. The exposure nethod according to claim 19, wherein said first
and second folding mrrors have a first and second reflecting surfaces
whi ch are positioned so that they do not overlap spatially. 21. The
exposure nethod according to claim 20, wherein said first and second
reflection surfaces are substantially flat. 22. The exposure met hod

di t f.cl 19-21, wh df
?gﬁﬁﬁehn?mgﬁngegrﬁﬁ%bi&%@[ﬁ%ﬁf@%5&55&3&%9& oRe o P e 117
19-22, wherein at ast e of said first em and said
second i mag r?thon?F‘ aFy§3:setI%Hts ﬁat"sr%naﬁgr?glo@% Oﬁwteléﬁélogﬁrlg met hod

according to nt}/ a N g \?(féereln the pattern on the
proj ection ori’yihHl lnsg Jp’?of‘ec?t erdajoﬁ 5 frd*Dhot osensi tive substrate and

exposec. while the projection original and the photosnsitive substrate
are noved in the sane direction for the projection optical system 25. The

exposur e et hogl 40T ngs 10NN (AN, ofc £l AR, 19-24, ahergin:  Lhe d it st

folding mrror has a surface I NQ rror I'ng a beam
fromthe fi rsltg_égaglwr}lcéreggtl cal system to the second i magi ng opti cal

the first imaging optical system and the third
imaginc¢ 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 method according to any one of claims
19-27, wherein a magnification P2 of the second
imagin¢ optical system satisfies the following
condition:

0.82 < B2l < 1.20.

29. The exposure method according to any one of Claims
19-28, wherein the following condition is satisfied:

0.20 < [Pt /iBI < 0.50,
where a magnification of the catadioptric
optical system is defined as P, 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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system and the second folding mrror has a back surface reflecting mrror
for reflecting a beamfromthe second inmaging optical systemto the third
imging optical. system 26. The exposure nmethod according to any one of
claims 19-25, wherein an optical nenber constructing said first inmaging
optical systemis arranged along a first cptical axis extending in a
straight |ine, and 118 an qpt--cal,k nenber constructin aid third i, magl ng
optical syst dii4lar r%@éﬁlé’i 0§14 t RFPd Ssptt REl %&Fég ;téﬁﬁltr‘?dnl i a

t ht | 27. Th th d t |
0. 26 wher o571 R8T RIS DGR A DREFE < BySRBIaND Thé TR 1 Rag: ne

optical system have nmon opti cal the first. surface_ and the
second surfacd ‘?ealaat I%lglgforé}? ?ﬂs§ncﬁlr %:Yfeoﬁu% Srabfe 0%8 e®8Xposure
met hod according to any one o, cl ai wher ei.n a. Cganifé cgrt n P2

of the second®Tnagfnt 5&?%61%“5%}58”?35 Sdf iNaging eptA s oL g8k on
0.82 < IP21 < 1. 20, d f !
touss whor et 1RBEFEES BE Yo TR G B Epd, Khd LB, one of Gaim

31. Th2 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
said first and second 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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0.20 < IR /i3l < 0.50, where a magnification of the catadioptric
optical. systemis defined as 3, and a magnification of the first inmaging
optical systemis defined asp 1. 30. The exposure nethod according to any
one of clainms 119 19-29, wherein said projection optical systemis
telecertric optical systemin the both of the original side and the

phot osensitive substrate side and sar}?‘ concavecgi}rror in éfl d sefc;c‘)ind

i magi ng opti A - syt @BmeXROSMTEgEE T HOTi cF AFLF B A pupi It Réfeof 731, Th=
exposure nethod according any one of clains 19-30, wherein: the first

i nternedi at e WHeg®ifs formed in an optical path between the first folding
mrror and the second inaging optical syste and the second internedi ate
imge is formed intaf %%Fgéléji 1fjhcﬁ‘éft\i%?s S{Thg ST EG nd° dBt el
system and the second fol din irror. .32._ The_expqosure. et hod according to
claim 31, mhé’rpeﬁhcagaisd’sf??@t %ggae%(g%oﬁ& iant%gﬁ%&iggiste ?ﬁﬁnge's are forned at
opposite sides through said second i magi ng optical systemrespectively.

33. The exposure nethod according to any one of clains 19-32, wherein: a

second opti CaSJS.a)&ihse ()efxpgc?Su§%CBQtho@%i&:gording 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 so that an optical
axis of the first imaging optical system, an optical

axis o7 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 positicn
deviating from a position of a reference optical axis
of thegrojection optical systemon the photosensitive

substrete,

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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optical. systemis orthogonal to a first optical axis of the f first

i magi ng optical systemand a third optical axis of the third imaging
optical system 120 34. The exposure nethod according to C aim 33,
whereir.: the second optical axis of the second inmaging optical system
extends in a straight line. 35. The exposure nmethod according to any one of
d ai ns 19-3@,r wherein:_an_ intersection |ine,of an_ extension plane of the
reflecting sur¥ adeMePAARCERELN S BRGNS A PHE T anded &G &5 Rh BFEne of
the reflecting_surface of . the second folding mrror is.set up so t hat an
optical axi € off THRIFPPOL T Ry R§SSpbrddd (T &R O ARSEFCEATPARIE0: - the
second i magi ng o tigal §¥sten1and ag optical axis of the hj{@ i magi ng
optical syst &RPFheEPSeT CGP T8HE Dot At 27¥6. O Fhe “dx Sosit RS et hod" accor di ng
to any one of clainms 19-35, wherein the final inmage is formed in a
position deviating froma position of a reference optical axis of the

manut act ur i ng et R84 SR BLoRb ot 582 St e T Gtk hfocess
using the prqjgetion, SXPOSULE (B NodRGHY dL 0P she ANV ORB s &5 2i M 19- 36.
al. least one reflecting surface arranged between
the first surface and the second surface,
the reflecting surface comprising 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.

40. The imaging optical system of Claim 39, 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.

41. The imaging optical system according to Claim 39
cr 40, wherein:
the correction film has a dielectric multilayer

film.
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121 38. A manufacturing nethod of mcro-devices conprises a lithographic

process using the projection exposure apparatus according to any one of

clainms 1-18. 39. An inmging optical systemformng an i mage of a first

Surface onto a second surface, conprises: at: |east one reflecting surface

arranged between the firstt surface and the second surface, the reflecting

surface conpr,.si a netallic r%flective il mand a corrqgtion fil.mwhich
I

is arranged o t heSmel@diR9r 8PFdGA Ve Y PFAMaRf Cof Fal% T3 Phds8ne

difference caused by a diffecence of deflected state possessed by a
reflected Iiéﬁf ?}BﬁfF%gé%eg Vlﬁﬁje?gﬁpéctive film 40. The inmging opti cal

system of Cl aim 39, wherein:..the rrecti fi r.ect ar
characteristic of t 53Bﬁ%gﬁlﬁ%FfE?ggéﬁﬁbﬁﬂgg%ﬁ%@q%ﬁgEa§?¥$§@gﬁ€£gg )
defl ected states possessed by the reflected light fromthe netallic

reflective filmso as to obtain a desired distribution. 41. The imaging
has o di of sctrl o mire HRER ) PR ghy e e P b AR T
according to any. 00¢, of36L 8,5 395 41 pwher ein:
the reflecting surface is arranged on the optical
folding mirror for intersecting optical axes before

and after the reflecting surface intersect with each

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 according to any one
of cla.ms 39-44, wherein the image on said first
surface 1s 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 projection optical system, the image
of said projection original arranged in a first

surface on the photosensitive substrate arranged on
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the metallic reflective filmcontains alum num 43. The inmagi ng optical
system according to any one of clainms 39-42, wherein: the reflecting
surface is arranged on the optical folding mrror for intersecting optical
axes before and after the reflecting surface intersect with each other.
44. The imaging optical systemaccording to any one of clains 39-43,
wherein the imaging optical system  for an, image of the first surface
onto the sec@ncﬁeggffjacgé"rgﬁgézd dhshngaﬂﬁ iblﬂaﬁgnf-boolﬂﬁfc&l | R4S eH5. The
i magi ng optical tem accordi ng to_any one wherein the
| mge on oai & 455 LR AL PatEY OFs TRl 30 HA5iAT G or e gCF Pom &
position of a reference optical axis of the projection optical. systemon
the second sfHatE2 468 YA BPoj ecti on exposure apparatus for projecting a
pattern on a projection original on a photosensitive substrate using a
projection optical system the imge of sail projection original arranged

ina first u;fa eﬁég?iggtphqgosen5|tlve suq§§égt%o%rr 98 %cﬂﬂl ésone of

secord surface, imagi ng 6ptT cal system accor to an

erhod tor o 28l BRO Bl ot IR SA ¢ 18Tk b gwsgegéa?@lwosure

met hod for pgbjec ing a rr-on'a j ectionori gina
phot osensi ti Eibstrete using a projection optical system

comprising a step of:

projecting an image of the projection original
arranged on the first surface on the photosensitive
substrete arranged on the second surface by using the
imaging¢ optical system according to any one of Claims

39-45 s the projection optical system.

48. A projection exposure apparatus for projecting
a pat-ern on a projection original ocntc a
photosensitive substrate, wherein the projection
optical system has at least one reflecting member
arranged in an optical path between the first surface
and the second surface, and said reflecting member
reflects a light so that a phase difference between
a P pclarized component and a S polarized component
for the reflecting member substantially dces not exist
when the P polarized component and the S5 polarized

component come to the photosensitive substrate.

49. The projection exposure apparatus according to
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substrate using a projection optical system conprising a step of:
projecting an image of the projection original arranged on the first
surface on the photosensitive substrE to arranged on the second surface
by using the imaginc- optical systemaccording to any one of Cains
39-45 z the projection optical system 48. A projection exposure apparatus

for projectin a pattern on a ection original onto a hot osensitive
substrat e, \Mﬁg'rééjrlﬁ 1%e ‘p‘?%F@éﬁ éﬁl pEickgct s?%t BRREE éte’f%‘gﬁt Soﬁgle
reflecting rrber arral nged ip_an tlcal ath between the first surface
and the secord SRF &N g BARE & SEECRT SHiC Rerbar Soray 1 20ed BT FORE o

that a phase ffer nce bet ol ari zed, conponent and a S pol ari zed
conponent t‘PfEfﬁ te‘*’c‘? V%ar?eerrb‘e?e uﬁlﬁtan?i{éﬁl%y does not exist when the

P pol ari zed corrponent and the S polarized conponent conme to the
phot osensitive substrate. 49. The pr oj ection exposure appar at us accordi ng

to 124 d ai m erein sa!: r gl refIectC_ﬁsc'%rg)erdlnghtt so that
a phase di ffe5r ehc Eal?sreodj%y (ﬂf?’é?gr‘? oar‘paeﬁ Tt 20 SERE Wdds ot

exi st. 50. Thel%)r ole ti on ﬁgposqﬁl;egrgppar% C? 98%Cife|dc§€1?néomfe?4 i anﬁg or 49,

wherein said 1€ Jrlgctlng fre amtalticrré

correction i MWhich; o1 e #1EAGSH Y IRGARLALL G &L §6LE Yl b1 3N

is arranged on the metallic reflective film and
corrects a phase difference caused by a difference
of deflz2cted state possessed by a reflected 1ight from

the metallic reflective film.

51. The projection exposure apparatus according to
Claim 0, wherein:
the correction filmhas a dielectricmulti-layer

film.

52. The projection exposure apparatus according to
Claim 50 or 51, wherein:

the metallic reflective film contains aluminum.

53. The projection exposure apparatus according to
Claim £8, wherein:
saidreflecting member reflects the 1ight so that
an angular characteristic of the phase difference
caused oy the difference of deflected states possessed

by the reflected light from the metallic reflective
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corrects a phase difference caused by a difference of deflected state
possessed by a reflected light from the netallic reflective film 51. The
proj ection exposure apparatus according to C aim~0, wherein: the
correction f ilmhas a dielectric nulti-layer film 52. The projection
exposure apparatus according to Caim~~50 or 51, wherein: the netallic

reflective filmcontains alumnum 53. ThE progjecti.gn exposure apparat us
according to tjlg%i ﬁffé’,m%e?:& € s 4P % tghﬁ%ﬁéﬁ%‘éYlBET'l ects the |ight
so that an angular characteristic of the phase difference caused by the

difference of deflected states possessed by the reflected light fromthe
nmetallic reflecti 125 fil mbecones to he a desired distri i on. .54. The
proj ection eép%‘sui(geaﬁpraq}ﬁﬁ lé’&o?ﬁ?ﬁéutroe %%961533110? %fggiotn}tlsg)'lfgg%g?)

wherein: the reflectin sgiface iqsagggan%%d?fgikhe optical foldinc mrror

for int ersectainn\ﬁ %Bfi Sal ax@sMbefor e”~4n er 'the reflecting surface

intersect with eac 0 . h ject .o r cordi ng
to any onE of cIgihn%ggg%i?é%g%?g?gtcﬁeegFn%@?élgao%g{?ggﬁpgy g?ncf%grns an
| mage of thefolding mirror for intersecting optical axes before

and after the reflecting surface intersect with each

other.

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 1is
formed in a position deviating from a position of a
refererce 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 original
to said photosensitive substrate through at least one

reflecting member; and
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first ,srface onto the second surface based on a radiation of 200 nm or

| ess. 56. The projection exposure apparatus according to any one of clains
48-55, wherein the final image is formed in a position deviating froma
position of a reference optical axis of the projection optical systemon
t he photosensitive substrate. 57. A projection exposure nethod for

proj ecting and expos] a.pattern on rojection orjginal onto

phot osensi ti ve sub§te?%][]‘g‘?t&6‘r?pr S%Pes?llﬁg‘rgt”éjpggoﬁ: rﬁaéjsgﬁél% T?@ﬁ? % rom
the projection origiinal to said phptosensitjve substrate thr.ough_at, | east
one "ref Lect ARy Fbters AHPE96 ot TECEAT  RECHARE @ th R Teehhg
menber so that a hasg:r difference, bet en .a P,pol ari zed conpgnent t%@d asS

\Rﬁl ari Zﬁd (F:)orﬁ%l ?‘%_ PEE M r2f %ctﬁ)ﬁ r?é‘r‘?bele(fJ SUBCPIRE &Y | y"dbes not exi st
en t t t . i J h
€ F RQ t?%{aé% 1@%;?%1@Egr and the s.pgl 135, L&ggf,hgg'{p%qgn +CQAR L0 the

sensitive subst roj ectl on expos according to claim

57, wherein saidl reflogilng spaberhas & fetallic (et ectiye f1)and a

correction filTmwhich is "arrang e netall'ic refléective m and

corrects 2 RMARoLHeranne causefle bxca M {pLencp of ekl ected state

possessed by a ecte ght" Tromthe nmetalli r ective film

58. The projection exposure method according to claim
57, wherein said reflecting member has a metallic
reflective film and a correction film which 1is
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.

59. The projection exposure method according to claim
57 or t£8, wherein:
the correction filmhas adielectricmulti-layer

film.

60. The projection exposure method according te claim
58 or 59 wherein:

the metallic reflective £film contains aluminum.

6l. A projection exposure method for projecting a
pattern on a projection original on a photosensitive

substrate using a projection cptical system
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59. The projection exposure method according to claim 57 or _~ 8, wherein:
the correction filmhas a dielectric multi-layer film 60. The projection
exposure method according to claim 58 or ",9 wherein: the netallic
reflective filmcontains alumnum 61. A projection exposure method for
projecting a pattern on a projection original on a photosensitive
substrate using a Erojection OQFicaI %ysten1127 conprising the steps of:
passi ng the F%%%Er FIMS helBr §j'&&RT oitoriginal to said photosensitive

bstrate th h at | t flect. nber ; d.reflecti t | i ght
pubstrate ThToUSh gl | et ONge {SRSCUA, WHbSL.o A0t el el aggbite 110
e

di fference caused .by the difference of deflecte st at es_poss e t he
Fefl ected | gt PrOMETHE: SParect 1 Rg MeRBGr et o F5Roa el sacr 80°
di stribution._ 62, The projectiaqn expgsure method according to any one of
cl ai ns 57-61}‘%%%? Fﬁfﬁ{ﬁéeWéFféct?ﬁé surface is arranged on the opti cal

foldine mrror for Jerseting optical @xep: Reborg r A0 AP miBe -

reflecting surface’i eac

so thaz: an angular characteristic of the phase
difference caused by the difference of deflected
states possessed by the reflected light from the
reflecting member becomes to be a desired

distrikbtuticen.

62. The projection exposure method according to any
one of claims 57-61, wherein:

the reflecting surface is arrangedon the cptical
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 cnto the

second surface based on a radiationeof 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

128



63. The projection exposure nethod according to any one of clains 57-62,
wherein the imging optical systemforns an imge of the first surface
onto the second surface based on a radiation of 200 nm or |ess. 64. ThE
proj ection exposure nethod according to any one of clainms 57-63, wherein
the pattern is projected in a position deviating froma position of a
reference optical. axis of the projection optical systemon the 128
phot osensi t | P SupSE Nt 185, SNt 58F6ptric optical systemfornming a
reduced inmage Df a first surface onto a second surface conprises: a first
i magi ng optical subsystemarranged in an opti:al path between the first
and second s aces, and.having a first optical axis a second imaging
opti cal subs;g{em r?%ﬁ%gHQH¥r§kl%B%Fgﬁl[ﬁﬁ?F%@t§8§W%ﬂﬁcffﬁ?chgﬁQging
optical subsystem and sai d second surface, and having a §ONcave. .o
reflection mitd?€and a Sedond® bptTRAf 258 s P4 @ hir d Pyl g Opt T 841
subsystem arranged.in _ an optical path between said secon inaging optica
subsyst em an¢ 8t5&Cnd surface, and having a third optical axis; said
first imaging optical.subsystem hayin | 0 G, d [ i cal .system
a %ﬁ¥%§llma 1ﬁgt8%ficgi Qb%&iﬁﬁ?ﬁcggfgﬁéga iy

said third imaging o TUsunsy having a i melgi ng opti cal
an optizal 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 secon imaging optical
subsystem and said second surface, and having a third
optical axis;

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

arranged on a common axis.

66. A catadioptric optical system for make an
optica.ly 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

129



system and said first and third optical axis being arranged on a conmon
axis. 66. A catadioptric optical systemfor nake an optically conjugated
rel ati onship between a first surface and a second surface conprises: a
first imaging optical sub-systemarranged in an optical path between said
first and second surfaces 129 and having a dioptric inmaging optical system

a second imagi ng optical sub-systemarranged in __an optical path between
said first i n@gﬁﬁfﬂkaﬁ 8%8 A %a?8t§é€5ﬁdsgﬁﬁf§%b and havi ng

2, coneave, rofl ecton Lt lor LT 10 99U Lcal gty Syt o anged
Faid second surigce.and Naviio o, JLOR S ERALIO gpLhele Systom e T st
optical sub system, ou sgidseeon Lma 1o oR(LElesubysvshem and e
oL optl col, SbLoysl e and g s ol optical sub-system

o P ot S En o g0 TREL10 O £75 c 8PSl fgbANd o2l
gi ne opti cal sub-syste nd thére Is a position
an optical path between said second imaging 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 imaging c¢ptical sub-system; and

a second folding mirror arranged in an coptical
path between said 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 said second
imaging optical sub-system, and there is a position
optically conjugated to said first surface in the
optical. path between said second imaging cptical

sub-system and said third imaging optical sub-system.
67. The catadioptric optical systemaccording toclaim

66, wherein the magnification of said second imaging

optica.. sub-system 1is about one.
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optically conjugated to said first surface in the optical. path between
sai d second i magi ng optical sub-systemand said third inmaging optica
sub-system 67. The catadioptric optical systemaccording to claim 66,
wherein the magnification of said second imaging optica-_ sub-systemis
about one. 130 68. The catadioptric optical systemaccording to claim 67,
wherein a magni fication X32 of the second imaging optical sub-system
satisfies t h%nﬁr o PGV ARG &bhaPtEdic OP§ iR k sg@ztlera alcczgrdegng ¥Reclaim
r-atadioptric optlcal systen1accord|n%_ aim 66, wherein: the second
t

i magi ng opti &’ UBRYSEEMPhES Sl fageti %e%twé FERSEY HRITRE
catadioptric 0 tlca tem ccordl wherein the second

i magi ng opti & ’sﬁBéy# N ES e%fsalteJ%%l?\ﬁb%@g%?f%@“llé}%gé’.“ t1%he
catadioptric optical sy ;ggga ?Eg ng t %balﬂl 66, wherein an inmage of
said first surface is fo 0sit1o deviating froma position of a
reference optical axis of said catadloptric optical systemon said second
surface. 72. The --atadioptric optical systen1according to claim 71,

wh d t I .sai d
fi re;tel gu??;cgc%ln%%?gg?ggdon ggrcf§§§5%3 13/Bred JE84£8d ng@geC?g 3
66, wherein:

the second imaging optical subsystemhas at least

two negative lenses.

70. The catadioptricoptical systemaccording toclaim
68, wherein the second imaging coptical 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 position of a reference
optical axis of said catadioptric optical system on

sald second surface.

72. The catadioptric optical systemaccording toclaim
71, wherein said catadioptric optical system forms
a reduc=d 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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73. The catadioptric optical systemaccording to claim71, wherein a first
internmediate image of said first 131 surface is formed in the optical path
between said first inmaging optical sub-system and said second inmaginc
optical sub-system and a second internediate imge of said second surface
is formed in the optical path between said second imagi ng opti cal
sub-system and said third i magi ng OE'[I cal sub-syste The catadioptric
optical syst&HbBFaefailm 780 Mgk rt hf“‘hé’Ff%Jr‘FBjm nBFﬁWcﬁ?rﬂ s58af sfi ed:

I L1-L21/1L1l _<0.15, where a first distance be vveen the fir |nterrred| ate
i mge and théflc%%Eavé“?%FPSCt?ﬁﬁlrﬁar of UBi $ hat&8c ol i%b%ne?etd fi%cal
sub-system along the opti.cal axis is _defined as nd second _di stance
bet ween t he %%anlﬂPéﬁ'ﬁéad]l St |%§Ee&hdapﬁeac§ﬁ€89§ ?E?'Ieerd??ﬂb gl Srror

in the second i ma ti.cal subsystem al on t.ic axis.is deflned
b Lo 750 CTHEEaE aa coRt Fe o860 |5%’§/£n?8ﬁ1 BecbPams o e iR 813 her ei
the catadioptric }gtl cal systegl S a el eceritric £ ﬁt |lcal s_yster@e%n bot h
sides of theB®4%Rt egl‘ﬁ'refedbes%ﬁ Pﬁé:osré oA SRt HRd Ls SM%F T 48 HERe

fol |l owi ng cond| i on: di st gnce bet ween a

surface of tr‘?él iped 9 rEFﬂ'?;’rﬁa lé'}ﬁqjcrég ? ijsil%ie%u n sétyrms ‘i mage si de and

an exit

74. The catadioptric optical system of Claim 73,
whereir. the following condition is satisfied:
|IL1-L2|/|L1| <0.15,

where a first distance between the first intermediate
image and the concave reflecting mirror in the second
imaginc¢ optical sub-system along the optical axis is
definecl 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 LZ.

75. The catadioptric optical systemaccording toclaim
73, wharein the catadioptric optical system is a
telecentric optical system on both sides of the first
surface and the second surface, and satisfies the
follow:.ng condition:
{E - DI /IE} < 0.24,

where a distance between a surface of the first imaging
optica. sub-system on a most image side and an exit

pupil position along the optical axis is defined as
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pupi |l position along the optical axis is defined as 132 E, and a distance
by air conversion fromthe surface of the first imaging optical subsystem
on the nost inage Eide to the concave reflecting mrror in the second

i mgi ng optical subsystemalong the optical axis iE defined as D. 76. The
projection optical systemaccording to claim 73, wherein: the first

i nternedi ate in%gg is formed in an optical path begmeen he firfgc%plding

mrror and tfe HEEohdE T REGTF P ithf SHRVSYSIER! ARE™ A& Setohd

opt 1 cal oty SUB S T hel BERAE + BBl S HBE Y SFE N TRE i Rdnagtr | co
oht stied 0 LRFSE TT3HY 1991 H% S Candr & o PaGH TG At oot theche o 'S
Frret hmging Spv ar mam s b et Roribi el B Ohs eiPadtric™

opti cal syst%ﬂkﬁgcggmdng eghggnD67, wherein all |enses constituting said
first imaging " optica-~~sub-systemand all |enses constituting said third
i magi ng optical sub-system are arranged al ong 133

76. The projection optical system according to claim
73, 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 catadioptric optical systemaccording toClaim
66, wherein the following condition is satisfied:
0.20 < |Bt /1Pl < 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, whereinall lenses constituting said first imaging
optica. sub-system and all lenses constituting said

third imaging optical sub-system are arranged along

133



a single optical axis. 79. The catadioptric optical systemaccording to
claim 78, wherein an optical axis of said first imging optical
sub-system and an optical axis of said third inaginc optical sub-system
are co-axial. 80. The catadioptric optical systemaccording to claim 66,
wherein: 85% of the nunber of lenses in all lenses constituting the
catadioptric optjcal systemare arranged along the single optical axis.

81. The catadi optRPd CotRehfadyd%hfof Caim 66, whereir a reflecting
surface of the first folding mrror and a reflecting surface of the second
folding mrror are positioned so that they do not overlap 82. The

it er secti on 13 nd Gt CoF 4t SRS o BPETE T SXTESParT BFPIG BaPr aba Bt th
on i e
first foldi ' d t ensi I h | iny - f f
the second P%ﬁ&% RGETEY PO o Chpado ThaP A opfichi®’ axrs GFEdAd irst
i magi ng optica b- tical. i i d. | I
opt ol sub: Y BT aNa et ERLFEaR sk S PR tnRd Y gt SpPPAZE system
134 intersect, . one %%:jtnlt_.c §3_.5u h_escgtt%qd Oé)#él goq%t)lfgi _system according

r ca a

Claim 66, whErefn “sai‘d catadioptric opti systemis
80. The catadioptric optical systemaccording to claim
66, wherein:
85% of the number of lenses 1in all lenses
constituting the catadioptric optical system are

arranged along the single optical axis.

81. The catadioptric optical system of Claim 66,
whereir 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 projection exposure apparatus according to
Claim ¢1, 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
optical axis of said second imaging optical sub-system

and an cptical axis of the third imaging optical system
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telecer.tric optical systemon both sides of the first surface and the
second surface. 84. A catadioptric optical systemformng a reduced i nage
cn second surface conprises: a first inmaging optical sub-systemwth a
first optical axis, which is arranged in an optical path betweer said
first surface and said second surface and has a dioptric inmaging optical
system a second i magi ng optical sub-systemwth a concave reflecting
mrror and ald¥c®Rhd€opt ithl 8% £°1Whirch i s arranged in an optical path
between said first imagine- optical sub-system and said second surface;
and a third imagi ng optical sub-systemwth a third optical axis, which is

d i tical th betw : id d i i ot i :
SUb- Syst em ad - ShRS Saba QB Face AL PAS 3 Uk Bt 11 CCPRAGTG GbeTal
system where the first, optical, axi,s and Ehe second tica%. axi s
i ntersect witH eath®stet a%%l?h&%&%@hap dpt§ c8P*? and T He thi fd
ti I i i nt t wth ther. 135,85.. A t adi tri ti I
oystom for m g W T ERGCA THaGasdn SaRGT CTLFRAgE Yo ebarhe f Phee

| magi ng optical sub-syst ith a first optical axis, which is arranged in
an optical pﬁHfface LAEMWE R S S LSS OPEL&C

84. A catadioptric optical system forming a reduced
image ¢n second surface comprises:

a first imaging optical sub-system with a first
optical axis, which 1is arranged in an optical path
betweer 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
imaginc 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
betweer. said second imaging optical sub-system and
said second surface and has a dioptric imaging optical
systemn,

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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betweer said first surface and said second surface and haz a dioptric

i magi ng optical system a second inaging optical sub-systemwth a concave
reflecting mrror and a second optical axis, which i s arranged in an
optical path between said first inmaginc optical systemand said second
surface; and a third imagi ng optical sub-systemwth a third optical axis,
which is arranged in an optical path betweer said second inmagi ng opti cal
system and said second surface and has a dioptric inmaging optical system
where the first optical axis and the ,thiid optic?# axi.s are ogitioned on
a common axi $° 86" ThEAGHIIT BpEr PO WPt 7 taf Yy QAERIFE My ‘{)% BF&m ss,
wherein an image of said first surface is forped in a pcsition deviating
froma posititdHEdF A7 FTeRCe SWpt?E8I COBEEIBF5%€ai d cat adi optirc opti cal

systemon said second surface..87. The catadioptric optical system
according to clai m® gé,r%he’ﬁ‘é?ﬁlggi 895&%% opt¥i ('?y&;ﬁ‘?rga"flgbs?eﬁﬂrgrtrm 136
a reduced i mage_ of ﬁai d first. surface on said second surface, 88

NEEE

catadi optric % Syt am f"grl%k%saﬁrroapr??% I Ilfﬂ caorhj ﬂaatleccfl J?e]P%{:t%ihonshi p
bet neen a 11 kolyp SHE 358 8153 Seoond 3uif 68y CQURIY SeéoRd 145t gRY! oal
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
imaginc optical system and said second surface; and

a third imaging optical sub-system with a third
optical axis, which is arranged in an optical path
betweer 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 catadioptric optical systemaccording to claim
85, wherein an image of said first surface is formed
ina positiondeviating froma positionof areference
optical axis of said catadioptirc optical system on

said second surface.

87. The catadioptric optical systemaccording toclaim

86, wherein said catadioptric optical system forms
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pat h between said first and second surfaces and having a dioptric imaging
optical system a second optical sub-systemarranged in an optical path
between said first optical sub-system and said second surface and having a
concave reflection mrror; a third optical sub-systemarranged in an
optical path between said second optical sub-systemand said second

surface and having a dioptric optical stem a first folding mrror
arranged in &n rc?d%‘ilﬁﬁg lﬁﬁ‘tiﬁe bcéfv%%hdsiﬁdtsﬁ rss“lr%ﬁﬂecéfln S LyIEERTEnd sai d
second opti cal sgb-systenl and a second folding mrror arranged in an
optical patP'betWEEn said second optical sub-systemand said third

optical sub-system whereir. there is a position optically conjugated to
said first surface in the optical path between said first optical

cub- syt em an <2l segpnd omd ook gUbeval e a0d here | sy gmosttlon

optically conjuga e in € optica 13 et weer

said second qpii cal13ub- systemand oo L oRtcalc sybeaval el (8. The

catadioptric 6b é&st 0 clalm erern said ird

optical sub-system comd sgss 3 @PLLILGdIRALpE Rt cal system and said
first and seéecond sSurfaces has a conjugatég?repaplons Ip

a first optical sub-systemarranged in anoptical
path becween said first and second surfaces and having
a dioptric imaging optical system;

a second optical sub-system arranged 1in an
optical path between said first optical sub-system
and said second surface and having a concave
reflection mirror;

athirdopticélsub—systemarrangediJ1anoptical
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
second optical sub-system; and

a second folding mirror arranged in an optical
path between said second optical sub-system and said
third optical sub-system,
whereir there is a position optically conjugated to
said first surface in the optical path between said
first optical sub-system and sald second optical
sub-system, and there 1s a position optically

conjug:ted to said first surface in the optical path
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t herebEt ween. 90. The catadioptric optical systemaccording to claim 88,
wherein the magnification of said second inaging optical sub-systemis
about one. 91. The catadioptric optical systemaccording to claim 90,
wherein a magnification P2 of the second imging optical sub-system
satisfies the following condition: 0.82 < 132l < 1.20. 92. The
catadioptric optical system according to._claim_ 88, whE -rein: the second
gt ngopt | EHCeEREy SHaA Reg et ot 3t hagats vt andete Tgat PEed
catadioptric optical s ten1a%cording to claim 88, wherein an i mage of
said first sﬁ?1éﬁgaﬂsé¥§?ﬁﬁﬁs i"-a position deviating froma position of a
reference optical. axis of said catadioptirc optical systemon 138 said
second surface. 94. The catadioptric optical systemaccording to claim 92,

wher ei n sai d LAt gl OBLLI L ORLEGA. SYSLR { QIR o JEOUER] gTRgec O ;5

first surface on“sai d second™ surfa optric optical system

accor ding 10 ai 88, wher ehn. g1fid st d pLenmedial e, Loage Ofy spi dold st

surface is forne e optr1cal pat ween said Irst optic

?ﬁggiyiﬁ em and 3l g F9E0RhWPEA G p e I IS SLnDf A 39CPNFS L BkeniRdi ate
second surfaces has a conjugated relationship

therebetween.

90. The catadioptric optical systemaccording to claim
88, wherein the magnification of said second imaging

optical sub-system is about one.

91. The catadioptric optical systemaccording toclaim
90, wherein a magnification P2 of the second imaging
optical sub-systemsatisfies the following conditiocn:

0.82 < {B2] < 1.20.

92. The catadioptric optical systemaccording toclaim
88, wherein:
the second imaging optical subsystemhas at least

two necative lenses.

93, The catadioptric optical systemaccording toclaim
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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second surface is forned in the optical path between said second optical
sub-system and said third optical sub-system 96.
Thecat adi optricopti cal syst emaccordi ngtoC aim 89, wherein the foll ow ng
condition is satisfied: 0.20 <1 PE/IP 1 < 0.50, where a magnification of
the catadioptric optical systemis defined as 3, and a magnification of
the first optical sub-systemis defined as(3l. 97. Tr,e catadioptric
optical systé&fHcBFGi t3UCEBSiSm 87, wherein all |enses constituting said
first optical. sub-systemand all |enses constituting said third optical
sub-system are arranged along a single 139 optical axis. 98. The

im 97, wherein

catadioptric optical systemaccarding.to ,clai n opti.cal axis
of said first qg‘p:ri%ceaf:ayt l—%?itrérﬁ gﬁgla%]oﬁtyisc%?ma%ﬁ%oﬁjlsnaﬁ gotlc"n% %opti cal
sub-system arge, co-axi al.. 99. .The cat adi optri i.C S C ing to
claim 87,\M?r%i%86§§%Qﬁs?ﬁg ithbar * 8P %ﬁéeggk&éﬁ% %gﬁgg%? gg%gﬁituting
the catadioptric i cal. te AT e t i.ngl e i.cal

axis. 100. THe rcea(ﬁg%?gp Fnlsay eopﬁg% lgyétlg%gco%‘%glg%%g,% %\ﬁrr%!} GSI%QQE;;]%&
reflecting s n%@ggcgf the first folding mrror and a reflecting surface of
the second folding

95. The catadioptric optical systemaccording toclaim
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 catadioptric optical systemaccording to Claim
89, wherein the following condition is satisfied:
0.20 < {BI /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 aspl.

97, Ttre 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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mrror are positioned so that they do not overlap. 101. The projection
exposure apparatus according to Caim 700, wherein: an intersection |line
of an extension plane of the reflecting surface of the first folding
mrror and an extension plane of the reflecting surface of the second
folding mrror is set up so that an optical axis o:: said first optical
sub-system an optical axis of said second optical sub-system and an
optical axi SREECRhe3hiTd optical systemintersect at one 140 point. 102.
Tze catadioptric optical systemaccording Claim 89, whErein said
catadioptric optical systemis a telecertric optical systemon both sides

of the first surface and t second .
98. The catagioptr?c %ﬂgfﬁgl %gStem according to

claim 97, wherein an optical axis of said first optical
sub-system and an optical axis of said third optical

sub-system are co-axial.

99. The catadioptric optical systemaccording tocliaim
87, wherein:

85% of the number of 1lenses in all lenses
constituting the catadioptric optical system are

arranged along the single optical axis.

100. The catadioptric optical system of Claim 88,
whereir. 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.

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 o said first optical sub-system, an optical
axis of said second optical sub-system and an optical

axis o the third optical system intersect at one
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point.

102. Tne catadioptric optical systemaccording Claim
89, wherein said catadioptric optical system is a
telecertric optical system on both sides of the first

surface and the second surface.
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