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5 DESCRI PTI ON FP3i- 0174- 00 CATADI OPTRI C OPTI CAL SYSTEM AND EXPOSURE
APPARATUS TICAL SYSTEM Techni cal Field The present invention
relates to m mﬁ‘m”@r optical system and an exposure apparatus havi ng
said optical syste peC|aIIy a high-resol ution catadi opt riftt¢iyQe/4-00
proj ection optical *8ystemsuitable for a projection exposure apparatus

used in a 1 raphlc process for manufacturing devices, such as

sem conduct lWﬂH“ﬂﬂy ﬂm evices, liquid crystal display devices or the

| i ke. Backgroun t he photolltho hi c ocess for 15 nmanufacturing
sem conduct or déVWE%s and so ®n; %&?f 55 e apparatus in which a

reticle” her eaf t eRP ] DQRGOGH ont%&fﬁéh SRR AN R
Systom ave BUSRAORRGTS RTINS RER1 B at%e%%"@ﬁoﬁé@ﬁ%iﬁﬁi on) Fequired for

the projecti ti.cal of the projection exposure apparatus has
been |ncreasglge'ﬁﬁpé fnl r’r‘b?g‘ra in order to inprove the integration | evel of

5 The present invention relates to a catadioptric
optical system and an exposure apparatus having said
optical system, especially a high-resolution
catadioptric type projection optical system suitable
for a projection exposure apparatus used in a

10 photolithographic process for manufacturing devices,
such as semiconductor devices, devices, liquid
crystal display devices or the like.

Background Art
In the photolithographic process for

15 manufacturing semiconductor devices and so on,
projection exposure apparatus inwhich apattern image
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

20 the like via projection optical system have been used.
Then, the resolving power (resolution) required for
the projection optical system of the projection
eXxposure apparatus has been increased more and more
in order to improve the integration level of

25 semiconduétor devices and so on. As a result, the

wavelength of illuminating light (exposure 1light)



25 sem conductor devices and so on. As a result, the wavelength of
illumnating |ight (exposure light) 1 FP0O1-0174-00 nmust be shortened and
the nunerical aperture (NA) of the projection optical system nust be
i ncreased. For exanple, if an exposure light with wavel ength off%ig dif0or
|l ess is used, it is possible 5 to achieve a high resolution of 0.1 pm or
| ess. However, if the wavelength of illumnating light is shortened, the
absorption of |ight becomes remarkable, and the kinds of glass materials
(optical materials t hat can g aBrac caII used are limted. In 10

f

particul ar, imu@ﬁe%)@ﬁgoqu@he itk %rFF&H{ aHJ%EEHE? 186 hr Br

| ess, the practicall bl e terigl islimted.to quorlte only.

As a resul t_,atcrﬁﬂe E6%r ﬁBH g}Pa’%hFaﬁzﬁ%;S%%@r F‘léjtsi%ngebé@dﬁ]é% ﬁb'osm bi e
opt 1 cal Syst om | o APE opEETe SBet ot i & doSEPAG. Eont At 6 Pf "

surfaces (concave refLﬁgté¥e5H?rrors a d convex reflective mrrar mnth

power, but ofl3YEsACS nt'&si%e ep‘??cjais Hﬁﬁtﬁjérsltsh%hp3§sll € 20

conponents. As des rlbdaboe there i al | onahl e
chromati c abetrratl ghns ?ﬁ a di op%kh% Sy%%u%lrm e8tf| on’ gptﬁl%al sy e - and a

e oL O ek S AR S e nl Y 5836 1 29
shortened,theabsorptunloflightbecomesremarkable,
and the kinds of glass materials (optical materials)
that can be practically used are limited. In

10 particular, if the wavelength of illuminating light
becomes 180 nm or less, the practically usable glass
material i1s limited to fluorite only. As a result,
the correction of chromatic aberrations becomes
impossible in a dioptric type projection optical

15 system. Here, the dioptric type optical system is an
optical system which does not contain reflective
surfaces (concave reflective mirrors and convex
reflective mirrors) with power, but only contains
transmissive optical members, such as lens

20 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 is needed. In this case, an

25 increase in the cost of laser light source and a

decrease of its output are unavoidable. Moreover,



decrease of its output are unavoi dable. Mreover, 2 FPOL-0174-00 many
positive | enses and negative | enses nust be arranged in a dioptric optical
systemto bring the Petzval sum which affects the curvature gfpgiiHg8-o
field, close to 0. By contrast, a concave reflective 5 mrror corresponds
to a positive lens as an optlcal el ement for converging light, but it is
different from a positive lens in that no chromatic aberrations occur and
that the Petzval sumtakes a negative value (a positive lens takes a

positive val ‘rheaﬂ¥ i Si t 10COMBREEIONI ngl M&agae iGAl | ed Al adingpd £ Cb@pt' cal
system constituted by conbining a concave reflectlve mrror and |enses,

~the above Chf%fr@cél@{ibat iiG, of Hheoncaveptedh eckive dmhr £ar JSihgst-Hised to
the maximumin an 15 optical design and good correction of aberrations

begi nni ng wi tehe tthea ¢hraimf | Ghaked r atfifanst and Hdhecugwaaivee of ipmge fiel d
are possible in spite of its sinple construction. However, the manner in

which an i ngidend, beagsandoan . enBigesdh theagt are @@@@é@teeciépleanwéoncave
reflective mrror is point of greatest difficulty, and various techni ques

for this sepdratdpnchbave HEERdRr @Rt o Kot iex@aNpPies IFPHIESEp t haid- Open
Application No. 8-62502 (U.S. Patent 5, 861,997) discloses a catadioptric
optical systemabenhi £hriconveai@di @atirgiet ppbheal t SiysSdant fi61 Be taff r BXposuUr e
region (off-axis visual field) free of an
a positive lens in that no chromatic aberrations occur
and that the Petzval sum takes a negative value (a
positive 1lens takes a positive wvalue 1in this
10 connection).
In a so called catadioptric optical system
constituted by combining a concave reflective mirror
and lenses, the above characteristic of the concave
reflective mirror is best used to the maximum in an
15 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
20 a concave reflective mirror is point of greatest
difficulty, and various techniques for this
separation have been proposed. For example, Japanese
Laid-Open Application No. 8-62502 (U.S. Patent 5,
861,997) discloses a catadioptric optical system

25 which is a catadioptric optical system using an

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



3 FP01-0174-00 optical axis in a projection exposure apparatus and is of a
type wherein internediate i mages are fornmed tw ce on the way of the

optical system and the
vicinity of the internedi ate inmages.

t he above problens, the present invention is ained at providing a
catadioptric optical systemwhich facilitates optical adjustnent and 10

mechani ca

desi gn,

light wwth wavelength of 180 umor less in thé vacuun1u|traV|o et

wavel ength ra@ of bt 9gverivh e U A6 the £Abadiadid r1kagRld Gate SYSEHAIBA

separation of beamis spatially conductmgyiifi7ulee 5
SUMVARY COF THE | NVENTION In vi ew of

fully corrects aberrations 15 beginning with chromatic
aberrations gyt aghiexes A i Ghpres@ldiign ekdd durdMep alleéﬁu‘és'a'}ﬂia

according to the present invention, it is provided a "projection exposure

apparat us andwaic €XPas Urteh drethog onhi et eswWtscan fagkkidrat amg optrcal

adj ust mrent and nechani cal design, fully corrects aberrations 20 begi nni ng

Wi th chromat ise@bes Eabirons £ aelagnsi espat hagh y esehdti e 8f ,i€. the .

limor less and lowy sets wup the off-axis quantity of an effective

exXposuyr e
exposure

i nventi on,

10

15

20

25

i SUMMPRBV O dT' HE mi NWENT LONNg

In view of the above problems, the present
invention is aimed at providing a catadioptric optical
system which facilitates optical adjustment and
mechanical design, fully corrects aberrations

“beginning with chromatic aberrations and achieves a

high resolution of 0.1 pum or less using a light with
wavelength of 180 nm or less in the vacuum ultraviolet
wavelength region.

Moreover, 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
mechanical design, fully corrects aberrations
beginning with chromatic aberrations, and ensures a
high resolution of, e.g., 0.1 ymor less and lowly sets
up the off-axis quantity of an effective exposure
region from the optical axis.

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

present invention, it is provided a manufacturing

pr esent

0.1

regiianihi om e oipei calt exmsdiurd hembawgress . by using a projection
25 apparatus and an exposure nethod according to the



4 FP0O1.0174-00 nethod of m crodevices which results in the manufacture of
good m cro-devices at a high resolution of, e.g., 0.1 pmor |less. To solve
t he above problem the present 5 invention provides a catadiogﬁﬁhqnggkbcal
system 10 15 form ng a reduced inage of a first surface onto a "sécon
surface conprises: a first imging optical systemfor formng a first
internediate image of the first surface; a first folding mrror which is
arranged in the wvicinity of a position of formng the first internediate

i mage to def Lot aabeap Priqrc 19y 00 ALEr LG pOSLUA pher e f he ¢ st

internediate I1mage i s a Second i maging optical system for Tormng

a second i”Enearﬁﬁ?f'gétt%ﬂé%gfeg%hﬂhﬁc%@ﬂé{z%@so&tfc‘?“%}ioqh f%%azgi?ﬁt%%' to

the first internediate image In the vicinity of a position o ormng the

first interqggiaéeﬂgnagﬁ.paﬁﬁdoqn_%Qgsbeanlfronlthe first 20 internmedi ate
su

i mge, the second i ée_optlcal sysfen1has_a concave reflecting mrror
and at |east one %gag&ﬁyéenghsa sernd Foldbngm rror whi ghy Lg -3r anged

inthe vicinity of a position of formng the first' 25 internediate inage
to defd ect aiRpampiber Heoiddiera catadioptric optical system

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

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

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

15 a second imaging optical system for forming a
second intermediate image with a magnification factor
nearly equal to the first intermediate image in the
vicinity of a position of forming the first
intermediate image based on the beam from the first

20 intermediate image, the second image 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

25 intermediate image to deflect a beam prior to or after

the position where the second intermediate image is



the position where the second internediate inmage is 5 FPO1-0174-00 forned;
and a third i magi ng optical systemwhich is arranged in an optical path
bet ween the second inaging optical subsystem and the second sydAags 74
has a dioptric 5 imaging optical systemto formthe reduced inage onto the
second surface based on the beamfromthe second internediate inmage.
Further in another aspect of the present invention, the present invention
provides a 10 catadioptric optical systemformng a reduced image on
second surfacge, cRERLI$eR{ @ first imaging optical systemwth a first
optical axis, which is arranged in an optical path between the first

surface and the seqopd i S faGey ang oJPibas %y@ﬂ%ﬁﬂ®ﬁlbﬂaﬂéﬂﬂrPBHd¥H
system a second inmagi ng optlcal Systemw th a concave reflecting mrror

and a second iaptirCalp Xk $1 YALENLbE WK aNWEs & Bodl qmag%gw%hll%eéwen
the first imaging optical system and the second surface; d 20 athird

i magi ng opti calb system Wrid ehbhkedoroPt s Galf .axd sanWhhely 15 &fsgpgad-in an
optical path between the second inaging optical systemand the second

surface and haga @i Ayoppriie d IMagi Hige APt bCAb rmS Y Bilce e RAbc ¥hel Ra e ohid st

optical axis and the second optical axis intersect with each other and the

second the second surface based on the beam from the second
intermediate image.

Further 1in another aspect of the present
invention, the present invention provides a

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

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

15 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

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

25 where the first optical axis and the second

optical axis intersect with each other and the second



6 FPO1-0174-00 optical axis and the third optical axis intersect with each
other. More further, in the nore another aspect, the present invention
provides a projection exposure 5 apparatus for projecting a patHpgtd)792moan
original to a photosensitive substrate through a projection optical

system conprises: the projection optical systemconprises: a first inmaging
optical subsystem having a 10 dioptric inmaging optical system a second

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

i mgi ng opti e+ SHR3YSL M haMi e & h dir@Pb pitG d RG0S ORi ¢ €8k eSUSHAML 15 a
first folding mrror arranged in an optical path between the first imaging
optical subsystem gpdert he second i nmagi ng optical subsystem and a second
folding mirror arranged in an optical path between the second i magi ng

optical subsystem swde 20uth@ i rini MG ngo ept iaeAd t sEBs it t saitthd i r st
i magi ng optical subsystemformng a first internediate inmage of the first

surface intoghesenpt iicabtepatibrbepweeridde fd r spriomrgt hgoaptd €ab sustbsyst em
and said second i magi ng optical subsystem 25 and said second i nagi ng
optical subsysiardous Mg ma prsefond iny ef et aken wagerofot heihianstt sur f ace
nto a photosensitive substrate through a projection
optical system, comprises:
the projection optical system comprises:
a first imaging optical subsystem having a

10 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;

15 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

20 the third imaging optical subsystem;

salid first imaging optical subsystem forming a
first intermediate image of the first surface into the
optical path Dbetween the first 4imaging optical
subsystem and said second imaging optical subsystem,

25 and said second imaging optical subsystem forming a

second intermediate image of the first surface into



FPO1-0174-00 the optical path between the second inaging optical subsystem
and the third imagi ng optical subsystem Further nore, in the further nore
aspect of the present invention, the present invention provi dggoapi74-00

exposure nethod conprising the steps of: generating an illumnation Iight
inthe wultraviolet region; illumnation an original on which a
predeterm ned pattern is forned by the illumnation 10 light; 15

projecting said predetermned pattern of said original arranged on said

first surfacencOn®r dcalhelasenst tie sUPSEr 8k Ald angsd iy 5@;591%%%0”(1
surface by using a catadioptric optical system Further nore, in the

further noresasnegsteh el PheseMi FAveRtd Pimgt B Hr @senk ubBest ban
provides an exposure nethod for projecting a pattern on a projection

original onto a phetesenst tnyee, SibSthal & Wi 8ha rPhejrectd fife 8pt b&ak hayst em
conprises: 20 directing an |IIun1nat|ng light in the wultraviolet region to

the pattern; pdig=si t ngnbe tildwyri fiaki pgelsieght 1ovantiiost pdomgieg ept i cal
systemcontaining a dioptric imaging optical systemvia the pattern to
form fd rst 2%xipd =i rednatteh d dagengir L Henpattiles nsekeddheo pEoj ection ori gi nal
8 generating an illumination light in the
ultraviolet region;
illumination an original on which a
predetermined pattern is formed by the illumination
10 light;
projecting said predetermined pattern of said
original arranged on said first surface, onto a
photosensitive substrate arranged on said second
surface by using a catadioptric optical system.
15 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 a photosensitive
substrate via a projection optical system comprises:
20 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 wvia the pattern to form first

25 intermediate image of the pattern of the projection

original ;



FP01-0174-00 directing the illumnating light fromthe first 5 internedi ate
image to a second inmaging optical system containing a concave reflecting
mrror to forma second internmediate inmage; directing the ill gwpgahzagoa
light fromthe second intermediate inmage to a third inmaging optica

system containing a dioptric inmging optical system to forma second
internedi ate i mage; deflecting the illumnating light fromthe first 10

i mgi ng optical systemby a first folding mrror arranged in an opti cal

path between the figrste d fRALNGHORPLNGA 1 8X LY andyH her S660PH i PRGN
optical system and deflecting the illumnating light fromthe 15 second

i magi ng opti galt sysbamadtye a Ol fOIsH dn Bl {heGidg apaedchn a4 seRtn cal
pat h between the second imaging optical systemand the third imging

optical systeAt&unthey Hordnéaviherbuntderingrenospeet ©6 therm2G
present invention, the present invention provides a nmanufacturing nethod

of m cro-deviseesoy UsItROhdeiaexposdagenet hod of the present invention or
conprising a lithographic process using the projection exposure apparatus

of the present inventdeanti’f Fikiéherl homnendtihfe f ultikhert neEremspect of
the present invention, the present invention provides an 9
second intermediate image to a third imaging optical
system containing a dioptric imaging optical system
to form a second intermediate image;
deflecting the illuminating light from the first
10 imaging optical system by a first folding mirror
arranged in an optical path between the first imaging
optical system and the second imaging optical system;
and
deflecting the illuminating light from the
15 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
20 present invention, the present invention provides a
manufacturing method of micro-devices by using the
exposure method of the present invention or comprising
a lithographic process using the projection exposure
apparatus of the present invention.
25 Further more, in the further more aspect of the

present invention, the present invention provides an



A

| FPOL-0174-00 inmaging optical systemformng an image of a first surface
onto a second surface, conprises: at |east one reflecting surface arranged
between the first surface and the second surface, 5 the refl egipgig1g4ighace
conprising a netallic reflective filmand a correction filmwhich is
arranged on the netallic reflective filmand corrects a phase difference
caused by a difference of deflected state possessed by a reflected |ight
fromthe netallic 10 reflective film Further nore, in the further nore

aspect of thepyesgnbdiwveali @istdf BASEM gl AYeNtn #FePlbavides id st
proj ecti on exposure apparatus for projecting a pattern on a projection

original on awyhpiesessitd ve &% coibgt Balrer 415é Ngcanp O] 6ki:on opti cal
system the image of said projection original arranged in a first surface
on the photosensit htel sulst bakerarnangedngnsuaraeeond ret fadep e Usictth t he

i magi ng optical systemof the present invention as said projection optical
20 system Fumeefipere,sunfhbhe fardhehemyyecaspgectumwfatbhe present
i nvention, the present invention provides a projection exposure nethod for
projecting a pattethe onedlplcdBecyi Gumofagenaloopia sa rphotoseasallile: 25
substrate using a projection optical system conprising a step of
proj ecting ardfiipgetafret h€illln 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 1ight from the metallic
10 reflective film.
Further more, in the further more aspect of the
present invention, the present invention provides a
projection exposure apparatus for projecting a
pattern on a projection original on a photosensitive
15 substrate using aprojectionoptical system, the image
of said projection original arranged in a first
surface on the photosensitive substrate arranged on
a second surface, using the imaging optical system of
the present invention as said projection optical
20 system.
Further more, in the further more aspect of the
present invention, the present invention provides a
projection exposure method for projecting a pattern
on a projection original onto a photosensitive

25 substrate using a projection optical system

comprising a step of projecting an image of the

10



FP01-0174-00 5 projection original arranged on the first surface on the
phot osensitive substrate arranged on the second surface by using the

i magi ng optical systemof the present invention as the projectipgn-@phigpal
system Further nore, in the further nore aspect of the present invention,
the present invention provides a projection exposure apparatus for
projecting a pattern on a projection original onto a photosensitive
substrate, wherein the projection optical systemhas 10 at | east one

reflecting myweyeakhianged iigh @810pkirGangatdn et seenr & hes fiikirstc s Wif ace
and the second surface, and said reflecting nenber reflects a light so

that a phaseli ffles essenkettees auBspotatézedreampne@ninanfle dedcpd ari zed
conponent for the reflecting nmenber 15 substantially does not exist when

the P pol ari zerk f geapoienis ang thes Sipalg@mr gedpearponesyseem® $0 the
phot osensitive substrate. Further nore, in the further nore aspect of the
present i nvemdedenthenpreasendni aventi®np po Heicdesod oRgQ ipra ecy 5@ mexposur e
met hod for projecting a pattern on a projection original on a
phot ogensi ti ve sub$tirrditeer uso ng ,aipr gjlectiwntbptr o@lresysdeaceondr itdiag t he
steps of. passing the light fromthe projection original 25 to said
phot osensi ti v substr ane drhitdagh &thd gasé sende imsféettiomg pmobéedesared 11
projection exposure apparatus for projecting a
patternon aprojectionoriginal onto a photosensitive
substrate, wherein the projectionoptical systemhas
10 at least one reflecting member arranged in an optical
path between the first surface and the second surface,
and said reflecting member reflects a light so that
a phase difference between a P polarized component and
a S polarized component for the reflecting member
15 substantially does not exist when the P polarized
component and the S polarized component come to the
photosensitive substrate.
Further more, in the further more aspect of the
present invention, the present invention provides a
20 projection exposure method for projecting a pattern
on aprojectionoriginal on a photosensitive substrate
using a projection optical systemcomprising the steps
of:
passing the light from the projection original

25 to said photosensitive substrate through at least one

reflecting member; and

11



FPOL-0174-00 reflecting the light with a reflecting nenber so that an
angul ar characteristic of the phase difference caused by the difference of
defl ected states possessed by the reflected |ight fromthe 5 nehheating
menber becones to be a desired distribution. Further nore, in the further
nore aspect of the present invention, the present invention provides a
catadioptric optical systemformng a reduced imge 10 of a first surface
onto a second surface conprises: a first imaging optical subsystem

arranged in an optigalepatAghatneenithe fiish andsecopd sy fReRSer and
having a first optical axis a second imagi ng optical subsystem arranged in

15 an opticalkopathaket ween saighfiestchapgicn®gwpsteadl ogubsyst ephand said
second surface, and having a concave reflection mrror and a second
optical axisgdia fidné&fciemaghng «apt bgal tBebsysteERrait asgesit i ke ANeepldLal
pat h between said second i magi ng optical 20 subsystem and said second
surface, andshaviey dpddsedseaptboaltiaxi e Shedtidd st iigmgi fg apt itead
subsystem having a dioptric imging optical system said third inaging
optical subsystfdnedavhngy andindpéri ¢ hevagimeg optical 5 syst erde andeshi d
first and third optical axis being arranged on a conmpn axis. 12

FPOL. 0174-00distribution.

Further more, in the further more aspect of the
present invention, the present invention provides a
catadioptric optical system forming a reduced image

10 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

15 an optical path between said first imaging optical
subsystem and said second surface, and having a
concave reflection mirror and a second optical axis;

a third imaging optical subsystem arranged in
an optical path between said second imaging optical

20 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

25 system, and said first and third optical axis being

arranged on a common axis.

12




5 10 BRI EF DESCRI PTION OF DRAWNGS Fig. 1 is a diagramillustrating the
basic construction of a catadioptric optical systemof the present
invention. Fig. 2 is a diagramschematically illustrating thepgeigiak-oo
construction of a projection exposure apparatus provided with catadioptric
optical systens according to enbodi nents of the present invention as a
projection optical system Fig. 3is a diagramillustrating the positional
rel ati on between a rectangul ar exposure region (i.e., effective exposure

regi on) fornggk @y aphaieit P apd dF 'SREHGNEsoptical axis. Fig. 4 is a
diagramillustrating the |l ens 15 construction of a catadioptric optical

system 20 (proj ectirqRy opti cak sa/saqrafﬁmacwmisﬁgragiﬁgfi fak wHRQA nent.
Fig. 5is a diagramillustrating the Tateral aberrations in the first

enbodi nent. Eicths ©ri18ta oH agf amdpra bk bpstr ati pgrtike 1 engs teanstr wetd on of
a catadioptric optical system (projection optical systemPL) according to
a second enbedident. ihivent/ibs.a diagramillustrating the lateral 25
aberrations in the second enbodinent. Fig. 8 is a diagramillustrating the
gener &l Fig. 2 is a diagram schematically illustrating
the general construction of a projection exposure
apparatus provided with catadioptric optical systems
according to embodiments of the present invention as
a projection optical system.

10 Fig. 3 1is a diagram illustrating the positional
relationbetween51rectangularexposuréregion(i.e.,
effective exposure region) formed on a wafer W and a
reference optical axis.

Fig, 4 1is a diagram 1illustrating the lens

15 construction o0of a catadioptric optical system
(projection optical system PL) according to a first
embodiment.

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

20 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

25 aberrations in the second embodiment.

Fig. 8 is a diagram illustrating the general

13



13 FPO1.0174-00 construction of the projection exposure apparatus of the
enbodi nent shown in Fig. 2. Fig. 9 is an enlarged view illustrating a part
related to an illum nating optical systemwhich 5 constitutesoRants9h
the projection exposure apparatus of Fig. 8. Fig. 10 is an enlarged view
illustrating a part related to an illum nating optical system which
constitutes a part of the projection exposure 10 apparatus of Fig. 8. Fig.
11 is a diagramillustrating a flowhart of a manufacturing exanpl e of

devi ces (sem-REivetor i JFhidr UL RiScd Ec@ri d:Sle 2P st lddarbited & crystal

panel, CCD, thin-filmmagnetic head, m cro-nmachine 15 and so on). Fig. 12

is a draw ngthey éhbystinadnNgsareexanplire g of2detailed flow of step 204 of
Fig. 11 in the case of a sem conductor device. Fig. 13A is a diagram

illustrating the | eag. 20 conshrealliadyof @ieal adi DRPEEIrG OPEgcal payst em

(projection optical systemPL) according to a third enbodinment. Fig. 13B

is a diagramdedratébfiustoatamg priaipaltipartspefi om Catagh ophr i whaeptd cal

system (projection 25 optical systemPL) according to a third enbodi nent.

Fig. B is acdiragtatuicldsusta atpagtt hed atteial p4dojection exposure
apparatus of Fig. 8.

Fig. 10 is an enlarged view illustrating a part
related to an illuminating optical system which
constitutes a part of the projection exposure

10 apparatus of Fig. 8.

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

15 and so on).

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

Fig. 13A 1is a diagram illustrating the lens

20 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

25 optical system PL) according to a third embodiment.

Fig. 14 is a diagram illustrating the lateral

14



FPO1. 0174-00 5 aberrations in the third enbodinment. Fig. 15 is a diagram
illustrating the construction of nodification exanple 1 of the third
enbodiment. Fig. 16 is a diagramillustrating the constructiogTﬁiﬂl7400
nodi fication exanple 2 of the third enbodinment. Fig. 17 is a diagram
illustrating the construction of nodification exanple 3 of the third 10
enbodi nent. Fig. 18 is a diagramillustrating the construction of

nodi fication exanple 4 of the third enbodinment. Fig. 19 is a draw ng

illustrating n - [ anple 5 of the third
enbodi nent . BEEI‘]%{%E ‘BE%S IET{:%J% (%I EH@%@NEI\WS Fig. 1is a
diagramillustrati he si ¢ gconstrygt f a op a
system of the 20 gréientQ?nventlogé Ig§%%§98?5 régﬁ&&ﬂ%pggég |0p%?%%
optical systemafcthe Rigsent ﬂl@&?'ft'coéltiéna%gédrﬁﬂlteol bl O] egl e
optical systemof a projection exposure apparatus. As shown in Fig. 1, the

cat adi optri c .Qpfd §fhen4d systemof the present invention is provided with a
dioptric type first imaging optical system Gl for 15

5 Fig. l6 is a diagram 1llustrating the

construction of modification example 2 of the third
embodiment.

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

10 embodiment.

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

Fig. 19 is a drawing illustrating the

15 construction of modification example 5 of the third
embodiment.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fig. 1 is a diagram illustrating the basic
construction of a catadioptric optical system of the

20 present invention. In the diagram, the catadioptric
optical system of the present invention is applied to
the projection optical systemof aprojection exposure
apparatus.

As shown in Fig. 1, the catadioptric optical

25 system of the present invention is provided with a

dioptric type first imaging optical system Gl for

15



FP01-0174-00 formng a first internediate image of a pattern of reticle R
arranged as a first surface as a negative plate. A first optical path
folding mirror 1 is arranged 5 in the vicinity of formation p%§%5kﬁ94@%
the first internmediate inmage fornmed by the first inmaging optical ™ System
Gl. The first optical path folding mrror 1 deflects a beamincident to
the first internmediate image or a beamfromthe first internedi ate i mage
to 10 a second inmagi ng optical system G. The second inmaging optical

system @ hagdiEangare Sieflect i Lo d OMhaand ot Legsl: opanegati ve

lens 3, and a second internediate i nmge (an 1 nage

i nt er medi at e dymege; and gx§gﬁp daryd npoe; pf+the 15 pattern) ual in
size to the fﬁ??%g ?nterne |é?e inébe is ?orneg'in tﬁe vi%iﬁ?%€£g¥V%g
formati on pogjjtjan of the first internmediate image based on the beam from

the first infermediate i mage. A second optical path folding mirror 2 is 20

arranged in the vigifj £¥c0fpEQIAL O WG 1d PAGGE1 e r Second i o glupdi ate
i mge forned by the second i magi ng  optical system &. The second opti cal

pat h fgol di ng i yMidrOr v2 cdefi €6t & ra MeanhiknGeps st itdie secend fhnterdedi ate
imge or a beamfromthe second 25 internediate inmage to a dioptric type

third i magi ngntepiheak asyst e g3 £ daiea e nekthesd i fthaspih aeo ot kb
FPOL-0174- 00

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

10 a second imaging optical system G2. The second

imaging optical system G2 has a concave reflecting

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

second intermediate image (an image of the first

intermediate image and a secondary image of the

15 pattern) nearly equal in size to the first

intermediate image 1s 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

20 arranged in the vicinity of formation position of the

second intermediate image formed by the second imaging

optical system G2. The second optical path folding

mirror 2 deflects a beam incident to the second

intermediate image or a beam from the second

25 intermediate image to a dioptric type third imaging

optical system G3. Here, the reflecting surface of

16



the first optical path folding mrror 1 and the reflecting surface of the
second optical path folding mrror 2 are positioned so as not to overlap
spatially. The third inmaging optical system G forns a reducegph;igfagggof
pattern of the reticle (an image of the second internediate inmage and a
final image of the catadioptric optical system) on a wafer Warranged as
a second surface as photosensitive substrate based on the beamfromthe
second internediate image. 10 In the above construction, a chromatic

aberration apdea pesidi Ve Retzyal psymuprp@ye@%gfymtﬂerofi NSt 4iRgLRAQG
optical system Gl and the third inmaging optical system G3, which are

dioptric optiredl Systagssuedadd Y MG HY lg@éohanégﬁ,lc@rlep%pmeﬁ“@ﬁa%gby t he
15 concave reflecting mrror CMand the negative |ens(es) . Moreover, the

second i nterfiedirad € 2 ARGEp68A theondQTI®A J AotthEoVd ¢L Rl pratt*ﬁai&‘sﬁt
internediate image by a construction that the second inmaging optical

system G2 hagha nealty equajidyndbbr imRONi 1 s8kin0G3 | fo 2R st ke y@sevly
invention, the distance fromthe optical axis of an exposure region (i.e.,

an ef bect i Veime s patagi om)o f tha el idhe 0dh-iaxhgeopanihéys &adndoe
lowly set up by conducting an optical path separation in the vicinity of
these two i ntetrethatiéa2z | thgese Thirsdi sanotf onky f awoigbl e g aberrati on
correction, but also favorable in mniaturization of 17 FPO1l-0174-00
optical systengadpbptaliadpistaehtsyatehaniccala wafer W arranged as

a second surface as photosensitive substrate based on

the beam from the second intermediate image.

10 In the above construction, a chromatic
aberration and a positive Petzval sum produced by the
first imaging optical system Gl and the third imaging
optical system G3, which are dioptric optical systems
comprising plural lenses, are compensated by the

15 concave reflectingmirror CMand 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. 1In

20 the present invention, the distance from the optical
axis of an exposure region (i.e., an effective
exposure region), namely, the off-axis quantity can
be 1lowly set up by conducting an optical path
separation in the vicinity of these two intermediate

25 images. This is not only favorable in aberration

correction, but also favorable in miniaturization of

17



desi gn, manufacturing cost, and so on. As described above, the second

i magi ng optical system & bears the conpensation of the chromatic 5

aberration and the positive Petzval sum produced by the first ippagigi94-go
optical system Gl and the third inmaging optical system G3 all al one. For
this reason, a large power (dioptric power) nust be set up for both the
concave reflecting mrror CMand the negative 10 lens(es) 3 constituting
the second inmaging optical system GQ. Therefore, if the symetry of the

second i MagLRG 0P4 i cak yEyrded Gzoﬁ@'i'@é)lsesad? he taeLhEr engR cPinical |
asymmetrical chromatic aberrations such as |lateral chromatic aberration or

chromatic coa{%ﬁt@ﬁ;a;niaqnlﬁa‘aci;a(grﬁﬁﬁ%ostthusa@a aough, resol uti on power
cannot be obtained. Accordingly, the present invention succeeds in

ensuring good symRBkr Wedith P EYERLIJER | hEhePERVWAIS 1RALIINEL @syRat ri cal
chromatic aberrations by adopting a construction which results 20 in a set

up having a geasdomugizt o smgRi filcat comg of satthe sesend h saGHHRRLIGA
system G2 and by arranging the concave reflecting mrror CMin the _
vicinisty of alblesr papibnpaesid itime Fbe icoinsér Bettizam Df s e pprasent di Byent i on
is 25 described in nore detail hereafter with reference to the follow ng
conditions. 18PO1r@1t74i08ghingt hep piesdnt siyBtrent i 60, dridi $hy efriald e t hat
the magnification (32 satisfies the foll ow ng
imaging optical system G3 all alone. For this reason,
a large power (dioptric power) must be set up for both
the concave reflecting mirror CM and the negative
10 lens(es) 3 constituting the second imaging optical
system G2. Therefore, if the symmetry of the second
imaging optical system G2 collapses, the occurrence
of asymmetrical chromatic aberrations such as lateral
chromatic aberration or chromatic coma aberration
15 increases, thus an enough resolution power cannot be
obtained. Accordingly, the present invention
succeeds in ensuring good symmetry and preventing the
previous mentioned asymmetrical chromatic
aberrations by adopting a construction which results
20 in a set up having a nearly unity magnification for
the second imaging optical system G2 and by arranging
the concave reflecting mirror CM in the vicinity of
its pupil position.
The construction of the present invention 1is

25 described in more detail hereafter with reference to

the following conditions.

18



condition (1). 0. 8 2 < 11321 <1 . 2 0 (1) 5 Condition (1) specifies an
appropriate range of magnification R2 of the second i magi ng optical system
@&. If this condition 1) is not satisfied, it is not preferre@T@Eqﬁqg%othe
off-axis quantity for the 10 optical path separation increases, thus the

| arge scale and conplication of the optical systenms cannot be avoided. In
addition, it is not preferred because the occurrence of asymetri cal
chromatic aberrations such as lateral chromatic aberration or chromatic

coma 15 aberrationpapg d g%éggﬁt%ﬁe%tbfoﬂr_ey;%n&gdprletfélsameetﬁraeé erabl e
that the lower Iimt is .85 and the upper [imt is 1.15 for condition

(1). 1t is eweh Mg mref eaablos thab theakqweridsmittis 0.48/116Q0n
condition (1). 20 Inthe present invention, it is preferable that the
foll owi ng cordifdpPnibad) (1) satisfied. IL1 - L21 /I1L1l < 0.15 (2) Here, L1
is the distance between the first internediate inage and the concave
reflecting mrror 25 80M4n|ghe secpndoi magi ng optical (gystem G al ong the
optical axis. L2 is the distance between the second 19 FP01-0174-00
intermedi ate i magecand theosontavepeefilerékngnnippebpAAate thegeeeand
i magi ng optical system & along the optical axis. In the case of the
present invertagmification P2 of the second imaging optical system
G2.
If this condition 1) is not satisfied, it is not
preferred because the off-axis quantity for the
10 optical path separation increases, thus the large
scale and complication of the optical systems cannot
be avoided. 1In addition, it is not preferred because
the occurrence of asymmetrical chromatic aberrations
such as lateral chromatic aberration or chromatic coma
15 aberration and the like cannot be prevented.
It is more preferable that the lower limit is
0.85 and the upper limit is 1.15 for condition (1).
It is evenmore preferable that the lower 1limit is 0.87
for condition (1).
20 In the present invention, it is preferable that
the following condition (2) is satisfied.
|Ll - L2| /|L1|] < 0.15 (2)
Here, L1 1is the distance between the first
intermediate image and the concave reflecting mirror

25 CM in the second imaging optical system G2 along the

optical axis. L2 is the distance between the second

19



L1 and L2 are distances fromthe intersection of the 5 optical

perpendi cular fromthe internediate 10 inage to the optical axis when

extendi ng the

along the optical axis because the internediate image is not forned

opti cal

axi s.

Condition (2) specifies a positional relation between

first internediate inmage fornmed by the first inmaging optical system
t he second

&2. 15 If conditdpRebidates iNPigeaihafl tad, Cbhdévgofef@%%f@fﬁg%b%%e the
off-axis quantity for the optical path separation increases; thus th

scal e cand (£ | satbal q&né@ﬁngpbpwcasysg g&e@@rurptal@ﬁga\f@féied 20
It is nore preferable that the upper Iimt is 5 for condition (2).
t he present
is formed on the optical path between the first optical path folding
1 25 and dite sECHNE G egiaig- Opt Feam 3ysd em B rsantk 1 be oFeeond

| ar ge

mrror

internediate inmage is forned on the optica

i nternedi ate i mage formed by the second i magi ng optical

ioptent & Onaxiits 1 s 1T efies abh gt Bat trichq)ﬁéséhtl Ntrefdediate

axis and a

per pendi cul ar down to the concave reflecting m mpeq-01¥Moo

on the
t he

Gl and
system

e

In
i mge

20 FP01-0174-00 path between

t he sacond i wadi Nga Dt Lalasy st parGeedicutlker seeand hept healrpad b afted di ng

mrror

10

15

20

25

2.

In this case, the stability of the optical systens increas

image to the optical axis when extending the
perpendicular down to the concave reflecting mirror
CM along the optical axis because the intermediate
image 1s not formed on the optical axis.

Condition (2) specifies a positional relation
between the first intermediate image formed by the
first 4imaging optical system Gl and the second
intermediate image formed by the second imaging
optical system G2.

If condition (2) 1is not satisfied, it is not
preferred because the off-axis gquantity for the
optical path separation increases, thus the large
scale and complication of the optical systems cannot
be avoided.

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

In the present invention, it is preferable that
the first intermediate image is formed on the optical
path between the first optical path folding mirror 1
and the second imaging optical system G2, and the

second intermediate image is formed on the opticél

20

es



and the optical adjustnment and mechani cal design 5 becone easybecause the
di stance between first surface and second surface can be shortened.
Moreover, when the present invention is applied to a projecti qipgigNPe9Mr €
apparatus, the height of the whole apparatus can be reduced because the

di stance between the 10 reticle R arranged on the first surface and the

waf er arranged on second surface is shortened. In the present invention, it
is preferable that the following condition (3) is satisfied. 0.20 <111/

IR11 < 0.50 ©HtHHdEh8enlBnieSskhe @i healy optof cdhes gatad et binky
optical system (projection optical systemif "applied to a projection

exposure appaiad Usecohdl distibal Bgahf ifkatd oA gomiheoki rst i MRgi-Ag Hpti cal
system GL. Condition (3) specifies an appropriate range of 20 the ratio of

the nmagnificaldoan, 18hefsthe ivhicl ¢ s¥stem obe itdel naghikntatimiddh s@fs t he
first imaging optical systemGl. If the ratio is nore than the upper limt

of conditiorandB) thd tops iwrdesiapk et heeausantdhemarglsn DEa125d855RET Si on
(angl e range) of a beamincident into the first optical path folding mrror
1 and & he seeubrd SO T 06 Optidas tpalde belthdgnni i ¥ ot 2ut Aakeases

and consequently the design of a reflecting filmbecones difficult. In
particul ar, mrefd esddogdf s Limfiadierdath soeushblree froeda | Mghteowd h, wahelrengt h
shorter than 180

the present invention is applied to a projection

exposure apparatus, the height of the whole apparatus

can be reduced because the distance between the

10 reticle R arranged on the first surface and the wafer
arranged on second surface 1s shortened.

In the present invention, it is preferable that
the following condition (3) is satisfied.
0.20 <|BI/ |BLll < 0.50 (3)

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

Condition (3) specifies an appropriate range of

20 the ratio of the magnification P of the whole system
to the magnificationpl of the first imaging optical
system G1.

If the ratio is more than the upper limit of
condition (3), it is undesirable because the angle of

25 dispersion (angle range) of a beam incident into the

first optical path folding mirror 1 and the second

21



5 nmare also limted, thus it is difficult to keep the reflectivity at a
high I evel in a broad angular band constant. The difference in
reflectivity between P polarized light and S polarized |ight epoihg7pase
change al so changes with the angle of incidence and 10 therefore inits
turn is associated with deterioration of the imaging property of the whole
system On the other hand, if the ratiois |less than the lower |imt of
this condition (3) , it is undesirable because the |oad of magnification

factor, whichshouhd 1§>ab@hth5fcp}’<ﬂgﬁf% ofnt hedthi rd i gk pgaqRtd cal n%vstem
G3, rises, and thus alarge scale of the optical systenms cannot be

avoi ded. Mbr eQuese qlibnitS Y& 1ee RISk euablbe tthate Aheckowey rilimiye 8bmeandi tion
(3) is 0.25 and |ts upper limt is 20 0.46. Furthernore, in the present

invention, itdiifsfi@aeteraklepthati &he aGat adi OPsELE nRPHiital myiSé LMLl a
tel ecentric optical systemon both sides of the first surface and the

second surfaggapenrbhe asysitemt i §i25 appréednigrd PROEEH Hh £XPeSUW e
apparatus, it is preferable that the projection optical systemis a 22

FPOL- B174- 00 nrelagcentlrs € bphi ¢ald ,sysiesn DO bethifFatiicol et stdekang twaf er
side. This construction enables to lowy suppress the magnification error
or distortioredfledtrhge twhent podiighnakverT ars Hrbnaed ahduearebbelde 5 or
wafer and the |ike occur. Furthernore, it is
constant. The difference in reflectivity between P
polarized light and S polarized light or the phase
changé also changes with the angle of incidence and
10 therefore in its turn is associatedwith deterioration
of the imaging property of the whole system.

On the other hand, if the ratio is less than the
lower limit of this condition (3), it is undesirable
becausetheloadofnmgnificationfactor,whichshould

15 be the burden of the third imaging optical system G3,
rises, and thus a large scale of the optical systems
cannot be avoided.

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

20 0.46.

Furthermore, in the present invention, it is
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 is

25 applied to a projection exposure apparatus, it is

preferable that the projection optical system is a

22



preferable that an angle nade by a light passing through the center of
beam (i.e., principal ray) beconmes 50 mnutes or less in the whole field
so that the optical systens are substantially telecentric. 10wpg;ig884-00
present invention, it is preferable to 15 satisfy the follow ng condition
(4), in addition to the catadioptric optical system which is telecentric
on both sides. fE - DI/ IEl <0.24 (4) Here, E is the distance between the
surface on the imge side of the first imging optical systemGlL and its

exit pupil pesiitd oo, akarg Jdei enti Ga)s @xihSon Bdth thetdicstanceabyadld
conversion fromthe surface on the’imge side of the first inmaging optica

system 20 GlyhGdhe scaneave rafilsections i hben &M ighdimeesecepd 1bEagi ng
optical system & along the optical axis. Condition (4) specifies a

posi tional rghgiddssbathieenaldiel £xbh tpui | e@frdheoki r@t s £ Baaiingh opts cal
system GL and the concave reflecting mrror CM 25 If condition (4) is not

satisfied, itnaydaihefr plsyiabl enbacausestBecoceHrense ehasydgwetnical 23
FPOL- 0174-00 chromatic aberrations such as lateral chromatic aberration or
chronst i c cope abereationdanthéhe jk&keoqannot eutowky sy esisedd s
Moreover, it is nore preferable that the upper 5 limt of condition (4) is
0.17. preferable that an angle made by a light passing
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 telecentfic.
10 In the present invention, it i1s preferable to
satisfy the following condition (4), in addition to
the catadioptric optical system, which is telecentric
on both sides.
|E - D|/ |E|] < 0.24 (4)
15 Here, E is the distance between the surface on
the image side of the first imaging optical system G1
and its exit pupil position along the optical axis.
D is the distance by air conversion from the surface
on the image side of the first imaging optical system
20 Gl to the concave reflecting mirror CM in the second
imaging optical system G2 along the optical axis.
Condition (4) specifies a positional relation
between the exit pupil of the first imaging optical
system Gl and the concave reflecting mirror CM.

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

preferable because the occurrence of asymmetrical

23



Furthernore, it is preferable in the present invention that the
intersection |line of an assuned extension plane of the reflecting plane
(an assumed plane obtained by infinitely extending a planar 1@pggfd;egiiong
pl ane) of the first optical path folding mrror 1 and an assuneg ext ensi on
pl ane of the reflecting plane of the second optical path folding mrror 2
is so set up that an optical axis AX1L of the first imaging optical system
Gl, an optical axis AX2 15 of the second inmging optical system & and an

optical  axi $/AGnof i kheablid: £ BAINY Pt cals SYsieBrE  IdHLERE¢l At one

poi nt (reference p0|nt) This construction results in the optical axis AX1

of the firstydmghpgo@PbirCaih Yk emGl A dher et G %&Stﬁ@ M%é)f the
third i magi ng optical system G3 becom ng a common optical axis,

partlcularIycgﬁgpigsbgollgp§ytgQ@uy@@Sgakpe optical axes AX1- AX3 and t he
two reflecting planes in relation to one reference point. Therefore, the

stability of the ombireadlvsyst emb 125 nidies egseFertdldl Ehenhapt itcad agpest nent
and nmechani cal design becone easy. An even higher accuracy optical 24

FPOL- G174- 00 1adjust €Nt el beohacid j t aked and. even higher stability can
be achi eved by setting the optical systens so that the optical axis AX2 is
perpendi cul ar to Fhetoptealeaxi st AXk oprefefdlsse iiragthe gptésahtd
system GL and the optical axis AX3 of the third inmaging optical system G3.
invention that the intersection line of an assumed
extension plane of the reflecting plane (an assumed
plane obtained by infinitely extending a planar
10 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
mirror 2 is so set up that an optical axis AX1l of the
first imaging optical system G1l, an optical axis AX?2
15 of the second imaging optical system G2 and an optical
axis AX3 of the third imaging optical system G3
intersect at one point (reference point). This
construction results in the optical axis AX1l of the
first imaging optical system Gl and the optical axis
20 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

25 increases, and the optical adjustment and mechanical

design become easy. An even higher accuracy optical
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Furthernore, it is preferable in the present invention that all |enses
constituting the first inmaging optical system Gl and all | enses
constituting 10 the third imaging optical system G are arranggsdl3pg oo
single optical axis. This construction causes any flexure due to gravity
to becone rotationally symetrical and provides to |owy suppress the
deterioration of imaging property due to the optical 15 adjustnent. In
particular, when it is applied to a projection exposure apparatus, the

reticle R a”%dtjhﬁstfﬁ@fnecr Wgan pe affraa@ﬂfgt@%zeaa Leénho ea&h Ot}?fglh%lrong a

pl ane perpendi cular to the gravity direction (i1.e., horizonta ane) and

all |enses C%&Séﬂiyiicpgsé‘&ﬁ 20 fixrats Lorgl ngyontd €k ngystgm G and Athe

third i maging optical system G3 can be arranged horizZontally ‘along a

singl e opticalyadgsi SotRar ¥kt Ypdirest i H0; Byaxsi g p&?gefﬂd%uilmgi ng
optical system Gl and the third inaging optical system in an upright

position al org 2% d e €PN 200t d CAK 1 aXiES £ nAS & F 88Ul haotiley Tt eke1 wafer
and nost of the lenses constituting the 25 FP01-0174-00 projection optical

syster are helyg o igortral lthe BRit 1 Salbj £t 80hk 9 &P asy TRt F i Chagehe mati on
due to their own weight, and this is very favorable in ensuring optical
adj ust ment, oRahiadh tak ydasé@ns3high 5 resolution and the like. Further, it
is preferable in the present invention that over 85% of the nunber of
| enses in all Furthermore, it is preferable in the present
invention that all lenses constituting the first
imaging optical system Gl and all lenses constituting
10 the third imaging optical system G3 are arranged along
a single optical axis. This construction causes any
flexure due to gravity to Dbecome rotationally
symmetrical and provides to lowly suppress the
deterioration of imaging property due to the optical
15 adjustment. In particular, when it is applied to a
projection exposure apparatus, the reticle R and the
wafer W can be arranged parallel to each other along
a plane perpendicular to the gravity direction (i.e.,
horizontal plane) and all lenses constituting the
20 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 G1 and the third
imaging optical system G3 in an upright position along
25 the common optical axis. As a resulft, the reticle,

wafer and most of the lenses constituting the

25



| enses constituting the catadioptric optical system (the projection
optical systemin the case of applying 10 it to a projection exposure
apparatus) are arranged along a single optical axis. For exang i(h548§
first inmaging optical system GlL and the third inmagi ng optlcal system

are used in an upright position along the conmmon optical axis, alnost al
|l enses in many 15 | enses constituting the optical systens are heId
horizontally and an asymetrical deformation due to their omm wei ght does

not occur by bhi5e £ORSL %tﬂp@al é{)grt%fnp & d thd SafwEEhen | gb' &d
ensuring optlcal adj ust ment, nechani cal design, high resolution an

the Iike. Addifdpaatky t@saﬂeégmﬁ%et@p@a@ dERQ fieget buedukeps( ek i} I n the
second i magi ng optical system requires a |arge power (refractive power)

to conpensabgdf Oke ¢BhaTRtd £dabarirat { ong ehe) Nngapoedused 28 nihe ifd st
i magi ng optical systemGl and the third inaging optical system G al one.

Accordi ngly, oidt i 8226 FRAH-(Hided@ ,prefiesahbeiidut he gease, i nvaRlgon that
t he second imaging optical systen162 has at | east two negative |enses 3.

Thi s gonstrugtdgy epabhesat® dhe dei a@d bear a necessary power with at
| east two negative 5 lenses and in its turn provides to constitute 10
stabilized optical Faysitess, Embodiinentsr of etrh® Ipk esent  kheentd p8same:
invention that over 85% of the number of lenses in all
lenses constituting the catadioptric optical system
(the projection optical system in the case of applying
10 it to a projection exposure apparatus) are arranged
along a single optical axis. For example, 1f the
first imaging optical system Gl and the third imaging
optical system G3 are used in an upright position along
the common optical axis, almost all lenses in many
15 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
adjustment, mechanical design, high resolution and
20 the like.

Additionally, as described above, the negative
lens{(es) 3 in the second imaging optical system G2
requires a large power (refractive power) to
compensate for chromatic aberrations being produced

26 by the first imaging optical system Gl and the third

imaging optical system G3 alone. Accordingly, it is
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described hereafter, with reference to the followng drawings. Fig. 2 is a
di agram schematically showi ng the general construction of a projection
exposure apparatus which is provided with a catadioptric optiggah-oi¥sgm
according to enbodi nents of the present invention as a projection optical
system In Fig. 2, 15 the Z axis is set up in parallel to a reference
optical axis AX of the catadioptric optical system constituting a
projection optical systemPL, the Y axis is set up in parallel to the

paper surface QfrH-9p1e2 il %Q'ﬁ?%s%ei{ipefﬂb%‘ﬂltaf ﬁothgec pid C@!ec%oﬁ AX

20 Moreover, "Fig. 2 schematically shows the general construction of

proj ection SXROY g aea%rlaéeyﬁ sgg@em g2 b al hed 1GONSEN Y6l Qle yh kh d@
descri bed | ater Fi gs. The described projection exposure apparatus

is 25 provi Q%é’\ééha e g‘hl@ Egn|sacsraﬁc€%‘he|@rﬁlﬂb|le]s57t§2411ﬂrﬂea§n%i l'i ght
source 100 for supplylng an illumnating 27 FP01-0174-00 |ight of

ultraviol et pRGiONa Tha-dskumynaténar! vihtn erergeats d rewot hee hghtysource
100 evenly illumnates a reticle R where a given pattern is forned.

Moreower, aniepid€al path hetweens t heuthghprovis@escetd00 catk@itute
illumnating optical systemlIL is sealed by a casing (not shown) , and a

space fromthkeadiphtesowsei 380 toy@penpt.i cal nenber on the reticle side
inthe illumnating optical systemlIL is filled
Embodiments of the present invention are
described hereafter, with reference to the following
drawings.

10 Fig. 2 is a diagram schematically showing the
general construction o0of a projection exposure
apparatus which is provided with a catadioptric
optical systemaccording to embodiments of the present
invention as a projection optical system. In Fig. 2,

15 the Z axis is set up in parallel to a reference optical
axis AX of the catadioptric optical system
constituting a projection optical system PL, the Y
axlis is set up in parallel to the paper surface of Fig.
2 in a plane perpendicular to the optical axis AX.

20 Moreover, Fig. 2 schematically shows the general
construction of a projection exposure apparatus, and
its detailed construction will be described later in
Figs. 8-10.

The described projection exposure apparatus is

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

nm) as a light source 100 for supplying an illuminating
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with an inert gas, such as heliumgas or nitrogen gas 10 and the |i ke being
a gas with a | ow absorptivity of exposure light, or kept in a nearly
vacuum state. The reticle Ris in parallel held in the XY pl ar®@mias-oo
reticle stage RS via a reticle holder RH A pattern to be transferred is
formed on the reticle, 15 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 region is illumnated. The reticle stage RS
i's novabl e th_’tQjHj‘_c@P%Pﬂ@hkr}io?ﬂ@@gré?ﬁoﬁle.t' Glige ST 1 8RE dd t £ng 29 ghe XY
pl ane) by the action of a driving systemwhose 25 illustration is omtted

and is so corstdtytad thahm the 1Pt is¥u£o8rdh had @enane iMBaAsH] fd tand
positionally <controlled by an interferoneter RIF using a reticle noving

(measuring) @ réofiBMe AR ligbkef rongt henpyd et arioriedrermddte, reticle
forms a reticle pattern image on a wafer W which is 28 FP01-0174-00 a

phot osensi tive subsorai®ve ¥ a @n Calpaei OBLN i Sat P e Phejeact Lo 0Pt igeal
system PL. The wafer Wis in parallel held on the XY plane on a wafer
stage W6 vi ascumeéel ovakirel (avaf 1 1hedided } iWG. obtencaa Ratdeen I mege is
formed in a rectangul ar exposure region wwth a long side along the X
direction andexn bkddrbysadeaaliong (ibe ¥hdiwrecti #ndoa the yvaf£rol/ sheaas to
correspond to the rectangular illumnating region on the reticle R
light source 100 to an optical member on the reticle
side in the illuminating optical system IL is filled
with an inert gas, such as helium gas or nitrogen gas

10 and the like being a gas with a low absorptivity of
exposure light, or kept in a nearly vacuum state.

The reticle R is in parallel held in the XY plane
on a reticle stage RS via a reticle holder RH. A
pattern to be transferred is formed on the reticle,

15 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 region is
illuminated. The reticle stage RS 1is movable
two-dimensionally along the reticle surface (i.e.,

20 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
moving (measuring) mirror RM.

25 A light from the pattern formed on the reticle

forms a reticle pattern image on a wafer W, which is
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optically. The wafer stage W5 is novable 10 two-di nensionally along the
wafer surface (i.e., the XY plane) by the action of a driving system whose
illustration is omtted, and its position coordinates are nmeasypp§dh;30%o
positionally controlled by an interferoneter WF using a wafer noving
(measuring) 15 mrror WM Fig. 3 is a diagramshow ng a positional
relation between the rectangul ar exposure region (i.e., effective
exposure region) formed on the wafer Wand the reference optical axis. 20

As shown in Ei %hogto.éen_tsrlecfv'@oghg%fglsat@, et apgul gk 48 figets,?%’psure

region ER having a desirable size is set up in a position separa from

the reference,axjscAXby 9BkY AN oLl axdm quantity A bk dhey+Y di rection
inacircular region (imge circle) 25 wth a radius B and wth the

reference axiphAX 8811 he 1 LM @he HeY 1508 Endiar atdon 4 engkhyef tihe 29
FP01-0174-00 effective exposure region ERis LX and its Y-direction |length

is LY. In otheryyerds,tdplthewebedi Mt §erh heyT [ ectranan| an 5§ eebinve
exposure region ER having a 5 desirable size is set up in a position

separ & ed framdde refienea axis AXchrmuDit cR¥oSs AN Y oA WA thhe +Y
direction, and the radius B of the circular image circle IF is specified

Z())( as to inclaudenigheiakf #tbinet hexpabilr €ctegirnanRavehbritheitef gremnee axis
as tts 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

10 two-dimensionally along the wafer surface (i.e., the
XY plane) by the action of a driving system whose
illustration is omitted, and its position coordinates
are measured and positionally controlled by an
interferometer WIF using a wafer moving (measuring)

15 mirror WM.

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

20 As shown in Fig. 3, in the embodiments, a
rectangular effective exposure region ER having a
desirable size is set up in a position separated from
the reference axis AX by only an off-axis quantity A
in the +Ydirection ina circular region (image circle)

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

center. Here, the X-direction 1length of the
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10 center. Therefore, a description is omtted, but a rectangular
illumnation region (i.e., effective illumnation region) with a size and
a shape corresponding to the effective exposure region ER is gmyt@e4igy a
position separated fromthe reference axis 15 AX by only a di stance
corresponding to the off-axis quantity Ain the -Y direction. Mreover, in
the described projection exposure apparatus, the projection optical system
PL is so constituted that its inside is kept in an air 20 (gas)-tight

state bet ween @fle @Rt Ak <FRIMIEF o F & §RBRARRODs TN &{rﬁ'&llOA@YSJCgfréb%ri%Ilrll in
t he enbodi nents) and an optical nenber arranged on the wafer side (lens

L311 in the dhgdhment s)y anong optical menbers constituting the
projection optical systemPL, and is 25 filled with an inert gas such as

helium gas or nitragen ogasrandydP@sl,i keior kepl idmBoRe@ddyt¥aCUWRp St ate.
30 FPOL1-0174-00 Furthernore, the reticle R and the reticle stage RS and

the |ike are rad¢aagedlidy acfidld O Opt iccabopalde begween khe Hd¥ufgnad i on
optical systemlIL and the projection optical systemPL, but an inert gas,

such 5% as ni td@genabn heliidmmigas andip hien ld ks s i 8 ifoird Isesh 4 hh 6 e da faasi ng
(not shown) which seals and encloses the reticle R and the reticle stage
RS and the | ithes cfe fdeencashixg § . xkéept annod Meax iy yaauwnisy A é.n the
Additionally, the wafer Wand the wafer stage 10 W5 and the |ike are
arranged i n aYattoacopbircalapatbhe radius B of the circular image
circle IF is specified so as to include the effective
exposure region ER with the reference axis AX as its
10 center. Therefore, a description is omitted, but a
rectangular illumination region (i.e., effective
illumination region) with a size and a shape
corresponding to the effective exposure region ER is
formed in a position separated from the reference axis
156 AX by only a distance corresponding to the off-axis
quantity A in the -Y direction.

Moreover, in the described projection exposure
apparatus, the projection optical system PL is so
constituted that its inside 1is kept in an air

20 (gas)-tight state between an optical member arranged
on the reticle side (lens L11 in the embodiments) and
an optical member arranged on the wafer side (lens L311
in the embodiments) among optical members
constituting the projection optical system PL, and is

25 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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bet ween the projection optical systemPL and the wafer W but an inert
gas, such as nitrogen or heliumgas and the like, is filled into a casing
(not shown) which seals and encloses the wafer Wand the wafempgfiage 8 15
and the like or the casing is kept in a nearly vacuum state. Thus, an

at nosphere in which the exposure light 1is alnost not absorbed is forned
over the whole optical path fromthe |ight source 100 to the wafer W 20
As described above, the illum nation region on the reticle and the
exposure region ongthe ¥BERL W, (ndre ©f £ 88LR VA OHPOIWEL F £T100 LR
specified by the projection optical systemPL are rectangles w th short
sides in thepg car,{@ofm@,nliIeea%oa%ratrh&eaeihcgenahwt@;s@ibélsg%rg}?d and
exposed for a region which has a width equal to the long side of the
exposure regigdtpde APOO1Y 4106 iQ1k £ NEnVWRSSF 1 Mhands Pased 1@NUARG the
corresponding to the scan quantity (nmoving quantity) of the wafer Wby
novi ng (scanng) ethe oretd st Ecatagey R e hsuwaher i rsdpgegd§,apdidw its
turn the reticle R and the wafer 5 Wsynchronously in the same direction

(i.e.,psane ¥ ingriadéen)oal 98y ituhe gshEirditdee difeeli 0B, fileed ithe Y

direction of the rectangul ar exposure region and the illum nation region,
while the positéasahgcomtoel stdwhhe wiel &bl & S aed dihe walkaro M Es traken by
a driving 10 systemor an interferometer (RIF, WF) and the like. 1In the

enbodi ment s, rndiei piej Rcihanthptredlicle stage RS and the like or the
casing is kept in a nearly vacuum state.
Additionally, the wafer W and the wafer stage
10 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 1ike, is filled into a casing (not shown) which
seals and encloses the wafer W and the wafer stage WS
15 and the like or the casing is kept in a nearly vacuumnm
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.
20 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
25 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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system PL including the catadioptric optical system is provided with a
dioptric type first imaging optical systemd for formng a first
intermediate i mage of 15 the pattern of the reticle arranged oppghg)Filopt
surface, a second i magi ng optical system G conprising a concave
reflecting mrror CMand two negative lenses 3 for formng a second
internediate image nearly wunitary to the first internediate i mage (a
nearly 20 equal size inage of the first internediate i mage and a secondary

i mage of the greticd aypabteinhidNh&s 4 PRhiith tyPerbRigshd MREi Bg @pfd cal
system G3 for formng a final inage of thé reticle pattern (a reduced

i mage of the g&ihchaapatieyn) dvyihg wafentWanrapged2d Q8 rtide gegppnd
surface based on a light fromthe sécond internediate inmage. 32

FPOL- 0174- 00 ¥ £QY¥ €N s cla i ey nbRdi fRAtiSc 18 bithgfe WY i03d tRat Rafr@ldi ng
mrror 1 for deflecting the Iitght from the first inmaging optical system Gl

to the secondtdd@aonsgaant iiealitsy st @FhGhies a8 £ aBged R Riddiec é CRitteyr 5 of
the formation position of the first internediate image in an optical path

between the fii rsyntma@mMgus0pt iicadl taysteanel @ndethd wecond d NRgkAG Pt i cal
system &. A second optical path folding mrror 2 for deflecting the |ight
fromthe secend émagitigroptatahgllsyssamr@-&adieheliheed iiomgi hgeapt i cal
system G is arranged in the vicinity of the fornmation position of the

second i nterrdd &t @éireegel om cah tdye readt paghilar exposure region and

theilluminationregion,Whiletherxmitionalcontrol

of the reticle R and the wafer W is taken by a driving

10 system or an interferometer (RIF, WIF) and the like.

In the embodiments, the projection optical

system PL including the catadioptric optical system

is provided with a dioptric type first imaging optical

system Gl for forming a first intermediate image of

15 the pattern of the reticle arranged on the first

surface, a second imaging optical system G2 comprising

a concave reflectingmirror CM and two negative lenses

3 for forming a second intermediate image nearly

unitary to the first intermediate image (a nearly

20 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

forminga final image of the reticle pattern (a reduced

image of the reticle pattern) on the wafer W arranged

25 on the second surface based on a 1light from the second

intermediate image.
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bet ween the second imaging optical system & and the second inmaging
optical system G3. In the enbodinents, 15 the first internediate i mage and
the second internediate image are formed in an optical path Ipgigneanqione
first optical path folding mrror 1 and the second imagi ng optical system
& and an optical path between the second inmaging optical system & and 20
the second optical path folding mrror 2, respectively. Furthernore, in

t he enbodi nents, the first imaging optical system GL has a linearly

extended optical B¥iredVdr,the tihédenMRO NdeaRtd Cah sYstamdBr22das a
|l i nearly extended optical axis AX3, the optical axis AX1 and the opti cal

axi s AX3 arepseth Upo 58ias 0l BB8orPAL-flr 44 06 16 theh detwet N itdetr ekenence
optical axis AX, which is a comon single axis. As a result, the reticle
and the waf ehdV aiesar ranggdnigy ppraldsl bgseaah Gtlheto &hengsacphane

perpendicular to the gravity direction, 5 i.e., a horizontal plane. In
addi tion, allinleanses opotstal whidigehh@2fissdrkaR@aW iaptitoalvisyshemyGl and
all lenses constituting the third imaging optical system G3 are al so
arranded al ong tdtee hbs rmantiadn ppbape t iom tdé taferfencet ophitealmadia tAX. 10
On the other hand, the second inmaging optical system & also has a
linearly extemdsere ophi eal @xtscaAXXabhdbidtiweopt itded AxrstAXnagiset up so
as to be perpendicular to the reference optical axis AX, which
optical system Gl and the second imaging optical
system G2. A second optical path foldingmirror 2 for
deflecting the light from the second imaging optical

10 system G2 to the third imaging optical system G3 is
arranged in the vicinity of the formation position of
the second intermediate image in an optical path
between the second imaging optical system G2 and the
second imaging optical system G3. In the embodiments,

15 the first intermediate image and the second
intermediate image are formed in an optical path
between the first optical path folding mirror 1 and
the second imaging optical system G2 and an optical
path between the second imaging optical system G2 and

20 the second optical path folding mirror 2,
respectively.

Furthermore, 1in the embodiments, the first
imaging optical system Gl has a linearly extended
optical axis AX1l, the third imaging cptical system G3

25 has a linearly extended optical axis AX3, the optical

axis AX1l and the optical axis AX3 are set up so as to
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is the conmmon single axis. Mreover, both the first 15 optical path fol ding
mrror 1 and the second optical path folding mrror 2 have planar
reflecting surfaces and are integrally constituted as one optiggah-gieiBer
(one optical path folding mrror FM with two reflecting planes. The
intersection line of these 20 two reflecting planes (strictly the
intersection line of their assuned extended planes) are set up so that

the axis AX1 of the first imaging optical system GlL, the axis AX2 of the

second i magi pg jQpt { g8l wEYH! eMeGE e ANt fBR BYItS AB £f 1 Ehext hiyhd JHBA ng
optical system 25 G3 intersect at one point. Furthernore, both the ™ first

optical pathaf dghimanmsinQf1d aRdst.he sseconde341RPOL Q47430 ODEI galg path
folding mirror 2 are constituted as front surface reflecting mrrors in

the first enkodi npateand Af‘etB%rSaefG%@Q arposly prNt.e 1ando batk i hethienst
optical path folding mrror 1 and the second optical path 5 folding mrror

2 are consti bulsady asplede ackendswipse fefteetd Pgvirs aisddcibe third
enbodi ment. The smaller the interval between the effective region of

refleating pliare of at he roptdaak 1pas hahel.di nth nhasare i aad 1optégale sAX is
set up, the less the off-axis 10 quantity A of the effective exposure
region will bkenstnttihe eyhdde nentst fhuerine (Lak2adr wStateémi 1 used for
all dioptric optical nenbers (lens conponent) constituting the projection
optical systeml Thenswavetengtth toitihe RZhkaseri bei rigneexponsureptightl is
system G3 are also arranded along the horizontal plane
on the reference optical axis AX.
10 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 to be
perpendicular to the reference optical axis AX, which
is the common single axis. Moreover, both the first
15 optical path folding mirror 1 and the second optical
path folding mirror 2 have planar reflecting surfaces
and are integrally constituted as one optical member
(one optical path folding mirror FM) with two
reflecting planes. The intersection line of these
20 two reflecting planes (strictly the intersection line
of their assumed extended planes) are set up so that
the axis AX1l 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

25 G3 intersect at one point. Furthermore, both the

first optical path folding mirror 1 and the second
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15 157.624 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 10-6 per -1 pm of wavel ength change. |n other pwgydsr4-ophe
di spersion of dioptric index (dn/d.X) of CaF2 on 20 the vicinity of
157.624 nmis 2.6 x 10-6/pm Therefore, in the first and second

enbodi nents, the dioptric index of CaF2 to the wavel ength 157.624 nmis
1.559238, the dioptric index of CaF2 to 157.624 nm+ 1 pm= 157.625 nmis

1.5592354, anghthea di®pthi£o2aimfen 1o £al2 o bk 824 ukda als PFE‘o‘nt157 623
nmis 1.5592406. On the other hand, in the third enbodi nent,

FPO1- 0174. 00 shiver glé epté  Ceictdaxy afi 1652 st on tthee \/ﬂaivleéer&ztkﬁba%e@%arf&n i's
1.559307, the dioptric index of CaF2 to 157.624 nm+ 1 pm= 157.625 nmis

1. 5593041, ana the: dopdbhbcenbuiexmehtCalkhd ©JBK. 684 Fhrstd Pptichr. 623
nmis 5 1.5593093. Furthernore, in the enbodinents, if the height in a

direction perpaini collarid® hherapti calamdi $hHes sbtakent aspy.idde gdiagtance
(amount of sag) froma tangent plane at the vertex of aspherical surface
to a positiofdldongt hei agpher Rcahreurdéanetatt ibedhei ghtryaal ongatche
optical axis as z, the vertex curvature radius as r, the conic coefficient
as x and thesuwnfaee agflierdtthhg adeffocsenth ahaCOthihdnenbe dbspbart .cal
surface is expressed by the followi ng nunerical formula (a). 15 z = (y2/r)
I [1 + {1 - (hetkrallg2/tRliRterv@ll between the effective region

of reflecting plane of the optical path foldingmirror

FM and optical AX is set up, the less the off-axis

10 quantity A of the effective exposure region will be.

In the embodiments, fluorite (CaF,; crystal) is
used for all dioptric optical members (lens component)
constituting the projection optical system. The
wavelength of the F, laser being exposure light is

156 157.624 nm, the dioptric index of CaF; in the vicinity
of 157.624 nm changes in a ratio of -2.6 x 107° per
+1 pm of wavelength change and in a ratio of +2.6 x
107° per -1 pm of wavelength change. 1In other words,
the dispersion of dioptric index (dn/dA) of CaF, on
20 the vicinity of 157.624 nm is 2.6 x 10°%/pm.

Therefore, in the first and second embodiments,
the dioptric index of CaF; to the wavelength 157.624
nm is 1.559238, the dioptric index of CaF; to 157.624
nm + 1 pm = 157.625 nm is 1.5592354, and the dioptric

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

1.5592406. On the other hand, in the third embodiment,
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y4 + C6 y6 + C8 y8 + C10 y10+ Cl4 . yl14 In the enbodinents, a * sign is
attached on the 20 right side of surface no. on a lens surface which is
formed into an aspherical shape. [Enbodinent 1] Fig. 4 is a di agpap 5oy ng
the Il ens construction of a catadioptric optical system (projection optical
25 system PL) according to a first enbodinent. In the first enbodi nent, the
present invention is applied to 36 FP01-0174-00 a projection optical system
in which aberrations including chromatic aberrations are corrected for an

exposure | i ghty Md o payelengide f o $5¢a624t8Mch Mo+ 81 LR taat Agl oRtay4 ¢
optical systemof Fig. 4, 5 the first inmaging optical system GlL conprises

a negative mRNiisCYS 32as0b11 thavidid, 8RrasPherd £21o £ COALaE, SUk fage 4 aci ng
to the wafer side, a biconvex |lens L12, a biconvex |lens L13, a biconvex

lens L14, ampegati pa eenisscus2bens E351had n1goa1GoRveK t3H farep @ ifaci ng
to the reticle side, a positive neniscus lens L16 having a concave surface

facing to then®ikchbe side, ta pesi.tdve AmNi-scusphens 147 .kavi ngma iGgpncave
surface
5 1.5593093.

Furthermore, in the embodiments, if the height
in a direction perpendicular to the optical axis is
taken as y, the distance (amount of sag) froma tangent
plane at the vertex of aspherical surface to aposition

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

15 z = (y*/r) /11 + {1 = (1 +x) = ( y*/r®}*?1 + C4 -

y' + Ce = y° + Cs * ¥y

8

12

+ Cio ylo'l' Ciz * ¥y + Cpq + y**

*(a)
In the embodiments, a * sign is attached on the
20 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
25 system PL) according to a first embodiment. In the

first embodiment, the present invention is applied to
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facing to the reticle side, a positive neniscus |lens L18 having a concave
surface facing to the reticle side, 15 a biconvex |lens L19 and a positive
meni scus | ens L110 having a convex surface facing to the reti gpg;$18gobn
order fromthe reticle side. The second i magi ng optical system G conprises
a negative neniscus lens L21 having a concave surface 20 facing to the
reticle side, a negative neniscus |lens 25 L22 having an aspherical concave
surface facing to the reticle side and a concave reflecting mrror CMin

order fromthe pebhela sbe &b ondatihespPsapagatiin/ewniQ eask i 9Pt ols €.
the incident side). The third imging optical system G3 conprises a

bi convex | eng nladly faMgnghad meseher dpalr konvex s34 rePEbid4+ 80 Wit age
facing to the facing reticle side, a biconvex |ens L32, a biconvex |ens

L33, a biconeapdens L34ht awpesi Wakee MBAGIGUS 1 €05 7L.32 hawh ng1apaonvex
surface facing to the reticle side, an aperture stop AS, a 5 biconvex | ens

L36 having an aspheni cale coavex isstace J@Eeinglt ¢ idheenaba Bige, 43
bi convex lens L37, a positive neniscus |ens L38 having a convex surface

facing to theheet ifdlrestSi denaqipgsi dpve JENi SOUSEt ERANSG1 LA b hpviirg & convex
surface facing to the reticle side, 10 a biconcave |l ens L310 and a
pl ano- convexnlegyest 1321 mbavisngia [l eme sulfackafracigigato thehat eeasi de in
order fromthe reticle side along the propagative
concave surface facing to the wafer side, a biconvex
lens L12, a biconvex lens L13, a biconvex lens L14,
a negative meniscus lens L15 having a convex surface
10 facing to the reticle side, a positive meniscus lens
L16 having a concave surface facing to the reticle side,
a positive meniscus lens L17 having a concave surface
facing to the reticle side, a positive meniscus lens
L18 having a concave surface facing to the reticle side,
15 a biconvex lens L19 and a positive meniscus lens L110
having a convex surface facing to the reticle side in
order from the reticle side.
The second imaging optical system G2 comprises
a negative meniscus lens L21 having a concave surface
20 facing to the reticle side, a negative meniscus lens
L22 having an aspherical concave surface facing to the
reticle side and a concave reflecting mirror CM in
order from the reticle side along the propagative
route of light (i.e., the incident side).

25 The third imaging optical system G3 comprises

a biconvex lens L31 having an aspherical convex
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route of light. Values of data of the catadioptric optical 15 system of
the first enbodinent are identified in the followng table (1). In the
table (1), A represents the wavel ength of exposure light, R theoR@rg9hH ON
magni fication (magnification of whole system) , NA the nunerical aperture
on the imge side (wafer side), B 20 the radius of image circle IF on wafer
W Athe off-axis quantity of effective exposure region ER, LX the

di mension of effective exposure region ER along the X direction (dinmension

of long sidekanth by £heind PRNEHQAN rRfc phhepb Ve 18XROSIK € 4 80 @9nkR ;al ong
the 25 Y direction (dinension of short side) , respectively. Moreover, the

surface no. neyeLsents hheiekdsre:381 ERGLIGK/A-O0 pf o sUFAC €S hEOIBILNe
reticle side along the propagative direction of light fromthe reticle

surface, bei agplhe Obrechesurd@ee (Ehkst3pifacengt @ cbhe svafsirsurdace,
bei ng the i mage surface (second 5 surface), r the curvature radius of

surface (ver trex ilfgcubvaiik ereadidise | Bike caseafe raspher isedp syl ace:
nm, d the axial space of surface, i.e., surface distance (mm , and n the
di optrd ¢ i ndex denwaxel engt h3 6 hasfiend iatelasplrer i berimeoe, vd hes surhace
di stance d changes its sign with reflected degree. Therefore, the sign of
t he surface diastiange téd | sheakenfas neydei,veaobitdenvex lens L37, a
positive meniscus lens L38 having a convex surface
facing to the reticle side, a positive meniscus lens
L3929 having a convex surface facing to the reticle side,

10 a biconcave lens L3110 and a plano-convex lens L311
having a plane surface facing to the wafer side in
order from the reticle side along the propagative
route of light.

Values of data of the catadioptric optical

15 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
numerical aperture on the image side (wafer side), B

20 the radius of image circle IF onwafer W, A the off-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

25 Y direction (dimension of short side), respectively.

Moreover, the surface no. represents the order
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optical path fromthe first optical path folding mrror 1 to the concave
reflecting mrror CMand on 15 the optical path fromthe second optical
path folding mrror 2 to the image surface, and is taken as p@gighig{€4-obn
ot her 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 20 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 concaveosurfagerba@dg rhent hecketi dles: sk de | s td@kenaspesi tihnwe and
the curvature radius of a convex surface facing to the 25 reticle side is

taken as negatdotadattiRe t @itk d fBONNYo fOPLigalt SYHam Ghe Thee elivat ure
radi us of a concave 39 FPOL-0174-00 surface facing to the reticle side

(i.e., incidentrf&t8§)bes niakere ash Pesitt bve et heiewtvatureatadi 4o of a
convex surface facing to the reticle side (i . e . , ‘incident side) is

taken as negahievev@femrg sihef acplofessyorouiRagk [d@hfaick t heeseeend

i mgi ng 10 15 optical system &@. [Table 1] (Main data) A = 157.624 nm 8=

-0.255NA = Ostixrface), r the curvature radius of surface (vertex
curvature radius in the case of aspherical surface:
mm), d the axial space of surface, i.e., surface
distance (mm), and n the dioptric index to wavelength,
respectively.

10 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

15 the optical path from the second optical path folding
mirror 2 to the image surface, and is taken as positive
in other optical paths. Then, the curvature radius
of a convex surface facing to the reticle side is taken
as positive and the curvature radius of a concave

20 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

25 reticle side is taken as negative in the third imaging

optical system G3. The curvature radius of a concave
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B=14.6 nm A=3mm LX = 22 mm LY=6.6mm (Data of optical nmenbers) Surface
no. r n (reticle surface)129.131192 18233. 1422120. 0000001. 559238 (|l ens L11)
202*229. 432108. 970677 3286. 7404831. 0000341. 559238 (lens L12)  gpo1-0174-00
4-803.121881. 000000 5666. 7587433. 6330151. 559238 (|l ens L13)

6- 296. 741421. 000000 257180. 0000038. 3518301. 559238 (|l ens L14)

8- 2028. 0802813. 262240 40 FPOL-0174-00 5 10 15 20 25 9 10 11* 12 13

surface facing to the reticle side (i.e., incident
side) is taken as positive and the curvature radius
of a convex surface facing to the reticle side (i.e.,
incident side) 1is taken as negative along the
5] progression route of light in the second ‘imaging
optical system G2.
[Table 1]
(Main data)
A=157.624 nm
10 B=-0.25
NA=0.75
B=14.6 mm
A=3mm
LX=22mm
15 LY =6.6 mm

(Data of optical members)

Surface no. r n
(reticle surface) 129.131192
1 8233.14221 20.000000 1.659238 (lens L.11)
20 2% 229.43210 8.970677
3 286.74048 31.000034 1.559238 (lens 1.12)
4 -803.12188 1.000000
b 666.75874 ~ 33.633015 L5592380€nSL13)
6 -296.74142 1.000000
25 7 180.00000 38.351830 1.559238 (lens L.14)
8 -2028.08028 13.262240
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14 15 16 17 18 19 20 21 22 23 24*
-127. 65364
-228. 52501 433.60390

128. 43682

10

156

20

25

10
11*
12
13
14
15
16
17
18
19
20
21
22
23
24*
25

26

27
28*
29
30

31

32*

-120. 00000
- 656, 20038

201.14945
128.43682
-127.65364
-120.00000
-302.13109
-150.00000
-1158.54680
-228.52501
433.60390
-666.20038
188.30389
563.10068
®©
114.73897
453.07648
172.15013
395.88538

162.85844

395.88538
172.15013
453.07648
114.73897

e 9]

-774.94652

25 26 27 28*
-302. 13109

12.933978
221.621142
20.866949
1.000000
23.424817
1.000000
23.049991
1.000000
22934308
1.000000
21.335899

86.000000

29 30 31 32* 201. 14945
-150. 00000 -1158. 54680

FP01-0174-00

1.559238 (lens L.15)

1.559238 (lens 1.16)

1.559238 (lens L17)

1.559238 (lens 1,18)

1.559238 (lens LL19)

1.559238 (lens 1.110)

-278.26 (first optical path folding mirror 1)

-12.000000
-16.3556803
-13.328549

-28.227312

1.559238 (lens L21)

1.559238 (lens 1.22)

28.227312 (concave reflecting mirror

-13.328549
16.355803

12.000000

273.261089

CM)

1.559238 (lens L22)

1.559238 (lens L21)

-94.835481 (second optical path folding

-26.931959

mirror 2)

1.559238 (lens L31)



188. 30389 563. 10068 00 114.73897 453.07648 172.15013 395.88538
162. 85844 395.88538 172.15013 453.07648 114.73897 00 -774.94652

12.933978 1.559238 (Il ens L15)
1. 000000 23.424817 1.559238 (lens L17)
1. 000000 22.934308 1.559238 (lens L19)
86. 000000 -273.26 (first optical
-16. 355803

L18)

(lens L110)

-12. 000000 1.559238 (lens L21)

10

15

20

25

33 275.96516
34 -376.08486
36 388.086568
36 -219.26460
37 4359.72825
38 5056.14516
39 -128.756641
40 -180.680564
41 -331.81286
42 0

43 -1602,56896
44* 933.76923
45 -357.34412
46 2099.98513
47 163.08575
48 -631.02443
49 -124.04732
50 -639.726560
51 46775212
52 -616.22436
53 -95.47627
b4 o

(wafer surface)

(Aspherical data)

Surface 2

r =229.43210

k = 0.000000

-1.000000
-31.371246
-1.000000
-29.195314
-32.809802
-12.000000
-209.396172
-24.481519
-14.336339
-30.366910
-24.392042
-1.000000
-25.686455
-1.000000
-32.657214
-1.000000
-36.304921
-18.536315
-40.196625
-1.000000
-38.068687

-11.016920

221. 621142 20.866949 1.559238 (Ip@ns$-0t38ho
1. 000000 23. 049991 1.559238 (Ilens
1. 000000 21.335899 1.559238
path folding mrror 1)

1.559238 (lens L32)

1.559238 (lens 1.33)

1.559238 (lens 1.34)

1.5659238 (lens 1.35)

(aperture stop AS)

1.559238 (lens 1.36)

1.559238 (lens L37)

1.559238 (lens L.38)

1.559238 (lens 1.39)

1.559238 (lens L310)

1.559238 (lens L.311)



-13. 328549 1.559238 (lens L22)

mrror CM
(lens L21)

-28.227312 28. 2273

12 (concave reflecting

-13.328549 1.559238 (lens L22) 16.355803 12.000000 1.559238
273. 261089 -94.835481 (second opti cal

path fol di ng wpgh 0194-08)

-26.931959 1.559238 (lens L31) 41 FPO1l-0174-00 33275.96516-1. 000000
34-376.08486-31. 3712461. 559238 (|l ens L32) 35388. 08658-1. 000000
36-219. 25460- 29. 1953141. 559238 (| ens L33) 5374359. 72825-32. 809802
38505. 14516- 12. 0000001. 559238 (|l ens L34) 39-128. 75641-209. 396172

40-180. 58054
104200- 30. 366

&1

10(aperture stop

4 4315001 pF9238 (| ens l35)594d17337k181286- 14. 336339
AS) 43-1502. 56896- 24. 3920421. 559238 (| ens

L36) 44*933. ¢69231947869968 45- 357. 34412027 SRBARRL. 559238 (| ens L37)
462099. 98513-1. 000000 1547163. 08575- 32. 5572141. 559238 (| ens L38)

48- 631. 02443¢],. 09330612 x 1025
Surface 11

r =-127.65364
C4=-0.130822 x 107
Cs=10.875810x 1016
Ci2=-0.203194 x 1025
Surface 24 and Surface 28
10 r=172.15013
C4=0.293460x 107
Cs =-0.848590 x 1017
Ci12=0.868714 x 10-26
Surface 32

15 r =-774.94652
C4=0.253400 x 107
Cs =0.151509 x 10-16
C12=10.841427 x 1026
Surface 44

20 r =933.76923
Cs=-0.140105x 107 -
Cs=-0.148693 x 1016

Ciz=-0.251962 x 1025

C14=-0.320584 x 1030

x = 0.000000
Co=0.512133 x 102
Ci10=0.138750 x 1019
C11=0.241236 x 1027
(same Surface)
x = 0.000000
Ce=-0.868472 x 10712
Ci10=-0.159330 x 1022

C14=-0.116970x 102

k= 0.000000
Cs=-0,505553 x 1012
C10=-0.433597 x 1021

C14=10.165932 x 1030

k = 0.000000
Cs =-0.779968 x 1012
C10=10.100788 x 1021

C14=0.104216 x 1020

(Corresponding values of conditions)

25 B1=-0.626

B2 =-0.919
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49-124. 04732- 35. 3049211. 559238 (l ens L39) 50-639. 72650- 18. 536315

51467. 75212- 40. 1966251. 559238 (|l ens L310) 2052-616.22436-1. 000000

53-95. 47627-38. 0686871. 559238 (|l ens L311) 5400-11. 016920 (waf efrpgyifagseh
25(Aspherical data) Surface 2 r = 229.43210 K = 0.000000 42 FPO -0174-00
C4 = 0,174882 x 10-7 C6 -0.593217 x 10-12 C8 = -0.194756 x 10-16 Co
0.677479 x 10-21 Cl2 = -0,212612 x 10-25 Cl14 = -0.320584 x 10-30 Surface

11 5 r = -127.65364 K = 0.000000 ¢4 = - 0. 130822 x 10-7 C6 = 0.512133 x
10-12 Cs = @387 x 10-16 o = 0. 138750 x 10-19 Cl12 = -0.203194 x
10-25 Cl14 = 0.241236 x 10-27 Surface 24 and Surface 28 (same Surface) 10 r

= 172. 15013 K;=435Q00000 C4 = 0.293460 x 10-7 C6 = -0.868472 x 10-12 C8 =

-0.848590 x 10-17 do = -0. 159330 x 10-22 Cl12 = 0.868714 x 10-26 Cl4 =
-0. 116970 x13Q-3380 4" face 32

E =484.8 mm
5 D =443.3 mm
(1 82| =0.919
@ |L1-L2|/IL1] =0.076
(3 181/181| = 0.400
4@ |[E-DJ/IE| =0.086
10 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

15 157.624 - 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.

20 [Embodiment 2]

Fig. 6 is a diagram showing the lens construction
of a catadioptric optical system (projection optical
system PL) according to the second embodiment. 1In the
second embodiment, this invention is applied to a

25 projection optical system in which aberrations

including chromatic aberrations are corrected for an
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H

5r = -774.94652 K= 0.000000 C4 = 0.253400 x 10-7 CB = -0, 505553 x 10-12
C8 = 0. 151509 x 10- 16 Co = -0.433597 x 10-21 Cl12 = 0.841427 x 10-26 Cl4
= 0. 165932 x 10-30 Surface 44 20 r = 933.76923 K = 0 000000 @$0I017900
140105 x 10-7 C6 = -0.779968 x 10-12 C8 = -0,148693 x 10-16 do

100788 x 10-21 Cl12 = -0.251962 x 10-25 C14 = 0. 104216 x 10-29
(Correspondi ng values of conditions) 25 81 = -0.626 82 = -0.919 43

FPO -0174-00 83 = 0.435 L1=335.3 nm L2 = 310.0 mm E=484.8 mm 5 D=443. 3

mm (1) 1821 _Q%éggrézi h%iw1t§?w5ée eh%ﬂhfwfhéﬂ f(§%71@%41ﬂ@%]J =
0.400 (4) IE-D/1E =0. 0 6 10 Fig. 5 are charts sh omnng the | ateral

aberrations i t@ﬁningglﬁng)gdhlﬁerghel B ither abgphatippdneharts, Y represents
the image height, solidines the wavel ength 157. 624 nm broken |I|ines

157.624 + 1 pm = 1%4. 63 nEnand dashed d idiesicdd Ka/s€24 ol PIyT B37. 623

nm respectively.
the first imaging optical system Gl comprises a

5 positive meniscus lens L1l having an aspherical
concave surface facing the wafer side, a negative
meniscus lens L12 having a concave surface facing the
reticle side, abiconvex lens L13, a biconvex lens L14,
a positive meniscus lens L15 having a convex surface

10 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

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

The second imaging optical system G2 comprises

20 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

25 route of light (i.e., the incident side).

The third imaging optical system G3 comprises

45



20 As is evident fromthe aberration charts, it is generally known that
the chromatic aberrations are well corrected for the exposure light with a
wavel ength of 157.624 1 pmin the first enbodi ment. [Enbodi mpph 7800 6
is a diagram showing the | ens construction of a catadioptric optical
system (projection optical systemPL) according to the second enbodi nent.
In the second enbodinent, this invention is applied to a 25 projection
optical systemin which aberrations including chromatic aberrations are

corrected for apidsdnkROL- Qleids 04, BXPasay enly 9Bh Wi Epneavied £ngtde whdth of
157.624 nm (1 pmsimlarly as in the first enbodinment. In the catadioptric

optical systemfadbdfabing Red ifestidMBgsNAgPLI Bal csd 2M & scanpr,i ses a
5 positive neniscus lens L11 having an aspherical concave surface facing

the wafer sideposinegati MenimrniscuUsnkens L hdhhanyng aosensavwes sebiace
facing the reticle side, a biconvex lens L13, a biconvex lens L14, a

positive nenifsclisnd enhd lbehawi g & ichayex suitace-dPef acdmg W4 yetd cle
side, a positive nmeniscus lens L16 having an aspherical concave surface
facing the batdaieesi dens pPBS|tiate apbirycuse | ensd 17S havi mE@atdorRcave
surface facing the reticle side, a positive neniscus |ens L18 having a
concave surfaeefscuagléhe L36rktvdlrey sirde,s phdi ¢ oadex olnarnsx Lshdr Aad ea
posttive facing the wafer side, a biconvex lens L37, a positive
meniscus lens L38 having an aspherical convex surface
facing the reticle side, a positive meniscus lens L39

10 having a convex surface facing the reticle side, a
biconcave lens L310 and a plano-convex lens L3311
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).

15 Values of data of the catadioptric optical
system of the second embodiment are identified in the
following table {(2). In the table (2), ( represents
the wavelength of exposure light, ( the projection
magnification (magnification of whole system), NA the

20 numerical aperture on the image side - (wafer side), B
the radius of image circle IF onwafer W, A the off-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

25 dimension of effective exposure region ER along the

Y direction (dimension of short side), respectively.

46



meni scus | ens L110 havi ng an aspherical concave surface facing the wafer
side in order fromthe reticle side. The second inmagi ng optical system &
conprises 20 a negative meniscus |lens L21 having a concave SU@@@@%lﬁg@bng
the reticle side, a negative neniscus |lens L22 having an aspheri cal

concave surface facing the reticle side and a concave reflecting mrror CM
in order fromthe reticle side along the propagative 25 route of |ight

(i.e., the incident side). The third imaging optical system G3 conprises 45
FPOL-0174-00 a bi capyexJ&ps L3k MavingAn Aspheld 6ot s CORweX »r guLf age
facing the reticle side, a biconvex lens L32, a positive meniscus |ens L33

having a CO”‘é@ﬁ:ﬁé‘é&@%roﬁrﬁ%H@Q rdei £ gkl %|1Qie9'aﬂp@n§ bheopeaymm dghsWe34, a 5
bi convex | ens L35, an aperture stop AS, a negative neniscus |lens L36

having an aspherd €8k ogop¥exi guif &G m facd NG £ Ne 1wakelr 54 6. baihigcemeex | ens
L37, a positive nmeniscus lens L38 having an aspherical convex surface

facing the retyicd €t St @efaz PQFiild ¥€ HRRIFHAS) | €6Sth3%wAE NaWugr acegnvex
surface facing the reticle side, a biconcave |ens L310 and a pi ano-convex

lens 15311 hawingg atlanariyéacauf asicrg (e vwdier sudeaice)order threomthe
reticle side along the propagative route of light (i.e., the incident
side). 15 Valkuwessofudat aadfi dde atwedf aplkr i(&capt érat ursythierne of atih@ ssecond
enbodi ment are identified in the

in the case of aspherical surface: mm), d the axial

space of surface, i.e., surface distance (mm), and n

the dioptric index to wavelength, respectively.

10 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

15 the optical path from the second optical path folding
mirror 2 to the image surface, and is taken as positive
in other optical paths. Then, the curvature radius
of a convex surface facing to the reticle side is taken
as positive and the curvature radius of a concave

20 surface facing to the reticle side is taken as negative
in the first imaging optical system G1. On the other
hand, the curvature radius of a concave surface
surfacing to the reticle side is taken as positive and
the curvature radius of a convex surface facing to the

25 reticle side is taken as negative in the third imaging

optical system G3. The curvature radius of a concave

47



following table (2) . Inthe table (2), ( represents the wavel ength of
exposure light, ( the projection nagnification (magnification of whole
systen) , NA the 20 nunerical aperture on the inage side (“ﬁfeTT%ﬁQﬁ?¢OOB
the radius of image circle IF on wafer W A the off-axis quantity o
effective exposure region ER LX the dinension of effective exposure
region ER along the X direction (dinension of long side) and LY the 25

di mension of effective exposure region ER along the Y direction (dinmension
of short sidelnriearestingl ¥o HReFROL1B8L A0 Meqyer ¢ 15arifRceqaet
represents the order of surfaces fromthe reticle side along the
propagative sdidectiontalicdd ohé poemttines rghbchke sWih 268 thai norf e Obj ect
surface (first surface) to the wafer surface, 5 being the i mage surface
(second surfageh, cbntitsr H £EVAL B iagli ts O eSHEEACE d I §&X(gurVature
radius in the case of aspherical surface: mm), d the axial space of
surface, i . t@e insddfaare disfteances(mMAkenand nnebﬁ&id\?@ptaﬂicﬁldgln@%to
wavel engt h, respectively. Furthernore, the surface distance d changes its
sign W th reblregd egadegiecerother ebgreliyhe sign wie tdrcsyaf aceadisipance d
is taken as negative on the optical path fromthe first optical path
folding mrewtilcdd tletcancage reflecting mrror CM and on 15 the opti cal
path fromthe second optical path folding mrror 2 to the inage surface,
and i s taken as poBlable\2

(Main data)

A =157.624 nm
10 B=-0.25

NA=0.75

B=14.6 mm

A=3mm

LX=22mm
15 LY =6.6 mm

(Data of optical members)

Surface no. r d n
(reticle surface) 74,237501
1 392.09887 18.011517 1.5659238 (lens L11)
20 2% 1161.26854 22.650885
3 -197.82341 12.000000 1.559238 (lens L12)
4 -320.24045 1.072412
b 4535.10509 27.682776 1.559238 (lens L13)
6 -230.22207 1.003799
25 7 180.02979 31.376675 1.559238 (lens L.14)
8 -16797.46544 1.001727
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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 20 surface facing to the reticle side is taken asppe@aikyeg i N
the first imaging optical system GlL. On the other hand, the curvature
radi us of a concave surface surfacing to the reticle side is taken as
positive and the curvature radius of a convex surface facing to the 25
reticle side is taken as negative in the third inmaging optical system G3.
The curvaturg radi us of f\%]oq@@gpve 47 FP 9%1662()‘0 sur fi 3§84 09,150 the
reticle side (i e incident ide) is taken as positive and the
curvature ragpus of a cpRgexsesur face facqgglqgnbhe reticle side (i . e .
the incident side) is taken as negative al ong the 5propagative route of

light in thegpcond i rraglnmngwcal syst emsgdoodobab! € 2]ss9¢dRicns daba) A =

157.624 nm S = -0.25 0 NA =
12 '120.00000 1.034195
5 13 -243.755696 21.927192 1.559238 (lens L.17)
14 -150.02545 1.001112
15 -355.46587 23.499758 1.559238 (lens LL18)
16 -170.06869 1.005486
17 380.97487 22.7568028 1.559238 (lens L.19)
10 18 -1174.105633 1.018161
19 162.68354 24.816537 1.559238 (lens L.110)
20* 644.69642 86.000000
21 © -275.440338 (first optical path
folding mirror 1)
15 22 116.98457 -20.000000 1.659238 (lens L.21)
23 556.37904 -19.644110
24* 165.29528 -22,001762 1.659238 (lens 1.22)
25 383.86012 -26.8356741
26 170.563370 26.835741 (concave reflecting
20 mirror CM)
27 383.86012 22.001762 1.559238 (lens 1.22)
28* 165.29528 19.644110
29 556.37094 20.000000 1.559238 (lens 1.21)
30 116.98457 275.440338
25 31 o -106.008415 (second optical path
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5B = 14.6 mm A=3mm LX=22 nm LY=6.6mm (Data of optical nenbers) Surface
no. r d n 1(reticle surface) 74.237501 1.559238 (lens L11) 392. 09887

18. 011517 202*1161. 26854 22.550885 3-197.82341 12-0000001-55922§’%kﬁ2% 312)
4-320. 24045 1.072412 54535. 10509 27.5827761. 559238 (|l ens L13) -8 0. 8 7
1. 003799 257180. 02979 31.3766751.559238 (lens L14) 8-16797.46544 1.001727
48 FPO1-0174-00 9120.0910149. 6406241. 559238 (| ens L15)

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

12-120. 0000035034195 5133243, 4f399621. 9271925390238 “1%’3§2518](Fe)ns L31)

33 279.72974 -1.078193
34 -751.81935 -30.303960 1.559238 (lens 1.32)
36 35273770 -1.006012
5 36 -178.20333 -36.675204 1.559238 (lens 1.33)
37 -1076.81270 -51.479106
38 1804.27479 -28.746535 1.559238 (lens 1.34)
39 -120.27525 -169.573423
40 -250.01576 -35.536941 1.559238 (lens L.35)
10 41 521.40215 -35.714360
42 o -24.295048 (aperture stop AS)
43 152,18493 -24.773335 1.559238 (lens 1.36)
44* 252.15324 -4.265268
45 -995.58003 -37.825368 1.559238 (lens L37)
15 46 262,29146 -1.000000
47 -210.563420 -30.482411 1.559238 (lens L38)
48 -8044.39654 -1.002741
49 -124.46496 -36.754604 1.559238 (lens L39)
50 -627.72068 -9.489076
20 51 534.41093 -27.941522 1.559238 (lens 1.310)
52 -9748.42213 -1.007391
53 -131.28668 -50.000000 1.559238 (lens L311)
54 © -12.603787
(wafer surface)
25 (Aspherical data)
Surface 2
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14-150. 025451. 001112 15-355. 4658723. 4997581. 559238 (|l ens L18)
16-170. 068691. 005485 17380. 9748722. 7580281. 559238 (|l ens L19)

1018-1174. 105331. 018161 19162. 6895424. 8165371. 559238 (| ens L11@Po1-0174-00
20*644. 6964286. 000000 2100-275. 440338(first optical '

path folding mrror

1522116. 98457-20. 0000001. 559238 (| ens L21) 23556. 37904-19. 644110
24*165. 29528-22. 0017621. 559238 (|l ens L22) 25383. 86012-26. 835741

26170. 5337026. 835741(concave reflecting 20m rror CM

27383. 8601222 _QQd76Rk4 5592306d@NS L22) 28*165. 2952819. 644110
29556. 3709420. 0000001. 559238 (| ens L21) 30116.98457275. 440338

253100- 106. 098474 sBaqn@-opt i cal

patdy £ @kabeag x Tt or 2) 49 FPO1-0174-00

32*-8761. 14467- 25. 5359771. 559238 (|l ens L31) 33279.72974-1.078193

34- 751. 81935¢30030R641.0559238 (| ens,h32), 5303521637 70- 1. 006012
536- 178. 20333- 35. 6752041. 559238 (| ens L33) 37-1076.81270-51. 479106

10

15

20

25

Ci12=0.747533 x 1024
Surface 11

r =-147.64267
Cs=0,117741 x 108
Cs=-0.441188 x 1015
Ci12=-0.114006 x 10-22
Surface 20

r =644.69642
Cs=0.378434x 107
Cs=0.247735x 1016

Ci2=0.256558 x 1024

C14 =-0.4005665 x 1028

x = 0.000000

Cs=-0.764549 x 1011
C10=0.122309 x 1018

C14=0.478194 x 1027

k = 0.000000

Cs=-0.751663 x 1012
Ci0=-0.222239 x 1020

Ci1a =-0.235204 x 1028

Surface 24 and surface 28 (same surface)

r =165.28528
Ca=-0.236840 x 10-7
Ce=-0.122244 x 10-16
C12=0.109632 x 10-25

Surface 32

r =-8761.14467 x = (0.000000

C4=0.,138366 x 107
Cs=0.264075x 1017
C12=-0.494187 x 1026
Surface 44

r =252.15324

K = 0.000000

Cs=0.766085 x 1012
Ci0 =-0.209608 x 102!

C14 =-0.837618 x 1030

Cs=-0.162646 x 1012
C10 =0.265565 x 1022

Cua =-0.786507 x 1031

k = 0.000000
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381804. 27479- 28. 7465351. 559238 (|l ens LU 39-120. 27525- 169. 573423

40- 250. 01576- 35, 5359411. 559238 Cens L35) 1041521.40215-35. 714360

4200- 24. 295048( aperture stop AS) 43152. 18493-24. 7733351. 559238 )¢5 74-86)
44*252. 15324- 4. 265268 45-995. 58003- 37. 8253681. 559238 (| ens L37)
1546262, 29146- 1. 000000 47-210. 53420- 30. 4824111. 559238 (| ens L38)

48- 8044. 39654-1. 002741 49-124. 46496- 36. 7546041. 559238 Cens L39)

50-627. 72968-9. 489076 2051534. 41093-27.9415221. 559238 (| ens L310)

52- 9748. 4221%49%?\;)\%% B3- 131, 28658-5Q Q0QQPNL §59238 (I ens L311)

5400- 12. 5037 er surface) (Aspherical data) Surface 2 50

FPO1- 0174- 00 ¥, _5 4620854 K = 0. 009000, §4bsEe Q10441234 x 10-7 C6 =
0. 566659 x 10 0 EMAE® 4 To0a x 100 18 PR 210315032 x 10-20 12 =

0. 747533 x 1@ 240 Glhotx162400565 x 18:28) 1@soukhane 11 r = -147.64267 K
0. 000000 -

(Corresponding values of conditions)
5 81 =-0.650

B2 =-0.885
83=-0.434
L1=347.8 mm
L2=311.9 mm

10 E =453.1 mm
D=473.4mm
(M 1682] =0.885
(2 |L1-1L2]/|L1] =0.103
@ 1BI/B1=0.385

15 @ |E-DI/IE| =0.045

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

In the aberration charts, Y represents the image
height, solid lines the wavelength 157.624 nm, broken

20 lines 157.624 + 1 pm = 157.625 nm and dashed lines
157.624 - 1 pm = 157.623 nm, respectively.

As is evident from the aberration charts, it is
known that the <chromatic aberrations are well
corrected for the exposure light with a wavelength of

25 157.624 £+ 1 pm in the second embodiment similar to in

the first embodiment.
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C4 = 0.117741 x 10-6 C6 = -0.764549 x 10-11 Cs= -0.441188 x 10-15 Cdo = 0.
122309 x 10-18 Cl12 = -0. 114006 x 10-22 Cl4 = 0.478194 x 10-27 . 10 Surface
20 r = 644.69642 K 0, 000000 C4 = 0.378434 x 10-7 C6 = -0.75166%py1¥A749o C8
= 0,247735 x 10-16 Co = -0.222239 x 10-20 Cl12 = 0, 256558 x 10-24 Cl4 =
-0.235204 x 10-28 15 Surface 24 and surface 28 (same surface) r =

165. 28528 0. 000000 C4 = -0.236840 x 10- 7 C6 = 0.766085 x 10-12 C8 = -0.
122244 x 10- 16 do = -0.209608 x 10-21 Cl2 = 0. 109632 x 10-25 Cl14 =
-0.837618 x 10-30 [2@pifaeat3xy = -8761.14467 K = 0.000000 C4 = O.
138366 x 10-7 C6 = -0. 162646 x 10-12 C8 = 0,264075 x 10-17 C o = 0, 265565

x 10-22 Cl2 = -0, 49418 X£ 10526 {44 s5edr/B6eRpodlfledts 2D SURl @GR 44 1 =
252. 15324 K = 0.000000 51 FP01-0174-00 C4 = 0.697432 x 10-11 C6 = -0. 714444

X 10-12 Cs FiGgé74p4 calD-g4tH Fr1d9nGOWHBr¥ rl0- 2dndCia & He22380P1 X
10-25 C14 = - 0. 160543 x 10-29 (Corresponding values of conditions) 5 81
= -0.650 620ptec88%aBB8 Fo1Qi%hPmirror 2 are constituted as front
5 surface reflecting mirrors. Moreover, in the first
and second embodiments, the angular widths of a beam
incident into the reflecting plane of the first
optical path of a folding mirror 1 and the reflecting
plane of the second optical path of a folding mirror
10 2 increase in proportion to the numerical of aperture
on the image side of the catadioptric optical 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
15 reflected wave disperses with the incident angle, thus
itisdifficult toensure good angular characteristics.
Therefore, it is preferable that the reflectingplanes
are formed of a metal film to obtain good angular
characteristics, such as a reflectivity nearly
20 constant for awide range of incident angles. However,
the reduction of reflectivity arises if the metal is
subjected to irradiation of the F2 laser in an
atmosphere containing little oxygen.
Accordingly, both the first optical path folding
25 mirror 1 and the second optical path folding mirror

2 are constituted as rear (back) surface reflecting
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LI =347.8 Mm L2 = 311.9 mm 10 E = 453.1 nmD = 473.4 mm (1) 1,8 21 = 0.
885 (2) 2 LI - L21 /1 LI 10.103 (3) 1,81/ 18 11 = 0. 385 15 (4)
JE-Dj/jE =0.045 Fig. 7 are charts showing the lateral aberratpppig1hiohhe
second enbodinent. In the aberration charts, Y represents the inage -

hei ght, solid |ines the wavel ength 157. 624 nm broken 20 Ilnes_157 624 +
1 pm= 157.625 nm and dashed lines 157.624 - 1 pm = 157.623 nm
respectively. As is evident fromthe aberration charts, it is known that

the chromati ¢ abesratignsharenweld on@Vdehked foer@ §§8%§Lﬁfc£h_g@} with a
wavel ength of 25 157.624 1 pmin the second enbodinment"simlar to’in the

first enbodi gRNtsh Adn FPRLFQL7440G [ @@@dfm%tt Hpt Dchhepfdvists &ndisgpond
enbodi ments, both the first optlcal path folding mrror 1 and the second

optical pat hInflqlld(nglmlrg Of o Zmakie £HNgt irtiieE- ag gfireont r Ssaurf 2 enkefd ecting
mrrors. Myreover, in the first and second enbodi nents, the angular w dths

of a beam 'mlaie@tofnthldh@eh@fel acd | perpleaan@i ef 1Ehe b1 she apbt €ala pat h of
a folding mrror 1 and the reflecting

5 axis AX1l of a first imaging optical system Gl1, a

reflecting plane 1b inclined to the optical axis AX1

at an angle of 450 and a plane of emergence 1c

perpendicular to the optical axis AX2 of a second

imaging optical system G2. The second optical path

10 folding mirror 2 is formed as a right-angle prism

having a plane of incidence 2a perpendicular to the

optical axis AX2 of the second imaging optical system

G2, areflecting plane 2b inclined to the optical axis

AX1 at an angle of 450 and a plane of emergence 2c

15 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

integrally constituted as one optical path folding

20 mirror FM. Then, the optical axis AXl1 of the first

imaging optical system G1 énd the optical axis AX3 of

a third imaging optical system G3 are so set up that

they linearly extend and constitute a single common

optical axis, i.e., a reference optical axis AX.

25 Furthermore, the intersection line of the rear (back)

surface reflecting plane 1b of first optical path

b4



pl ane of the second optical path of a folding mrror 10 2 increase in
proportion to the nunerical of aperture on the inage side of the

catadi optric optical system In this case, if the reflecting pp@m@§7@b§
formed of a dielectric multi-layer film the reflectivity changes wth
the incident angle and the phase of a 15 refl ected wave di sperses with the
incident angle, thus it is difficult to ensure good angul ar
characteristics. Therefore, it is preferable that the reflecting pl anes

are forned fooqcfﬁ%?' hijlrpd© obtahpggoad,angukdlr chesawherisireacesuch as
areflectivity nearlTy 20 constant for a w de range o |nC|dent angl es.

However, th@erﬂ%{:iﬁg P1det! et iyt t yeabins®Sopt itdhel nphah io18ubjgect ed
toirradiation of the F2 laser in an atnosphere containing little oxygen.

Accordingl y, mhetrb # he hirksts optigakopatnt ot Heng pt25c AT beri sl @nd bhe
second optical path folding mrror 2 are constituted as rear (back)

surface refl eald fg 5% FAPdg04¢40B@ iMdd T o pstant e ,t hibd opybodh meak i shore
specifically, as shown in Fig. 13B, the first optical path folding mrror
1 is formed agzadf ghiteabgleard | SaBAH NP EE i pladne w§ tencicdenced!| ahe
perpendicular to the optical 5 axis AX1 of a first inmaging optical system
Gl, a reflecbitng: 9l aneikbAclomeathd oot hedopmiacpinaxoptAXhk 1l atyaneangl e of
450 and a plane of energence 1c perpendicular to the optical axis AX2 of a
second i nagGAg ioptécakctysdenpG?. pkhensedoredf opencal patht) .
As described above, both the first optical path
folding mirror 1 and the second optical path folding
10 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
15 second optical path foldingmirxror 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
20 of ametal film to obtain good angular characteristics,
such as a reflectivity that is nearly constant for a
wide range of incident angles.
Moreover, 1f the reflecting planes (lb, 2b) and
the transmitting planes (la, lc, 2a, 2c¢) of the first
25 optical path folding mirror 1 and the second optical

path folding mirror 2 are located in the vicinity of
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10 folding mrror 2 is fornmed as a right-angle prism having a plane of

i nci dence 2a perpendicular to the optical axis AX2 of the second inmaging
optical system G, a reflecting plane 2b inclined to the opti gl apirgopAXL
at an angle of 450 and a plane of energence 2c 15 perpendicular to the
optical axis AX3 of a third imging optical system G3. Mreover, the first
optical path folding mrror 1 and the second optical path folding mrror 2
are integrally constituted as one optical path folding 20 mrror FM Then,

the optical anes ¥notibhkefddstionmBe Boreptdicaln syshem Gl andnkhe -
optical axis AX3 of a third imging optical system G3 are so set up that

they linear| yrext£ndeanth £ ongtiiried fasendlea §ONTEN 2 0P) | GRIFBXES, JE €., a
reference optical axis AX. 25 Furthernore, the intersection line of the

rear (back) cewutaeg,refheeti nadpl ane | bidde fiorst topid €alp pahlsd4are
FP01-0174-00 folding mrror 1 and the rear (back) surface reflecting plane

2b of secondtepincaérpatd fe dithe Wafor Zsar€ageli. up Bartddrimbe egpti cal
axis AXL of the first imaging optical system GlL, the optical axis 5 AX2 of

the second i BRGtigh 9p4i cakdusysd eme g tand Hde a opétaall X St AX3adkert e third
i magi ng optical system G3 intersect at one point (reference point). As
descri bed abawesuboshit hehd irist i apturciad a padvih ofot Hengppiareotu & . and hiche
second optical path folding 10 mirror 2 are constituted as rear (back)
surface compact nature of the apparatus is also favorable in
transportation. Accordingly, in the third embodiment,
the first intermediate image is formed between the
10 emergent plane lc of the first optical path folding
mirror 1 and a concave reflecting mirror CM. The
second intermediate 1image 1is formed between the
concave reflecting mirror CM and incident plane 2a of
the second optical path folding mirror 2. The third
15 embodiment is specifically described below.

Fig. 13 is a diagram i1llustrating the 1lens
construction of a catadioptric optical system
(projection optical system PL) according to the third
embodiment. As in the first and second embodiments,

20 the present invention 1s also applicable to a
projection optical system 1in which aberrations
including chromatic aberrations are corrected for an
eXxposure light with a wavelength of 157.624 nm (1 pm
in the third embodiment.

25 In the catadioptric optical system of Fig. 13,

the first imaging optical system Gl comprises a
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reflecting mrrors in the third enbodi nrent. Therefore, the rear (back)
surface reflecting plane |b of the first optical path folding mrror 1
and the rear (back) surface reflecting plane 2b of the 15 secom@og@ﬁqg@b
path folding mrror 2 are not subjected to the irradiation of F2 laser in
an oxygen-containing atnosphere. As a result, the reduction of
reflectivity caused by the F2 |aser irradiation can be avoided, even if
the reflecting planes are formed 20 of a netal filmto obtain good angul ar

characteristigs it S¥eh ﬁén%srdifé ectd Nty i patn h§in Qﬂar by, cangirdtitan a
wi de range of incident angles. Mreover, if the reflecting planes (lb, 2b)

and the trapsHdd+80sRkdnesSe (f8cih@ t%ath?é:)wé)fel’hglﬁ'er Sta n?éggetmc‘eal path
folding mrror 1 and the second optical path folding mrror are | ocated

in the vici nmfeylloécéé FRRL 01740yt hg ROERId Hie POSItEaQE Oﬂ‘a@lhlgr %o
internediate image and a second internedi ate i mage, flaws, defects of

coating, dusthandrébecliikesonet,heseppladesear e etsangferr gd dds t he waf er
surface. Furthernore, 5 settlng a reduced | ength froma reticle R to wafer

W resul ts i felries@hBi akrd Zat 4 oORadfi idea apparatusudbececamachgnatare of
the apparatus is also favorable in transportation. Accordingly, in the

third enbodi mert rettiel &i £ 5tei, nheporditat ee in@ge sics1 § Arared et ieetiihke 10
energent plane Ic of the first optical path folding mrror 1 and a concave
reflecting marconveM stlheface facing to the reticle side, a positive
meniscus lens L16 having an aspherical concave surface
facing to the reticle side, a positive meniscus lens
10 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 L1839 ahd
a positive meniscus lens L110 having an aspherical
concave surface to the wafer side in order from the
15 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
20 reticle side and a concave reflecting mirror CM in
order from the reticle side along the propagative
route of light (i.e., the incident side).
The third imaging optical system G3 comprises
a biconvex lens L31 having an aspherical convex

25 surface facing the reticle side, a biconvex lens L32,

a positive meniscus lens L33 having a convex surface
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second internediate inmage is forned between the concave reflecting mrror
CM and i ncident plane 2a of the second optical path folding mrror 2. The
third 15 enbodinent is specifically described below Fig. 13 igpopodhagpham
illustrating the lens construction of a catadioptric optical system
(projection optical systemPL) according to the third enbodinent. As in
the first and second enbodi nents, 20 the present invention is also
applicable to a 25 projection optical systemin which aberrations

i ncl udi ng Chff%@:‘@ﬂ% aRerhal i,ans; ahe COf §8CT 6dfiQl o A8, vEXRQHAE er, kiaghty with a
wavel ength of 157.624 nm (1 pm in the third enbodinent. In the

catadi opt ri ¢ LQRid eRb xS BB sFi thn 13pedtheréi 63lod MRl NG QRi4 gak ystem
G conprises a 56 FP01-0174-00 positive neniscus |ens L11 having an

aspherical gencayeusul EagerBachhg ilrly the Mafee r$cda, ca medatd et aRNI scus
| ens L12 having a concave surface facing to the reticle side, a biconvex

lens L13, a gesdihnyetd MeAkesGusrbenssidd hayi pg cokeaxex susfacerfad ng to
the reticle side, a positive meniscus |lens L15 having a convex surface

facing to theireinebe Béfe, 1.38posigd ¥&t iRRNNIGUSs L @BS1 A6 hAaVimgvahg
aspherical concave surface facing to the reticle side, a positive neniscus

lens 10 L17 haybh@ex soncavee SWdEaag faahg deribeereidelcasidigat i&e
positive neniscus |ens L18 having a concave surface

meniscus lens L310 having a concave surface facing to

the reticle side and a plano-convex lens L311 having

a plane surface to the wafer side in order from the

10 reticle side along the propagative.route of light.

Values of data of the catadioptric optical

system of the third embodiment are identified in the

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

the wavelength of exposure light, B the projection

15 magnification (magnification of whole system), NA

represents the numerical aperture on the image side

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

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

of an effective exposure region ER, LX the dimension

20 of the effective exposure region ER along the X

direction (dimension of long side), and LY represents

the dimension of the effective exposure region ER

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

25 Moreover, surface no. represents the order of

surfaces from the reticle side along the propagative
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facing to the reticle side,

a biconvex lens L19 and a positive neniscus

| ens L110 having an aspherical concave surface to the wafer side in order

fromthe

a negative neniscus lens L21 having a concave surface facing to the
reticle side, a negative neniscus lens L22 having an aspherical concave

surface facing to the 20 reticle side and a concave reflecting mrror
order fromthe reticle side along the propagative route of light (i.e

the incident gsidejt i JRectrhitidyH yegi HY OBl Gt SY$LedLGF LOMMIL$eS i&

bi convex lens L31 having an aspherical convex 25 surface facing the
reticle si deanaoB'jféCHB/%&rl@é‘ée'—?ﬁir%tpgﬁlﬂﬂa\/@eFerfkbs@d@ WEhsr LB33r havwidng a

convex surface 57 FPQOL-0174-00

15 reticle side. The second imagi ng optical system GEppiiRti-p6S

CMin

acing to the reticle side, a biconcave | ens

L34, a bicopeexdernd 3G nbhe apait Bhe St QR ADna NegAakhR ) e seus | ens
L36 having an aspherical convex surface facing to the wafer side, a

bi convex | engu37atare bheanven t ensrE38e d vROSt $kVEURRRAIACHS +£8S uls39
a convex surface facing to the reticle side, a negative nmeniscus

havi ng

|l ens 15310 hadmngha €oBeay€ sShefagphbadidyl tourtheo:ehimgl,edstde aRrdaa
pi ano-convex | ens L311 having a plane surface to the wafer side in order
fromthe 10 seldcd & Bisher dbharg tihee pyopagatd ve doetanafe | ighi, aMal wes of
data of the catadioptric optical systemof the third enbodi nent are
identified imhchelioptric index to the wavelength, respectively.

10

15

20

25

Furthermore, the surface distance d changes its
signwith reflected degree. Therefore, the sign of the
surface distance d is taken as negative on the optical
path from the first optical path folding mirror 1 to
the concave reflecting mirror CM and on the optical
path from the second optical path folding mirror 2 to
the image surface, and is taken as positive in other
optical paths. Then, the curvature radius of convex
surface facing to the reticle side is taken as positive
and the curvature radius of the concave surface facing
to the reticle side is taken as negative in the first
imaging optical system Gl. On the other hand, the
curvature radius of concave surface facing to the
reticle side is taken as positive and the curvature
radius of convex surface facing to the reticle side
is taken as negative in the third imaging optical
system G3. The curvature radius of concave surface
directing to the reticle side (i.e., the incident

side) is taken as positive and the curvature radius
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following table (3). In the table (3) A represents the wavel ength of
exposure light, R the projection 15 magnification (magnification of whole
system), NA represents the nunerical aperture on the inage si ¢gegai-8h
side) , B represents the radius of inage circle IF on the wafer W A
represents the off-axis quantity of an effective exposure region ER LX
the di nension 20 of the effective exposure region ER along the X 25
direction (dinmension of long side), and LY represents the dinension of the
effective expeswenvegi o0 ER &l pRG ithe Yo dihectian (demension of cthe short
side) respectively. Mreover, surface no. represents the order of

surfaces frompthe; net i@ skdaeal ong thex #hoRagah b¥e t58; &P -dHly 4+6Q
direction of light fromthe reticle surface which i's an object surface
(first surfagelogaghbeveal epusy fage 1bghhg 1he iH@ge sdshace fsgeanrd
surface), r the curvature radius of surface (vertex curvature radius 5 in
the case of bhea asphesiyeaesucbace: M) , d the axial space of surface,

. e . , surface distance (nm) , and n the dioptric index to the

wavel gngt h, respectia¥glsy. Furthernore, the surface distance d changes its
sign wth reflected degree. Therefore, the sign of the 10 surface

di stanced is taken(M@ndg@ati ve on the optical path fromthe first optical
path folding mrror 1 to the concave reflecting mrror CMand on the

opti cal A=157.624 nm
B=-0.25
NA=0.75
10 B=14.6 mm
A=3 mm
LX=22mm
LY=6.6 mm
(Data of optical members)
15 Surface no. r d n
(reticle surface) 78.905334
1 342.16576 16.022696 1.559307 (lens L11)
2% 991.85390 17.753350
3 -219.165647 12.000000 1.559307 (lens L.12)
20 4 -320.00000 1.000000
5 2955.64579 26.141043 1.559307 (lens L13)
6 -246.44297 1.000000
7 194.21831 26.260817 1.559307 (lens 1.14)
8 132996976 1.000000
25 9 107.60955 40.108611 1.559307 (lens L.15)
10 113.33032 159.676621



path fromthe second optica
and is taken as positive in other
radi us of convex

path folding mrror 2 to
15 opti cal

pat hs.

the i mage surface,

Then, the curvature
surface facing to the reticle side is taken agpopQshkioye

and the curvature radi us of the concave surface facing to the reticle side

is taken as negative in the first

i magi ng opti cal

system GL. On the other

hand, the 20 curvature radius of concave surface facing to the reticle

side is taken as positive and the curvature
facing to thg#eticle sigdgggifgtaken as n
system G3. The curvature radius

hatpl dent

opti cal
the reticle ghde (i.e., thgo

&

radi us of convex surface
By i n the j i i ng
gnzg]ave su?’?bmﬂ%gsg??)‘e

si dg)odoBod aken as positive and the

ace cting to

curvature radius 59 FP01-0174-00 of convex surface facing to the reticle
side (i.e., the incident.ospgeysi S taken agponpgpld ve ahopgsditenRligpagative

rout e of

dat a)

10

15

20

25

i ght

15
16
17
18
19
20*

21

22

23

24
25
26%

27

28
29
30*
31

32

in thesecond i magi ng opti cal
A = 154.624 nm S150.66H085

-401.65577
-183.82866
521.69548
-467.35041
163.47702
493.47675

0

117.68987
494.06295
162.15533

424.66556

174.561441
424.56556
162.15533
434.06295

117.68987

1.000000
23.223530
1.000000
25.488040
1.000000
241871562

59.076923

42.000000

system Q. [Table 3] (Miin

1.559307 (lens L.18)

1.559307 (lens 1.19)

1.559307 (lens L.110)

1.559307 (incident plane of

first optical path folding mirror 1)

-5.000000

1.559307 (reflecting plane

of first optical path folding mirror 1)

-288.258092

(emergent plane of

first optical path folding mirror 1)

-20.000000
-20.317103

-23.222125

-30.146320

30.146320
23.222125
20.317103
20.000000

288.258092

1.559307 (lens L21)

1.559307 (lens 1L.22)

(concave reflecting

mirror)

1.559307 (lens L22)

1.559307 (lens L21)



NA =0.75 0B =14.6 mfm A=3mm LX =22 nm LY = 6.6 nm (Data of optical
menbers) 15Surface no.r dn (reticle surface) 78.905334 1342. 16576

16. 0226961. 559307 (lens L11) 2*991.85390 17.753350 3-219. 16547 ppp1-0174-00
12. 0000001. 559307 (|l ens L12) 204-320.00000 1.000000 52955. 64579
26.1410431. 559307 (lens L13) 6-246.44297 1.000000 7194. 21831

26.2608171. 559307 (lens L14) 81329.96976 1.000000 259107. 60955
40.1086111. 559307 (lens L15) 10113. 33032 159.676621 60 FP01-0174-00 11*

-148. 84038 493913127 1.559307 (lens L16) glghoodR0: 00093 533RARR0RNL3
-222.95345 20.859126 1.559307 (lens L17) 14 -150.00000 1.000000

plane of second optical path folding mirror 2)

34 ® -42.000000 1.559307(reflecting
plane of second optical path folding mirror 2)
5 35 ) -75.000000 (emergent plane of
second optical path folding mirror 2)
36* -4472.59851 -25.928698 1.559307 (lens 1.31)
37 261.48119 -1.000000
38 -702.65223 -25.574812 1.559307 (lens L32)
10 39 484.70684 -1.000000
40 -171.00841 -36.095030  1.559307 (lens L33)
41 -824.20256 -52,106994
42 11305.93183 -29.474446 1.559307 (lens L34)
43 -116.92116 -179.952947
15 44 -250.00000 -35.678589 1.559307 (lens 1.35)
45 613.056439 -28.469304
46 © -24.889346 (aperture stop AS)
47 165.48519 -20.183765 1.559307 (lens 1.36)]
48* 279.563959 -1.000000
20 49 -1112.01574 -39.5657019 1.559307 (lens L.37)
50 293.63544 -1.000000
51 -227.08614 -39.175338 1.559307 (lens L.38)
52 3890.58196 -8.160754
53 -120.00000 -39.612810 1.559307 (lens L.39)
25 54 -519.19928 -10.442215
56 457.48024 -21.591566 1.559307 (lens L.310)
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5 15 -401, 55577 23.223530 1.559307
521. 59548 25. 488040 1.559307 (Ilens
163. 47702 24.187152 1.559307 (lens L110) 10 20* 493.47675 59. Gf992374HoC0
42. 000000 1.559307 (incident plane of first optical path folding mrror 1)
22 00 -5.000000 1.559307 (reflecting plane 15 23 00 of first optical path
folding mrror 1) -288.258092 (energent plane of first optical path
folding mrror 1) 24 117.68987 -20.000000 1.559307 (lens L21) 25 494.06295
-20.317103 263 162. 15533 125 1.5593 ns L22) 20 27 424.56556

- 30. 146320 (ggncave refI%%%ﬁ?gégnirror) ZSQéggk@l44l 30. 146320 29 424. 56556
23.222125 1.369307 (| ens.;522319530* 162-155§§0&ﬁm§1710%}%@3@ﬂ&§@4@9§295

20. 000000 1.559307 (lens L21) 32 117.68987 288.258092 61 FPOL-0174-00
33005. 000000 4. 559307 (igcident plane of sesgaghoppti cal
2) 3400-42. 000000 1.559307(reflecting

(lens L18) 16 -183.82866 1.000000 17
L19) 18 -467.35041 1.000000 19

path folding mrror

(wafer surface)

(Aspherical data)

Surface 2

r =991.85390

Cs=0.117208 x 107
10 Cs =0.401356 x 1027
C12=0.412618 x 1024
Surface 11
r =-148.84038
C4=0.637735x 107
15 Cs=-0.137097 x 1016
C12=-0.370236 x 1023
Surface 20
r =493.47675
C4=0.280809 x 10-7
20 C8=10.929800x 10-17

C12 =0.116050 x 10-24

x = 0.000000

Cs=0.310236 x 1012
Ci10=-0.265435 x 1020

C14=-0.238346 x 1028

x = 0.000000

Ce=-0.462907 x 10°1!

C10=10.475629 x 1019

C14=0.833198 x 1028

K = 0.000000

€6 =-0.360031 x 10-12
C10=-0.100162x 10-20

C14=-0.979417x 10-29

Surface 26 and Surface 30 (same surface)

r=162.165633
C4=-0.235140x 107
25 Cs=-0.957183 x 1017

C12=0.274134 x 1026

k = (.000000

Cs=-0.7096856 x 1012
Ci0=-0.947024 x 1022

C14=-0.469484 x 1030
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pl ane of second optical path folding mrror 2) 53500-75. 000000 (energent
pl ane of second optical path folding mrror 2) 36*-4472.59851-25. 928698
1.559307 (lens L31) 37261.48119-1. 000000 38-702.65223-25. 574813:pb153293946
(lens L32) 1039484.70684-1. 000000 40-171.00841-36. 095030 1.559307 (Ilens
L33) 41-824.20256-52. 106994 4211305. 93183-29. 474446 1.559307 (lens L34)
43-116.92116- 179. 952947 1544-250. 00000- 35. 678589 1.559307 (| ens L35)
45613. 05439- 28. 469304 4600- 24. 889346 (aperture stop AS)

47165. 48519- 20,A&3%65 1.559307 (lens L36)] 48*279.53959-1. 000000
2049-1112. 01574-39. 557019 1. 559307 (Il ens L37) 50293. 63544-1. 000000
51-227. 08614+39447653881 1x 29190do | ens L38) 523890. 58196- 8. 150754
53-120. 00000- 39. 612810 1.559307 (lens L39) 2554-519.19928-10. 442215
55457. 48024- 20 =598645 L 1PB9307 (| ensgd=34QRs&% Sk -0174-00 56 2169. 78959
-1. 000000 57 -132,52125 -50. 000000 1.559307 (lens L311) 58 00 -12.499991

(waf er surfaggk0.188102x 1017 Cio = -0.163001 x 1022
5 Ciz = 0.128506 x 1026 Cu=-0.312367 x 1030
Surface 48
r = 279.53959 x = 0.000000
Ca=0.176353 x 107 Co=-0.889127 x 10712
Cs = 0.132824 x 106 Cio =-0.701110 x 102
10 Ciz=0.104172 x 102 Cu4 = -0.327893 x 1090

(Corresponding values of conditions)
81 =-0.650
82 =-0.865
83 =-0.445
15 L1=320.8 mm
1.2 =365.2 mm
E =466.7 mm
D =455.6 mm
(D 182] =0.865
20 @ 1L1-1.21/1L1] =0.138
@) 181/181] =0.385
4 |E-D|/IE| =0.024
Fig. 14 are charts illustrating the lateral
aberrations in the third embodiment.
25 In the aberration charts, Y represents the image

height, the solid lines represent the wavelength
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5 (Aspherical data) Surface 2 r = 991.85390 K = 0.000000 ¢4 = 0. 117208 x
10-7 C6 = 0.310236 x 10-12 10 C8 = 0.401356 x 10-17 Cio= -0.265435 x 10-20
Cl2 = 0.412618 x 10-24 Cl4 = -0.238346 x 10-28 Surface 11 r =pph49184938 K
= 0.000000 ¢4 = 0,637735 x 10-7 C6 = -0.462907 x 10-11 15 C8 = -0. 137097
X 10-1r) Co = 0.475629 x 10-19 Cl2 = -0.370236 x 10-23 Cl4 = 0.833198 x
10-28 Surface 20 r = 493.47675 K = 0. 000000 C4 = 0.280809 x 10- 7 C6 =

-0 360031 x 10-12 20 C8 = 0. 929800 x 10- 17 C10 = -0.100162 x 10-20 C12

= 0,116050 x110- 2 £14\ 9h%7961§8k>én10128es3%£ﬁ9%s?e6n@n%a%iéﬁgt%9 (sane
surface) r = 162, 15533 K = 0.000000 C4 235140 x 10-7 709685

x 10- 12 251@87=.6@49571§3f>m 10-360 925 - 9444t KelCigdnel2) Tn@ 274134
x 10-26 Cl4 = -0.469484 x 10-30 63 FPOL-0174-00 Surface 36 r = -4472. 59851

x = 0. 000000r%re@eﬂ@83~535vélé91g7tkgsl’57'QS214358321X %0-1215Gs 62 9. 488102 x
10-17 Clo = -0.163001 x 10-22 5 Cl2 = 0.128506 x 10-26 Cl4 = -0, 313367 x

10. 30 respectively.

b 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 similarly corrected
in the first and second embodiments.

10 As described above, 1in 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

15 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.

20 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

25 vicinity of the two intermediate images formed by a

mutual approach. As a result, a rectangular
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Surface 48 r = 279.53959 x = 0.000000 ¢4 = 0.176353 x 10.7 CS = -0.889127 x
10-12 C8 = 0.132824 x 1016 o = -0.701110 x 10-21 10 C12 0. 104172 x
10-25 C14 = -0.327893 x 10-30 (Corresponding val ues of condlt@@@§kn$;oo
-0.650 62 = -0.865 63 = -0 445 15 L1=320.8 mm L2 = 365.2 mm E=466 mm
D=455.6 nm (1) 1,8 21 = 0.865 20 (2) IL1 _L21/1L11 =0. 138 (3) IQI/IRll
=0.385 (4) 1E-Di/ 1El :0.024 Fig. 14 are charts illustrating the Iateral
aberrations in the third enbodinment. 25 In the aberration charts,

represents t Qg dd@gevehel@isutberse)idh! ipgs J:epresenty the myﬁkee%gst h 64
FPOL-0174.00 5 157.624 nm the broken lIines represent wavel ength 157.624 +

1 pm= 157.62% nm and, thendashesk |p Ne§ i depresente Wavelenat hc1a7t824 - 1 pm
= 157.623 nm respectively. As is evident fromthe aberration charts, it

i's is as small as about 14.6 mm in radius. Thus, an

optical system superior in aberration correction,

5 miniaturization, optical adjustment, mechanical

design, and in cost of manufacturing can be obtained.

Furthermore, in the first to third embodiments,

the reticle R and the wafer W can be arranged in

parallel to each other and along a plane perpendicular

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

All the lenses constituting the first imaging optical

system G1 and the third imaging optical system G3 can

be arranged in parallel along a single optical axis

BX of the direction of gravity because the first

15 imaging optical system Gl and the third imaging

optical system G3 are provided in an upright position

along the common reference optical axlis AX.

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

lenses constituting the projection optical system PL

20 (91% in number for all the embodiments) are parallel,

and are not subject to asymmetrical deformation caused

by their own weight. Likewise, optical adjustment,

mechanical design and high resolution are
advantageously ensured.

25 Additionally, in the first to third embodiments,

the intersection line of the reflecting planes of the
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known that the chromatic aberrations can be corrected for the exposure
light with a wavel ength of 157.624 + 1 pmin the third enbodi nent as
simlarly corrected in the first and second enbodi nents. 10 Aspdesgribsd
above, in the first to third enbodinents, with respect to the F2 |aser
having a center wavel ength of 157.624 nm a NA of 0.75 in imge side can
be provided and the image circle with radius of 14.6 mm in which the
aberrations beginning with 15 the chromatic aberrations are corrected, can

be provided fqn-dhe,Wefier, 1 THgRef of 81580k G Fe8Q! Ut i oRg @hAbout B d U m
can be obtained in addition to providing a rectangular effective exposure

region that oS BPRPL oYL &3 2nHMet 16 &r N 228 MareeMerso ithhhethid st to
third enbodi nents, an off-axis quantity A as small as about 3 nm can be

set up on theweter Yihecawse dhesecondsitmagidwi 8Bt bpali c$YSs ¢prGh has a
nearly unit (equal) magnification (32 and the optical path separation is

provided in the 2he/opithidyl ofx i BeEaXWoo Nt ee gt ahel i gL § ypedchy a
mut ual approach. As a result, a rectangular 65 FPOL-0174-00 effective

exposwy e regiseis ePnIaxiamal ehe aptiadge @81 s2X BB K the G HIM g2 AEG iprPVi ded
inthe image circle that is as small as about 14.6 mmin radius. Thus, an
opti cal systemtsupeli ok sidembesr ahiten ot teati ome pdinitat(d Zat bare
optical adjustnent, mechanical design, and in cost of manufacturing can be
obt ai ned. point). The first optical path folding mirror 1 and
the second optical path folding mirror 2 are
integrally formed as a triagonal prism member in which
10 the top side and the bottom side are shaped into right
angled isosceles triangles, 1.e., one optical path
folding mirror FM. As a result, the stability of the
optical system increases. The optical adjustment and
mechanical design are simple because it is possible
15 to position the three optical axes AX1l- AX3 and the
ridge lines of the optical path folding mirror FM in
connection at one reference point. 1In addition, the
high-accuracy optical adjustment is simple and the
optical systems have higher stability because the
20 optical axis AX2 of the second imaging optical system
G2 1s set up so that it is perpendicular to the
reference optical axis AX which is the common optical
axis of the first imaging optical system Gl and the
third imaging optical system G3.
25 Furthermore, in the first to third embodiments,

the intersection line of reflecting planes of the
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Furthernore, in the first to third enbodinents, the reticle R and the wafer
Wcan be arranged in parallel to each other and al ong a pl ane
perpendicular 10 to the direction of gravity (i . e . , horlzgmbgknph@@e)
Al'l the lenses constituting the first inmaging optical system Gl and the
third i magi ng optical system G3 can be arranged in parallel along a single
optical axis AX of the direction of gravity because the first 15 imagi ng
optical system Gl and the third imging optical system G3 are provided in

an upright pgsidd@nop @Il%glt?&www&%fgerﬁﬂ%oqptﬂ Cahaxh® Afecond
Accordingly, the reticle R the wafer Wand nost of |enses constituting

the projecti@ptontd¢apasysStRM &ind0miIh% i N2 nyrhes o ald o thea empedi nent s)
are parallel, 25 and are not subject to asymretrical defornmation caused by

their own \Aelog:hilcuk@wl%equptdﬁcaih@dfy%tsrteritmagﬂﬁghapltqadaﬁ%ygﬂe%nd hi gh
resolution are advantageously ensured. Additionally, 1nthe, first to

third enbodi mant $he bl idkersecki N2l b AecBE & Beonef Lecld ngg RI@nesaaf the
66 FP01-0174-00 first optical path folding mrror 1 and the second optical

pat h frol di ngsHigtet G2 arel $éfe uptsicd hadxibeaxops f agle aXi Srdmagithe first
i mgi ng optical system Gl, the optical axis AX2 of the second inmaging
optical 5 systpam &R1 apg stdean 0p3 i tak eavd sc AX3 toforidepd hhitd (ireald hgncept | cal
system G3. i ntersect at one point (reference
point) as described above. As shown in the
alternative, Figs. 15 and lo, illustrate an
intersection line of reflecting planes of the first
10 optical path folding mirror 1 and the second optical
path folding mirror 2 which 1is not located at the
intersection of the optical axis AX1l of the first
imaging optical system G1, the optical axis AX2 of the
second imaging optical system G2 and the optical axis
15 AX3 of the third imaging optical system G3.

Fig. 15 1is a schematic block diagram of a
catadioptric optical system based on modification
example 1. In the catadioptric optical system shown
in Fig. 15, the optical axis AX1l of the first imaging

20 optical system G1 and the optical axis AX3 of the third
imaging optical system G3 are coincident. The_
intersection line of reflecting planes of the first
optical path folding mirror 1 and the second optical
path folding mirror 2 is located on the side opposite

25 to the concave mirror CM for the optical axis AX1 of

the first imaging optical system Gl and the optical
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point). The first optical path folding mrror 1 and the second optical
path folding mrror 2 are integrally fornmed as a triagonal prismnenber in
which 10 the top side and the bottom side are shaped into rightepoanghgdo

i sosceles triangles, i.e., one optical path folding mrror FM As a
result, the stability of the optical systemincreases. The optical

adj ustnent and nechanical design are sinple because it is possible 15 to
position the three optical axes AX1- AX3 and the ridge lines of the

optical path fol di fg3more ofn EMci r §ODRGELID 8brANe: T ekolenge @gint. In
addition, the high-accuracy optical adjustnent is sinplé and the optical

systens have hi ghegisgtabild tysbegausenthe 20-0ptisak ayks of, £ hg, second
i mgi ng optical system & is set up so that it is perpendicular to the

reference opid0add axps rA% WobeR d 51 t ke COMOB DPEHCHn RS Of chhe Jd I st
i magi ng optical system Gl and the third imaging optical system G3. 25

Furthernore, exhripief2[ st thothli & ©IDodbAaN S, 0pt healinefsEeshi SAckime of
reflecting planes of the 67 FP0O1-0174-00 first optical path folding mrror

1 and & he segendipptigaltpatdptalcding 11 §rOX 1208 €helf iUk S0 hHah nihe
optical axis AX1 of the first 1maging optical system Gl, the optical axis
AX2 of the seguidi gy HPedpt i cahdSt sy il €4 1aas ithaxgpbifcah eaghs rAX3 of
the third imaging optical system G3 intersect at one point (reference
poi nt) as dederddetigabopei cAsl shopwtem tB8 are coincident. The
intersection line of reflecting planes of the first
optical path folding mirror 1 and the second optical
10 path foldingmirror 2 is located on the side of concave
mirror CM for the optical axis AX1 of the first imaging
optical system Gl and the optical axis AX3 of the third
imaging optical system G3.
Moreover, in previous embodiment, the optical
15 axis AX1l of the first imaging optical system Gl and
the opﬁical axis AX2 of the second imaging optical
system G2 are orthogonal and the optical axis AX2 of
the first imaging optical system G2 and the optical
axis AX3 of the third imaging optical system G3 are
20 orthogonal. However, they may also be constituted so
that the optical axis AX1 of the first imaging optical
system G1, the optical axis AX2 of the second imaging
optical system G2 and the optical axis AX3 of the third
imaging optical system G3 are non-orthogonal. See,

25 e.g., modification example 3 shown in Fig. 17.

Furthermore, in previous embodiment, the
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alternative, Figs. 15 and 16, illustrate an intersection |ine of
reflecting planes of the first 10 optical path folding mrror 1 and the
second optical path folding mirror 2 which is not |ocated at %Wp@1-0174-00
intersection of the optical axis AX1 of the first imaging optical system
Gl, the optical axis AX2 of the second inmaging optical system G and the
optical axis 15 AX3 of the third inmaging optical systemG3. Fig. 15 is a
schematic bl ock diagramof a catadioptric optical system based on

nodi ficationoExpapleakisl RAxtihe catipdi PPLEItC g & caly syt shoya+drh Fi g.
15, the optical axis AX1 of the first imaging 20 optical system Gl and the
optical axis@AX3aaf tiheet Bigtdi chagingsopis Tab syshem «33i age m&gs_incgent-
The intersection line of reflecting planes of the first optical path
folding mrreptiend tBgsweapndzdptheal dathcialding M HOfedeks | geat ed
on the side opposite 25 to the concave mrror CMfor the optical axis AX1
of the firskdmagtngtapii ¢al waystteahGlopnd ddke a0pt 4 a1 6F ERRLF @184 00
axis AX3 of the third inmaging optical system G3. Fig. 16 is a schematic
bl ock 5di agr ammafg Bn gabadi@ptlr iscy Opémcall syt emcbapad ©oal npdiki B3 T
exanple 2. In the catadioptric optical systemshown 5 in Fig. 16, the
optical axis thXl téfitdelfagshg npdiingg bpd vedlems ESt emiGlt and ddwea dpteilcal
axis AX3 of the third imaging optical system G3 are coincident. The

i ntersectiontld neeathr ebltdoir ngipl ardss of phe Silvse. See, e.g.,
modification example 4 shown in Fig. 18. In the
modification example 4 shown in Fig. 18, the

10 intersection line of the first optical path folding

mirror 1 and the second optical path folding mirror

2 is not coincident with the optical axis AX1 of the

first imaging optical system Gl and the optical axis

AX3 o0f the third imaging optical system G3. The

15 intersection line of the first optical path folding

mirror 1 and the second optical path folding mirror

2may also be constituted so that it is coincident with

the intersection of optical axis AX1 of the first

imaging optical system Gl and optical axis AX2 of the

20 second imaging optical system G2 or the intersection

of optical axis AX2 of the second imaging optical

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

Additionally, in previous embodiment, the

25 optical axis AX1l of the first imaging optical system

Gl and the optical axis AX3 of the third imaging
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optical path folding mrror 1 and the second optical 10 path folding mrror
2 is located on the side of concave mrror CMfor the optical axis AX1l of
the first imaging optical system Gl and the optical axis AX3 gfpghhg7idprd
i magi ng optical system G3. Mreover, in previous enbodi nent, the optical

15 axis AX1 of the first imaging optical system @ and the optical axis
AX2 of the second imaging optical system G are orthogonal and the opti cal
axis AX2 of the first imaging optical system & and the optical axis AX3

of the thirdopg®otay Sptieal cSystem S aF £12Q 10ebhogenal i kewever tihhey may
al so be constituted so that the optical axis AX1 of the first imaging

optical systemiGhtibe 0phieCak iaxirx A afhd hei 88€0nH algiagd Ngp t Rl 1cal
system & and the optical axis AX3 of the third imaging optical system G3
are non-orthegaeém SE€, andS €hE. axwéi hixcat ben exanyecenshomiaginki 9. 17.
Furthernore, in previous enbodi nrent, the 69 FP0O1-0174.00 optical axis AX1
of the first oigmigtal opsiceal GeystemnmaGk ardHd@onptlli eald akieSaAXF ofx 4 he
third i maging optical system G3 are coi ncident. However, a construction
i n whisch t he o@ptitcal s @xbadAXhaaf it feopicrisia b ¢ yBGEehg coptdrcal t sgshemsGl and
the optical axis AX3 of the third inmaging optical system G3 shift in
paral l el toAxexh Dtheer thiddoipegdiintl eopSeeale.gystenpdid iaxmati madexanpl e
4 shown in Fig. 18. In the nodification exanple 4 shown in Fig. 18, the
orthogonal). However, a construction in which the

optical axis AX1 of the first imaging optical system

Gl and the optical axis AX3 of the third imaging

10 optical system G3 are not parallel to each other is
also possible. See, e.g., modification example 5
shown in Fig. 19. 1In the modification example 5 shown

in Fig. 19, the intersection line of reflecting planes
of the first optical path folding mirror 1 and the
15 second optical path folding mirror 2 is set up so that
it intersects with the optical axis AX1 of the first
imaging optical system G1, the optical axis AX2 of the
second imaging optical system G2 and the optical axis
AX3 of the third imaging optical system G3 at one point
20 (reference point). However, they may also be
constituted so as not to intersect at the reference
point. See, e.g., the modification example 2 shown

in Fig. 15 and Fig. 16.
Next, a detailed construction of the projection
25 exposure apparatus of the embodiment shown in Fig. 2

is described below.

71



10 intersection line of the first optical path folding mrror 1 and the
second optical path folding mrror 2 is not coincident with the optical
axis AX1 of the first imaging optical system Gl and the opti calpeaXj154-00%3
of the third imaging optical system G3. The 15 intersection |ine of the
first optical path folding mrror 1 and the second optical path folding
mrror 2 may also be constituted so that it is coincident wwth the
intersection of optical axis AX1L of the first imaging optical system GlL
and optical axis A¥3 pf the 29 sgcond d yREAWNY PRI AL SYstem &&nek 41he
intersection of optical axis AX2 of the second inmaging optical system &
and optical adiss A3cefidihe thind pPegera i OPtd £8b st IR EBr 2Ad tgonal 1y,
in previous enbodi nent, the 25 optical axis AX1 of the first imaging
optical systeme Ghddihbke ORHBA axirsi AXD of thg.third dmadhngriRd
FP01-0174-00 optical system G3 are in parallel to (coincident with) each
ot her (the axisvdmofntiker fdHSksi Aagbre it ical t o sSyBkem Guredathe axi s
AX2 of the second inaging optical system G are made orthogonal and the
axi s AX2 5 obdthecsecernd tidmad Nt ppt beal j systiem Gk padutrhe a0 $radE of the
third i magi ng optical system G3 are nmade orthogonal). However, a
constructi ondfnidkj cl8 .t heig@pticals axi erdrokdt He afgrah wimhghngheptd cal
system G and the optical axis AX3 of the third imging 10 optical system
&3 are not paratdetibm eafh tdtdheprogection optical system of the

projection exposure apparatus of Fig. 8.
First, a detailed construction of the portion
10 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

15 width 1.5 pm). However, the application of an ArF
excimer laser light source of about 193 nm, a KrF
excimer light source of about 248 nm, an Ar2 laser

light source and the like can also be used in the

present invention. The light source 100 may be
20 arranged on the lower floor where the main body of the
exposure apparatus. An exclusive area (footprint) of

main body of the exposure apparatus can be decreased
and an influence of vibrations on the main body of the
eXposure apparatus can also be reduced.

25 A light from the light source 100 is led into

the inside of a first illumination system casing 110
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al so possible. See, e.g., nodification exanple 5 shown in Fig. 19. In the
nodi fication exanple 5 showmn in Fig. 19, the intersection |line of

reflecting planes

of the first optical path folding mrror 1 angtdieslp

second optical path folding mrror 2 is set up so that it intersects wth
axis AX1 of the first inmaging optical system Gl, the optical

t he opti cal

axis AX2 of the second inmaging optical system G and the optical axis

of the third inmaging optical system G3 at one point 20 (reference point).

However, they iy Al s@ ¢ nGoNsShithyt ednsa ageMl) to ¢ Dt ersegle atejther

reference (
and Fig. 16. iNeximidadetanh ! ed

point. See, e.g., the nodification exanple 2 shown in Fig.
seesl I uGld gof11be peejacid oN mdTapposur e

apparatus of the enbodi nent s%omm in Fig. 2 is described below 71

FPOL- 0174. 00 Jg i c81i % Pefbadi-am s80WeN0i £ hargensn

proj ection exposure apparatus of the enbodi nent sﬁbmn in Fig. 2. Fig.
an enl arged dJlimgsamiwhy elesbews 2a o iphHEet plbhe iddum nahicon&HWptical
system of the projection exposure apparatus of Fig. 8. Fig. 10 is an
enl ar ged di agraate Mbhehushians: 0 B pontiaam Dfa e P Deemtiraro O 4 €ah iyt em of

t he

pr oj ect

i on exposure apparatus of Fig. 8. First, a detailed

AX3

15

booc@astheGhi By of the

9is

constructi onanf dipeiparlt ippnthlbeafwddre thkeumingit opoaptdecal 0 8yahemdrl. of
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descri bed.
the main body of the exposure apparatus. Moreover,

the optical path between the light 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
(tube) 103. Nitrogen or a rare gas (inert gas), such
as helium and the like, is filled in the optical path
of the cylinder 102 and cylinder 103.

The light led into the inside of the first
illumination system casing 110 passes through a micro
fly's eye lens 111 (an optical system equivalent to
a first fly's eye lens), and lens dgroups 112, 113
constituting an afocal zoom relay optical system (a
both side telecentric zoom optical system), and then
comes to a turret 114 for loading plural diffraction
array optical elements or dioptric array optical
elements. The micro fly's eye lens 111 is an optical
system comprising many fine (micro) lenses having a

positive dioptric power and arranged vertically and



The projection exposure apparatus is provided with a F2 |laser |ight source
100, e. g. , 156.624 nmin wavelength used in a natural oscillation
(alnost half 15 width 1.5 pm). However, the application of an Arfpi-@%gigaer
| aser |ight source of about 193 nm a KrF exciner |ight source of about
248 nm an Art laser light source and the |like can also be used in the
present invention. The light source 100 nay be 20 arranged on the | ower

fl oor where the main body of the exposure apparatus. An exclusive area

(footprint) ofsrmBbAthodyy ofn ti‘%@rﬁ)gsé’f@a@l@@ﬁéﬁ‘ﬂs cafeherdegreased, and
an influence of vibrations on the main body of the exposure apparatus can

al so be reduggitr@5 A 1 ght f& omehBe 11 ghti ssatls 66 £10Q: ¢ 84, e%lgto gpe
inside of a first illumnation systemcasing 110 72 FP0O1-0174-00 via a beam

mat chi ng uni BMA n40lan The JHisy tiddamhBatl ofoSysteareasidig piQd&cei ves
novabl e optical elenents inside it and supports themby a supporting

menber 210 onylaa Hassl Pt atieo Hem Hree Feare 3 oves ehi dvgpsni t DEGIrF £9ataidis a
novable mrror matching an optical path between the |ight source 100 and

an the maindwatdyyafpt be adxpasuren appat atl1s.s MIGOEIR 5 theooptdcaarpat h
between the light source 100 and the beam matching unit 101 is optically
connect ed by b 18 etyhkisndare {t#hie)a dO2onandrary optticsd 1 pat dmbettweerride
beam matching unit 101 and the first illumnation systemcasing 110 is
optically conhegtediby aaxrcyyiogérical elements disclosed in WO 99/
49505 (EP 1,069,600), wherein the elements are formed
on one substrate by an etching technique can be used
10 as the dioptric array optical elements.

In the plural diffraction array optical elements
or the dioptric array optical elements supported by
the turret 114, a light passing through one
diffraction, or dioptric, array optical element

15 positioned in the illuminating optical path incides
intoamicro fly's eye lens 117 via a focal zoomoptical
system (115, 116). A front focal point of the afocal
zoom optical system (115, 116) is positioned in the
vicinity of the diffraction array optical element or

20 the dioptric array optical element 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 includes many fine lenses which are
much finer than fly's eye lenses and produces a large

25 wave front dividing effect. Thus, an illuminating

aperture stop is not provided on its emergent side
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(tube) 103. Nitrogen or a rare gas (inert gas) , such as heliumand the
like, is filled in the optical path 15 of the cylinder 102 and cyli nder
103. The light led into the inside of the first illum nation sygfegasi NY
110 passes through a mcro fly's eye lens 111 (an optical system
equivalent to a first fly's eye lens), and |l ens groups 112, 113 20
constituting an afocal zoomrelay optical system(a both side telecentric
zoomoptical systenm), and then cones to a turret 114 for | oading plural

diffraction @@y pPLLGAl 16/ LEENt STAL diaPtsi £19nTA% APt EAL 18l2NnENtS.
The mcro fly's eye lens 111 is an optical 25 syStem conprising many fine

(mcro) lensepawvipdtad RPpid iyeiei opt hiik POVEL yard 3fd anggd everdd cal |y
and 73 FPOL-0174-00 horizontally in a dense arrangenent. GCenerally, the

mcro fly's eydensuilddgi steenséptuked, @xd.s, Dun@pprlyi RG e etiching
treatnment to a parallel plane glass plate to formthe fine | ens groups.

Diffraction %affayeOpldcad 1l ebemrnt sndirselnsed intWSP bs 8%k r30@igan be
used as the diffraction array optical elenments, and dioptric array optical

el emest s di sghaseglcen WO 99h i 4950 { EPrhic tUi9n 6003 sulwher eiim t hehad enent s
are formed on one substrate by an etching technique can be used 10 as the
dioptric arraumptésaloal efentts: odrctheeplas alf @i Ebmac bk aa tdy roptrd cal
elenents or the dioptric array optical elenents supported by the turret
114, a |ight tpessiig tdir dugh' ®neeye lens 117 and suppresses the
occurrence of uneven illuminance distribution on the
reticle. Furthermore, a turret type stop provided
10 with a iris stop, a annular aperture and a quadrupole
aperture may also be arranged in the vicinity of rear
focal plane of the micro fly's eye lens 117.
The light exiting from the micro fly's eye lens
117 1illuminates a movable blind mechanism 120
15 superimposed via a condenser optical system (118, 119).
The front focal position of the movable blind
mechanism 120 1is positioned in the wvicinity of
position of a surface light source (plural light
source images) formed by the micro fly's eye lens 117.
20 The movable blind mechanism 120 is provided with a
fixed illumination field stop (fixed blind) 121 with
a slit aperture and a movable blind 122 for varying
the width of an illumination field region in the
scanning direction. The movable blind 122 allows for

25 a decrease in the moving stroke of a reticle stage in

the scanning direction and a decrease in the width of
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diffraction, or dioptric, array optical elenent 15 positioned in the
illumnating optical path incides into a mcro fly' s eye lens 117 via a
focal zoomoptical system (115, 116). A front focal point of theafi9gah
zoom optical system (115, 116) is positioned in the vicinity of the
diffraction array optical element or 20 the dioptric array optical el enent
of the turret 114. The mcro fly's eye lens 117 is an optical system
equi valent to a second fly's eye lens. The micro fly's eye lens 117

i ncl udes manyHddenbepsas WRirGh Ay & £ ahi £ ger Ma%éwrs Eue kenses and

produces a |l arge 25 wave front d|V|d|ng effect. Thus, an illum nating

aperture stopliindot2 Proyidedaaqdd &Rt gent weicde b FROr 0124- 08 Hback
focus plane). The micro fly's eye lens 117 is constituted by a pair of

mcro fly's eymdenses iain ao fSPAGE mboAY LML DPhiCAMe @XhbB.isANA1 B0 is
aspherical surface may al so be introduced into its refracting 5 surface.

This constructiianl s esdl tisn | Dabhe sdipphLesisi A6 6M 3t heyoecar e eq 0b)a coma
aberration in the mcro fly's eye lens 117 and suppresses the occurrence
of uneven illum nante disghitbupaes iongt thrsebhcl the Futdhgpmer ep1a rldur r et

type stop provided 10 with a iris stop, a annular aperture and a quadrupole
aperture nmaymalctoabésartangedits fhemvikienftiysefileamifocabnps apecaf the
mcro fly's eye lens 117. The light exiting fromthe mcro fly's eye |lens
117 i1l um nates iangovahl e almld nd snmethdnitson X202 inside of a second
illumination system casing 130. An imaging optical
system of the illuminating field stop is provided for
10 re-imaging the illuminating field stop on the reticle
by a given enlargement magnification. The lens
groups (131-134) and optical path foldingmirrors (135,
136), which constitute the illumination field stop
imaging optical systemmust not be used for a vibration
15 source because they are fixed to the second
illumination systgm casing 130. The second
illumination system casing 130 is supported by a
supporting member 211 on the base plate 200. The
magnification factor of the imaging optical system of
20 illuminating field stop may be equal to (unity) or a
reduced ratio.
In other hand, driving units (142, 143) for
driving the lens groups (112, 113) of the afocal zoom
relay optical system in the direction of optical axis

25 are arranged in the first illumination system casing

110. The driving units (142, 143) are mounted to the
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15 superinposed via a condenser optical system (118, 119) The front focal
position of the novable blind nechanism 120 is positioned in the vicinity
of position of a surface light source (plural light source ifggg7hepmed
by the micro fly's eye lens 117. 20 The novabl e blind nmechani sm 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
illumnation field region in the scanning direction. The novable blind 122

al lows for 25%.a dey£ase  RHAE iMYE N BERHKS 1 oA %ﬁét@hecggaqugoim o the
scanning direction and a decrease in the width of 75 FPOL-0174- shadi ng

zone (frame) tof peldvder MHEOvRntihenkitesh bld nédrk2ling ifngethg
together with the reticle. The <construction of the novable blind nmechani sm

120 is disclgserchn dapan. Kokaid rA-10651% {{USP1 54478 A10b+ & {ThR ahilght
passing through the novable blind nechanism 120 enits fromthe first
i I'lum nation dyyist eiy €Al 09 rkkd: ands isndedri®ithe dmst de1 06, a13ecend

illum nation systemcasing 130. An inmaging optical systemof the
il lumimatingdriettingt ehe S iovgdedfor (1051 elilmmgi dgnkhe tdt uagnatieng
field stop on the reticle by a given enlargenent magnification. The |ens
groups (131- E¥ycahdopdincalefathfad i ngri rarys sefldh, thB3@)iredttbrcarstitute
the illumnation field stop inaging optical system nust not be used fora
vi brati on 15ogdurcelecasseréeyuated kvetdhkeootihersedaidof the first
illumination system casing 110 to prevent the
contamination in the illuminating optical path.
10 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 1lens group with an axis
perpendicular to the optical axis as center and moving
15 (offsetting) the other lens group in the direction
perpendicular to the optical axis are mounted to the
outer side of the first illumination system casing 110.
The focal length of the condenser optical system can
be changed and in its turn the size of an illumination
20 region formed on a wafer and the illumination NA
(numerical aperture) can be properly changed on the
reticle independently of each other by movement of the
lens groups (118, 119) in the direction of optical axis.
Controls of slanted illuminance (inclined

256 illuminance distribution) on the wafer surface and

slanted (inclined) telecentricity are obtained by the
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illum nation system casing 130. The second illumnation system casing 130
is supported by a supporting nenber 211 on the base plate 200. The
magni fication factor of the imaging optical systemof 20 ill umpghifgsfgoe! d
stop may be equal to (unity) or a reduced ratio. In other hand, drivi

units (142,

143) for driving the lens groups (112, 113) of the afocal

relay optical systemin the direction of optical axis 25 are arranged
the first illumnation systemcasing 110. The driving units (142, 143) are

mounted to the 746t FBR1aRd74 186 aular t3icde ofs e dpEst1i bl uminati omsystem

casing 110

to prevent the contam nation in the illumnating optical

ng
zoom
in

pat h.

A driving uniitl 1ddihahdotasheralll s yitheirig 4 het buehet obldi @aad drdivd ng
units 145, 146 for 5 driving the lens groups (115, 116) constituting the 10
a focal zoomdreltlye ophifeal systemd n 4 heb daniecid apyofno vdptid ceheatich @r e

nmounted to the outer side of the first

prevent the qontpnimaiheondinethe on lafitted icwt Opkilcalx ipatdep fubthary
driving units (147, 148) for driving the lens groups (118, 119)
constif uti ng fithen canderseroueptiildaim systtadm nftilkd diveetiabl ©f opti cal
axis, rotating at |least one lens group with an axis perpendicular to the
optical axis as cemtugrtlamdmpme nga 15upef fiselt Eng) dahkowtimer 1 Engogreaup in
the direction

10

15

20

25

Oor a rare gas (inert gas), such as helium and the like,
to flow into the inside of the first illumination
systemcasing 110, and a tube 152 for allowingnitrogen
or a rare gas (inert gas), such as helium and the like,
todischargefrom1ju;firstilluminationsystemcasing
110 are arranged on the outer side thereof. Valves
{161, 162) for controlling the gas inflow rate/outflow
rate are arranged at the tubes (151, 152),
respectively. If the inert gas is helium, the tubes
(151, 152) are connected to a helium
recovery/regeneration unit, e.g., disclosed in Japan
Kokai 11-219902 (WO 99/25010, EP 1,030,351).

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

(163, 164) for controlling the gas inflow rate/outflow
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perpendi cular to the optical axis are nounted to the outer side of the

first illumnation systemcasing 110. The focal |ength of the condenser
optical systemcan be changed and in its turn the size of an igggmRaigion
20 region formed on a wafer and the illum nation NA (nunerical aperture)

can be properly changed on the reticle independently of each other by
novenment of the Ilens groups (118, 119) in the direction of optical axis.
Controls of slanted illum nance (inclined 25 illum nance distribution) on

the wafer surfpee and-e sl aptedddacl ined) tthel ecenirdLityare obyaimned by
the 77 FP01-0174-00 rotation and of fset of the I'ens groups (118, 119) . An

i1lum nance canépebtswameyricak taet heyopticak axi fe1and herwaf ey face
i s obtained by noving one lens group in the direction of the optical axis

separately S fsdmapieviors idlgsi nabhar fiehd variabd e p G BeIIMDfe, a
tube 151 for allowing nitrogen or a rare gas (inert gas) , such as 'helium

and the |ikemerd©ibhew iHd Ditihe rddsh de ref/ tdgehiersdt 1 bhufiniat i on  system
casing 110, and a tube 152 for allowi ng nitrogen 10 or a rare gas (inert
gas) ,5such as helimmmattethe lai kehelllowd schange ffg ompter fdegt for
illumnation systemcasing 110 are arranged on the outer side thereof.
Valves (161cdfi¢ctamcateof irpeg tilel wasnanfiow s gke/coutdd oivngr atieo are
arranged at the tubes (151, 152), 15 respectively. If the inert gas is
hel ium the tarbdshd iwh;alib@)b ht redcnBéctretdsihol 20hel Rmdther bellows
171 is provided for connecting the movable blind
mechanism 120 and the second illumination system
10 casing 130. The bellows 170, 171 are formed of a
material which has a certain degree of flexibility and
rigidity that is not so great as to deform and to ensure
less degassing, e.g., a metal or a material given by
coating a rubber or resin with aluminum and the like.
15 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
20 fine lens, respectively. The beam from the many light
source images (surface light sources) formed at the
back focal plane of the micro fly's eye lens 111
incides into one diffraction array optical element,
e.g., a diffraction optical element for annular

25 modified illumination, arranged in the illumination

optical path by the turret 114 via the afocal zoom

79



recovery/regeneration unit, e.g., disclosed in Japan Kokai 11-219902 (WO
99/ 25010, EP 1,030,351). Wile a tube 153 for allowing nitrogen or a rare
20 gas (inert gas) , such as heliumand the like, to flow intagdgig7agpde

of the second illum nation system casing 130 and a tube 154 for allow ng
nitrogen or a rare gas (inert gas) , such as heliumand the like, to
di scharge fromthe second illum nation system casing 25 130 are arranged on

the outer side thereof. Valves (163, 164) for controlling the gas inflow

rate/out flowre8 £FPQpP1ed10Q Yot eman g 12r,r anged. at rheplihes ddvdr ) |

respectively. If the inert gas is helium the tubes (153, 154) are al so

connect ed to dderPhe Ouslay tAENtd PRed kel i i rgsoverY/ regenaiat i gynit. 5
Further, a bellows 170 is provided for connecting the first illumnation

syst em casi ngnkh01 a and nidrei fowabl e bl iRd meechani smd2Rs Arot hewknheld ows
171 is provided for connecting the novable blind mechanism 120 and the

second i | | uminatiepnaystem il cash 89i €80bathe tlorld DWs1 4K6, ahdliar  tfor med
of a 15 material which has a certain degree of flexibility and rigidity

that i55 not smwgieat tase tiodefienm pnd o ceMstie mil€ss fegassene, l1eéns g .
a netal or a material given by coating a rubber or resin with alum num and
the like. IniltiHe vibunheata docept icabmsysiteied I arrsanged ( 145 aboyve,) .a beam
incident fromthe |aser |ight source
The beam inciding into the micro fly's eye lens
117 is divided two-dimensionally by many fine lenses,
and a light source image is formed on the back focal
10 plane of each fine lens where the beam incides,
respectively. Thus, many annular light sources
(secondary surface light sources) are provided (same
as the illumination field formed by the beam inclining
into the micro fly's eye lens 117). The light from
15 these secondary surface light sources is subjected to
a condensing action of the condenser optical system
(118, 119) and then illuminates a given plane
optically together with the reticle R superimposed.
Thus, a rectangular illumination field similar to the
20 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 is subjected to a

25 condensing action of the imaging optical system of

illumination field stop  (131-134) and then
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100 to the mcro fly's eye lens 111 is divided two-dinensionally by many
fine |l enses, and one light source image is forned on the back focal plane
of each 20 fine lens, respectively. The beam fromthe many |i ghipo1SAY4%9

i mges (surface Ilght sources) forned at the back focal plane of the mcro
fly's eye lens 111 incides into one diffraction array optical elenent,

e.g., adiffraction optical elenment for annular 25 nodified iIIunination,
arranged in the illumnation optical path by the turret 114 via the afocal

zoom 79 FPO1-i0117dn 08 arted St 10Pti ol c3usheRy €412, g143)n E@er@@é%ge*&\éerrﬁ ed to
rings via the diffraction optical elenent for annular nodif

i I'lum nation fefmiByaadnud @pe riilnlgdg gation field at its back focal pl ane
and inits 5 turn at the incident plane of the micro fly's eye lens 117

via the afocal zoomeapd cahoshistesd(115,1udbnat i Bies beamydenci ghAgliav o the
mcro fly's eye lens 117 is divided two-di nensionally by many fine | enses,

and a |ight smdreikdagellanfiora®ionn dihembacki fpeale 18.pgl.anedobogach fine
| ens where the beamincides, respectively. Thus, many annul ar |ight sources
(secoridary surtfraseelieght, sougoes)rwaselpr ovi gedufsanpedps theodthpriinat i on
field formed by the beaminclining into the mcro fly's eye lens 117). The
i ght from 15 dihglse-sgeohdaapdsusd acer )l | ghd ishikded lilsusihjpecied tand a
condensi ng action of the condenser optical system (118, 119) and then
illum nates @aiwentploarel circular illumination can be imposed by
switching the diffraction array optical elements or
the dioptric array optical elements arranged in the
10 illumination optical path by the turret 114. 1In the
case of the annularmodified illumination, for example,
both the size (outer diameter) and shape (annular
ratio) of a annular secondary light source can be
changed by changing the magnification of the afocal
15 zoom relay optical system (112, 113). Moreover, the
outer diameter of the annular secondary light source
can be changed by changing the focal length of the
focal zoom optical system (115, 116) without changing
its annular ratio. Only the annular ratio of the
20 annular secondary light source can be changed by
properly changing the focal length of the focal zoom
optical system (115, 116) without changing the outer
diameter of the light source.
A detailed construction of a portion of the

25 projection optical system PL is described hereafter,

with reference to Fig. 8 and Fig. 10.
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optically together with the reticle R superinposed. Thus, a rectangul ar
illumnation field simlar to the 20 shape of each fine |lens constituting
the mcro fly's eye lens 117 is formed on the fixed blind 121 @gjangggy at
this given plane. The beam passing through the fixed blind 121 an he
novabl e blind 122 of the novable blind nechanism 120 is subjected to a 25
condensing action of the imaging optical systemof illumnation field stop
(131-134) and then 80 FP01-0174-00 illum nates the reticle Rwith a given
formed pattern evenly gl supeld %fgctwﬁ,eemgshg%d aalp!;wma%tg ons |ike

annular nodified illumnnation or nulti-pole (e.g., dipol'e 5 (two-eyed),
quadrupol e (freurr 2¥aeh1 0ftAPEL Bkl Bt tB¥ed) 631 0F0208) MR and

illum nation and conventional circular illumnation can be inposed by
switching the digfsaetdedn RiEaY tapd i Bals elEMBpts @rambe cHOPEF) C 2arg ay
optical elenments arranged in the 10 illumnation optical path by the turret

114. In the weasehobddemagnutiae ngdihimed £ | kwd nabiisa £ 0k .example1 both
the size (outer dianeter) and shape (annular ratio) of a annul ar secondary

| i ght ssour ce sagsp det i akaneat oys chamgi, N2 b hea FaGgR: Freatd onyof r £ ha ggf@ocal 15
zoomrelay optical system (112, 113) . Mreover, the outer dianmeter of the

annul ar secordathd bghte padurtce 2 can del ¢hiangeshu by ottaingy ngethbe rfveale | engt h
of the focal zoomoptical system (115, 116) w thout changing

shown in Figs. 8 and 10, but four supporting members
are vertically arranged in practice. Three supporting
members may also be used.

10 Anti-vibration units (231, 232) for isolating
vibrations from the floor at a micro G level are
mounted to the supporting members (221, 222),
respectively. In the anti-vibrationunits (231, 232),
an air mount with controllable internal pressure and

15 an electromagnetic actuator (e.g., voice coil motor)
are arranged 1in parallel or in series. The
transmission of vibrations from the floor to a column
240 for holding the projection optical system is
reduced by the action of the anti-vibration units (231,

20 232) . Aplurality of supporting members (251, 252) for
supporting a reticle stage fixed plate 301 are
vertically arranged on the column 240. In Figs. 8 and
10, only two supporting members (251, 252) are shown,
but they are actually four members (may also be three

25 members) .

The shown projection exposure apparatus 1is
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its annular ratio. Only the annular ratio of the 20 annul ar secondary |i ght
source can be changed by properly changing the focal |ength of the focal
zoom optical system (115, 116) w thout changing the outer di angfigy79fot he
| ight source. A detailed construction of a portion of the 25 projection
optical systemPL is described hereafter, wth reference to Fig. 8 and
Fig. 10. 81 FP01-0174-00 The described projection exposure apparatus is
hori zontally arranged on the floor of a clean roomand is provided with

the base platg-dfiaem Gastierd 200i Wi %?;2 ScoRess § Be PP OF +iRe) on

apparatus. Plural 5 supporting nenbers 21, 222) are vertically Tarranged

on the base Bt er209c 1@y LMOFSURROIE 1 BY cMBPES STREEr NN BEifS. 8
and 10, but four supporting nmenbers are vertically arranged in practice.

Three supportRidgs aBRRer St iBYdabso-Retused. rd01ANtd RVERR AL E 0N HBEES 231,
232) for isolating vibrations fromthe floor at a mcro Glevel are

nmounted to t ke Seppoihi g dTerers s( 2lred22bn WESRER! 1¥elde 4 Hrbhe,
anti-vibration units (231, 232), an air nount with controllable internal

pressw e andalhd an s ecly peBgnetiet: aat tALO-£81G., YV@ixCes elitedBiom)s are
arranged in parallel or in series. The transm ssion of vibrations fromthe

floor to a celnamg 248iteic thddidg ddeaprieieald A @Ptheal SYSE§Myiith
reduced by the action of the anti-vibration units (231,

a little driven amount. Moreover, a reticle stage RS

in which a reticle stage and a reticle base between

the reticle base fixed plate and the reticle stage is

10 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, 1999). Moreover, a reticle

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

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

may also be used as the reticle stage RS.

A reticle interferometer RIF is arranged on the

20 reticle base fixed plate 301 for measuring the
position and the amount of movement of the reticle

stage RS in the XY direction. One end of the reticle

stage RS is a reflecting plane, which is a moving
(measuring) mirror of the reticle interferometer RIF,

25 A reticle chamber partition 310 for forming a space

where an optical path in the vicinity of the reticle
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20 232) . A plurality of supporting nenbers (251, 252) for supporting a
reticle stage fixed plate 301 are vertically arranged on the col umm 240.
In Figs. 8 and 10, only two supporting nmenbers (251, 252) are §hqwr4-gaut
they are actually four nmenbers (nmay al so be three 25 nenbers). The shown
proj ection exposure apparatus is 82 FP01-0174-00 provided with a reticle
stage RS float supporting on the reticle base fixed plate 301. The reticle
stage RS is constituted so that the reticle R can be linearly driven in

the Y-axis dig gcd i 982 WMeldh w2 t R @8 SiIOke, gasand & 88qeaN b diiyenddp the
X-axis, Y-axis directions and O z (dlrecglon of rotation around the Z

axis) with apdtitieedriyenragpiytd MIERNefe a8 i fe St AYEIRS1 &k Whi ch
areticle stage and a reticle base between the reticle base fiXxed plate

and the retide stagadsr 1@opr avbdesg Theer etd €] e1base, ngy kgishbkted so as
to keep a nmonentumin a direction reverse to the direction of novenent of

the reticle steaxgbclSushoakled! i(@lot sthagen) ifa dils€asedi ded.ga reth Japan
Kokai 11-251217 (USP Appl. 260, 544 filed on March 2, 1999) . Moreover, a

reticle 15 stagel heldh 1@ 1 Weneit £k e3 yakere 1hen ¥-oxé S it £ eCki 198 £ oxcanni ng
direction) as shown in Japan Kokai 10-209039 (EP 855, 623) and Japan Kokali
10- 214783 (ER®Bbing05d)e neytaksde bénusedtas t he tvitl el eclshape RSanAl
reticle interferometer RIF is arranged on the 20 reticle base fixed plate
301 for neasurdagbatheg the internal gas with an inert gas 1is
arranged by adjoining it to the reticle chamber.
A bellows 321 for connecting the reticle chamber
10 partition 310 and the second illumination system
casing 130 is arranged. The material of the bellows
321 is similar to the previously mentioned bellows
(170, 171) . A tube 331 for allowing nitrogen or a rare
gas (inert gas), such as helium and the like, to flow
15 into the reticle chamber and a tube 332 for allowing
nitrogen or a rare gas (inert gas), such as helium and
the 1like, to discharge from the reticle chamber are
arranged on the outer side of the reticle chamber
partition 310. If the inert gas 1s helium, and the
20 tubes (331, 332) may also be connected to the
previously mentioned helium recovery/regeneration
unit.
Valves (341, 342) for controlling the gas inflow
rate/outflow rate are arranged at the tubes (331, 332),

25 respectively. Moreover, a bellows 351 for connecting

the reticle base fixed plate 301 and the projection
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position and the anobunt of novenent of the reticle stage RS in the XY
direction. One end of the reticle stage RSis a reflecting plane, which is
a noving (measuring) mrror of the reticle interferometer Rl Fprpd?-A74-00
reticle chanber partition 310 for form ng a space where an optical path in
the vicinity of the reticle 83 FP01-0174-00 Ris sealed with an inert gas
(nitrogen, heliumand the like) is arranged on the reticle base fixed
plate 301. A door for noving the reticle in or out of a reticle stocker

(not shown) Lt PEaPr oy dedn Aiket hehe myPQ0l +RAM | QF tranPor /| ¥ he
receiving the reticle before noving the reticle into the reticle chanber

and replaci ngthewknieyinal sgasm¥thraro nexs 9%%\}'18@11@&?/&&9&%9&5:1% oi ni ng
it tothe reticle chanber. A bellows 321 for connecting the reticle chanber

10 partitionpal0l grd Ble serwid,i thdm 188 Ean isy st veasinig: #30fi $he
arranged. The material of the bellows 321 is simlar to the previously

nmentioned beldeyscl1€170, i¥719calld ubg 3I3le f alctal dQWOTY Ahkrogepienea rare
gas (inert gas) , such as heliumand the like, to flow 15 into the reticle

chanber and aHadtiee 833D afrori @l bawiargd Bher agenlewsa raze,gas 1) pert gas) ,
such as heliumand the like, to discharge fromthe reticle chanber are
arranged on the oufTar I oe]et ttihen rekbeolsaichagberar patti tisonBd0idled t he
inert gas is helium and the 20 tubes (331, 332) nay al so be connected to
the previousiiycthrentwvafied ledage fécevkryl aegerderial i Dhe wafer stage
fixed plate 401 is horizontally supported on the base
plate 200 by the action of anti-vibration units (411,
10 412) for isolating vibrations from the floor at amicro
G level. In the anti-vibration units (411, 412), an
alr mount with controllable internal pressure and an
electromagnetic actuator (e.g., voice coil motor) may
be arranged in parallel or in series. The wafer stage
15 WS is movable in the XY direction and is floatably
loaded on the wafer stage fixed plate 401.
The wafer stage WS comprises a Z-leveling stage
for inclination in the biaxial direction of 8 x
(direction of rotation around the X axis) and (y
20 (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) direction. For example, a wafer stage
disclosed in Japan Kokai 8-63231 (GB 2,290,658) can

25 be used as the wafer stage WS. Moreover, two wafer

stages may also be arranged as described in Japan Kokai
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unit. Valves (341, 342) for controlling the gas inflow rate/outflow rate
are arranged at the tubes (331, 332) 25 respectively. Mreover, a bellows
351 for connecting the reticle base fixed plate 301 and the prg@gigciiaho84
FP01-0174-00 optical systemis arranged. The material of the bellows 351
is simlar to the previously nentioned bellows 321. Thus, the space in the
vicinity of the reticle Ris sealed by the action of the reticle 5
chanber partition and the bellows (321, 351). The projection exposure

apparatus is jy-0v69ed 7 W tbaFa\f@f ekokhage foxed g e 40hpathe wafieli stage
fixed plate 401 is horizontally supported on the base plate 200 by the

action of antjiovibrabion uphbsir( 4o kAQ 412)-fier31iEE) at iyAg i br abikans
fromhe floorat amicro Glevel. In the anti-vibration units (411, 412), an

air mount wi tilocpnireld ahire gt eobal) presstigaandokai aleect o 9UBINGLH €
actuator (e.g., voice coil notor) nmay be arranged in parallel or in
series. The wd®s63Bage Wd Y8 /28 ewyablre wan bbe sy direction and is

floatably |oaded on the wafer stage fixed plate 401. The wafer stage W5

conprises a Z-levelieng Stage, e, | nEbi natisgne2 B, t hepbi @) o didr,ecti®n of 0

X (direction of rotation around the X axis) and (y 20 (direction of

rotati on arowfl/2866% axid)i@angdsdvald e are ttheerparatdid dcérednandy a (

stage for nmaking it novable in the Oz (direction of rotation around the
reference.

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

10 is arranged on the wafer stage WS. A wafer chamber
partition 411 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

15 wafer in or out of a reticle stocker (not shown) may
be provided. A reticle spare room for temporarily
receiving wafers before moving the wafers into the
wafer chamber and replacing the internal gas with an
inert gas 1is arranged by adjoining it to the wafer

20 chamber.

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

25 XY two-dimensional direction is provided, an

auto-focus leveling sensor 422 for detecting the
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Z axis) direction. For exanple, a wafer stage disclosed in Japan Kokai
B-63231 (@B 2, 290, 658) can 25 be used as the wafer stage W5. Mbreover, two
wafer stages may al so be arranged as described in Japan Kokai @%1.0174-00
FPOL1-0174-00 10-163097, Japan Kokai 10-163098, Japan Kokai 10-163099,
Japan Kokai 10-163100, Japan Kokai 10-214783 (EP 951, 054) , or Japan
Kokai 10-209039 (EP 855,623), WD 98/28665 or WO 98/40791. 5 GB 2, 290,
658, EP 855, 623, EP 951, 054, WO 98/28665 and WD 98/ 40791 are

i ncor por at ed dwgd £t DoBYo rrEh 8NeNESr PV erziaRlie yalert ohdes) t W for
| oadi ng the wafer by vacuum suction and/or electrostatic suction 10 is

arranged on the yaf efesttadth Woanh waferi chamber ki bicop 411 §or fynming a
space where an optical path in the vicinity of the wafer Wis sealed with

an inert gashEniitr egamxhehi umand- 188 binke) Wi A& Fapged (o AonWafsr stage
fixed plate 401. A door for noving the 15 wafer in or out of a reticle

stocker (not WEMOVEYr MRYa s he iprotindetdo A t ebnChadspalcud 0T s vépepar ari |y
receiving wafers before noving the wafers into the wafer chanber and
repl adi ng thefi nttey ned f gast wbtile @T iimetHe gas dSractdnrged by melhaitridg it
to the wafer 20 chanber. A sensor columm SCis fixed to a |lens barrel (or
the colum 24 tfet henparecbilammpsCcal system An alignnent sensor 421
for optically measuring the
At least one of a FIA (Field Image Alignment)
system which the mark position by illuminating an
alignment mark on the wafer with a light having a broad
10 wavelength region, such as a halogen lamp and the like,
and then processing this mark image, a LSA (Laser Step
Alignment) system which measures the mark position by
irradiating a laser light on a mark and then using a
light diffracted and scattered by the mark and a LIA
15 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
20 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

25 (focuses) with the image surface of the projection

optical system. An auto-focus leveling sensor which
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position of an alignnment mark on the wafer Win the 25 XY two-di nensi onal
direction is provided, an auto-focus |eveling sensor 422 for detecting the
86 FP01.0174-00 position of the wafer in the Z-axis direction quhQﬁqh{m
axis direction) and the inclinations of Ox, 6 y and Oz in triaxia
direction and a wafer interferonmeter WF for neasuring the position and
anount of novenent 5 of the wafer table W' in the XY direction are nounted
to the sensor colum SC. At |east one of a FIA (Field Image Alignnent)

syst em whi ch ddiec BRIEK BOSILi HN Dyrbbitumdaty hg;an orpd | Pweniec FBEK 1, t he
wafer with a |ight having a broad 10 wavel ength regi on, such as a hal ogen

llanp and the ddkgts andplhen Prosessiing 4 i sraRided MBOEs & hSA(ihases Step
Al i gnment) system which neasures the mark position by irradiating a |aser

light on a neykiendlthemusing autld-ghé cdisf firsaed ednand escab tened byt he
mark and a LI A 15 system (Laser Interferonetric Aignnment) which detects

the positionalhisfonsat,i ahofdevek tfiem pbsnthase Pyuirariadi a&hBg ohd aser
light with only a little different frequency on an alignnent mark |ike
diffracti on graéi ngsrdngedt wondi 4 ectangs ahfdctlthen 2§ ither fLriag ltivee
diffraction lights generated by the mark with each other is suitable for
t he alignnmentexsensak 424githe dutracddclsy | eha | pgosiensot o422 gdetiect s
whet her the surface of wafer to be exposed coi nci des

system.,

The wafer interferometer WIF measures the

position and the amount of movement of the wafer stage

10 in the XY direction. One end of the wafer stage WS
becomes a reflecting plane. The reflecting plane
becomes a moving (measuring) mirror of the wafer
interferometer WIF. A tube 431 for allowing nitrogen
Oor a rare gas (inert gas), such as helium and the like,

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

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

25 Moreover, a bellows 451 for connecting the wafer

chamber partition 411 and the sensor column SC is
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25 (focuses) with the imge surface of the projection optical system An
auto-focus | eveling sensor which 87 FP01-0174-00 detects Z-axis direction
positions of detection points in plural locations arranged i ntgpr-giakipX
is suitable for the auto-focus |eveling sensor 422. In this case, the
detection points in plural |locations 5 are arranged in a range including
the slit-like exposure region formed by the projection optical system
The wafer interferoneter WF nmeasures the position and the anount of

movenent of therwaben 15t 849 arlPedbd e XV HF £ E Qe @Qe%ﬂgl%fté he waf er
stage W5 becones a reflecting plane. The reflecting plane beconmes a noving

(measuring) mnd ata0érile waf ehe DU EIbRBOTBYEN MNfamd, talbg . 43Ldf @he
allowing nitrogen or a rare gas (inert gas) , such as heliumand the |iKke,

15 to flow i pree¢ heuwafemeahanbaedand 1a swhe3432 foru20 ©hbowbag Niitd ogen
or arare gas (inert gas), such as heliumand the like, to discharge from

the wafer charberiaheialy angeghenwdhtee pufiel sSisdes Edt e waieracehaper
partition 411. If the inert gas is helium the tubes (431, 432) can be

connecdt ed todfhenhps euifeusty afsy i grad: helowm 1rnesavet Nernegenerat uen unit.
Val ves (441, 442) for controlling the gas inflow rate/outflow rate are
arranged at the tultee &3Hcr4B2Y prespectiivel \exposure apparatus is
provided with a parallel plane plate L1 for covering
a purge space in the projection optical system. The
projection optical system is provided with a first
10 imaging optical system for forming a primary image (a
first intermediate image) of the pattern of the
reticle R. The first imaging optical system 1is
composed of lenses (L2-L7: corresponding to L11-L110
in the first imaging optical system of Fig. 2). The
15 parallel plane plate L1 and the lenses (L2-L7) are
received in divided barrels (501-507), respectively.
Connection techniques between the divided barrels are
disclosed in, Japan Kokai 7-86152 (USP 5,638,223).
The parallel plane plate L1l is held by a cell
20 511. 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 (6 z direction) of
25 the parallel plane plate L1. An air (gas)-tight

structure is disposed between the parallel plane plate
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25 Moreover, a bellows 451 for connecting the wafer chanber partition 411
and the sensor columm SC is 88 FP0O1-0174-00 vertically arranged on the

waf er stage fixed plate 401. The material of the bellows 451 i gae4-00
e.g., as the previously nentioned bellows 321. Thus, the space in the
vicinity of the wafer Wis sealed by the action 5 of the wafer chanber
partition 411 and the bellows 451. The described projection exposure
apparatus is provided with a parallel plane plate L1 for covering a purge

space in therprojegttar Quiirabisystiem TBRsRY OQfﬁﬁLL@O %Oéécﬁlel_%y%fm s
provided with a first 10 inmaging optical systemfor formng a prinmary inmage

(a first intermedi aseoinage) . ofhtheepatd ersy PE5thg Hetd i BeRi e Mg 41 1 st
i mgi ng optical systemis conposed of |enses (L2-L7: corresponding to

L11-L110 in the-f7yskd nRging VRt peal wyshe@moftie gtod) suheade patal | el
pl ane plate L1 and the |enses (L2-L7) are received in divided barrels

(501-507), respedisveby suGaWest s onrl ashnirquesqbat weer He ¢l vpoed-parrel s
are disclosed in, Japan Kokai 7-86152 (USP 5, 638, 223). The parallel plane
platedl is ha dHy esekbls (2@-511) . Thaecaldl dlllo Bakds iden pargliela pl ane

plate L1 so as to be put between the top surface and the under surface of
t he parall el lpeaeiphat €3Liccdhedred dr hoeat)i oast Aee: prunal£d veatiicns (3
| ocations or nore) in the circunferential direction (9 z direction) of 25
t he parall el dplranet pbat ef1thAn lanségas)-ti ght
The divided barrels (501-507) and the cells
(511—517)'are connected by frames 521-527. Apertures
10 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 its
circumferential (tangential) direction. An air
(gas)-tight structure is disposed between the frame
15 521 and the divided barrel 501.
In the first imaging optical system, an actuator
532 for moving the lens L2 1in the optical axis
direction (Z direction) and inclining it in the &
X, Oy directions is arranged. This actuator 532 is
20 arranged at a pitch of 1200 in three locations which
is equal distant from the optical axis and spaced in
the circumferential direction (z direction). A linear
motor, piezoelectric element, cylinder mechanism
driven by a pressure fluid or gas and the like can be

25 used as the actuator 532. If the driven amount of

actuator 532 is the same, the lens L2 can be moved in
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structure is disposed between the parallel plane plate 89 FPOL-0174-00 L1
and the cell 511. The lenses (L2-L7) are held by cells (512-517) . The
cells (512-517) hold the lenses (L2-L7) so as to be put betwe&pdihf 741989
surface and the bottom surface of rins arranged at the periphery 5 of the
| enses (L2-L7) . The held locations are plural locations (3 |ocations or
nore) in the circunferential direction of the I enses. The divided barrels
(501-507) and the cells (511-517) are connected by frames 521-527.

Apertures 1QHoOboalil oM Nk 88 dNEEE£Aq (Held W 4 8oPagSH b@slrsiel%etc!ﬂe
projection optical systemare arranged in the frames 521-527 at plural

| ocati ons al it rc 5 di pegli i
(gas)-tight g??&é?irgq%s gﬁig&%ﬂ%tgef&tgﬁgﬁﬁgfg+%%eiE gb5§? gﬁ t?he di vi ded

barrel 501. Wrihenfahstuint Ryl NthOPiteakhtyst®m a0 apkat ofi £ a2 M
noving the lens L2 in the optical axis direction (Z direction) and

inclining itliovdheofs Xs, d9 Df it érel i paSplet @ vangedacHistaekuaty, 532 is
20 arranged at a pitch of 1200 in three |ocations which is equal di’st ant

from tohe optissd, axBs,arkBspapedtdte shaididcusbenerihatodi rezsion (z
direction) .A Iinear notor, piezoelectric elenment, cylinder mechani sm
driven by a pressuffe fhei fiestgananthgheptikealcagsherp asetcasatha
actuator 532. If the driven amount of actuator 532 is the sane, the |ens
L2 can be nowdd® iflor moving the lens L3 in the XY plane is arranged.
These actuator 543 is between the actuator 533 and a
frame 523 and is arranged at a pitch of 1200 in three
10 locations which are equal distant from the optical
axls and different in the circumferential direction
( @ z direction). A 1linear motor, pilezoelectric
element, cylinder mechanismdriven by a pressure fluid
or gas and the like can be used as the actuator 543.
15 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 valve 561 for

20 controlling the gas inflow rate is arranged at the tube
551.

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

25 optical path folding mirror. The optical path folding

mirror FM can be formed, e.g., by vapor deposition of
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90 FP01-0174-00 the optical axis direction. The lens L2 can be inclined in
the Ox, 0 y direction by setting it up so that the driven anmount of the
actuator 532 in three different locations is different, respeqﬁxﬁqhy400
Actuators 533, 5 535, 536, 537 operate simlar to actuator 532. In th

first imaging optical system an actuator 543 for noving the lens L3 |n
the XY plane is arranged. These actuator 543 is between the actuator 533
and a frane 523 and is arranged at a pitch of 1200 in three 10 | ocations

whi ch are equalndistanisddiomEhg10piic@h a®d S r0d1 dickf ergnte B Wheye
circunferential direction ( O z direction). A linear ot or , pi ezoel ectric

el enent, cyl imges s meahani AL doiota by ra 41 assMbe f Imdwhqrcrgaﬁhén%;he l'i ke
can be used as the actuator 543. 15 A tube 551 for allowing heliumto flow

into the insigderfetethedpriobecéwen opkifcale SHsd €M theabhanded fi Biler
di vided barrel 511. This tube 551 may al so be connected to the previously

ment i oned heldng edeteverod I egetenalri Pheni A. dA e ¥er3@lnfiort 20ayer
controlling the gas inflowrate is arranged at the tube 551. The _
proj ection offtiiloalmsystemd epruapdeddeipds i aadophi edlapatdtf el diemg 1 rror
FMintegrally formed by a first optical path folding mrror and a second
25 optical pé&tihdolas nthenmatosr 18ies offt ddall pat bhitohdilng 1 avefof iEM ,can be
formed, e.g., by vapor deposition of 91
metal fluorides such as aluminum fluoride, cryolite,
chiolite, lithium fluoride, sodium fluoride, barium
fluoride, calcium fluoride, magnesium fluoride,

10 yttrium fluoride, ytterbium fluoride, neodymium
fluoride, gadolinium fluoride, lanthanum fluoride,
osmium fluoride, strontium fluoride and the like can
be wused. A construction in which a dielectric
multilayer film is arranged on a metal film, such as

15 aluminum and the like, may also be used. The dielectric
multilayer film functions as a protection coat for
preventing the metal film from oxidation. This
dielectric multilayer film functions to correct the
phase difference between P polarization and S

20 polarization caused by a reflecting light from the
metal film so as to decrease it and to correct a
difference in phase difference between P polarization
and S polarization due to the incident angle (emergent
angle) (angular characteristic of PS rhase

25 difference) so as to homogenize it in a desirable range

of incident angles. If a phase difference between P
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FPO1-0174-00 a netal, such as alum numand the like, on two side faces in
a triagonal prismnenber in which the top surface and the |ower surface
are in the shape of right angled isosceles triangles. A dielegpyi%i74-00
multilayer 5 filmmy al so be vapor deposited in place of a netal film
the materials of dielectric nultilayer film netal fluorides such as
alum num fluoride, cryolite, chiolite, lithiumfluoride, sodiumfluoride,
barium fluoride, calciumfluoride, magnesium fluoride, 10 yttrium

fluoride, ytteybismbkudii desndeadymdm ribuarise, gadgkisni umpfildioride,
| ant hanum fluoride, osmumfluoridé, strontiumfluoride and the |ike can

be used. A caoisddscthdnd Lbé/&ﬁ@geatﬂbelﬁabrii&{ oBE1thaver off bR i ma’fd anged
on a netal film such as 15 alum num and the Tike, nmay al so be used. The

dielectric mulditayenefid PduAetizaNsi @8 ankr GliecihageCafe 95 tREEVENtI Ng
the metal filmfromoxidation. This dielectric nultilayer filmfunctions

to correct thelphasetdidd edienca thetavwencRupel alHgaiéoBrank5£28n of
pol ari zation caused by a reflecting light fromthe netal filmso as to

decredse it dmthd® cqaoal ety an théfianegde d suptasee diff esenck Hetwean:
Ppol ari zation and S pol arization due to the incident angle (energent
angl e) (angulrarschataocter isti nodf BB tphiised25 Hoffearesice) swoaspliane
honogeni ze it in a desirable range of incident angles. If a phase
di f ference beativeenr P 92y FROkdT74 DG s to perpendicularly intersect
to each other in place of forming the first and the
second optical path folding mirrors on one member. In
10 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 is incorporated
herein by reference.
The projection optical system is also provided
15 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
20 second imaging optical system is provided with lenses
(L8, L9: corresponding to negative lenses L21, L 22
in the second imaging optical system G2 of Fig. 2) and
a concave reflecting mirror CM. SiC or a composite of
SiC and Si can be used as the material of the concave

25 reflecting mirror CM. It is preferable to coat the

entire concave reflecting mirror CM with SiC for

93



pol ari zation and S pol arization exists, this is undesirable because the

i magi ng positions of an inage due to the P polarization and an i mage due
to the S polarization deviate and cause the deterioration of Sgglaf€4-0o
gquality on the inmaging surface; thus a desirable resolution is not

obt ai ned. Moreover, two plane mrrors may be kept so as to perpendicularly
intersect to each other in place of forming the first and the second
optical path folding mrrors on one nenber. In 10 this case, it is

consi dered thadgdbeitrwe Dt 298 Eﬂé@éﬁti@ﬁﬁ kept adi pstaklihg eslrf Ve @
techni que disclosed in Japan Kokai 2000-28898, which is incorporated

herein by refef @meecolea Peo €€Lie@t OPY iRl r SYSEOM ESfaka@ PHYVided r 15
with a second inmaging optical systemfor formng a second internediate

i mge (a secaerwles yiitiege odf midiea 1 Pat seen) aBeael.y equal uh ontife ahid $the |

internediate image in size, based on a light fromthe first internediate

i mage forned lhiyké hen fdirsl etiagiangopt i edla ywystem mThey281 secpadviafRat Ng

optical systemis provided with Ienses (L8, L9: corresponding to negative

|l ensess L21, lde2Posinhethe rsgriondei o@gangedntl cl 1aystiemt® of ckkg., s and a

concave reflecting mrror CM SiC or a conposite of SiC and Si can be used

as the materitdle ahatke icohsavdE 2B ¢ bébéctiimgnuiltridra @ Ifti lins, pmefterlabl e to

coat the entire concave reflecting mrror CMwith SiC for 93 FP01-0174-00

degassi fi cat ildu@r gdest | euclheasef lbdatn iguswur ffdoaride, cryolite,
chiolite, lithium fluoride, sodium fluoride, barium
fluoride, calcium fluoride, magnesium fluoride,

10 yttrium fluoride, ytterbium fluoride, neodymium
fluoride, gadolinium fluoride, lanthanum fluoride,
osmium fluoride, strontium fluoride and the like can
be wused. A construction in which a dielectric
multilayer film is arranged on a metal film, such as

15 aluminum and the like, may also be used. The dielectric
multilayer film functions as a protection coat for
preventing the metal film from oxidation. This
dielectric multilayer film enables the metal film to
have a correcting function so as to decrease the phase

20 difference between P polarization and S polarization
caused by a reflecting light from the metal film. The
correcting function nearly homogenizes a difference
in phase difference between P polarization and S
polarization caused by the incident angle (reflection

25 angle) (angular characteristic of PS phase

difference) in a desirable range of incident angle.
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of the concave reflecting mrror CMis formed by vapor deposition of
netals, such as, e.g., alumnumand the like. A dielectric nulti-layer
filmmy al so be vapor 5 deposited in place of a netal film 3qukﬁ7% 8¢,
as the materials of dielectric nultilayer film mnetal fluorides suc
alum num fluoride, cryolite, <chiolite, lithiumfluoride, sodiumfluoride,
barium fluoride, calciumfluoride, magnesium fluoride, 10 yttrium
fluoride, ytterbiumfluoride, neodym um fluoride, gadoliniumfluoride,

| ant hanum 1 uof itdes pRsFbUMLfHLOFéAee %TertQJEéH”Pf%JHQ%'ﬂezéﬁgohh%ﬂdkse can
be used. A constructlon in which a dielectric layer filmis arranged

on a netal fiddmasuchtaorl &l saknummand itheld&ei i@y &lso- B sesede The
dielectric nultilayer filmfunctions as a protection coat for preventing

the metal filimdgoAygxddatiions B an Hhebecdnbct SWHE Ipayen 44 menaf es the
metal filmto have a correcting.function so as to decrease the phase 20

di fference befeeanPipelgyidati e anle SSPYST & Zakiaan o gaused Hyedand
reflecting light fromthe netal film The correcting function nearly

honogeni zes aalid é ertanse dd the phase ti b herence wegweequR1palar iozat ikere and S

pol ari zati on caused by the incident angle (reflection 25 angle) (angul ar

characteri stiicmaofiP§ phastacdi fadred eaceje s hrabdesi rablel uange ofsi acitdent

angle. 94 FP01-0174-00 If the phase difference between P polarization and S

pol ari zati onoddsisedt. hiBh e smatcesi adlsl eo betausecvheave reflecting
mirror can include ULE or Be. If Be is used, it is
preferable that the whole concave reflecting mirror

10 CM is coated with SiC and the 1like.

The optical folding mirror FM and the lens LS8
are contained by a divided barrel 601, the lens L9 is
contained by a divided barrel 602 and the concave
reflecting mirror CM is contained in a divided barrel

15 603. 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
mirrors) in the O x, Oy, 6O z directions and its
20 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 optical
system are supported by supporting members (611, 612) .
Supporting members disclosed in Japan Kokai 6-250074

25 and Japan Kokai 11-231192 are suitable for these

supporting members (611, 612). The concave reflecting
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i magi ng positions of an inmage due to the P polarization and an inmage due
to the S polarization deviate and 5 cause the deterioration of inage
gquality on the imaging surface and a desirable resolution is 74
obt ai ned. The materials of the concave reflecting mrror can |nclu&e 8LE
or Be. If Be is used, it is preferable that the whol e concave reflecting
mrror 10 CMis coated with SiC and the Iike. The optical folding mrror
FM and the lens L8 are contained by a divided barrel 601, the lens L9 is

cont ai ned by i ¥ ded; DGET n S0Zc8th d MEnGRMIORYE o:ofd 81 il v Ofs OM I S
contained in a divided barrel 15 603. A hol di ng neiber 610 f ng the

optical fol diypgpstted FYis @wﬁ@ﬂtaagthﬁemaalde%lbﬁrr@u&&értﬁ%lw

mechani sm for adjusting the position of the optical folding mrror

(first and seeoisle eptdLab10@/dh A TELEMOKSk d N 6t Q0% 4,974 pa® Rodid€ct i ons
and its 20 position in the XYZ directions may be arranged between this

hol di ng nmenbar1 6491 an¢ the duvitdasth dafsel t 03 suphe dEensgsméhBe L Q)1 Pf the
second i magi ng optical system are supported by supporting nenbers (611,

612) .5 Suppeliid ngreerbeisrdbealtestdheelapany Kekde 62868074 25 and Japan
Kokai 11-231192 are suitable for these supporting nenbers (611, 612). The

concave reflecti ngTdz FROZo§&¢4-100n m bpari &M of styher second | Mgk ae eapt i cal
systemis supported by a supporting nmenber 613. Supporting nenbers
di scl osed i npyapahdKdkaii 6250041 xkhpdmakpkay optical system for
forming a final image (a reduced image of the pattern)
on the wafer based on a 1light from the second
10 intermediate 1image formed by the second imaging
optical system. The third imaging optical system is
provided with lenses (L10-L13: corresponding to the
lenses L31-L311 in the third imaging optical system
G3 of Fig. 2) and a variable aperture stop unit AS.
15 The lens L10 is contained by a divided barrel 701 and
the lens L1l is contained by a divided barrel 702. A
flange FL supported by a column 240 is arranged in the
divided barrel 702. Techniques for connection of the
flange FL and the column 240, for example, are
20 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

25 contained by divided barrels (704, 705). The L10-113

are supported by cells (711-712, 714-715),
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11-231192 are suitable for this supporting nenber 613 5 and are

i ncorporated herein by reference. The projection optical systemis further
provided with a third inaging optical systemfor formng a fquknkﬁ%g%o(a
reduced i mage of the pattern) on the wafer based on a light fromthe
second 10 internediate image forned by the second imaging optical system
The third imaging optical systemis provided wwth |enses (L10-L13:
corresponding to the lenses L31-L311 in the third imging optical system

G3 of Fig. 2) ahdearVardapl eraperduy -3t U@ftt% der1he (s 1711%'5

contained by a divided barrel 701 and the |ens IS contal ned by

di vi ded barr el 4702156\ ifd angriFhrsuRPoFkhgd By acr&?@'&'g@lz‘lﬁlis Ahr %ri%’d I n
the divided barrel 702. Techniques for connection of the flange FL and

the colum 240Qyad pr texmke.riad €u28 ﬂsspll@ﬁsgeldwbé%mﬁéb%%@é 18309355 (USP
5, 576, 895) and Japan Kokai 11-84199 are applicable. A sensor colum SC

is mounted terdethkarga FL71Thawarhable apertdure stop AS is contai ned by
a divided barrel 703 and the lenses (L12, L13) are 25 contained by divided

barrels (704, 705) In ThRel1ni1d ar®aguprer bed iya teld s € dhl- 742ameld- 715),
96 FP01-0174-00 5 respectively. The structure of the cells (711-712,
714-715) is girdlar2eq vhat7of5) Moeceldn®dd 2t iy &ive digasdedtth §hkeStg uct ure
i s disposed between the lens L13

(701-702, 704-705) and the cells (711-712, 714-715)

are arranged. Apertures for allowing an inert gas

(helium) to flow into the inside of the projection

10 optical system are arranged in plural locations along
their circumferential direction in the frames
(721-722, 724-725). An air (gas)-tight structure is
disposed between the cell 715 and the divided barrel
705.

15 In the third imaging optical system, actuators
(731-732, 734) for moving the lens (L10-L12) in the
optical axis direction and inclining the imaging
optical system in the 8%, Oy directions are arranged.
These actuators (731-732, 734) have construction

20 similar to the actuator 532. A tube 751 for allowing
helium to discharge from the projection optical system

is arranged in the divided barrel 705. This tube 751

is also connected to the previously mentioned helium

recovery/regeneration unit. A valve 761 for
25 controlling the gas inflowrate is arranged at the tube
751.
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and the cell 715 in the cell 715. In the third imaging optical system
frames (721-722, 724-725) for connecting the divided barrels (701-702,
704-705) and the cells (711-712, 714-715) are arranged. Apertuys®es-di194-00
allowing an inert gas (helium to flowinto the inside of the projection
10 optical systemare arranged in plural |ocations along their
circunferential direction in the frames (721-722, 724-725). An air
(gas)-tight structure is disposed between the cell 715 and the divided

barrel  705. 15 Inntder | HiHd B e BRtd 63 aSYShBMa &St Haher _ro%%ﬂ%nl

734) for noving the I'ens (L10-L12) in the optical axis diréction an

i nclining thQ\zHé@QEﬁgth@tﬂ@&ié}A%tl%mxﬂéhtB@n%d<1e>9]%>MsQ1iﬂé9f%Ipéﬁﬂ§_a%fL?s
arranged. These actuators (731-732, 734) have construction 20 simlar to

the actuator 2932 aR Eube sibde fREtaldOM N ubeld UM tehdi §qft@fc9<%rfab@lmé_ he
projection optical system is arranged in the divided barrel 705. This tube

751 is al sopyaweskediid d88cpriddQUBLY Jwentioned helium _
recovery/regeneration unit. A valve 761 for 25 controlling the gas inflow

rate i arranged aFithe t1ubes i & rEROIs 03 W4 NP Bhdextloudiga erbedi ment s
of a manufacturing process wherein the previously nentioned exposure
apparatus ardmamekposurd metdscase ysedhi dohbeidtid hogh apli such as
IC or LSI and the like, liquid crystal panel, CCD,
thin-film magnetic head, micro-machine and so on) . As
shown in Fig. 11, design step 201 illustrates a
10 function/property design (e.g., circuit design of
semiconductor devices and the 1like) of devices
(micro-devices) and a pattern design for obtaining the
functions are also made (design step). Successively,
a mask (reticle) for forming a designed circuit
15 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),
20 actual circuits and the like are formed on the wafers
by using wafers prepared in step 201 and step 203
according to a lithographic technique and the like as
described later. Subsequently, in the step 205, the
device assembly is conducted by using wafers processed
25 in step 204. Such processes include, e.g., a dicing

process, a bonding process and a packaging process
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process are described below. Fig.

11 is a diagram showi ng the flowhart of

a manufacturing process (sem conductor chips such as 1Cor LSI and the
like, liquid crystal panel, CCD, thin-film magnetic head, m crgpgiasiyng
and so on) As shown in Fig. 11, design step 201 illustrates a 10
function/property design (e.g., circuit design of sem conductor devices
and the |ike) of devices (mcro-devices) and a pattern design for
obtaining the functions are al.so nade (design step). Successively, a mask
(reticle) for(dwipl Bdca Sostanednd r€di dnlonpaidgs o bs RIERAF 84 nig 18 St ep

202 (mask preparation step). Alternatively, wafers can be manufactured
a materdarhasygch as silicon and the like in a step 203 (wafer

manuf acture step). Next, in the step 204 (wafer processing step) 20
circuits and the |irkezzareyforiad an theprafere Dbynbplera Weher stRpgpared in
step 201 and step 203 according to a lithographic technique and the |ike

as describedrdspectiSuhsequentytdd thrcitep: 205¢.4he davicgcassanbly is
conducted by using wafers processed 25 in step 204. Such processes include,

W th

e.g., fa dici npnptomess,od tondj ng qurogiess iand ta packeying opr Feas s 8
FP01-0174-00 (chip enclosure) and so on in step 205 according to

Finally, in alestipe2086 riemspedt ian sdtegp)2 0 5i. nayfdcd  opsocxkithgd itngd ude,

e.g.,

an action

10

15

20

25

devices are completed and shipped.

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 step). 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
according to the demand called for by the processing
steps.

In the wafer processing steps, 1if the above
pretreatment process has been completed, a
post-~treatment process as follows is executed. In the

post-treatment process, first, a sensitizer 1is

act ual

denmand.

applied towafers ina step 215 (resist formation step).

Successively, a circuit pattern of mask given by the
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5 confirmation test, a durability test and so on for the devices prepared
in step 205. After processing, the devices are conpleted and shipped. Fig.
12 is a diagram showi ng one exanple of the wafer processing ofpghiaR 7494 i n
Fig. 11 for 10 sem conductor devices. In Fig. 12, the wafer surface is
oxidized in a step 211 (oxidation step). An insulating filmis forned on
the wafer surface in a step 212 (CVD step). Electrodes are fornmed on the
waf ers by vapor deposition in a step 213 (el ectrode 15 formation step) . An

ion is inplantiethgragiiec Wafefsteln a (et 2d4e(l oapi;m)fé%%t)i on ${ £P)

Steps 211 through step 214 constitute a pretreatnent process of the wafer

processing, anbaserselestadante exeaWal a8esAs diRY P hRe Ldepppd Hal | ed
for by the processing 20 steps. In the wafer processing steps, 1f the

above pretreatmens i ecessphas chesRpe@t lathp f. WORE,t fRAIORPL I PCESS
as follows is executed. In the post-treatnment process, first, a sensitizer

is 25 appliedaferafers devaldepd2lh feep ot ford@t 0B pIiEP} step),
Successively, a circuit pattern of mask given by the 99 FP01-0174-00

| i t hodr aphi ¢ asyseamdexgasenb eappanat U r apdex eXpaAsibe ABt hod adgaerided
above is transferred on wafers in a step 216 (exposure step) . Next, the
exposed waf ¢he ares idevet@pednisn atrep r2hib (deviey appeht nst €p) s tepand gexposed
menbers in a part, except for an area where
(etching step). After, the etching is finished, any
unnecessary resist is removed in step 219 (resist
removal step).

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

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

15 about 0.1 #m in minimum line width can be produced
with sufficient yield. The method applies the use of
the exposure apparatus and the exposure method
described above in the exposure process (step 216),
thereby improving the resolving power of an exposure

20 light in the vacuum ultraviolet region and producing
high accuracy exposure 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

25 tubes isnot limited toonly two locations. For example,

a number of tubes (inflow port/outflow outlet)
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10 the resist remains, are renoved by etching in step 218 (etching step)
After, the etching is finished, any wunnecessary resist is renoved in step
219 (resist renpval step). Circuit patterns are formed on the p&fiesS4050
repeating the above nentioned pretreatnent and post-treatnent process
steps. If the manufacturing nethod of this enbodinent s applied, devices
with a high integrated | evel of 15 about 0.1 gmin mninmumline width can
be produced wth sufficient yield. The nethod applies the use of the

exposure appaidt s sabthd 18g eXROSHES I hpde desgti adh aBeve igsbf&%@éposure

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

20 Tight in thecwaenusd bl thavineh@le ¥ £9in0dy AW aprofiigtRg THEGr 8SGH ALY
exposure control. Moreover, in this enbodinment form the tubes connected

to the insidenicthetild eelfi ofheptd£al iysham ke Hsposad bptiwal
| ocations. The nunber of 25 tubes is not limted to only two | ocations .

For exanpl e, ssbefbemdf thebes) (hnfilnove pent /ot fbaw ogykekh 189n be
FP01-0174-00 corresponding to respective | ens chanbers (spaces between

optical nenbens)preyshel aor angeddeitherpiessdire l fibuchdather efinddhe gas in
the projection optical systemand the illum nation optical systemcan be 5
suppressed t @lal predeteralnad ofalties petbusd ifMic@lation is set up

such that the value of the projection optical system

more tight than that of the illumination optical

system.

10 Furthermore, the pressure change of an inert gas
filled or circulated among optical elements of the
illumination system and projection optical system is
detected, and optical elements for aberration
correction (L2-L3, L5-L7, L10-L12 in Fig. 8 through

15 Fig. 10) may also be driven based on the detected
result. Such a technique 1s disclosed, e.g., in
W099/10917 (EP 1,020,897).

Additionally, it is preferable that the
concentrations and/or the total amount of

20 light-absorbing substances (gases such as oxygen (0;3),
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

25 illumination optical system, the optical path in the

reticle chamber, the optical path in the projection
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al l owabl e val ue of the pressure fluctuation is set up such that the val ue

of the projection optical system nore tight than that of the illum nation
optical system 10 Furthernore, the pressure change of an inefp§as74-00
filled or circul ated anong optical elenments of the illum nation system and

projection optical systemis detected, and optical elements for aberration
correction (L2-L3, L5-L7, L10-L12 in Fig. 8 through 15 Fig. 10) nay al so be
driven based on the detected result. Such a technique is disclosed, e.g.,

in V099 109k £Ra . 0205 837) - Addidionaldys chi s phefar abhe, t hate dhe

concentrations and/or the total anount o 20 |'i ght -absorbi ng substances

(gases such asm MyEeNatQ2)caf BN 1dPXi decbeFe2nd vt Be Idken ¥aher vapor
(H20 and so on, are given as substances absorbi ng exposure beans and

|i ght - absor bimgr subxtzaises, f ora 1 hewkd 1asekod d SRt raft Wavsl engld 154, nm in
the optical path of the 25 illum nation optical system the optical path in

the reticlehasheblet hecophilcalampabAti N dhe ph@ ectiga+lQlh FPEL1Qy4- 00
optical systemand the optical path in the wafer chanber are controll ed

i ndependent | yuis eanb et edn b Eovaexaiwl ¢, sald awmbbeceoreentkat yareand an
al l owabl e total amount of the |ight-absorbing 5 substances can be variably

set up becausthdriieevaberd tchantert antet b anehé el & 0hanbrb ritavsp sher:tl
optical paths. Thus, the open/close mechanisms of the reticle
chamber are simplified and contact with the outside
alr ormix-inof light-absorbing substances is avoided

10 becausetafthe.reticle exchange and the wafer exchange.
Allowable concentrations and an allowable total
amount of the light-absorbing substances are harshly
set up in response to the illumination optical system
having a long optical path.

15 An F; laser <can Dbe 1incorporated in this
embodiment which can 1include, nitrogen(N:;), rare
gases such as helium (He), neon (Ne), argon (Ar) and
the like as a permeable gas having a wavelength of 157
nm. Helium.gas is particularly superior in high

20 permeability, stability of imaging characteristic of
optical system and cooling property since its heat
conductivity is about 6 times greater than that of
nitrogen and its fluctuation of dioptric index ﬁo
pressure change is about 1/8 greater than that of

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

chamber and the reticle chamber which fills the
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pat hs. Thus, the open/close nechanisns of the reticle chanber are
sinplified and contact with the outside air or mx-in of |ight-absorbing
substances is avoided 10 because of the reticle exchange and th&gafieh-oo
exchange. Allowable concentrations and an allowable total anmount of the
| i ght - absor bi ng substances are harshly set up in response to the
illum nation optical system having a long optical path. 15 An F2 | aser can
be incorporated in this enbodi nent which can include, nitrogen(N2), rare
gases such asdie] E4m (HghitHeon, £ Ne)yhar goRntAr) rapdndter ki ke (g e r
per neabl e gas having a wavel ength of 157 nm Heliumgas is particularly
superior in Hirghe 20cpRMEEOL] i t YeotStabe! i iy tQfr # 8BGMRG LHAr agheri stH & of
optical system and cooling property since its heat conductivity is about 6
times greaterirddiedetdate i pri{éogenmbgdisallsigtuaid 88n0hedh OPL K, | Ndex
to pressure change is about 1/8 greater than that of 25 nitrogen gas. In
this enbodi neyd, ttiee0gasi Aint ke avafiet i cahamberh and the retigl £nshaer
which fills the 102 FPOL-0174-00 optical path of the interferoneters (wafer
i nterfieronet ept 1 ehickesitrirerdar @etrel franéd heis iinsicded ©F tberpagicact i on
optical systemcan be helium And, the gas in the optical path of the
i |lum nationthephicaingysbern cambeyastisgenigashd ordecatopaeduees 10 t he
runni ng cost. The gas used in the optical path of

the illumination 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.
10 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 fly's eye lenses

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

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

H-doped silica glass, the hydrogen concentration is
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the illum nation optical systemcan also be heliumand the gas in the
waf er chanber, the reticle chanber, and -inside the projection optical
system can be nitrogen. The follow ng photoperneabl e optical magni@Els-00
constituting the illum nation optical systemand the projection optical
systemthat can be used include: |enses, parallel plane plates, mcro
fly's eye lenses and diffraction optical elenents. In addition, 15
fluorite (CaF2), nodified quartzs such as F-doped silica glass, F- and

H doped siliga gFassp1Ob contailhi pg 1 di £8s91asS. o F- dered aemd more
OHcontaining silica gllass and the Iike can also be used. The

phot oper neable ©péaall yrat erd al 61 20meqnrsdh t 8k s he i 1] 4gknation topt i cal
system and the projection optical systemmy also include the previously

nentioned nodjf+esn@uartizngl 8itheF-foped, iHd cogbantrdhechl var i
concentration is preferably 100 ppmor nore, and nore preferably in a 25

range of 500 gyymp 36, 8RR PPrabLY tihe &- daped and 1bkg%@ce¢ sibbCapad ass,
t he hydrogen concentration is 103 FPOL-0174-00 preferably 5 x 1018

nmol ecu es/ cnErorthesy,-dowe dosad Wt ebatlayidi kgl mekeeuleséenB oy | ess.
In the OHcontaining silica glass, the concentration of OH group is
preferably irflausahge obntmpprat il ippmor&f kb adiey Fr dopedmnasd more
OHcontaining silica glass, the fluorine concentration is preferably 100
ppm or nore aat tthhe concentratt ioon of £ H grooppi $sppekdeatdlyl holeive r

than the fluorine concentration. In this embodiment,

the concentration of OH group is preferably in a range

10 of 10 ppm - 20 ppmn.

When an image is formed by using a region free
of the optical axis of the projection optical system,
as in the present embodiment, an illumination optical
system disclosed in Japan Kokai 2000-21765 (USP Appl.

15 340,236 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 8

20 x, Oy directions and/or movable in the XY plane. The
optical elements may also be rotatably arranged in a
direction of rotation (8 z direction in the first and
third imaging optical systems) with the optical axis
as the center by forming the optical surfaces

25 (refractive surfaces/reflecting surfaces) of these

optical elements so as to have different powers in the
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than the fluorine concentration. In this enbodiment, the concentration of
OH group is preferably in a range 10 of 10 ppm - 20 ppm Wen an inage is
formed by using a region free of the optical axis of the projqujqﬁ74OO

optical system as in the present enbodinent, an illum nation optical
system di scl osed in Japan Kokai 2000-21765 (USP Appl. 15 340,236 filed on
July 1, 1999) can be used as the illum nation optical system Mbreover, in

this enbodi ment, a portion of the optical elenent in the optical elenents

constituting méPfd@B?ilantHQQercti&ﬁE sa&gw&amhwa@& eHhe Q0 X,

y directions and/or novable in the XY plane. The optical elenents may also

be rotatably affapgedd np@ar@/@é?&‘é’b‘@inﬁmﬁlhﬁ@ (Oéfd'fﬁ%t'é’ﬁt'l%atf'e
first and third i magi ng optical systens) w'th the optical axis as the

center by fordnidehlte opt|{eshdswtacgs 2% ref paati yrasurf acesrefdecting
surfaces) of these optical elements so as to have different powers in the

104 FPO1- 017449 8BElidional T ¥ ectdongngerandi Gl an1te eagh @bhekct
(dioptric plane/reflecting plane) of the optical elenents (conducting an

astigratic swdpee tPiQLESS| APy rralit Snar r angemens sr esul t s 4 §ABRECE 5
asymetrical aberrations such as an astigmatic difference on the optical

axis (center distf@pahicson ofhéhepRiej£TtaRn sontd et e 8y Sk&M g0& ta shfyonbi ¢
distortion of that.

of the projection optical system, or a rhombic
distortion of that.

For example, a construction in which an actuator

10 and a driving axis are disposed along the tangential

direction of the circumstance of the frame is arranged

between a frame and a divided barrel such that the

frame 1s driven to the divided barrel in the 8 z

direction. It is preferable that the actuator 1is

15 equal distant from the optical axis and arranged in

a plurality of different locations at an equal-angle

pitch in the circumferential direction ( 8 =z

direction). A mechanism for rotating optical members

with an astigmatic surface is disclosed in Japan Kokai

20 8-327895 (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

25 amount of light-absorbing substance of the purge

spaces on the outside are set up more unexacting than

105



For exanple, a construction in which an actuator 10 and a driving axis are
di sposed along the tangential direction of the circunstance of the frane
is arranged between a frame and a divided barrel such that theapdit@s-gos
driven to the divided barrel inthe 0 z direction. It is preferable that
the actuator is 15 equal distant fromthe optical axis and arranged in a
plurality of different |ocations at an equal-angle pitch in the
circunferential direction ( 0 z direction) . A mechanismfor rotating

optical nenbense M t:gea%pﬁaséégﬁahl errfaged $idisch eﬁ%dmfw@p@g akokai 20
8-327895 (USP 5, 852,518). Furthernore, a purge space may alSo be forned on

the outside @ff tmepmqelmlsrp@@@oaf oidtel Ehhusiyiaté@na apt/igal ts¥spamqpnd/ or
purge space of the projection optical system In this case, the allowable

concent r at i orspacle ablrowabs ep retalc 2boamawt i ©h 11 isghd + @asqr bi ng subst ance of
the purge spaces on the outside are set up nore unexacting than 105
FPOL- 0174- 00 t he page spaned lon theairrriere siglea hehel aueges spaegng@fd t he
illum nation optical system and/or the purge space of the projection
opticdl system thddidfenatiyle afpahel lenplaneipt aiefes atdangedth on the
wafer side of the lens on the wafer side of the projection optical system
The paral | el pd@Ehecpliare optaycal seybée gy oviTled @msra ldovkerplanthplpuwege
space of the projection optical systemsimlar to the reticle side.
may also be provided as a cover to the purge space of
the projection optical system similar to the reticle
side.
10 In addition to the F; laser light that supplies
a pulse light having a wavelength of 157 nm as provided
for in this embodiment, implementing various other
light sources is also possible. For example, the
following light sources can be implemented a KrF
15 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
20 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

25 optical crystal may also be used.

The present invention is applicable not only to
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10 In addition to the F2 laser light that supplies a pulse light having a
wavel ength of 157 nmas provided for in this enbodi nent, inplenenting
various other [light sources is also possible. For exanple, theawpdiQl-9Won9
| i ght sources can be inplenmented a KrF 15 exciner |aser light supplying a
|l ight of wavelength 248 nm and an ArF exciner |aser |ight supplying a

| i ght of wavelength 193 nm and an Are |aser |ight supplying a |light of
wavel ength 126 nm A harnonic wave given by anplifying a laser light with

a single 20 vwavelgnalhy i debheubnf £ar ege&tﬁg&&ﬂd%@ddfa&@@lfsegﬁbm re%&
sem conductor |aser or a fiber laser or in the visible region wth an

Er- doped (or ibotd, Er piand aYbodopesd) hnbereappkifier 4Bgh Lonysrtsdhe
light source to an ultraviolet light with a nonlinear ~25 optical crystal

may al so be uysedhsFhe pnesent reaventd H0t ks naPpt i+ 6Abhenbeth &Rl Yo t @ 106
FPO1-0174-00 m cro-devi ces such as, sem conductor devices and the |ike

but also to an explsw e sappat abys, f ol at Bansfess i eir gHL t RAL § NS, from a
nother reticle to a glass substrate or a silicon wafer and the like, 5 to

manuf acture ad eldagh€adt r&Bskrusedid, oe. @ mas k| 1gbld expossr g .gppar at us,
an EUV exposure apparatus, an X-ray exposure apparatus and an el ectron ray

exposur e appdriaglus exfdothe d idtpaFaansy i MV ret b 6kes A EHREBRlgyy, used
in the exposure apparatus 10 using DUV (deep ultraviolet) or VUV (vacuum

an X-ray exposure apparatus and an electron ray

exposure apparatus and the like. Transmitting

reticles are commonly used in the exposure apparatus

10 using DUV (deep ultraviolet) or VUV (vacuum

ultraviolet) 1light and the 1like. Silica glass,

F-doped silica glass, fluorite, magnesium fluoride,

or quartz crystal and the like are used as the reticle

substrate. In a proximity-mode X-ray exposure

15 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

20 {({USP Appl. 661,396 filed on September 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 semiconductor devices, but also to

25 an exposure apparatus which can transfer device

patterns onto a glass plate which are used in the
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ultraviolet) light and the like. Silica glass, F-doped silica glass,
fluorite, magnesium fluoride, or quartz crystal and the |like are used as
the reticle substrate. In a proximty-node X-ray exposure 15 agpgl@kysoand
an electron ray exposure apparatus and the like, transmtting nasks
(stencil mask, menbrane nmask) are used. A silicon wafer and the like is
used as the nmask substrate. Such exposure apparatus are disclosed in WO
99/ 34255 (EP 1, 043, 625) , WD 99/50712 20 (USP Appl. 661,396 filed on

Sept enber 1352008} ctWP e 9%@%%%1&@96%‘5@5%1%{1@ 1%4141191&6:9995 Qkal
2000- 12453, Japan Kokai 2000-29202 and so on. The Ppresent invention Is

appl i cabl e neti HAL ¥yt 0 ddviec @BNUF achur e Of p §8NireoNdalsh Ak 24aY4E Cegn iyl al so
to 25 an exposure apparatus which can transfer device patterns onto a

gl ass plate whiLhsaee susbsvibet e 194 r B0 b108d 4a0Q et actiy £e of agdicspl ays
including liquid crystal display devices. An exposure apparatus which

transfers dewicieclpatd eensu9stio ancetarl cmaafiefagBdravhicch aftei ised 1ind the
manuf acture of thin-filmb5 magnetic head, and an exposure apparatus used in

the manuf acagnetficnhga i ckip fheveires ssuch aspecltand usba Linkeheaand so
on can al so be applied. The above-descri bed present invention applies the
scanni ng st emarmdfaot uaperat | tma g&he iprlespnteviid- é avenidom s scabsand
applicable to a step-and-repeat node 15
the like, and so on can also be applied.
The above-described present invention applies
the scanning step mode of operation. The present
10 invention is also applicable to a step-and-repeat mode
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.
15 An aperture stop is arranged in the third imaging
optical system in the previously mentioned embodiment.
The aperture stop may also be arranged in the first
imaging optical system. A field stop may also be
arranged in at least one of the position of the
20 intermediate image between the first imaging optical
system and the second imaging optical system, and the
position of the intermediate image between the second
imaging optical system and the third imaging optical
system.

25 The projection magnification of the

catadioptric projection optical system is given as a
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reduction projection exposure apparatus in which mask patterns are
transferred to a substrate in a static state of the nmask and the
substrate. The substrate is then noved in successive steps. AgpReibiod
stop is arranged in the third imaging optical systemin the previously
menti oned enbodi nent. The aperture stop nmay al so be arranged in the first
i magi ng optical system A field stop nay also be arranged in at |east one
of the position of the 20 intermedi ate i nage between the first imaging

optical systanm@adibhe rsecpfdi hNBeicRa SRS I Gak 3vst Ak ARG g1 mRRS Lion of
the internedi ate i mage between the second 1 nmaging optical system and the

third i mgi ngropdveal, taysheniLotIBe REQECE i en thaanifi aat £ opih Hde
catadioptric projection optical systemis given as a 108 FP01-0174-00

reduction ratdc tile PrewueuUsi yn NeAtIiNeth £ghedi BNt i onhloweMeraahhg1so
projection magnification is not limted to the reduction ratio

(magni ficati @y, ant €gnadl seath® anaequah irat na oranf vBktt mgni fd €atdpn) or
an 5 enlargenent ratio (magnification). For exanple, if the projection
magni fi cati orrilsathememtargetent (med gni £ itdeet Dphi)cal FSyseammganebhe iag r anged
so that a light is incided fromthe side of the third inmagi ng opti cal
system a prither prarpget obnt he gmaski oa ttilom dat thlkeehd aky e medrhy itde
third i magi ng optical system a secondary image is formed by the secondary
i magi ng the optical system can be arranged so that a light is
incided from the side of the third imaging optical
system, a primary image of the mask or the reticle is

10 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.

15 As described above, in the catadioptric optical
system, the projection exposure apparatus and the
exposure method including the optical system of the
previously mentioned embodiments, the optical
adjustment and mechanical design are improved. The

20 aberrations beginning with chromatic aberrations can
be fully corrected. For example, a resolution of
about 0.1 (m or less can be achieved by using a light
with a wavelength of 180 nm or less in the wvacuum
ultraviolet wavelength region. Particularly, in the

25 previous embodiments, the optical path separation is

disposed in the vicinity of two intermediate images
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optical systemand a tertiary image is formed by the first imaging optical
systemon a substrate such as wafer and the like. 15 As descri bed above,
in the catadioptric optical system the projection exposure apgaialigs-gand
the exposure nmethod including the optical systemof the previously
menti oned enbodi nents, the optical adjustnent and nechani cal design are
i nproved. The 20 aberrations beginning with chromati c aberrations can be
fully corrected. For exanple, a resolution of about 0.1 (mor |ess can be
achi eved by wgiighaalkkgo rié&hbg wavel ©ngt h agf ASQ-AMoE diesssikidifte
vacuum ul traviol et wavel ength region. Particularly, in the 25 previous
enbodi nent s, itheg Opti et ed h soparal iLaAvisg G sposedyi kgl viighnid)y of
two internedi ate i mages 109 FPOL-0174-00 which are formed by a nutua
approach of thmysecondticmgi Nguept itted sSystemthavi Mgna ingard yoequrls (unit)
magni fication. Thus, the present invention provides for a small distance
in the exposueer reg@mal ir dmsttdun e 0phi ke @dosire. radiconf fesem quantity,
and is favorable in aberration correction, mniaturization, optical
adj ustiment , rgcthoatal adési,gni . eanuf atteur o s €ostqaadtda won. avbd edver, in
t he manufacturing nmethod of 10 m cro-devices using the projection exposure
appar at us andasher ekpesineabetritad iofntder peeviicus) yni meattivonieda edoedi ment s,
i nproved nicro-devices can be

optical adjustment, mechanical design, manufacturing

cost and so on.
Moreover, in the manufacturing method of
10 micro-devices using the projection 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
15 simple. In addition, aberrations beginning with
chromatic aberrations can be fully corrected and a

high resolution of about 0.1 ##m or less can be

achieved.
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manuf actured via the projection optical systemin which the optical

adj ust nrent and nechani cal design are 15 sinple. In addition, aberrations
begi nning with chromatic aberrations can be fully corrected angh®-osGfd
resol ution of about 0.1 umor |ess can be achieved. 110 FP01-0174.00 5
CLAIMS 1. A catadioptric optical systemformng a reduced inage of a first
surface onto a second surface conprises: a first imaging optical system
for formng a first internediate imge of the first surface; a first
folding mrror which is arranged | g=ghen ¥iKgety of a position of formng
the first internediate inmage to deflect a beamprior to or after 10 the

position wherse, the &htstiidler MBdbalte & AR08 yisk ed OF BRG] 1fy S@Cf?eeuld@@l ng
optical systemfor formng a second intermediate inmage wt

magni fi cati onagkorofnear lfi egual she ke figstol ersr%ﬁae $H§%dé‘ the
15 vicinity of a position of formng the first internediate inmage based on

the beam froradhwerfiisess: internediate i mage, the second i mage opti cal
subsystem has a concave reflecting mrror and at |east one negative |ens;
20 a sgecond folding Mifret WnLhing aspanged i sykhem 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

10 the position where the first intermediate image is
formed;

a second imaging optical system for forming a
second intermediate image with a magnification factor
nearly equal to the first intermediate image in the

15 vicinity of a position of forming the first
intermediate image based on the beam from the first
intermediate image, the second image optical
subsystem has a concave reflectingmirror and at least
one negative lens;

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

25 a third imaging optical system which is arranged

in an optical path between the second imaging optical
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25 vicinity of a position of formng the first internediate inmge to
deflect a beamprior to or after the position where the second
intermediate image is forned;, and a third imaging optical systgsgWi-ghd s
arranged in an optical path between the second inmagi ng opti cal 1f
FPO1-0174-00 subsystem and the second surface and has a dioptric inmaging
optical systemto formthe reduced i mage onto the second surface based on
the beamfromthe second internediate image. 5 2. The catadioptric opti cal

system of C aé&‘%éys‘ﬁ’%%[ eify enkelleadhfgsswdAce qudt %%élgsalgggdﬂin&

mrror and a reflecting surface of the second folding mrror a

posi ti oned sqﬂ@gintgh@;stquanpts@y@éhaeoswtﬂnaltlmé redudbf ¢Ahad epithC
optical systemof Claim1 or 10 wherein the follow ng condition is

satisfied: lddel2btbhid st 48ceWREke @ I rshedbghanae het weenskhe fdrst

intermedi ate inmage and the concave reflecting mrror in the second
i magi ng opt|qg{tégﬁgyﬁmﬁméahg@gﬁghe optical axis is 15 defined as L1, and a
second di stance between the second internediate imge and the concave

reflecging marame caddwi speent b@s&gl@gloﬁys@@h sybsystiamal pRaridien
optical axis is defined as L2. 4. The catadioptric optical system according
to any 20 one raff Ckaktimgl-shr MheeeobF the first folding mirror and
a reflecting surface of the second folding mirror are
positioned so that they do not overlap spatially.
3. The catadioptric optical system of Claim 1 or 2,
10 wherein the following condition is satisfied:
|L1-L2]/|L1l] <0.15,
where a first distance between the first intermediate
image and the concave reflecting mirror in the second
imaging optical subsystem along the optical axis is
15 defined as Ll, and a second distance between the second
intermediate image and the concave reflecting mirror
in the second imaging optical subsystem along the
optical axis is defined as L2.
4. The catadioptric optical system according to any
20 one of Claims 1-4, wherein:
the first intermediate image is formed in an
optical path between the first folding mirror and the
second imaging optical subsystem, and
the second intermediate image is formed in an
25 optical path between the second imaging optical

subsystem and the second folding mirror.
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the first internediate image is forned in an optical path between the
first folding mrror and the second inaging optical subsystem and the
second internediate inage is forned in an 25 optical path betq@g?{;bgoo
second i magi ng optical subsystem and the second folding mrror. 1%

FPO -0174-00 5. The catadioptric optical systemaccording to any one of
clains 1-4, wherein: an intersection |ine of an extension plane of the
reflecting surface of the first folding mrror and 5 an extension plane of

the reflecting SIUrEéaEQ_t%fditcﬁ?t§§%0B‘§>€Pég?.”9y'?trér{?rai:%osre&iﬁ' Cgp fagl an

optical axis of the first i'maging optical sdbsystem an opt 1 s of

the second i ppgL ngroptiiLiahs sybgystgmapd an optical axis of the third
i mgi ng optical subsystem 10 intersect at one point. 6. The catadioptric

optical system accandiig: &@sati®Ne1ehCl@ MBnleit ¥hehieiN plhgel igst
folding mrror has a back surface reflecting mrror for reflecting abeam

fromthe firste k%ﬂl@@tmggpgh&@c@osﬂ eRd @ itrher FeEAdnigRYirRe BRH L£al
system and the second folding mrror has a back surface reflecting mrror

for reflecting abeansfiemy hgnesegonthd MBEENG OPth§akusyrd€a ¢ the third
imaging 20 optical system 7. A catadioptric optical systemformng a
reduced - second foldingmirror is set up so that an optical axis
of the first imaging optical subsystem, an optical
axis of the second imaging optical subsystem and an
optical axis of the third imaging optical subsystem
10 intersect at one point.
6. The catadioptric optical system according to any
one of claims 1-5, wherein:
the first folding mirror has a back surface
reflectingmirror for reflecting a. beam from the first
15 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
20 optical system.
7. A catadioptric optical system forming a reduced
image on second surface comprises:
a first imaging optical system with a first
optical axis, which is arranged in an optical path
25 between the first surface and the second surface and

has a dioptric imaging optical system;
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i mge on second surface conprises: a first imaging optical systemw th a
first optical axis, which is arranged in an optical path 25 between the
first surface and the second surface and has a dioptric imgi nep@Rii78ao
system 113 FP01-0174-00 a second imagi ng optical systemw th a concave 5
10 reflecting mrror and a second optical axis, which is arranged in an
optical path between the first inmaging optical systemand the second
surface; and a third imaging optical systemwith a third optical axis,

which is arranged ian saitopgi eabglatid opetiwean dhet sacond k negk g RRtd cal
system and the second surface and has a dioptric inaging optical system
where the finsdfDptitdalg axirsraAthhea S€606€d 6P iCEd 1 axk $si, N{v@risacti g th
each other and the second optical axis and the third optical axis
intersect w tdrreagbkdothean 8ptTlhen radath apétive capttincals isyst ethmagGargi ng to
any 15 one of clains 1-7, wherein all |lenses constituting the first
i magi ng opti et systemasdedl brldensies sewwidt suinthdde tRid d | magi ng
optical systemare arranged along a single optical axis. 9. The
cat adifoptric optical systremacagidigngopd iadyl 2¢ onemofwtthi s th8.,raherein
a magni fication 82 of the
optical axis, which is arranged in an optical path
between the second imaging optical system and the
second surface and has a dioptric imaging optical
system,

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

8. The catadioptric optical system according to any

15 one of claims 1-7, wherein all lenses constituting the
first imaging optical system and all lenses
constituting the third imaging optical system are
arranged along a single optical axis.

9. The catadioptric optical system according to any

20 one of claims 1-8, wherein a magnification B2 of the
second 1imaging optical subsystem satisfies the
following condition:

0.82 < |B82] < 1.20.
10. The catadioptric optical system according to any

25 one of Claims 1-9, wherein the following condition is

satisfied:
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second i magi ng optical subsystemsatisfies the follow ng condition: 0.82 <
1,821 < 1.20. 10. The catadioptric optical systemaccording to any 25 one
of Claims 1-9, wherein the following condition is satisfied: %%%1{n7400
FP01.0174-00 0.20 < 1Q1 /1,Q1l < 0.50, where a nagnification of the
catadioptric optical systemis defined as /5, and a magnification of the
first imagi ng optical subsystemis defined as 5 /91. 11. The catadioptric
optical systemaccording to any one of clainms 1-10, wherein the

catadioptric optical syst is | eceatric gptical system on both sides
of the first surface andéf%g’secgéE?sZﬁﬂgée, aﬁdgoio satisfies the

follow ng conditioghdde- D nhEhit Q24iowhersr a ¢h st apee el ¥Ben

surface of the first imaging optical subsystemon a nost i|inmage side and an

exit pupil pesiikgen @&,Q%H]g he eRif LALgaxks s dgﬁgng%éﬁnli%&a%q%@_

di stance by air conversion fromthe surface "of th irst imaging optical
subsyst em ondttheH®sti rkFRgRa% ideg t®p the aconaayeysefdneatd Nge AR 44 the

second i magi ng optical subsystem along the optical axis is defined as D.
20 12.5 The cagadioptric optical systemaccording to any one of clains
1-11, wherein:
11. The catadioptric optical system according to any
one of claims 1-10, wherein the catadioptric optical
system is a telecentric optical system on both sides
of the first surface and the second surface, and
10 satisfies the following condition:
|IE - DI /|E|] < 0.24,
where. a distance between a surface of the first imaging
optical subsystem on a most image side and an exit
pupil position along the optical axis is defined as
15 E, and a distance by air conversion from the surface
of the first imaging optical subsystem on the most
image side to the concave reflecting mirror in the
second imaging optical subsystem along the optical
axis is defined as D.
20 12. The catadioptric optical system according to any
one of claims 1-11, wherein: |
85% of the number of lenses in all lenses
constituting the catadioptric optical system are
arranged along the single optical axis.

25 13. The catadioptric optical system according to

claims 1-12, wherein:
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85% of the nunber of lenses in all lenses constituting the catadioptric
optical systemare arranged along the single optical axis. 25 13. The
catadioptric optical systemaccording to clains 1-12, wherei nppbi%174-00
FP01-0174-00 the second i magi ng optical subsystemhas at |east two
negative | enses. 14. The catadioptric optical systemaccording to any one
of clains 1-13, wherein: 5 the catadioptric optical systemforns the
reduced i nage on a position deviating froma position of reference in an

optical axis of thencatadicontdi @ mapthgalosystam ogubhe seeand, syrface. 15.
A projection exposure apparatus for projecting a 10 pattern on an ori gi nal

to a photosensdiversubstdghe i ddroyghea projection optical system
conprises: the projection optical systemconprises: a first imging optical

subsyst em having mh4i @9t bidd dpresi AdopRlical System atrGrseaend d ragy ng
optical subsystem having a concave reflecting mrror; a third i maging

optical subsysiembhavilngims di-Q@,riwherrgimng optical system a first
folding mirror arranged in an optical 20 path between the first imaging
optical subsystem am@ 2k atadioptric optical system forms the
reduced image on a position deviating from a position
of reference in an optical axis of the catadioptric
optical system on the second surface.
15. A projection exposure apparatus for projecting a
10 pattern on an original to a photosensitive substrate
through a projection optical system, comprises:
the projection optical system comprises:
a first imaging optical subsystem having a
dioptric imaging optical system;
15 a second imaging optical subsystem having a
concave reflecting mirror;
a third imaging optical subsystem having a
dioptric imaging optical system;
a first folding mirror arranged in an optical
20 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; |
25 said first imaging optical subsystem forming a

first intermediate image of the first surface into the
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the second imagi ng optical subsystem and a second folding mrror arranged
in an optical path between the second inagi ng optical subsystemand the
third i magi ng optical subsystem said first inmaging optical 5U9§¥ﬁ%ﬂg&00
formng a first internediate image of the first surface into the 11
FP01-0174-00 optical path between the first inmaging optical subsystem and
sai d second i nmagi ng optical subsystem and said second inmagi ng opti cal
subsystem form ng a second intermediate image of the first surface into 5

the optical pgith bglwegn tihe rxecR8dni Megidng ropt & cal 1 nsupdsyst e and the
third i magi ng optical subsystem 16. The projection exposure apparatus

according tosudaystdh ankesel iy s dohtr $iafyol tl NGp 1 bRAr sk $8kdm second
folding mirrir have a first reflection surface 10 and a second reflection

surface whi claral & 081 tsenethd Sand fah gt Bey idoa N0§ uB¥Ed B SPatmaldy 5 17.
The projection exposure apparatus according to claim 16, wherein said

first and see@ubieflattdomedsttiaces geeosubstanti akky sfiratacd5id&o The
proj ecti on exposure apparatus according to any one of clains 15-17,

wher eiin sai d tpreojcact i 08 loptd tthl b e syateam £ 10 N8 e dredluced giifRg e O i gai 1d
pattern on said photosensitive substrate. 19. The projection exposure
appar at us aceari pgteo anyd Pleorech Dfdclhaiagpidy- bt el eismbaiy s east. one of
said first imaging optical systemand said second i naging opti cal
16. The projection exposure apparatus according to
Claim 15, wherein said first folding mirror and said
second foldingmirrir have a first reflection surface

10 and a second reflection surface which are positioned
so that they do not overlap spatially.

17. The projection exposure apparatus according to
claim 16, wherein said first and second reflection
surfaces are substantially flat.

15 18. The projection exposure apparatus according to any
one of claims 15-17, wherein said projection optical
system forms a reduced image of said pattern on said
photosensitive substrate.

19. The projection exposure apparatus according to any

20 one of claims 15-18, wherein at least one of said first
imaging optical system and said second imaging optical
system has a aperture stop.

20. The projection exposure apparatus according to any
one of claims 15-19, wherein a patternon saidoriginal

25 is projected on said photosensitive substrate with

moving said original and said photosensitive
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system has a aperture stop. 20. The projection exposure apparatus accordi ng
to any one of clains 15-19, wherein a pattern on said original 25 is
projected on said photosensitive substrate with nmoving said origgigja; 72/
sai d photosensitive 117 FPOL-0174-00 substrate in the sane direction wt
respect to said projection optical system 21. The projection exposure
apparatus according to any one of clainms 15-20, wherein an optical nenber
5 constructing said first inmging optical systemis arranged along a first

optical axissedendhi@ it &ahStdahghliilicnes i G0 aR ORI G cFBRBeL 51 g
constructing said third imaging optical systemis arranged along a third

optical axi sppdpadtaon no@tstkal ghysktefe. 10 22. The projection exposure
apparatus according to any one of claims 15-21, wherein: the first inmaging

optical subsystemnangrbliecthbhtekpBgiuYE: ARl £24 t 68bsy8bem NAY & A a¢RFMDN
optical axis, and 15 the first surface and the second surface are

orthogonal i pn& diofectdlani @k gr8v2ty, 2ZdhedB8EnPr ahechbip@n EXPOoSkéfbpRPPAr at us
according to Cains 15-22, wherein a nagnification /32 of the second

i magi ig opt i calnsubsystierny sakiisf iesrshe i2G 4 Dhowiptg €@ndistyi PDNem0.182 <
1821 < 1.20. 24. The projection exposure apparatus according to any

arranged along a first optical axis extending in a
straight line, and an optical member constructing said
third imaging optical system is arranged along a third
optical axis extending in a straight line.

10 22. Theprojection exposure apparatus according to any
one of claims 15-21, wherein:

the first imaging optical subsystem and the

third imaging optical subsystem have a common optical
axis, and

15 the first surface and the second surface are
orthogonal in a direction of gravity.
23. The projection exposure apparatus according to
Claims 15-22, wherein a magnification B8 2 of the
second 1maging optical subsystem satisfies the

20 following condition:

0.82 < |82 < 1.20.

24, The projection exposure apparatus according to any
one of claims 15-23, wherein the following condition
is satisfied:

25 0.20 < |B) /1B < 0.50,

where a magnification of the catadioptric
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one of clains 15-23, wherein the followng condition is satisfied: 2

<1 1QI

/1

, (31 <0 . 50, where a magnification of the catadioptri

5 0.20
c 118

FP01-0174-00 optical systemis defined as /3, and a magnifi catiggp;-gF4igpe
first imaging optical subsystemis defined as , QL. 25. The projection
exposure apparatus according to any 5 one of clainms 15-24, wherein said
projection optical systemis telecentric optical systemin the both o
side and the photosensitive substrate side and the concave

ori gi nal

in said seco

10 t hereof.
claims 15- ZSOM@iﬁrgheihiargsl’;n?r@ptmlat@;wyg%éns fOraedi hk s
(6]

opti cal
opti cal

pat h between the first

syst

g)g)ﬂir@ghngys%tﬂ Gal Q%/ﬂﬁlerai gsarranggdd g Mgginqifycgft %P

The projection optical systemaccording to any one o

ding mrror and the 15 second inag
.and the second internmediate image is forned in an op

pat h between the second i magi ng optical system and the second foldin
mrror. 27. Pite phej pebiij@texpasskpoappad abls 96 €akdh B8 olrel i 28 t&d ainy
wherein said first and second internediate inmages are formed at oppo
si des & hr oughnsaiof lecomd i Ba@ng wipéiredhn sysiemrespectiorelypt28ailhe
proj ecti on exposure apparatus according to any

10

15

20

25

system is telecentric optical system in the both of
the original side and the photosensitive substrate
side and the concave mirror in said second imaging
optical system is arranged in vicinity of a pupil
thereof.
26. The projection optical system according to any
one of claims 15-25, 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.
27. The projection exposure apparatus according to
claim 26, wherein said first and second intermediate
images are formed at opposite sides through said
second imaging optical system respectively.
28. The projection exposure apparatus according to any
one of claims 15-27, wherein:

a second optical axis of the second imaging

optical system is orthogonal to a first optical axis
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one of clainms 15-27, wherein: 25 a second optical axis of the second

i maging optical systemis orthogonal to a first optical axis 119
FPOL-0174-00 of the first inmaging optical systemand a third opidpgal;743g S
of the third inmaging optical system 29. The projection exposure apparatus
of Claim28, wherein: 5 the second optical axis of the second inmaging
optical systemextends in a straight line. 30. The projection exposure
apparatus according to any one of clainms 15-29, wherein: an intersection

line of an exeRsicon plsanenelyidd dpei £afl §%Eit'éﬁn auld goen ot gttt
folding mrror and an extension plane of the reflecting surface of the

second fol di pg ind ré6er tirke Sehibl Sind hah@n PPl beal Axssemaf the first
i magi ng optical system an optical axis of the second imaging optical
system and arroptTgal pk pxtsieh tdepbliurt | ABgERG1OPE| 6& CSystRM2IgNt er sect
at one point. 31. The projection exposure apparatus according to any one
of claims 15w3srebarein: the first folding mrror has a back surface 20
reflecting mrror for reflecting a beamfromthe first inaging optical
systerito the secontid negtogdopiptthtalsystem odnd Hdhes seomrt fohgiimgy mirror
has a back surface reflecting mrror for reflecting a beamfromthe
optical system extends in a straight line.
30. The projection exposure apparatus according to any
one of claims 15-29, wherein:
an intersection line of an extension plane of
10 the reflecting surface of the first foldingmirror 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
of the second imaging optical system and an optical
15 axlis of the third imaging optical system intersect at
one point.
31. The projection exposure apparatus according to any
one of claims 15-30, wherein:
the first folding mirror has a back surface
20 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

25 second imaging optical system to the third imaging

optical system.
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25 second i maging optical systemto the third imaging optical system 120
FPO1-0174-00 32. The projection exposure apparatus according to clains
15-31, wherein an imge of said patternis formed in a positigpayi-aljongd
froma position of a reference optical axis of the projection optical 5
system on the photosensitive substrate. 33. An exposure nethod conprising
the steps of: generating an illumnation light in the wultraviolet region;
illumnation an original on which a 10 predeterm ned pattern is formed by
the illum natyon thightno PEekect] Nx paisth # egdghbard ed Q%tc_tcﬁfcﬁ‘iﬂfg S8 d
original arranged on said first surface, onto a photosensitive sSubstrate
arranged on saidigecend b, sughace Dy Hei NanaAgeabadi PP RI ¢ pPtéeal System
according to any one of clainms 1-14. 34. An exposure nmethod for projecting
a pattern on fRrméqj eat OpPEi ghoal dUW Dad iPROtOSERASht bwes Stbshr atfe avia a
projection optical systemconprises: 20 directing an illumnating light in
the ultravi dleeteregicen spttike patberd; ofi reat ngrbRedt 1 yai ngptagdi ght to
a first inmaging optical systemcontaining a dioptric imaging optical
systerp via t kgypadhebn tihd ophcitidSénadl tinter sedisatrea t 8uge of the pattern
of the projection

33. An exposure method comprising the steps of:

generating an illumination light in the

ultraviolet region;

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

projecting said predetermined pattern of said
original arranged on said first surface, onto a
photosensitive substrate arranged on said second
15 surface by using a catadioptric optical system
according to any one of claims 1-14.
34, An exposure method for projecting a pattern on a
projection original onto a photosensitive substrate
via a projection optical system comprises:
20 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
25 intermediate image of the pattern of the projection

original ;
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ori gi nal

internediate image to a second i magi ng opti cal
reflecting mrror to forma
illumnating a light fromthe

opti cal

second internedi ate i mage;

121 FPOL-0174-00 directing the illumnating light fromthe first
system containing a concave
second internediate inmage; 5 diregipgih gy
second internmediate image to a third inmagi ng
system containing a dioptric imging optical system to forma
deflecting the illumnating light fromthe first

10 imaging optical systemby a first folding mrror arranged in an optical

path between the fidriS.ﬁte&Hﬁgbngheomlilﬁ;l%iﬁ&%ti% andy{ ber S6£0PH o FRGING

opti cal

system and deflecti'ng the illumnating light fromthe 15 second
i magi ng opti Gal t Sysbamdtye & se§endofHISh AEnAl £ 14 dped-LA 39 s cal

pat h between the second imaging optical systemand the third ifmaging

opti cal

systemt3bnithe expasweavieet hed 1aceoi Aynani prehai 3450 mherein
said first and second folding mrrors have a first and
surfaces whi gr@sedpasitdonedisae thakgldey do not overlap spatially. 36.
The exposure nmethod according to claim35, wherein

refl edtion surfacesiatect 2hgsubistant i alyfdtaing3%a Theexpexwme meidod

according to any one of clains

10

15

20

256

second intermediate image to a third imaging optical
system containing a dioptric imaging optical system
to form a second intermediate image;

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

deflecting the 1illuminating 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.
35. The exposure method according to claim 34, wherein
sald first and second folding mirrors have a first and
second reflecting surfaces which are positioned so
that they do not overlap spatially.
36. The exposure method according to claim 35, wherein
said first and second reflection surfaces are
substantially flat.

37. The exposure method according to any one of claims

122

second reflecting

said first and second

20



122 FPO1.0174-00 34-36, wherein said final inage is a reduced i mage. 38.
The exposure nethod according to any one of clains 34-37, wherein at |east
one of said first imaging optical systemand said second i magigig ke
system 5 has a aperture stop. 39. The exposure nethod according to any one
of Clainms 34-39, wherein: the pattern on the projection original is
projected onto the photosensitive substrate and 10 exposed while the
projection original and the photosensitive substrate are noved in the sane

direction forgiesprohectd 0 SREHCAH: sYSt eMaAD.1 Jhe BXROSW e {rﬁg@%d _
according to any one of clainms 34-39, wherein: 15 the first foldi'ng mrror

has a back swd age e esfdesttBIMALHY fcio F&ihectbngng baam kromtihe; first
i mgi ng optical systemto the second inaging optical “system and the

second fol di ng 87/ oiyhhase anback subfsaceondl Jefkactd ngi Pirofnfgling
reflecting a beamfromthe second inmaging optical systemto thethird

imagi ng optiogaiSystedstéh ahle sexpDSW e NBt INEgaecPbiti-40 ap¥ e of
clainms 34-40, wherein an optical nenber constructing said 25 Tirst
i magi g opti tals syshperituler anged. along a first optical axis extending in
a straight line, and 123
39. The exposure method according to any one of Claims
34-39, wherein:
the pattern on the projection original is
projected onto the photosensitive substrate and

10 exposed while the projection original and the
photosensitive substrate are moved 1in the same
direction for the projection optical system.

40. The exposure method according to any one of claims
34-39, wherein:

15 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

20 reflecting mirror for reflecting a beam from the
second imaging optical system to the third imaging
optical system.

41. The exposure method according to any one of claims
34-40, wherein an optical member constructing said

25 first 1imaging optical system is arranged along a

first optical axis extending in a straight line, and
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FPO1-0174-00 an optical menber constructing said third imaging optical
systemis arranged along a third optical axis extending in a straight
line. 42. The exposure nethod according to any one of clainm FEB4-A1%4-00
wherein: the first imging optical systemand the third ‘i nmagi ng opti cal
system have a conmon optical axis, and the first surface and the second
surface are orthogonal in a direction of gravity. 10 43. The exposure

met hod according to any one of clains 34-42, wherein a magnification @ of

the second iaFRgbPE iRl CAkmIyst eWosait shiEes ieshald ovhngd CP:RQPtiirﬁfl} 0.82
< 1821 < 1.20. 15 44. The exposure nethod according to any one of Cains
34- 43, wher eiopttheal ot iyenieny ieoaditd0getisasatiSlh i rd.030t Kcd3lakli/Hl <
0.50, where a nagnification of the catadioptric optical systemis defined
as , and a nmegrtidndahigonn 29 efttdhieghir Stiriémgi ng optical systemis defined
as /Q 1. 45. The exposure nethod according to any one of clains 34-44,
wher ei n sai d 42 .ojTé iectp @ptireaheshiemdcordehecent shg opki c@l cpdtmedm i n
the both of the original 25 side and the photosensitive substrate side and
sans #b&concave4ri4lprwhersaim:second i magi ng optical system 124 FPOL-0174-00
the first imaging optical system and the third
imaging optical system have a common optical axis, and
the first surface and the second surface are
orthogonal in a direction of gravity.

10 43, The exposure method according to any one of claims
34-42, wherein a magnification 82 of the second
imaging optical system satisfies the following
condition:

0.82 < | B2] < 1.20.

15 44, The exposure method according to any one of Claims

34-43, wherein the following condition is satisfied:
0.20 < | B} /18] < 0.50,

where a magnification of the catadioptric

optical system is defined as B, and a magnification

20 of the first imaging optical system is defined as
G1l.

45. The exposure method according to any one of claims
34-44, wherein said projection optical system is
telecentric optical system in the both of the original

25 side and the photosensitive substrate side and sans

concave mirror in said second imaging optical system
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is arranged in vicinity of a pupil thereof. 46. The exposure nethod
accordi ng any one of clains 34-45, wherein: the first internedi ate inmage
is formed in an 5 optical path between the first folding mrrapand4he
second i magi ng optical system and the second internmediate inmage is forned
in an optical path between the second i maging optical system and the
second folding mrror. 10 47. The exposure nmethod according to claim 46,
wherein said first and second internediate i mages are formed at opposite

si des througn§aé9ra%§@w iegiing opticalr syghemir espeetkiosel y. 48. The
exposure net hod according to any one of clains "15 34-47, wherein: a second

optical axis s, t henses2pe SUPIiNgt hoRf 136k o SYEheMainsy Yrtdbogenah atigya first
optical axis of the first imging optical systemand a third optical axis
of the third3gmgsngyweprtis&ahsystem 20 49. The exposure nethod according
to Caim48, wherein: the second optical axis of the second i magi ng

optical system extemds fdratStigtghindd N8teS0ndHe @POsYER P Ad an
according to any one of Clains 25 34-49, wherein: an intersection |ine of

an extensi on gyanea0fpa2h bRl 4- 00 fhestketbeactimg wurfoacanef tihe first
folding mrror and
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.

10 47. The exposure method according to claim 46, wherein
said first and second intermediate images are formed
at opposite sides through said second imaging optical
system respectively.

48. The exposure method according to any one of claims

15 34-47, wherein:

a second optical axis of the second imaging
optical system is orthogonal to a first optical axis
of the first imaging optical system anda third optical
axis of the third imaging optical system.

20 49, The exposure method according to Claim 48,
wherein:

the second optical axis of the second imaging
optical system extends in a straight line.

50. The exposure method according to any one of Claims

25 34-49, wherein:

an intersection line of an extension plane of
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an extension plane of the reflecting surface of the second folding mrror
is set up so that an optical axis of the first inmaging optical system an
optical axis 5 of the second imaging optical systemand an optiggg.g13%igy Of
the third imaging optical systemintersect at one point. 51. The exposure
met hod according to any one of clains 34-50, wherein the final inmage is
formed in a 10 position deviating froma position of a reference 15
optical axis of the projection optical systemon the photosensitive

substrate. SZyd B ety 8e ' RINOG Oft HE G710 JEVE $£§ 1 nCCAREISES 'arfl

| i t hographi c process using the projection exposure nmethod according to any

one of clai my33%0densi®n A MRALT 3Gt Wi 89r BBURQG: Of gMsGR O Leyi 58S tganpri ses
a |lithographic process using the projection exposuré apparatus according

to any one ofsd@ha5rdPa3dg RQr:b r A isERIURDIsBPEhER! afYsh eMmehar Aiigs an
image of a first surface onto a second surface, conprises: at |east one

reflecting swf agee af 1 apgedmhefwegropthe £1 rsfs suhf,aee ibg1sgeand
surface, the reflecting surface conprising a netallic 25 reflective film

and a gorrecidrntiél sewdingh isaganangeeiea 1t ke gesal bing raf lestiivefilm
and corrects 126 FP0O1-0174-00 a phase difference caused by a difference of
defl ected axis of the third imaging optical system intersect at
one point.
51. The exposure method according to any one of claims
34-50, wherein the final image is formed in a
10 position deviating from a position of a reference
optical axis of the projection optical system on the
photosensitive substrate.
52. A manufacturing method of micro-devices
comprises:
15 a lithographic process using the projection
exposure method according to any one of claims 33-51.
53. Amanufacturing method of micro-devices comprises
a lithographic process using the projection exposure
apparatus according to any one of claims 15-32.
20 54. An imaging optical system forming an image of a
first surface onto a second surface, comprises:
at least one reflecting surface arranged between
the first surface and the second surface,
the reflecting surface comprising a metallic
25 reflective film and a correction film which 1is

arranged on the metallic reflective £film and corrects
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state possessed by a reflected light fromthe netallic reflective film

55. The imaging optical systemof C aim54, wherein: 5 the correction film
corrects an angular characteristic of the phase difference caqﬁgﬁ{ﬁﬁ4bﬁe

di fference of deflected states possessed by the reflected light fromthe
metallic reflective filmso as to obtain a desired distribution. 10 56.
The i magi ng optical systemaccording to Caimb54 or 55 wherein: the
correction filmhas a dielectric multilayer film 57. The inmagi ng optical

system accor ¢ gl ANy @eents Oh udlah B, 343 $6.r MNSTELNS £ ther PELAId 4 ©

reflective filmcontains alumnum S8. The I magi ng optical system

accor ding t o AW QR s 9E sGleR] BY B4 &7 1 WS &Il gt Per ¥ 6f et i\gr sunfiace is
arranged on the 20 optical folding mirror for Tntersecting optical axes

before and afdser dReikef leciing surface intersect wwth each other. 59. The
i magi ng optical system according to any one of clains 54-59, wherein the

i magi ng opti G, Sysd eitha g9 nfP P BRalMBYRs tdmtbe Eihsh U f 3a€. PBLEG L he
second surface based on a radiation of 200 nm or less. 127 FP01-0174. 00

60. The imaging optheal systemtaceardinglho afiyreBetHOf ghai n§d15%:
wherein the inmage on said first
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.
10 56. The imaging optical system according to Claim 54
or 55, wherein:
the correction film has a dielectric multilayer
film.
57. The imaging optical system according to any one
15 of claims 54-56, wherein:
the metallic reflective film contains aluminum.
58. The imaging optical system according to any one
of claims 54-57, wherein:
the reflecting surface 1is arranged on the
20 optical folding mirror for intersecting optical axes
before and after the reflecting surface intersect with
each other.
59. The imaging optical system according to any one
of claims 54-59, wherein the imaging optical system
25 forms an image of the first surface onto the second

surface based on a radiation of 200 nm. or less.
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surface is fornmed in a position deviating froma position of a reference
optical axis of the projection 5 optical systemon the second surface. 61.
A projection exposure apparatus for projecting a pattern on apgpp9igekiopn

original on a photosensitive substrate using a projection optical system
the image of said projection original arranged in a first 10 surface on

t he photosensitive substrate arranged on a second surface, using the

i mgi ng optical system according to any one of clainms 54-60 as said

projection qpf] oﬂesy%%rmn@%pelwﬂ esy keRexRosyra iR} had £Q% Bl ecting
a 15 pattern on aprojectionoriginal onto a photosensitive subStrate using

a projectionqt kcalinkystams £oNphicst difna S &P iafd g Or ireCtkAG apiimge of
the projection original arranged on the first sur?ace on the

phot osensi ti wair £9c subisd r &oa-ned d angeda0pd Hetsesondesurdaregbyr Mshng t he
i magi ng optical systemaccording to any one of Clainms 54-60 as the

proj ection opld<iat i 8)st €M re¥e et 6pLIIAUE BXROBYIEF aEbatldtse £0M on
projecting a pattern on a projection original onto a photosensitive 25

subst rrat e, waertei dalhe yrtogecbnorntlopt § ealorsyss emthase at | east one
reflecting nenber arranged in an optical 128 FPOL-0174-00 path between the
first surfaceland tphe pecondrsufacey r cantpsart dt uef feat it Peoben g ef | ect s
a light so that a phase difference between a P pol arized conponent and
pattern on a projection original on a photosensitive
substrate using a projectionoptical system, the image
of said projection original arranged in a first
10 surface on the photosensitive substrate arranged on
a second surface, using the imaging optical system
according to any one of claims 54-60 as said projection
optical system.
62. A projection exposure method for projecting a
15 pattern on a projectionoriginal onto a photosensitive
substrate using a projection optical system
comprising a step of:
projecting an image of the projection original
arranged on the first surface on the photosensitive
20 substrate arranged on the second surface by using the
imaging optical system according to any one of Claims
54-60 as the projection optical system.
63. A projection exposure apparatus for projecting a
patternon aprojectionoriginal onto a photosensitive

25 substrate, wherein the projectionoptical systemhas

at least one reflecting member arranged in an optical

128



a S polarized conponent for the reflecting nenber 5 substantially does not
exi st when the P polarized conponent and the S polarized conponent cone to
the photosensitive substrate. 64. The projection exposure appafigfUs74-00
according to Claim®63, wherein said reflecting nenber reflects the 10

| ight so that a phase difference caused by a difference of deflected state
does not exist. 65. The projection exposure apparatus according to claim
63 or 64, wherein said reflecting nenber has a netallic reflective film

and a correctgorm fjd tiwbhCchh d5r | ssar sanged-ondde vetaldigarehlesidae film
and corrects a phase difference caused by a difference of deflected state

possessed by ahd ed4 eat ed dliaht i hgomenibernetdlld st setl agtdive &bl M H6. The
proj ecti on exposure apparatus according to 20 Caim 65, wherein: the

correction fid phhas didifd eshticbtthden ayerpddatiilied &mpdhe iy ajet i on
exposure apparatus according to Caime65 or 66, wherein: the netallic
reflective fid ns cpptlaimnszabumonmponetd THe P10¢eeld ONe €XPASUI Be ARRAF at US

according to 129 FP0O1-0174-00 C aim 63, wherein: said reflecting nenber
refledts thesdiulghtastiatlHay dpeangnbar ehhsactiést ithof Pt e phaseed
component and the S polérized component come to the
photosensitive substrate.
64, The projection exposure apparatus according to
Claim 63, wherein said reflecting member reflects the
10 light so that a phase difference causedby adifference
of deflected state does not exist.
65. The projection exposure apparatus according to
claim 63 or 64, wherein said reflecting member has a
metallic reflective film and a correction film which
15 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.
66. The projection exposure apparatus according to
20 Claim 65, wherein:
the correction filmhas a dielectricmulti-layer
film.
67. The projection exposure apparatus according to
Claim 65 or 66, wherein:
25 the metallic reflective film contains aluminum.

68. The projection exposure apparatus according to
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di fference caused by the difference of deflected 5 states possessed by the
reflected light fromthe netallic reflective film becones to be a desired
distribution. 69. The projection exposure apparatus according t (ﬁQMﬁ4QBe
of clainms 63-69, wherein: 10 the reflecting surface is arrange the
optical folding mrror for intersecting optical axes before and after the
reflecting surface intersect wth each other. 70. The projection exposure
apparatus according to any 15 one of clains 63-69, wherein; the inmaging
optical systemdonne3gn yuwageief; the first surface onto the second surface
based on a radiation of 200 nm or less. 71. The projection exposure

appar at us accor di ngatial apy £ 120 tohegOoim &higk 6 A3f TR twhergn ithentinal i mge
is formed in a position deviating froma position of a reference optical

axis of the mtojtecti canoptingall s¥St eMadindher ipHOL ©Sepsi tittee supstrate. 72
A projection exposure nethod for projecting and 25 exposing a pattern on a
proj ection origi hateamrted aauphat opensthived sttt €e CONPIHdSESetbhe St eps
of : 130 FPO1.0174-00 passing the light fromthe projection original to
sai d ghot osesdidtios substeated hbgugthat depstcenel nefdrect impmener; and
reflecting the light with a reflecting nenber

metallic reflective film becomes to be a desired

distribution.

69. The projection exposure apparatus according to any

one of claims 63-69, wherein:

10 the reflecting surface 1is arranged on the
optical folding mirror for intersecting optical axes
before and after the reflecting surface intersect with
each other.

70. The projection exposure apparatus according to any

15 one of claims 63-69, 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.
71. The projection exposure apparatus according to any

20 one of claims 63-70, wherein the final image is formed
in a position deviating from a position of a reference
optical axis of the projection optical system on the
photosensitive substrate.

72. A projection exposure method for projecting and

25 exposing a pattern on a projection original onto a

photosensitive substrate, comprises the steps of:
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5 so that a phase difference between a P polarized conponent and a S
pol ari zed conponent for the reflecting menber substantially does not exist
when the P polarized conponent and the S polarized conponent eoitA-dohe
sensitive substrate. 10 73. The projection exposure method accordi'ng to
claim 72, wherein said reflecting member has a metallic reflective film
and a correction filmwhich is arranged on the netallic reflective film
and corrects a phase difference caused by a difference of deflected 15

state possessed by phdefhgct eded nghtn rmﬁh@l%?we%tj%ﬁé'r&%@i&#i' m

74. The projection exposure nethod ‘according to claim 7 erein

the correcti a fsid g aso Bodeelsact 116 SUubkitd AYETt P highM t7Pe st one
proj ection exposure nethod according to claim 73 or 74 wherein: the

metal lic reflrect]lyetfiidgngonbai)s ahgm num 76. A projection exposure
met hod for projecting a 25 pattern on a projection original on a

phot osensi tive substafil € t$hrag tther Djigeitd 01 eAt iaCal e Y 8E@M P 1n ER@0174- 00
conprising the steps of: passing the light fromthe projection original to
sai d phot osensi t the tsubstotet et riofifbdr at deeabk taneen ' ef | BCty D, PBRRGY ; and
5 reflecting the light with a reflecting nenber
component and a S polarized component for the
reflecting member substantially does not exist when
the P polarized component and the S polarized
component come to the sensitive substrate.
10 73. The projection exposure method according to claim
72, 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
15 state possessed by a reflected 1ight from the metallic
reflective film.
74. The projection exposure method according to claim
73 or 74, wherein:
the correction filmhas a dielectricmulti-layer
20 film.
75. The projection exposure method according to claim
73 or 74 wherein:
the metallic reflective film contains aluminum.
76. A projection exposure method for projecting a

25 pattern on a projection original on a photosensitive

substrate using a projection optical system
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so that an angul ar characteristic of the phase difference caused by the
difference of deflected states possessed by the reflected light fromthe
reflecting nenber becones to be a desired 10 distribution. 77. YH%H7400
proj ection exposure nethod according to any one of clains 72-%%? ereln:
the reflecting surface is arranged on the optical folding mrror for
intersecting optical axes 15 before and after the reflecting surface
intersect with each other. 78. The projection exposure nmethod according to

any one of eJoaipBiédng’ tMBekeidpd hgri:nmagi ng optical systemforns an
image of the first surface onto the 20 second surface based on a radiation

of 200 nm or |esspasiindhetReo] egHOF RPAE & FEY Bed Bce Qs di BY 0 any
one of clainms ~2-78, wherein the pattern is projected in a position

devi ating frem 8afesipofo 6&na irtef €& enges tqratﬂ@admaeshgh%ttDea%_ftOio%Céi on
optical systemon the 25 photosensitive substrate. 80. A catadioptric

optical systemflosatngq@ nedbeed 1324 FPOL-0174.00 i mage of a first surface
onto a second surface conprises: a first imaging optical subsystem
arranged in an opteddlepal hgbethweenighe fiish and serendisyy fReRser 5 and
having a first optical axis a second imagi ng optical subsystem arranged in
so that 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
10 distribution.
77. The projection exposure method according to any
one of claims 72-76, wherein:
the reflecting surface is arranged on the
optical folding mirror for intersecting optical axes
15 before and after the reflecting surface intersect with
each other.
78. The projection exposure method according to any
one of claims 72-77, wherein the imaging optical
system forms an.image of the first surface onto the
20 second surface based on a radiation of 200 nm. or less.
79. The projection exposure method according to any
one of claims 72-78, wherein the pattern is projected
in a position deviating from a position of a reference
optical axis of the projection optical system on the

25 photosensitive substrate.

80. A catadioptric optical system forming a reduced
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an optical path between said first inaging optical subsystemand said
second surface, and having a concave reflection mrror and a second
optical axis; 10 a third imaging optical subsystemarranged ingp {ﬁﬁﬁkﬁal
path between said secon imaging optical subsystem and said second surface,
and having a third optical axis; said first imging optical subsystem
having a 15 dioptric imaging optical system said third imaging optical
subsystem having a dioptric inmging optical system and said first and
third opticaliraxgé heing arirengeds@pra oMt @xis. 3304 surface
comprises:
a first imaging optical subsystem arranged in
an optical path between the first and second surfaces,
5 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;
10 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
15 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.
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