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FP04- 0160- 00 SPECI FI CATI ON  PRQJECTI ON OPTI CAL SYSTEM
EXPOSURE APPARATUS, AND EXPOSURE METHOD Techni cal

Field 5 The present invention relates to a FP04-0160-00

catadi optric projection optical system exposure
appar atus, and exposure nethod and, nore
particularly, to a high-resolution catadioptric
projection optical system suitable for exposure

apparatus used in prodtsqidiggjgpg?%gmnductor

devi ces, |iquid-crystal vices, etc. by

ph TEOPIORP agiggqcm{)p]ﬂf(p dERE ) AND
phg@W%ograpW?fc@A&o uction o tohe semAc%)n uctTcHS’
depnoes SRE MO | npl emented using a projection

exposure apparatus for projecting a pattern inmage of

a Tegknical HelEticle) through a projection optical
systemonto a wafer (or a glass plate or the |ike) 15

coat ed WIhé prefintinnestish relatéd o hi dBadibperi€ $¥6jctidn optical
power (resolfution) required for the projection

optysiémn, SysdpoRuRd tappardtas echh@n gk € médhipdr ahnd, more
i s ‘beconing increasingly higher and higher wth

| npaerwdarly) td atlaghatkohitideo caaddptirite pagetton dsticul system
devices and others. As a result, in order to satisfy

t hantabdei foe rexpasutrerapipeeatussosad mg pRiduetiorr obfsehieonductor
projection optical system it is necessary to shorten

t hdevives;di@andtdryatabtisplay dematasoatd. byhphdtekitosgraphy.

light) and to increase the inage-side nunerical

apBackgeowd Krtt he projection optical system:

Specifically, the resolution of the projection optical

syst em i Ehexphetodsbogiaphiy- braptadwrtok o6 thee spricenductor

coef fi ci eg‘;&. The i mage-side 25 nunerical aperture NA

i sdevapeesand eathgrsnisi hoplamentedn usang mefpregedtion exposure

i ndex of a_nedium (normally, gas such as_air) between

t pRAralus dor proectng/e patdeinimage iof 4 mask(emasredicigiethrough

i mage plane and Q a maxi num angl e of inci dean .
a projection optical system onto a water (or a glass plate or the like)
coated with a photoresist or the like. The resolving power (resolution)
required for the projection optical system of the projection exposure
apparatus 18 becoming increasingly higher and higher with increase in
mtegration degree of the semiconductor devices and others.
| As a result, in order to satisfy the requirements for the resolving
power of the projection optical system, it is necessary to shorten the

| wavelength A of illumination light (exposure light) and to increase the
image-side numerical aperture NA of the projection optical system.
Specifically, the resolution of the projection optical system is expressed
by k'A/NA (where k is the process coefficient). The image-side
numerical aperture NA is represented by n-sin8, where n 1s a refractive

index of a medium (nonhally, gas such as air) between the projection
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to the inmage plane. In this case, if the maxi num
i ncidence angle 0 is increased in order to increase

the nunerical aperture NA, it will result in FP04-0160-00

increasing 5 the input angle to the i mge plane and
the output angle fromthe projection optical system
so as to increase reflection |oss on optical surfaces
and thus fail to secure a large effective inmge-side

SR ELSERSEII IR R DA SRR DT gkl gsjdence
M}@Yhéilﬁh!ﬂé@ﬁ%@leﬁem umlike a liquid with a high 10
re | hde

ractive X in the optical path between the

proj ecti gp Rt é453l if B AR iafiEnt ﬁﬁi(‘lléfﬁ%eaﬁél%nﬁ-is increased in
However, application of this technology to the
or g 86 HicPPisk! the MfAbACH] &geﬂﬁlte! A AWHIIE FEsUIR P ftkreasing
such di sadvantages that it was difficult to well
coglie GhpiiTan@ly apBthe iaﬁger Ma) Al the S@apusfandlBefrbm the
Petzval™ s condition to well "correct for curvature of
fiptelecdonl dpiiial aystdcseaase tbnintheasecadffectiont fess on optical
opti cal systemwas inevitable. In addition, there was
angitfecesdand dias tfad got deature ta Wage difddtdd imhgestdd iRin@erical
| arge effective inmage-side nunerical aperture while
wehpersmepr dssi thgs réason; ehercisi thie kieswnaechnologd! of increasing
surfaces. 20 A first object of the present invention
i stheonymericdkbapentetealNiA/ by fillmgnp actdipnojiketa bgquiabwittah high
system _havm excel ' ent imaging performance as well
corafestbe fmdew ani thes eecalapatndetsween dse gimopestiore optical
aberration and curvature of field, and being capable
of syséemrandythe inaaggeplagkf ecti ve i mage-si de nuneri cal
aperture while well suppressing the 25 reflection )
| oss on Idpwieyar, anplfcatien. of this Hechnelegyter thet ordinary dioptric
projection optical systemis conposed. of 2 X
FRBPIectBm ooplacaly systemsctGaugedpsnehl diradvantagesd that it was
th ase where the projection optigcal systemis X
cdﬁé‘g@é'a tor well saaTeett Ton chromeaticaabergtigp: apd) to satisfy the
opti cal, menbers, wi

rs,wth. reflectin th increase
: Z gl's condition fo well comrect for curvature of Itfefdlj ancfl that an
ing

increase in the scale of the optical system was inevitable. In addition,
there was another disadvantage that it was difficult to secure a large
effective image-side numerical aperture while well suppressing the
reflection loss on optical surfaces.
A first object of the present invention is to provide a relatively
~compact projection optical system having excellent 1maging
performance as well corrected for various aberrations, such as chromatic
aberration and curvature of field, and being capable of securing a large
effective image-side numerical aperture while well suppressing the
reflection loss on optical surfaces.

In the case where the projection optical system is composed of
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nunmerical aperture, it beconmes nore difficult to
i npl ement optical path separation between a beam

entering a reflecting optical nenber and a beam FP04-0160-00

reflected by the reflecting optical nenber and it is
infeasible to avoid an increase in the scale of the
reflecting optical nenber, i.e., an increase in the

scale of the projection optical system In order to

chi . oy . : o
2Py FeALRLE | 9Acnbht o8kl 9Re A3Me Wiere the projection
TeBpECEL sybtent fiezohifised! Brcangombiiatior %@?éﬂﬁ&ﬁhﬁ optical
projection optical systemof a single optical axis;]
'nﬂ%ihﬁe@aﬁﬁithwrbﬂebﬁﬁ%f??ﬁchpt hi{zegnn BT GR  ARSEASY “m the

it also becones nore icu achreve the optica

PahiinkeRAl apeArd et Wedmeshaohe AMFRAMIELd ﬂﬁpléiﬁent ogti%al path
reflecting optical menmber and the beamreffected 1 y

t hgepRhti6h (HeltreeRtd BRhmBARSIng ANEARENR! GPte&l BBmber and a
optical system increases its scale. A second object

of bede wReeed bynienidfiveting bptisghhfiAbér had de is infeasible to
nunerical aperture, wthout increase in the scale of
opaveid anréndrense ifi ehaiseglcaof ﬁ_&@@h&ﬂ@éﬂim% optehtei¢ber, ie., an
optical system 20 A third object of the present

I ninenéasennithe tsealer @f/ﬂﬁq)r@fjecﬁi«tnpepﬁeal apamat us and
exposure nethod capabl e of performng an exposure to
transcrilme arfléme tpatdcheven tdimpldicationur afy prodmeglona and
projection optical system having excellent imaging
pestinpirfecatmofl hattiahqdgustanagd ofedptcal wembergedisisddesirable
nunerical aperture and therefore a high resol ution. )
25toDberstomira catadidpiricnpeojecioon loptirad esystemn axdha swegleheptical

~above-described first object, a projection 3

FRoWsD1B0tloe easd, cwiiths yrergase cizoithie ngumerigat japsarture, it also
aspect of the present invention is a _catadioptric
prifemmes mest didticuliyter achicwe theroptiepl pathepssationhetween
of ,a, first surface on a,second surface, the

pribeeam snigiing she scilecting eppeakmegnber pad dhe hgam reflected

reflectin . mrrors, and,a boundary | ens whose .
s dbie willeckingt ppticak seRber.oARd Fi projection optical system

increases its scale.

A second object of the present invention is to achieve a large
numerical aperture, without increase in the scale of optical members
forming a catadioptric projection optical system.
| A third object of the present invention is to provide an exposure
apparatus and exposure method capable of performing an exposure to

-transcnibe a fine pattern with high accuracy through a projection optical
system having excellent imaging performance and having a large
effective image-side numerical aperture and therefore a high resolution.
Disclosure of the Invention

In order to achieve the above-described first object, a projection
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a positive refracting power, wherein, where a
refractive index of an atnosphere in an optical path

of the projection optical systemis 1, an optical pat ?P04-0160-00

bet ween the boundary |ens and the second surface is
filled with a nmediumhaving a 10 refractive index

| arger than 1. 1, wherein every transmtting nenber

and every reflecting nenmber with a refracting power

COoRSk [ : S
P SBASAESL 8 RECOHRP 10 SMRPEM Gk, o I B HE imenion is o
P @hefdhbPiicoptdiE&ion vpti ' Tar: J@

area of 19[?15@021‘ r!red%t éﬁ?ﬁeﬁlegﬁésﬁﬁgggﬁﬂ%tﬁlﬁ%%%gﬁ% t iéﬁ@ge of a
optHrsEdurdidcsSon hkeebAg kuf@cachi eve the above-descri bed
second object, a projectioh optical system according

to a secgdpp§Refibn Uptidae ps???}l?%m AYRIR AORASE tWo reflecting

catadioptric projection o sys?em or formng an

| magieroek, and hrtsd 36 WhReSEFRNE S ihatest §1ﬁ?ace side has

‘proj ection optical O systemconprising: a firs

i naqjdgﬁi\m)féfﬁ;ﬁjtﬁfg,/p@w&hconpri sing. two mrrors, for
formng an intermediate i mage of the first surface;

and a sewhieteinmdiong aorfiaalvesingdegoffar afmospitgetinen optical
internediate 1mage on the second surface, 25 wherein

t hpatheobthe ipragictignopptical sysyshers toanrdpésltgieh between the

following components in order of passage of a ray from

t hboumdanynieds anel theFRPONALEOLOC: isvhdiedswitd: a anédiuat having a

field mirror of a concave shape; a second field

m refactive thidextlatgendhamiltl conpri sing at | east two

negative | enses and 5 having a negative refracting _

power; awhertind dveny dransohgvigg meempbsit iand resferyctriefigeting

power; an aperture stop; and o o )
member with a refracting power constituting the projection optical
system are arranged along a single optical axis, and

the projection optical system having an effective imaging area of
a predetermined shape not including the optical axis.

In order to achieve the above-described second object, a
projection optical system according to a second aspect of the present
mvention is a catadioptric projection optical system for forming an
mage of a first surface on a second surface, the projection optical
system comprising: |

a first imaging optical system comprising two mirrors, for
forming an mtermediate image of the first surface; and

a second imaging optical system for forming the intermediate
1mage on the second surface,

wherein the second imaging optical system comprises the

following components in order of passage of a ray from the intermediate
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athird lens unit having a positive refracting power.
In order to achi eve the above-descri bed second object,

a 10 projection optical systemaccording to a third gpy4.0160-00

aspect of the present invention is a catadioptric
projection optical systemfor formng an inmage of a
first surface on a second surface, the projection
optical systemconprising: a first unit disposed in
an iPRbkeGade:-pat h between the first surface 15 and the
second surface and having a positive refracting power;
a_secondaiftst (UIGRARGE ofh S dalpebat h between ¢ he

first unit and the second surface and conprising at

-l east fodrsegbnd $icdd n@iridit rd unit disposed in an

optical path between the second unit and the second

surf ace, acfimr letsNanit ch@psisiigVutNRASE itwd heBaEve 1dAdes and
20 having a negative refracting power; and a fourth

unhtviligspasgative refiaciig polvepai h betveen the third
unit and the second surface, conprising at | east

three poaistcomd lassast havthg Hpositiveargfasdting/gower,
refracting power, wherein an internediate imge is

forned i anapertsszstogp; andt and 25 wherein an aperture

stop is provided in the fourth unit. In order to

achi eve a ltiird heneunit havined pedoverefbieaig pavwer.

FPO4- 0160- 00 projection optical systemaccording to a
fourth abpeendeof ta haclpeveethe abwendeseribad asecond object, a
catadi optric projection optical systemfor formng an

i npgyeeion gptieal systemc acoprding etooad thind faapect tafethe present
projectjion_optical  systemconprising: 5 a first )

i THYCRHOBPS @aatagiertrice prprectiong optichle systesn xfor forming an
mrrors, for_ formng a first internediate i nage and a .

s cHBREL iq#{ ar el surdagaripe aopecomd surfage, dhet prjectagny eptical
second i magi ng. opti cal systemfor relaying the second

i TOSIHBRUHIRIPWE e onto the second surface.
a first unit disposed in an optical path between the first surface

and the second surface and having a positive refracting power;

a second untt disposed in an optical path between the first unit
and the second surface and comprising at least four mirrors;

a third unit disposed in an optical path between the second unit
and the second surface, comprising at least two negative lenses, and
having a negative refracting power; and

a fourth unit disposed in an optical path between the third unit
and the second surface, comprising at least three positive lenses, and
having a posttive refracting power,

wherein an intermediate image 1s formed in the second unit and
wherein an aperture stop is provided in the fourth unit.

In order to achieve the above-described second object, a



10

15

20

25

10 In order to achieve the above-described third
obj ect, an exposure apparatus according to a fifth

aspect of the present invention is an exposure FP04-0160-00

apparatus for effecting an exposure of a pattern
formed on a mask, onto a photosensitive substrate,

the exposure apparatus conprising: 15 an illum nation
system for illum nating the mask set on the first
Suﬁ@ﬁ@tioﬁng?iibﬁ By RERChCOGrBRE| ©2h UL EPEGODHItAS present
to any one of the "above- described aspects, for

f oimvérttican ik neasitadioptirec RRLjEstiod YpiRAl osystéiﬁdfms Forithg an

t he photosensitive substrate set on the Secon

suiimage. oPQ Ifitsokdefhce mzacdwis%wnﬂhgu@@e/eﬂﬁe?%jebﬁén %ptical

third object, an exposure nethod according to a sixt

aspestenototipeispigsent invention is an exposure method
of effecting an exposure of a pattern fornmed on a

mask, ontdirat phagmgenstidal sy st sionapesing it lexqiesymeirrors, for
met hod conprising: an illumnation step of

i | formmat arfgst hetermsdiate iahigehande s@ondr edetmeediatednage of
pattern is forned; and an exposure step of perform ng
anthexpost sueface; ahéd pattern of the FP04-0160-00 nask

set on the first surface, onto the photosensitive
substrata setorsh mmagingeoptidabusysicm fogi molayieg the second
projection optical systemas set forth in any one of

C Hitemmediate magaontd thveseaonst swifaed. t he Drawi ngs 5

Fig. 1 is an_illustration schematically show ng a

conf i gur bt pslerde aCBEV@tb@ﬁh@%ﬂMafgtMﬁt@bmcngan gxposure
an enbodi nent of the pr nt invention. Fig. 2 is . an

i | ARRATAEAS @RC ng a @speell of elhgt PeesepbtientioRels an
optical axis and afn ehfkg*:.tive exposure@grea of arcuat

s heROUEE ARpastug Tor gtigeting an emosuRe 6di mpatteri-formed on a
is_an iIIu?trati n schematical Ly

showi a
c oMKy QTOna HRAGOSFSITING | olisyrafonsihén dexposiFe, anparatus

the first exanple of the
comprising:

an illumination system for illuminating the mask set on the first
surface; and

the projection optical system according to any one of the above-
described aspects, for forming an image of the pattern formed on the
mask, on the photosensitive substrate set on the second surface.

In order to achieve the above-described third object, an exposure
method according to a sixth aspect of the present invention is an
exposure method of effecting an exposure of a pattern formed on a
mask, onto a photosensitive substrate, the exposure method comprising:

an illumination step of illuminating the mask on which the
predetermined pattern 1s formed; and

an exposure step of performing an exposure of the pattern of the
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enbodinment. Fig. 4 is an illustration schematically
showi ng a configuration 15 between a boundary | ens

and a wafer in the second exanple of the enbodi rrent.FPO4_0160_00

Fig. 5is anillustration showing a |lens configuration
of a projection optical systemaccording to the first
exanple of the enbodinent. 20 Fig. 6 is a diagram
showi ng the transverse aberration in the first

ex angkesetfimtherfiist saffack] Uito fHid phoRensifige Zubsiate set on the
configuration of a projection optical system

acgecohd gutfact hesmectirdprjasior dpitiddisysemadi sanfortl?$n any

Fig. 8 is a diagram showi ng the transvérse aberration

i nonbexf Cletosd g&x4pl e. FP04-0160-00 Fig. 9 is an
illustration showing a | ens configuration of a
catBadeOPescrippion eftioDraptingsl system according to

the third exanple. Fig. 10 is an illustration show ng

a | ens cbid.i by an ildmstodtion scladmdiicaily shoping ectondiguration of
optical systemaccording to the fourth exanple. 5 Fig.
1lansesposureusppaatum xxbording ém axpambodimesa ofntlee present
wafer in the third and fourth exanples. Fig. 12 is a

t r HNOIEIORe aberrati on di agram showi ng the transverse
aberration in the_neridional direction and in the

sagi t t al FigliZ isoan dhisstationesheaviang a positonal oglationdretween the
optical, systemin the third 10 exanple. Fig. 13 is a

t r epEcalrasds apdrameiloetive aypestrerenf arpuatet shapevermed on a
aberration in the neridional direction and in the

sa}}’laif@ram thgi grebodBReHE t he cat adi optric projection

optical systemin the fourth exanple. 15 Fig. 14 i )
an i I Tuskieatd o asng sHaitiony é‘%liefééﬂf?@]g}ﬂr VREoa configuration

between a boundary lens and a wafer in the first example of the
embodiment.

Fig. 4 1s an illustration schematically showing a configuration
between a boundary lens and a wafer in the second example of the
embodiment.

Fig. 5 1s an illustration showing a lens configuration of a
projection optical system according to the first example of the
embodiment.

Fig. 6 1s a diagram showing the transverse aberration in the first
example.

Fig. 7 1s an illustration showing a lens configuration of a
projection optical system according to the second example of the
embodiment.

Fig. 8 is a diagram showing the transverse aberration in the

second example.
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catadioptric projection optical systemaccording to
the fifth exanple. Fig. 15 is an illustration show ng

a lens configuration of a catadioptric projection FP04-0160-00

opti cal system according to the sixth exanple. Fig

16 is an illustration showing a |lens configuration of
a 20 catadioptric projection optical system according
to the seventh exanple. Fig. 17 is a transverse

aberrati pip digags afn ﬁﬂﬁ@ir_ﬁﬁohh%o@vﬁﬁgsa’ €lens @Bﬁlﬁgﬁfdtﬁfh of a

in the neridional direction and 1n The sagitta

di ceeidigptrief ticat el Ol dyisterl Ricoedinetodbkithad example.
systeminth% ifth @igﬂxarrplye. 25 Fig. %Btisa P

transver Fep abor ibnoillditagicim shiddvinggd at ks toafigutitien of a
aberration in the neridional direction and in the

s agatadedptiieQirofddiidnOfp it alasistan setotdiagaatthdifontthi example.
projection optical systemin the sixth exanple. Fig.

19 is a Figinklver seilbistratain sliowimgna wrehgrdahen a wafer in
transverse aberration in the neridional direction and

i nthehthishand farth Exdinpdes.i on of the catadioptric
projection optical systemin the seventh exanple.

Fi g. 20 Frg.a 2 owschaar tran§verseeaberrationpr didgcamg showing  the
sem conductor devices as mcrodevices. Fig. 21 is a

f | panswarse cdbaratethod tife pmeddwinad directopn danct yint the sagittal
10 di splay device as_a microdevice. Detail ed i ]
Dediecthon onf dhet patadiagfteicr pro@etioni wptical 1syste¢m i the third
projectjon optical system according to the first

asPeHnPkE.  the present invention, the medium having

the refr ctiv% i hdex | arger thgn 1.1r is interposed

in the o%tg-cél pat 1 bEANSERSE ha ﬁﬁaﬂﬁaryﬁflﬂgﬁgﬂa oygng the
the i mage pl.ane (second surface),  thereby incyeasing i
th@anwgﬁe AREETatiRR R &m %@mﬁé qtﬁr\@ctmn ilRgthe” sagittal
"Resol utio nhancement .of 157-.nm Lit hography b

i QRO 8% RSB G PTONE Ot RUGR ctyeth 18 the fourth
Institute of Technol ogy" in "SPlIE2002

M EHETP ography" by M. M

Fig. 14 is an illustration showing a lens configuration of a
catadioptric projection optical system according to the fifth example.

Fig. 15 1s an ilustration showing a lens configuration of a
catadioptric projection optical system according to the sixth example.

Fig. 16 is an illustration showing a lens configuration of a
catadioptric projection optical system according to the seventh example.

Fig. 17 is a transverse aberration diagram showing the
transverse aberration 1 the meridional direction and in the sagittal
‘direction of the catadioptric projection optical system in the fifth
example.

Fig. 18 is a ftransverse aberration diagram showing the

transverse aberration in the merndional direction and in the sagittal

-8~



10

15

20

25

Switkes and M. M Rothschild describes Fluorinert 20
(Perfluoropol yethers: trade nane of 3M USA) and

Dei oni zed Water as candi dates for nedia having the FP04-0160-00

required transmttance for |ight of wavelength X of

not nmore than 200 nm In the projection optical system
according to the first aspect of the present

i nvention, the optical surface on the object side

(f igisdction! bac H i of I hS 3 :

pr ovi dtelgﬂvmb?hﬂlteh ?ﬁ%ﬁﬁ?‘ﬁ prﬁe) r gg%ln E)é(?lvvesj,;ﬁm rnébghe sixth
th%xﬁﬁfljlg_cti on loss is reduced on this optical surface

9 FP04-0160-00 and, in turn, the large effective _

i mage- si Bgg nUPer icah aR@LVEIse GiberRftios e@iNg®am | shdwlg the
opti cal system having the high-refractive-index

netemsebrsei KBerraton dinashé hefdibnuh ditettieni sRdeinsithie, sagittal
it is feasible to increase the effective imge-side
nudirectioh a@peh¢ watadioptid prefsctidmibplicdl Sysfsn innthe seventh
turn, to enhance the resolution. However, where the

pr ekamiplen magnification is constant, the object-side
nunerical aperture also increases with increase in

t he i magFigi 2 inanftowchartagea tnethiod bEpeddueng sdmidoaductor
projection optical systemis constructed of only

r eflewices ag miorodbevises.it will be difficult to satisfy

the Petzval's condition and it will 10 result in

failing Fig. 2bidatflevehant edse methodefspmidacaig thlequid crystal
optical system Therefore, the projection optical
sydts@lﬂ)édcwaiasgﬂ mactogeviden st aspect of the present

i nventjon _adopts the catadioptric_systemof the type
coBstaded Descriptien of the Parefeed Embedionents n whi ch

every transmtting nmenber _ and every reflecting menber
with ar projgetien pfical @ﬁ§m)a%ﬂ€§1§£r%§&jﬁ§$to&'@30t of

i S DG OO R RO
 fan A 5o S 00 B b TS
b faRa ManE iserand ol )t Shisle FFreasingy (K nmago-side
o EREtied APl A Sl P, SRESGRkgrEEnhAcement of 157-
nm Lithography by Liquid Immersion" reported i "Massachusetts
Institute of Technology” in "SPIE2002 Microlithography” by Mr, M.
Switkes and Mr. M. Rothschild  describes  Fluorinert
(Perfluoropolyethers: trade name of 3M, USA) and Deionized Water as
candidates for media having the required transmittance for light of
wavelength A of not more than 200 nm.
In the projection optical system according to the first aspect of
the present invention, the optical surface on the object side (first surface

side) of the boundary lens is provided with the positive refracting

power, whereby the reflection loss is reduced on this optical surface

-9 .
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optical system can be reduced. The projection optical
systemof this type has the configuration wherein

every transmtting nmenber (lenses or the like) and FP04-0160-00

every reflecting nenber with a power (concave

reflecting mrrors or the Iike) 25 are arranged al ong

the single optical axis, which is preferabl e because

the degree of difficulty in production is considerably

l o ) ' F 68+ nht - axi

conPly ol Hink M tatfe PARAIRET Hindge SHIC sifirical apartre gan be
al quayred! ti ghe tpet | a e t gﬁlﬁﬂ i

t he singl e-axi éﬂ@cgﬁfﬁ#agluﬁ?lt%ﬁbm\g?%g nﬂgbhe’_lﬁ?élu ca_dﬂ{ve index
neﬁmreﬁam]‘keaﬁg@iﬂgsg thé FREd e o IR Fmadel sida! it fo sible to
the chromatic aberration tends to be di I_CUH: to we
cotriciehsdtieottfe&ie iMhSeRIGPhaM G icA Upeetiré 99 HoR'less than 1.0

chromatic aberration can be overcone, for exanple, by

usandf il AFAl td eAhinod tHe ResBhitioye dTRReSVdralyhate 4hée projection
like ArF laser light. In this manner, the first aspec

of nfdmificasemt is rneRtdmh $en objeat-side thendridAlt iapettire also
conpact projection optical system having the 10

exarireasts withgnogeasenficheanespeasideshhmesichEapedufertherefore,
the various aberrations such as chromatic aberration

anif ¢he vptojeetio Opttal aydterheingcmagtaiited obf seelyr irgfracting
the large effective inmage-side nunerical aperture
whinleanbeis] itswipbe shiffngnlt be sagéfiyeittc Betzivabs conditiom and it will
optical surfaces. Therefore, an exposure apparatus
antesekpodatimgrtn avoiditheuncrapschn the spalet oftheapiticadisystem.
system according to the first aspect of the. present

i nvent i ohheriegorgp| thet propestion rapticad gystameaasfording te the first
pattern to_ transcribe the pattern_through the

pra&jhest iddnthsppresent dpventaom adapgs tthe caiagmpt@msystem of the
i magi ng perfaormance and the | arge. effective inmage-side
nUYPRi COMRRINLUAE laast t P erodecting FUFIOTS.eSBl Whigh. every
20 In the first aspect, of the present inyentiaqn, the X
orERREPItRZopGRBe a8gseus scfleeirag peber Wb fefracting

S Ryt bl Bealb e a5 Vi hos

SUYhtAGfective maging area of the predetermined shape not including the

optical axis. In the projection optical system of this type, for'example,
through action of a concave reflecting mirror, it is feasible to well
correct for the chromatic aberration and to readily satisfy the Petzval's
condition to well correct for the curvature of field, and the scale of the
optical system can be reduced.

The projection optical system of this type has the configuration
wherein every transmitting member (lenses or the like) and every
reflecting member with a power (concave reflecting mirrors or the like)
are arranged along the smgle optical axis, which is preferable because

the degree of difficulty in production is considerably lower than in a
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t hrough an even nunber of reflections. Wen the
projection optical systemin this configuration is

applied, for exanple, to the exposure 25 apparatus anPLPO4-O]6O-OO

exposure nmethod, not a mirror inmage (a flipped imge)
but an unirrored (unflipped) inmage (erect inmage or
inverted i mage) of -11 FP04-0160-00 the mask pattern,
is formed on the wafer, whereby the ordinary masks

(T ebilel-§eik %@ﬁfigg%étﬁﬁﬁ Whetdint I ;Eﬁ)iiig:annkﬁ?ocﬁépﬁféJrﬁTanged

apparatus equip with the diop projection

ophi@ial rﬁMﬁIpﬁ&noﬁtfé_al hek! F WoReRBE linOthd Bsd oFSR! sig Blle-axis

i nventi on, e projection optical = 5 system prefera
cogphiighatich (hesdin! B BP0 RhémBer SN AR Alonigde single
two mrrors, for formng an internedi ate i mage of "t he

fi bpticaluitiacthe ddmaAisgbemdtibirendotPbe idifficidyss el correct
for formng the internediate i nage on the second

suféraceut tie prsblo: iofegongctiohi fal chyahativ PAlsireatadn Yean be
conprises the follow ng conponents in order of passage

of omercoymd,r fon éxample, ibyt eserdi Rker lighgevish denagrobwed spectral
field mrror of a concave shape; a second field

m width like Airfidasérelghtuni t conprising at |east two

negative |enses and having a negative refracting _
power ; almsdhsnhdmmes, the tfitstvaspgct 2ofpdss tpresent invention can
refracting power; an aperture stop; and a third |ens
unrealizkathen gekatpedy t ¢comapret raojéoipm omptical 15y stemt hiaving the
conf&%urat ion, the internediate imge of the first )
suexegllenti smpagmge pénforthanes ras welgioegrented cfor the various
system .and it _is thus feasible to readily and
scabprsatjons: sueh cas whrowaticanbpeationepad scutyaturet aédield and
thg . beamtoward the first surface_and the beamtoward .

t heeiggc sapaklgr photecusingn the lange colfectiyeeimageeside numerical

RIS MBI D s B <SP dhcsyelerhons Hee enethe optical
HOTEHTS, RADFIRIORheaReERIE® ABPRERSHS neidonEpsiiRemethod
suftae B Prickian, BofiSaElRhy abeRRhe b, Me ARt i4iPrgt of the
L&?@E@ﬁtﬁﬁ%&ﬁi{)ﬂé&%ﬁ%@ko& %%&9%?} Bﬁaéj)éﬂc}/su?g "J6% Ttk pattern to
transcribe the pattern through the projection optical system having the
excellent 1maging perforniance and the large effective image-side
numerical aperture and therefore the high resolution.
In the first aspect of the present invention, the projection optical
system 13 preferably arranged to have an even number of reflecting
mirrors, 1.¢., to form the image of the first surface on the second surface
‘through an even number of reflections. When the projection optical
system 1n this configuration is applied, for example, to the exposure

apparatus and exposure method, not a mirror image (a flipped image)

but an unirrored (unflipped) image_ (erect image or mverted image) of
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25 relieves variation due to the difference of field
angl es of the beam expanded by the first field

mrror, so as to Suppress occurrence of -12 FP04-0160-00

FP0O4- 0160- 00 aberration. Therefore, the good imagi ng
performance can be achi eved throughout the entire
region in the exposure area, even in the case where
t he obj ect-side and i nage-si de nunerical apertures of

thehe Al ?Q&éﬂnc is Bhah84diPthe %ﬁégféﬂ wh¥RR R 8rdipﬁlry masks

I
i ncreased in order to enhance t 5 resolution.
th -GBS | fi] [ :
[ SRR RSS Loe g tha st e RAPOSLAP b pandlts cquipped
unipfitlhehe Aidptri® pedjecMen didAGY ey Power, a negative
| ens, a concave mrror, and an optical path

separ at i igthw fifAraspadof fee F)'té@ht iR titth, QRE Ifidection optical
systemis arranged as 10 follows: light traveling in

t heydtets profoRbil Y Godniriesy: asﬁﬁétgmd%’iﬁgftﬁ)ﬁdaﬂ”s 4en tddenprising
fourth lens unit and the negative lens, is then

r efweahatomy fort frgntiapcay entermediate amgeasiSer Beaisurface; and
t hrough the negative lens to be guided to the optical
pahlsesepdimapng opticalr systbm fdlgfairmiﬂgltbetiﬂtérmediﬂe 1mage on
optical path separating mrror is reflected by the

fitlet secehd sinface; #nel Sfconde inmpomgl bpetal wiystesn preferably
thereafter directly enters the first lens unit in the

s ecamprises dhe dobpwingiconysoments lin drdies of pessage afipmgy from
the projection optical systemcan be telecentric on

t hihef intermedipteatvage dediea dinse figld mimer of magiongave shape; a
optical, _system conprises the fourth |lens unit having

t hseopwd field migfora @t firg) lemspemisrcomsprismg hk l¢aststwo negative
I magi ngagg i cal system conprises the negative_ |ens, )
anlgDses YIS ahegakiye agra@tmg POV asgepsdylengunichaving
Petzval.'.'s cqndition can be readily perforned hy .
acf RASIHYE t1REagEBS: POWere @l AREItUEd Stepn @aide anttird lens umt
In the first .aspect of the present invention, the
pﬁ@ﬁ‘@@gia&P%BY?g%ﬁac%W&’ m preferably conprises a

e R OB i hE R TRl Sl el kSR Jortace
8§ %¥%med in the first imaging optical system, and it is thus feasible to
readily and securely achieve the optical path separation between the
beam toward the first surface and the beam toward the second surface,
even in the case where the numerical apertures are increased of the
catadioptric projection optical system. Since the second imaging
optical system comprises the first lens unit having the negative
refracting power, the total length of the catadioptric projection optical
system can be reduced, and adjustment for satisfying the Petzval's
condition can be readily performed. Furthermore, the first lens unit

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

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

-12 -



10

15

20

25

-13 FP04-0160-00 internmedi ate i mage of the first
surface; and a second inaging optical systemfor

rel aying the second internedi ate i mage onto the secon§P04_0160_OO

surface. Since this configuration conprises at | east
six mrrors, the first 5 internediate inmage and the
second internedi ate i mage can be fornmed w t hout
increase in the total length of the catadioptric

. . . t H H .
Pr ab8&htieA. ORHepfore S 5 dd ?ﬁf}gfi}gﬁ g%?f&%a’ﬁ%@'d%ﬁh be achieved

perfornance can be achie 1 e entire
r egiroighbut e athesebforfifthe 8YSHsiird Arbe é%%ﬁfin"’ﬂi%rc%se where

t he object- side and"the inmage-'side nunerica

apéid bbpeetRidd Radcahast-oRld naimidtidil Odgﬁﬁﬁir@ﬁ‘ &pﬁﬂecé‘étadioptﬁc
systemare increased in order to enhance the

r eprdjetiion. o?ﬁcﬁlh_esy@.f@ﬁ_eiﬁ@t idieds&dnin wdef | &9, enhance the
preferably, the first internmediate inmage is forned
betowodutien.m rror that |ight energing from the first
surface enters second and a mrror that the Iight

ener gi nghf ribw Iibdveedésortied ucheGgueimionr s prefieribly, othe first
of the at least six mrrors in the. first imaging
optmagingsyptieah sytstemhcompoists quifagithriens heif hasing a positive
internediate image is forned between the mrror that

t heefrdogimg powcgi agegatove dres, fd concawr fmmer,emaeaan optical path
second and the mirror that the |ight enmerging fromthe

f i separating aver@) and e ffrotinmagimh epsicat syserensiarramged as
case where the object-side and image-side nunerical
ap@llaysss light t ravelingdinophei €irstr oinagingnoplpealc system  passes
system are increased. in order to enhance the

r weh dhe fourthdensamibpadithe negaliveylensd is shen apflected by
achi eve the optical path separation between the beam

t oér ORGRYST THEPT s and fassen dgane thenigh henggatve lens to be

DO ice: WU A SererakoE rBirTpBoenlight fhidscted by the

S*Sptical path Separa 'AthErﬁf'focl)rliﬁsofe%ected by the first field mirror and
the second field mirror and thereafter directly enters the first lens unit in
the second imaging optical system.

In this configuration, the projection optical system can be
telecentric on the first surface side because the first imaging optical
system comprises the fourth Iens unit having the positive refracting
power. Since the first imaging optical system comprises the negative
lens and the concave mirror, adjustment for satisfying the Petzval's
condition can be readily performed by adjusting the negative lens and
the concave mirror.

In the first aspect of the present mvention, the projection optical
system preferably comprises a first imaging optical system comprising

at least six mirrors, for forming a first intermediate image and a second
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Incidentally, since it is necessary to formthe
internmedi ate i mage near the pupil position in order

to construct the catadioptric projection optical FP04-0160-00

system of the single optical axis according to the

first aspect of the present invention, it is

desirable to construct the projection optical 5 system

as a reimging optical system In order to avoid

nme | H f t optiical [ :
e ety A 6L e TRe AR Pd" sefRH Tfa e ptical
| Nko&ERflifof GeldA AR ROchiM MRtrARiatd ¢mRYR! bnto the second
position of thé first imging, the pupil diraneter of

t hgyffhest i maging needs to be set as small as

possi bl e even in the case where the object 10 side

nuner i cafirrRRefhiy configukati@e consisdoirleash8ixX hiiffors, the first
i magi ng optical systemwth the small nuneri cal
apéitetnediate deictadd the setadi dpternredidt ﬁﬁa%d: tainhBe formed
first aspect of the present invention, therefore, the

pr ejitieiut ancreptd G the ysthk temuthi e thiel datadimptiis §¥ojettion optical
first imging optical 15 system conprising at | east

t weystefi, eatli thg good timagirfgopefformange aan berhehiewdi ahsoughout
i mage of the first surface; and a second i nmagi ng
opthecaitiresggicamif the éxposung azed,i evain innthgecass where the object-
second surface on the basis of a beamfromthe o
i nsidenmnidatthei mugge-dide t humnarasad, apeewirés caf | the t atadioptric
first. imaging optical system can be constructed using

a prajectiorenepfienlt syistamaap® pwseadede nefardet i iy gdvarce the
a first reflecting mrror disposed in an optical path
beteseBHIQhe first |ens unit and the internediate

i mage, and t% second reflecting mrror disposed._in an
optical Matthepaaipeamentiened r sonfigamateen; npreferably, othe first
the internedj ate i npge Preferably, Ihefir?,t )

r RIS diatentmags 15 Tmechbetveen 2 imigrqr thgt lizht gmerging from

PRt sydnes enteinoabnd Sdta anigtarcbal e Ebh hesging from
¢ PR b puttige e, Aot Bt St st 3 s i e firt

configuratiaon erein the negative lens is disposed
i d“?%én%é’a?cﬁhﬁlfm@?%t optical path

In this configuration, the first intermediate image is formed
between the mirror that the light emerging from the first surface enters
second and the mirror that the light emerging from the first surface
enters fourth. Therefore, even in the case where the object-side and
mmage-side numerical apertures of the catadioptric projection optical
system are increased in order to enhance the resolution, it is feasible to
readily and securely achieve the optical path separation between the
beam toward the first surface and the beam toward the second surface
and to achieve the good imaging performance throughout the entire

region in the exposure area.
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formed by the concave reflecting mrror in the first
i magi ng optical system it becones feasible to well

correct for the curvature of field 5 while readily  pp4-0160-00

satisfying the Petzval's condition, and to well
correct for the chromatic aberration as well. The
negative lens in the back-and-front optical path is
desirably disposed near the pupil position, but the

cl ear apgididestadlly, Eﬁl‘%eri?gs"‘hé?&ts@epff&?ﬁ?ﬂ@%ﬂ&?ﬁ‘l‘eg%te image

because the pupif dianeter o rst imaging 1

neqgdsr tie Bﬁgﬂ?ﬂﬁsiﬁ@nsiﬁ%ﬂde@% RaEshRt %he@h%tﬁ%?fﬁ@ prifection
fluence (= energy anount per unit area and unit

Pubptial Syxdemt Of RS ol iophRal akid Aecordetatd Re IfRSE aspect of
Therefore, if the negative lens is made of silica, a

| oglad prégedexnehaise @risciERadld ¢ conktrubesherbidetlon optical
to occur due to volunetric shrinkage under

| r spsteat a9 veinldiagespticdhdystémnd, Tnnofderto akeid heechanical
i magi ng performance of the projection optical system

w intedeggmdebetiwdepnbpticalt hentisersdahile| e viagathedoptical path
the vicinity of the 1nage plane also has a snall

cl sgparapen twith #red inteenfddustecemags bdikgl fortwedamarethe pupil
hi gh there. Therefore, if the boundary |lens is nmade of

si positioni of whe |first amdgingn the keipyrl daasietey vhdhe first imaging
conpaction and degrading the inmaging 20 perfornmance. )

| nneddds fa betsehapemalbfastpressphlesarm 1mdtsncasn whdre the object-
degradati on of imagi ng performance due to the ] )
cosigacnimericah apsrtuae oisdargby thexedord, gtheatfirsh imagireg roptical
the negative | ens djisposed in the back-and-front ) )
opystemn pathh the rsmall pyumgeicebapsviaire eS| desiralfyniir eafadioptric
in the first imaging optical system and the boundary

| eRSRMsposed in the 25 vicinity of the image plane in

the secaond.inpgi ng optical systemare. nage o

f1 uori t 1 thedtspadnest sy be Draseduyention faseeiores thée

t.i t , th i ti opti cal syst em. }
RTyaeion QRheal SEsteh RICEY Ay, SOmPBISSS, A it SIRmaIng pptical
1 F1 i t f I, | th of 4t fi t | it, .
{Systegh., P e ot atOhe Tiigrs Tt obining an

mtermediate image of the first surface; and a second imaging optical

system for forming a final image on the second surface on the basis of a
beam from the intermediate image. In this case, specifically, the first
imaging optical system can be constructed using a first lens unit with a
positive refracting power, a first reflecting mirror disposed in an optical
path between the first lens unit and the intermediate image, and a
second reflecting murror disposed in an optical path between the first
reflecting mirror and the intermediate image.

Preferably, the first reflecting mirror 1s a concave reflecting
mirror disposed near a pupil plane of the first imaging optical system,

and at least one negative lens is disposed in a round-trip optical path
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5 5<F1/Yo<15 (1) The range above the upper limt of
Condition (1) is undesirable because the pupil

di aneter of the first imaging is too |large to avoid FP04-0160-00

mechani cal interference between optical nenbers as

descri bed above. On the other hand, the range bel ow

the lower limt of Condition (1) is 10 undesirable

because there occurs a large difference dependi ng upon
obifsihed ebyhithe ARV GeARofhal MR 1B:0Mhid Ccdiffgurati
reflectinggnirror (fieﬁg angl% g@' efencg? and Tt euraton

begaigeirdiHe hégdiive RndGR HYSo &N it fid Bﬁclf-%h_d—lTrgnt ngéical path

aberrati ons such as coma and curvature of field.

befégned AHMNSt EcHdaRe TR cBinfee i r ' i
[ nvent?on,- t he uppgr [imt ofge%]rﬂclgng?ﬂlgnﬁ%?)r%il%g]ﬂ%r gptlcal

pretsteabl it b&lomes Iéasibld theveldvrrédtnior fiReeapfattie of field

In the first aspect of the present invention, the

fi petild mgnsaﬁsf?f@ eiea PleyzvedRnedistisioal ahdast wellocorrect for
positive |l enses. This configuration permts the

podid chromatic abéiradomageyeldf the first lens unit to be
set to a 20 large value to readily satisfy Condition

(1) and Theimegahvs lerasi bhe baokvald-fromoopeial bath eodesirably
distortion, astigmatism and so on. It is difficult to
pr ditposcd neaf Ithe tpupgl position, kit thhi dbar epeduta o ¢he argative
hi gh endurance, and use of many refl ecting surfaces _
wi lensrbeedmes smalleg sbécauspttheapupplahininteger bfi thbefifstrismaging
aspect of the present invention, 25 therefore, where
t heegdsofebei keptost swall as/possibles theptfose, theoflueneani-ecnergy
to the exposure apparatus and exposure method, the
sedBeynt g wait - arga o s pudse Jopandsato drsose ihigher at the
preferably a digptric system conprised of only a .
pl m%atweyfeéﬁ t remgefare; Hotheategative lans\isgwnade of silica, a local
i nprovenent in throughput. Flugrite is._a_ crystal

XalChABEE ngr | ¢AIPPAGHieN pyvills r:ﬁ@msfcjekeé}id @ oerur due to

o VSRR, Shrikage, WFSEGipon veth dhser g anilgf Yum, the

Wai\rlr(falxgeiﬂ tphe grn?%cengfrt?letpq%?ec%f)o% optical system will degrade.
| Likewise, the boundary lens located in the vicinity of the image -
plane also has a small clear aperture and the fluence is likely to become
high there. Therefore, if the boundary lens is made of silica, it will
result in likely causing the compaction and degrading the imaging
performance. In the first aspect of the present invention, the
degradation of imaging performance due to the compaction can be
avoided by a configuration wherein the negative lens disposed in the
back-and-front optical path formed by the concave reflecting mirror in
the first imaging optical system and the boundary lens disposed in the
vicinity of the image plane in the second imaging optical system arc

made of fluorite.
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nm For this reason, an optical systemincluding such
fluorite transmtting nenbers needs to suppress the

degradation of the inmaging performance due to FP04-0160-00

birefringence by conmbining the fluorite transmtting
10 nenbers of different orientations of crystal axes,
but. even such counterneasures cannot conpletely
suppress the performance degradation due to

birefrin Tt e | . ]
refracti %ﬂ?ﬁgg@%%pgt@ }E ?EE'?? gir“]ése:n?]éflf {d}tgﬂﬁtf%gtfﬁ PtISeI% acgzlon optical

hi ghstehe desipsily CQFRABS T SndiAbe (tigq)ey@w. atinCohditiokP(1), F1 is
refractive indices including such high-frequency

coupofeslSichighses thd @ret lepsoasit) ¥ndlens adRaiiuinBah height
performance of the projection optical system

t henahersecond sidapg ef erable to avoid use of fluorite
as nmuch as possible. For decreasing use of fluorite

as much 8s< poggj bl therefore, the pgigsent invention
Is preferably arranged so that 70% or nore of the 20

transmi t Thegangehbose ahoaippertlimét 6hEmelinod (il giundesirable
optical systemof the dioptric systemare made of

si becausel thet pepili dmmeaspedt thef firsteimagarnts itovelargono avoid
desirably, the effective inmaging area has an arcuate
shapehanttal hatepferpros betwoen i aydical syetabers atsi déscetbed above.
Condition (2) below. In Condition (2), Ris a radius )
of Opstheuether haadpthemamge bebdwrthegomvhar kffitof iGendition (1) is
I magi ng area, and Yo a maxi num i nmage hei ght on the
seaadeseable deecanse dbste iansurpraeJaxges idjffererge depending upon
FP04- 0160-00 1.05 < RFY0O < 12 (2) In the first aspect

of obiest heighiatamengranges afhmocpdentelghb o dpei wdlecting mirror

L vl femodSSoad e Sl Snac oSt for
pat.h separation can be readily achieved il
av‘i‘ﬁ@ﬁ%‘)‘%%em‘ﬁkr%sﬁoﬁnﬁ 14 s ganeatyre tﬁg\l\%ﬁlq‘f-cal For better
onBanstgE i sctli PEATEobtorent ipuerliehafia Rpgt limit of
T aRRRE( D S npthprlerably ebad 3P and Bt Bt fiti thereof to
t h'F mask.

In the furst aspect of the present invention, the first lens unit
preferably comprises at least two positive lenses. This configuration
permits the positive refracting power of the first lens unit to be set to a
large value to readily satisfy Condition (1) and it is thus feasible to well
correct for coma, distortion, astigmatism, and so on.

It is difficult to produce a reflecting mirror with high reflectance
and high endurance, and use of many reflecting surfaces will result in
loss in optical quantity. In the first aspect of the present invention,
therefore, where the projection optical system is applied, for example, to

the exposure apparatus and exposure method, the second imaging
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Therefore, a nethod to be adopted is one of limting
an illumnation 10 beam of rectangul ar shape

corresponding to a rectangular region including the FP04-0160-00

area of the arcuate shape, by a field stop having an
aperture (light transmtting portion) of arcuate
shape. In this case, in order to reduce loss in |ight
quantity due to the field stop, it is necessary to
ke@gukme sY/86ink!Sis Rgﬁffefawaa %i%Pﬁﬁc LR t@Ne cOffpriiedd ofNénly a
effective” 15 inmagi ng area as large “as possiDble.
Naghirality hefr @asniiglmPyv hienbeMer ih | RidwOfofConghioveent in
(2) is ‘undesirabl e because the radius R of curvature
i stlgoughplt. that the beam |oss due to the field stop
beconmes so |arge as to decrease the throughput due to
redUCtlOthﬁﬁbeuﬁhyﬂhlﬁﬂﬂ@ﬁﬁlha&ﬁ&yﬁmﬁﬁﬂhﬂﬁréﬁﬁgﬁgwe,anda.
hand, the 20 range above the uppe imt of Condition
( 2)rahsmivtihes imember bermdes oft fmoritadigiscdRsiderably aiffécted by
Is so large that the required aberration-corrected
ar bacheegeree, partgmilarly ofateli ghtoof eavetertigie offricaihioye than 200
imaging area In a required wwdth for reduction in
ovenr.un fendhis deasory swarmphqadssystensoincheding sashl fluorite
in increase in the scale of the optical system For
betransmitfingemomhteranieads thesuppiesst thef degradpties exitthe imaging
invention, the upper limt of Condition (2) is nmore
prp¢dornhayce due to biredridgenes byvaambinmg thée tettoansmitting
-19- FP04-0160-00 1.07.. In the catadioptric projection
opiictabers y of edifiarenh eorieritatioms nof onexstaly peeseviait iayen such
the case where the optical path to the inage plane
( SeQWHEMgaTHEes) ¢amebt eompdetely t surpsestedithe | preformance
liquid,, 5 when the projection optical systemsatisfies
pfiahon gpe tpbirairinggRe®l ¢ to avoid the reduction

of throughput due t.o.the decrease of illumnation . _ .

ot fi ci orYrtAGTNQTS, dUés ithat &he defigchive 1pdgKedigiribution
the optical . system. to the increase in th . i
- st filgits B iefidfediansy SPBROTRREY. Anfinghe variation in
proj.ecti on.opti cal temof th esent invention.is

D ISRV ointices Gnefing ikl BaebH A Gee HBE NS “causes
"0 e':atsi}'ysde%qrgcflee {haebllkﬁaél%guﬁeerfoﬁﬁrance of the projection optical

system; therefore, it is preferable to avoid use of fluorite as much as

possible. For decreasing use of fluorite as much as possible, therefore,
the present invention is preferably arranged so that 70% or more of the
transmitting members constituting the second 1maging optical system of
the dioptric system are made of silica.

In the first aspect of the present invention, desirably, the
effective imaging area has an arcuate shape and the projection optical
system satisfies Condition (2) below. In Condition (2), R 1s a radius of
curvature of an arc defining the effective imaging area, and Y, a

maximum image height on the second surface as described previously.
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exanple, ArF laser light (wavel ength 193. 306 nm as
the exposure light, in viewof the transmttance of

the medium (liquid or the like) filled between the FP04-0160-00

boundary | ens and the i nage plane, the degree of

narrowi ng. of the laser light, and so on. 15 The
projection optical system according to the second
aspect of the present invention is a catadioptric

proj ect i .QtR'qgl stemfor formn n i mage of a
first su?lfngge on _a<§gcond surface, c_ogg?i sing: a
first | NROUROfeR ARkt 6Y%E@g¥§§%ﬁ?ﬁﬂ§éﬂ%ﬁé‘@ﬂﬁgtbjé¥tﬁm optical

for formng an internedi ate I nage of

Suk{aefi hadthePe FEGON it AR N SreaPsf ﬁ%ha?@sl%%% 861 {¥luding the
formng the internedi ate”i mage on the second surface,

\Ahapﬁball aHS; wﬁ@?@ﬂﬂtﬂé@}[@ﬁéﬁl [th isephrationt & be rf@ifad'iﬁy fichieved
en

the following conpon s in order of passage of a ray

f r orhilheavoiliigreticatifcioaBeein Silide:scald | 6Bt thd abptical system.
mrror of a concave shape; a second field mrror; a

f i FRiweveenforendmpienmhaente qirgjdtum Spcdlegatdmds applied to
| enses and having a negative 25 refracti ng power; a
setimnekpaynsc apptrdiayiand exposaid nwthod] itastdiffgcudove uniformly
an aperture stop; and a third lens unit having a
podhurhizmte ehnactlungnanesr are20ofPadeiit€0shapSi pae the mask.
this configuration the internediate i mage of the first
sulhexdoies 4 anethddi to beeadoptet ismoné rod” bptitingl as yHuenmation
it is feasible to readily and securely achieve the _
opbéaml ofaté¢ctavpalant shapdecamespanidéing btana t oadanigulae region
first surface and the beamtoward the second surface,.

5 wediding thee aces ecofivblee earchatenshapé.chy apBeldirstep ohaving an
the catadioptric projection optical systemare

i neparirehedt ieansimidting eordionyefi aguatpshape. syrithin case, in

" PRl o Agdplass Ip ST SAntite Ageroohe el dHoRAldpecssary

i EerRriber BRdiGa Rs Py i vaEersl 2081 26 ftioana diofective

crimeaEipg ares el 1igE BHTRUEN dus fo the di fference of

i or - SRR, e e b GHE R Tt Jimt of Condiort 2) is
undesirable because the radius R of curvature 1s so small that the beam
loss due to the field stop becomes so large as to decrease the throughput
due to reduction of illumination efficiency. On the other hand, the
range above the upper limit of Condition (2) is undesirable because the
radms R of curvature 1s so large that the required: aberration-corrected
arca becomes large in order to secure the effective imaging area m a
required width for reductton in overrun length during scan exposure, so
as to result in increase in the scale of the optical system. For better

demonstrating the effect of the present invention, the upper limit of

Condition (2) is more preferably set to 8 and the lower limit thereof to
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aberration. Therefore, even in the case where the
obj ect-side and inmage-side nunerical apertures of the

catadi optric projection optical 15 systemare FP04-0160-00

increased in order to enhance the resol ution, good

i magi ng performance can be achi eved throughout the

entire region in the exposure area. In the projection

optical system according to the second aspect of the

prgsgnt invention, preferably, the first imaging

optical system 20 conprises a fourth lens unit having

a positipe rgfr AChIAMOPRRET projdiFioR | tc@l'S sydtem  of the
opti cal

concave mrror, and a al” path separating mrror;

andféredntictied MR, NSvaPih Ok S¥RS WRdre el BEQEQI ath to the
follows: light “traveling in the first imging optical

sy $iat Pese fsédumlalfady) fsawstt Allell apRhUuhetmeatin ke liquid,
negative lens, ‘is then réflected by the concave

M e, theSprjectias psicab avdtehsatiies Oendaded (YR it ¢9feasible
to be guided to the optical path separating. mrror;

t heo hivald theefdduetion éﬁ/ﬂirbﬁ%bpﬁﬂ da¢ toahd deepssatofitiumzihation
FP04-0160-00 mirror is reflected by the first field

m effesieney andetcs avoitthié éhcrense iwrthe avvdle lodrtdaf dpstical system
directly enters the first lens unit in the second

i ndge rtg thepinicredses ys thenre§uircd abertdtion-confected aréan Where
the first imaging optical system 5 conprises the

f othet prdjectsom mipticahsystgm d thespriesert referdmin yappled to the
the projection optical systemcan be nmade tel ecentric
oncXpesule rappagaiisased sippsnrsimetbodhat fis rptefenabdg ng use, for
opti cal system conprises the negative 1|lens and the )

c opreamplegiAritolaser hghth(yvavelength 886 3 nmy)yEsrifetaxposure light,
Petzval 's _condition can be readily perforne

: d by .
adinu¥iaw Pl the Hagamittanee of faﬁdmeu;lmméhwdcavéﬁe like) filled
myror. In the projection ogptical systemaccording to .
t hée%‘é%ﬁ@eams@é{m Yens pad Hreyeage p the gegree of narrowing

preferably,..the first field mrror outputs |ight
en‘?rte eﬁas%/rﬂéglpq,lagflm@}.d mrror, so as to bend the

O LR B e SR 1Rl e of
the present mvention is a catadioptric projection optical system for
forming an mmage of a first surface on a second surface, comprising: a
first imaging optical system comprising two mirrors, for forming an
mtermediate tmage of the first surface; and a second imaging optical
system for forming the imtermediate image on the second surface,
wherein the second imaging optical system comprises the following
components in order of passage of a ray from the intermediate image
side: a first field mirror of a concave shape; a second field mirror; a first
lens untt comprising at least two negative lenses and having a negative
refracting power; a second lens unit having a positive refracting power;

an aperture stop; and a third lens unit having a positive refracting power.
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15 In the projection optical systemaccording to the
second aspect of the present invention, preferably, -

the second field mrror has a convex shape. Accordi NIFPO4-0160-00

to these configurations, a ray incident to the first
field mrror is outputted as bent into a direction
toward the optical axis of the 20 catadioptric
system ‘whereby the second field mrror can be

const r uckesld in 3hEOEBARBu Lt WEMntednidiRakAfiRapb U ethe first

the nunerical apertures~of the catadioptric

Pr @uifake 48 fopidedain $ives HREL %ﬁgiﬂ% fl.oyAeaer fil Rofeasible to
the optical path separation Dbet n the beam t oward

t heeddilys tandukéagelyaadhidvee the Ipticalaiath t Stpasi¢dN between the

surface can be readily perfornmed even in 25 the case
wheani tevald # fisdtdrfite anddlee Yedm RoWRFd 88 second surface,

apertures are increased in order to enhance the

r egotmt inothe -GcFRMEr 1hR- Abnlgriddleapervmest bfrthepta@dioptric
system according to the second aspect of the present

i npesyecbon ppedar spdtym tare invoeaded: orSinice thee sktosd imaging
imaging optical systemare a mrror of a concave
sheptcalndyatemr comprises ¢havéxst deapeundti davarge the negative
arranged in order of incidence of light fromthe first

5 mefrdcin pamerytisy ¢otal téegtheod thk foatddloptrie projectivheoptical
second imaging optical systemis a mrror of a convex
shaystemAcato bei depreasedhind tomaidpistaient dor salsfywog the Petzval's
mrrors in the first_ imaging optical system are of ]
t heordifiony ear e seadily tme:? x Engthermorgydthenéirst lens unit
second field mrror has the convex shape; therefore

i t raligves dbe pragiatmn: due dadibeydidfeenee of digldgengles wafethe beam
beam enprging fromthe first imaging optical system

¢ o XPRNASEl Sud tharefsh ﬁféét MUHIOLs $ot afn to| SUppEess occurrence of

roj ecti.on optical system according to the secqnd )
ps%é%ﬁatlfm- tﬁ@’lem eneVERvEht 6n939?q1éwla%r@rﬂa¢eo gebside and

a

S cRbe-Siskr BUEetinal whetges; of Ahs R yiigeiion pptical

Sast,yifs%élineasret ﬂl%ref::aoslelcloixhvi glgde(fot%diaﬁli]gn%e 816 %gsf)li/l?t/i(%ﬁfgbgd unaging
performance can be achieved throughout the entire region in the
exposure area.

In the projection optical system according to the second aspect
of the present invention, preferably, the first imaging optical system
comprises a fourth lens unit having a positive refracting power, a
negative lens, a concave mirror, and an optical path separating mirror;
and the first mmaging optical system 1is arranged as follows: light
traveling i the first imaging optical system passes through the fourth
lens unit and the negative lehs, is then reflected by the concave mirror,

- and passes again through the negative lens to be guided to the optical
path separating mirror; the light reflected by the optical path separating
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where Ma is a distance on an optical axis between the
first field mrror and the second surface, and L a

di stance between the first surface and the second FP04-0160-00

surface. 20 According to this configuration, Ma/L is

| arger than 0.17, and it 1is thus feasible to avoid

mechani cal interference of the first field mrror

with the first Iens unit and with the second | ens

Uniptirrop! RCRFGdd 'b? the"Btdt Sield"ARrBr Gandhfhe' SedditP Bl mirror
to avoid an increase in the total I'ength and an

| nghaagRrédftdr@irgdite efers icCArAdieARMIE iR Rk SGLRAl imaging
optical system 2571 n the projection optical system
acgpﬁ@hpgygt@mt he second aspect of the present

invention, preferably, the first lens unit in the

second 28indePer- 6 O0cdiTi guvasiond thet fiest! ithisipMopieaktsystem
| east one aspherical |lens. According to this

coubirgitiselitho, foatthl leastumnhaoinoid pabitRleamfnicting power, the
constituting the first lens unit is a | ens of

asphgectiah aptivad systerh heim beothadentdednther brotharfist surface
can be achi eved throughout the entire region in 5 the
expiosur Siaceaheefisst imaging optieallgstent onopiised tisé desgative
and i mage-side nunerical apertures are increased. The

pr kinscand thoponcate miroenthecadpdimgnt dot katigflyingl the Petzval's
aspect_of the_ present invention is a catadioptric

pr oprditionncap biecrpiaddy spenformed fhor adnustinentlieraggatove dens and
first surface on a second surface, conprising: a first
unthe anapvepguree.i n an optical path between the first
surface and the second surface and having a positive

r ef r act i WythsoprEajectior expsieal syptendiagsosdag tonthensecond aspect
optjcal path hetween the first unit, and the second .
su@# Hice present aBwentien.npreferablysthe fast fekd saroraoutputy light

it di ' tical th _bet the . ) )
St RO SBincso" Sl S B HE 5T Sndrction
15 t I . havi .negative refractin
vl Sptal akis olfec il dplad DhalcsHoB It Skaem.
bet hg thir.d it d, th d .. f ,
compr | si Mot Prseion pfiEal, sy Sieny @2Pantiae ooty seeandgaspect

ia gfilhflig‘é%t}tﬁﬁ%éﬁﬁ&ﬂﬁr egtgr\g@% tﬂ@: es%g(i)lqd Hed %}?{o'}elgailsaé Sonvex
shape.

According to these configurations, a ray incident to the first field
mirror is outputted as beat mto a direction toward the optical axis of the
catadioptric system, whereby the second field mirror can be constructed
m a compact size even m the case where the numerical apertures 61’ the
catadioptric projection optical system are increased. Accordingly, the
optical path separation between the beam toward the first surface and
the beam toward the second surface can be readily performed even in
the case where the object-side and image-side numerical apertures are

increased 1n order to enhance the resolution.
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unit and wherein an aperture stop is provided in the
fourth unit. 20 In the projection optical system

according to the third aspect of the present FP04-0160-00

i nvention, the internediate i mage of the first surface
is formed in the second unit and it is thus feasible
to readily and securely achieve the optical path

separation between the beamtoward the first surface

and the hegmR HRYREHohNGHE oggtéﬂrét%?d%rfg’ﬁgtﬁ@ sk86nd aspect

case yvhere_ 25 tﬁ? nu_rrerl ca _ ertures ot _
cabfgh®ptédent RiWRId, epéitapgalthéwoemiﬁbfs i ﬂtféh gi§§teﬂnaging

Since the projection’optical "system conpri ses

t hopticalnsysterdareROAN RS GO chavAnOsHdiR ARPAthitfor of a convex

refracting power, the total |ength of the catadioptric

pr sh&ss meliichRirk Gatariest fincder bE ifefdepreest ﬁgﬁt then the first

adjustnment for satisfying the Petzval's condition can

besiirfact,| dndewhereimdhe Toet@idiReld iigogdadthd®etssd imaging
performance can be achi eved t hroughout the entire 5

r egpticali systdir ieapnivseofia @anvexshape. t he case where

t he object-side and imge-side nunerical apertures of

t he cat adicoptding for ¢hsctonfigopitiog| thestetoemiar®s in the first
increased in order to enhance the resolution. In the

pr ohagmigorptogal isyatens yse exfi the canmtiang shapt md thier donvex shape,
aspect of the present invention, preferably, the

s ealth theusg aoncohgld misor has the convéxshape;cheyefosntit is feasible
order of incjidence of |ight fromthe first surface: a

f i tosteadsyl st sewpraly gurdeotheabeamcemerghgdeomatheeiomidmaging
reflecting mrror of a_convex shape; a third

r coplacalisystomy iodhesecand smagieg opsigel system. a f ourt h
reflecting mrraqr of a convex shape. According to this
conf i gurl thenprajectien optigal systesp msepedingttrethe second aspect

concgve mrror, the convex mrror, the.concagve mrror,
anfafC ﬁ’ﬁeﬂf‘@ﬁ%%‘v%tm@ ﬂﬂe RPSFuEe SHP s éﬂ&%ﬁéa batweeghihe first
fr the first, surface,.and.it is #?Jgs f.easible to

r pigen Ad-teepseqid gerfese. sadhenrnogeeiipn opticahsystem
opisties it e SRR oct i on optical system
rventi on 73 MELGEPE The cecond unit conprises at
| east ORghere Ma is a distance on an optical axis between the first field
mirror and the second surface, and L a distance bétween- the first surface
and the second surface.
According to this configuration, Ma/L 1s larger than 0.17, and it
1s thus feasible to avoid mechanical interference of the first field mirror
W}ﬂl the first lens unit and with the second lens unit. Since Ma/L is
smaller than 0.6, 1t is feasible to avoid an increase in the total length and
- an increase in the size of the catadioptric projection optical .system.
In the projection optical system according to the second aspect

of the present invention, preferably, the first lens unit in the second
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negative | ens, and an optical elenent |ocated nearest
to the third unit in the optical path of the second

unit is the fourth reflecting mrror or a double paSPPO4-0160—00

| ens t hrough which Iight passes tw ce. According to

this configuration, since the optical element 25

| ocated nearest to the third unit in the optical path

of the second unit is the fourth reflecting mrror or

th r j x

F P@gggg)s%%&ﬁl%gl ﬁfé?]g %{s",‘ E eag Q%t@eﬁﬁp@@gﬁfﬁ&nﬁé nt for

sati sfyi z ' bt '

porf or e ey AP g; e, CPREEREio T, 163, (e G RtoAl clements
havhh&ituti i et i Laur
rorPaS g (e TSt KhsTRLE RES LB.OC G heril shific bihls good
pr %ﬁgfﬂg?ﬂeﬂﬁfmﬁﬁbesdéﬁf B RISV EH Mo thBi érftire region in
aspect O the present invention, preferably, the

t hilidexpddues hidi) ovehrifirthe WaRy iehdredhé obgedtedild @ndhtage-side
third reflecting mrror, so as to bend the light into

a noihiceRil gpettomrfdetinereapedcal axis of the

catadi optric projection optical system 10 This

conf i gur#he projectbheasmptivabisgbten astoiingto the thiedaspect of the
reflecting mrror because a ray incident to the third

r eptesent ngyenitionas d satadudyptuict eeh;estidie oﬁtibl gystem for forming
direction toward the optical axis of the catadioptric

pr ai emiaigo rofop firstasurdyst em a Thevred sudacet comptisasg:bd irst unit
to readily and securely achieve the optical path
sefepasédnn bat wesical Imtﬁﬂa&twmt theaftst kerfhce sand the second
surface and the beamtoward the second surface, even

i nsutfececand haweng at pesitive gefrasting powernagecendamit disposed
nuperical . apertures are increased in order to enhance

t W& gBsoptigalopath) hetwieen thojfaest iwnt emd e segendmurface and
according to the third aspect of the present .

i NYERPFISIE athleashiourumdrtersm thirdiuagodisposed wean eptical path

RO bR P A IR oS0 1305 S A% st o

f o}'}f':g%yt\{vrégle%(s)gsd,i etnllti) %av?ng} 7a<1|\1/2:glz%t1<\9é ?éfracting power; and a fourth
unit disposed in an optical path between the third unit and the second
surface, comprising at least three positive lenses, and having a positive
refracting power, wherein an intermediate image is formed in the second
unit and wherein an aperture stop 1s provided in the fourth unit.

In the projection optical system according to the third aspect of
the present invention, the intermediate image of the first surface is
formed in the second unit and it is thus feasible to readily and securely
achieve the optical path separation between the beam toward the first
surface and the beam toward the second surface, even in the case where

the numerical apertures of the catadioptric projection optical system are

mcreased. -~ Since the projection optical system comprises the third unit
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where Ma is a distance on an optical axis between the
third reflecting mrror and the second surface, and L

a di stance between the 25 first surface and the FP04-0160-00

second surface. In this configuration, Ma/L is |arger
than 0.17, and it is thus -26 FP04-0160-00 feasible to
avoi d nmechanical interference of the third reflecting
mrror wth the second unit and with the third unit.

Si 'h%%lrﬁfﬁe hé%a?tf@ f&?acﬁfﬂgﬂg?%e‘f’ : thie ttokaﬂ g@ﬁi Bf¢nd Eatadloptnc

av0| d I ncrease 1 nt al 1en | ncreas
g&@ﬁcﬁbﬁeoﬁﬁcélh §?f§t%h§d¢zﬁptﬁé QeRf&dseat bR ARt ! stment for
sy em 5 In pfoj ection optical system accordi ng

t 0 shiigryi nﬁ‘% fitt PepRAl's ebndithsh @ﬁﬁ%%aﬂﬂgﬁfécrg@'?n?& heTherefore

third @ conprises at | east one asph ens.

Si dee doddt hagienpedbrmbhed din beaschionsd @ﬁrm@idu% ghe entire

eIenEnts constituting the third unit Is

as peEbhdal theengosapodrédrasiondin frY éz@sfe"Wl\fé?e @1@@ ofbﬁfect-mde and
achi eved throughout the entire region in the 10
expaagesidy eamavedl hpeittiieesc af ghehesadidigtriebpasjectbd eoptlcal
and i nage-side nunerical apertures are’increased. The
pr systetn are 1aptdased is ysdenteeduderthetresdheidour t h
aspect of the present invention is a catadioptric
proj ect i bntlepprajettisy siptival aystehonotogliag tonthgethadd aspect of
first surface on a second surface, the projection 15

‘opthiec ghresgnit anventipn, sprederadly,i the sesgndhgunyit icomiprises the

systemconprising at least six mrrors, for formng a

f i fallowmge cospanants imgerderd of Twidente iaft tight diramme the first

i mge of the first surface; and a second i nagi ng

opsurdage: afisstanilecting anuyongf areonsavershape; arsesondtreflecting

i mage onto the second surface. 20 Since the

prefiEer xfi spRySas ép@,t%ﬁhlédd@ﬂ@pﬂggtmﬂlfﬂﬁ of queencave shape;

asp t of hhe present. i nveption conprises at |east six
rﬂsfomft defleeting m%‘f@r@ﬁ@pafl@ex ggg@e and the second

|nterrred ate an be_forned, _wthout |ncrease1n

the tot C%r gﬁ@f %&oségaa@t&m,rﬂ)@ prcgmk ungncomprises the

opti cal and ood .1 magj er f ormance Caé]
acwlg{;lga gLﬁont X IIITOr, thecdncave mIIror, an

MIrror in order of incidence of light from the first surface, and it is thus

tﬁ)e convex

feasible to readily and securely guide the beam emerging from the first
imaging optical system, to the second imaging optical system.
In the projection optical system according to the third aspect of
the present invention, preferably, the second unit comprises at least one
- negative lens, and an optical element located nearest to the third unit in
the optical path of the second unit is the fourth reflecting mirror or a
double pass lens through which light passes twice.
According to this configuration, since the optical element
located nearest to the third unit in the optical path of the second unit is

the fourth reflecting mirror or the double pass lens through which the
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25. entire region in the exposure area, even. in the
case where the object-side and inmage-side nunerica

apertures of the catadioptric projection optical -27 FP04-0160-00

FP04-0160- 00 system are increased in order to enhance

the resolution. In the projection optical system

according to the fourth aspect of the present

i nvention, preferably, the first internediate imge is

f oy e . ; : o
{1 VERE paspest AL O URIstiRL b1 Sis QRE Ihethety s, Wondition
| ghth RMBSAHROpEABIMEADY hHflst Rl it havi
out of said thPI east si i mﬂso??ﬁ%ct hen%ller s_tﬂ?ir?atél:ﬁ%tg aving
opthe e gaﬁﬁé §@fracinghheweNhh@Uhat fRitth trEﬂeEtiﬁ%tmirror or the
internediate image I's formed between the mrror that

thgohb]]ﬂgaggqgﬁgi ng fromthe first surface enters
second and the mrror that the light enmerging fromthe

- first suld deeptfeetibaraopticalisiybtend Retefding. to thel third aspect of

feasible to readily and securely achieve™ the optical

pathe pepantinventivat peeeritie, tratmtdorelettinrendinos Tougputs light
surface and the beamtoward the second surface and to
obenfeningo thic i thngl gfletdng omimroc.e s haou@h dehdt Hee diglitr énto a -
region in the exposure area, even in the case where

t hdirotiiee ttoviatd thedopticed easss def therentachbpiajre projeedonfoptical
the 15 catadioptric projection optical systemare

i ngysdersled in order to enhance the resolution In the
projection optical systemaccording to the fourth

aspect ofhist heorpigarationi nemahledn mumiatueizabion, ofethe fourth
first imaging optical system conprises a field |lens )
unfedlesbimgr ingrar dlecausa arrayi ncidept dpttheathins sefleating2mirror is
and having a positive refracting power, and the at

| efputied” @b benk 1Bl a Mdiregiy toward the copticalugixds yof the
reflect light transmtted by the field lens unjt. .

Si sRtadiopti; BroJeioR ueRlsan SYsient.i r diharatiengt oist feagible to
syst conprises the field Iens unit with the

PSR flyean f%eseffflmga Gie ths %B'Frffﬂi path sepayRéion between the

o P8 doare aBE drSF surTage it Bragn) BREdribe Shrondruirtace,
Pr QIR GhOthe Pldss 2 wis 8! e object-side and image-side numeﬁcal
apertures are mcreased m order to enhance the resolution.

In the projection optical system according to the third aspect of
the present invention, the aperture stop is disposed between the third
reflecting mirror and the second surface, and the projection optical
system satisties the following condition:

0.17 <Ma/L < 0.6,

where Ma is a distance on an optical axis between the third
reflecting mirror and the second surface, and L a distance between the

first surface and the second surface.

In this configuration, Ma/L is larger than 0.17, and it is thus
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- 28 FP04-0160-00 can be nmade telecentric on the first
surface side. Since no lens is disposed in optical

paths between the at least six mrrors, it is feasiblgpps-.0160-00

to secure a region for holding each mirror and to
readily hold each mrror. Since the light is
continuously reflected by each mrror, the Petzval's
5 condition can be readily satisfied by adjusting each

M fENibie! o hYEidhRichahicAD iRREF&G_hcs oIl @R ARAP TN A&id® mirror
the fourth aspect of the present iInvention, the first

1 megttnghepiccead s el Wil dichhitd 6RIP! ISIRSe Mﬁﬂ?'iﬁ'tsmaller

l ens unit conprised of a transmtting optical elenen
anthdin 0l 6\gitaispfeakibly @or fdidcin ngcRAvern dedidthke ldddthtand an
I magi ng optical 10 system preferably conprises at

| easdreaseimnggadizy of htlmwatadi(?ﬁﬁ@ profedticat optibatt syste@ht
energing fromthe first surface enters first and a

mrror thathe phejebtightoptival g?rg@m ragobtdiagftor the third agsect of
enters sixth, out of the at [east six mrrors. Since

i nthehipsesemb fingem@on othet berd iwst dommorises aptiéass omy akpherical
15 conprises the field lens unit with the positive

r efanact i Spepowerthis mopfigieation ahdeastaosei of i optical elements
optical elenment, the projection optical systemcan be
macenstgbbogntthe e thind t hisitf iis sths uasplericildéenssi goed henaging
optical system conprises at |east one negative lens
beporfermanec n¢an dpe  adhagvad ethroyghoehghgi entife oregiere in the
first surface enters first and the mrror 20 that the

| | gFROBWR rAEAgevenintthe ¢aseswhete fthe eobjpeteridesand image-side
correctiop for chromatic aberration can be readily
na@'ém@ylcagfiﬂm &rﬁil%“ﬁéé%é)-i ve lens and it is easy

to make ch adjustnment gs to satisfy the Petzval's
conditio .emmﬁ?@oar%m% i DisteIPr acrdiys te the dowrth; agpect of
to,the fourth asgect. of 25 .the present .i nvenii

n,
or o PESEPE IBYERYOB s BaFalBiSRIFG PEMSLHON: PRECEEystem for
gSﬁ)ch‘ég‘agﬁﬁﬁgg lt%tf ﬁljmsél > eqrgp&_%fiéég g ' alcg,gthe projection

optical system comprising: a first imaging optical system comprising at

least six murrors, for forming a first intermediate image and a. second
mtermediate 1image of the first surface; and a second imaging optical
system for relaying the second intermediate image onto the second
surface.

Since the projection optical system according to the fourth
aspect of the present invention comprises at least six mirrors, the first
mtermediate image and the second intermediate image can be formed,
without increase m the total length of the catadioptric projection optical
system, and good imaging performance can be achieved throughout the
entire region in the exposure area, even in the case where the object-side

and 1mage-side numerical apertures of the catadioptric projection optical
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a reduced image of the first surface on the second
surface. This configuration is free of the optical

path separation |oad because every optical elenment pgpy4-0160-00

form ng the second i maging optical systemis a
transmtting optical elenent. Therefore, the

i mge-side 5 nunerical aperture of the catadioptric
projection optical systemcan be increased and the

r e@{gﬁeﬁh hregRr&aedig cfrﬂéf‘ﬁgeﬁﬁal?cé“ﬂﬁhre%@ﬂﬂfﬁd on rate

he second surface. Is also teasible to readily

correct Iﬁﬂlé?f@ecﬁélg ?EBSI 5pdt énﬁ@@drﬂhi%fb tﬂ@fdlﬂﬁl aspect of

proj ection o system according to the fourt

asfechraxkent : hﬁ/drﬂﬁnp TRERAEDIY) RO HIren intBF RSO |11Y1algb hg formed
second i magi ng optical systém conprises the fol fow ng

cobpomedti § nitraartiar hgﬁt pARsaER Rbnl tihfirsteefadenhtéFsosBcond
the first imging optical system a first lens unit

hagnd @ mirrppshdti the lightranatidigg fouer theafits srthceagfiers fourth,
unit having a negative refracting power; a third lens
unotit bbwaidgitdegmsint mierorefin ded fingt ipexEng aptichd system.
aperture stop; and a fourth lens unit having a

posi ti velr ¢hisaconfigupmiver,. theAdast dntgmediats sSmage is formed
configuration, the first lens unit with the positive

r ebetamemtjlepmmor thatetheek ghtdehnengingnfromnithé firkesurface enters

‘negative refracting the third lens unit with
thet by

t hecqoosh and etheefmeror | eehght ehergper tfrom thofirstusurface
the fourth lens unit with the Bosmlve refracting 20
podwrters bmuth . utlhetelone, & ds daasiblmby mgadipy iand) smckynachleve

advant agequsl function to sati Sfé t he Petzval'
¢

coihei opaeal patly scparation cdhetigea the boamdtoward five fisss surface
optnd dhe Tign danard the sosoaiouiert opd byt gand imaging
f‘?m"%%é’n‘xﬁ fncthppebpibis, 63 C%eé’lénﬂéi’ﬂ{qhéaﬁéﬁéégmag ven in
{ g %@§? oAb s e s ofthe
i aioptie RpisEBpnt i GliavRlcm Yr HorBiied 8 wrShdo cnhance
artﬁe%'@:?o]%ﬁ%ﬁ ur e stop is
In the projection optical system according to the fourth aspect of
the present mvention, preferably, the first imaging optical systeﬁl
comprises a field lens unit comprised of a transmitting optical element
and having a positive refracting power, and the at least six mirrors are
arranged so as to continuously reflect light transmitted by the field lens
untt.
Since mn this configuration the first imaging optical system
comprises the field lens unit with the positive refracting power

comprised of the transmitting optical element, distortion or the like can

be corrected for by this field lens unit and the projection optical system
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preferably disposed between the mrror of the concave
shape and the second surface. Preferably, the

projection optical systemsatisfies the 5 follow ng ﬁP04—0160-00

condition: 0.2 < M/L < 0.7, where Mo is a distance o

an optical axis between the mrror of the concave

shape and the second surface and L a di stance between

the first surface and the second surface. 10 In this
FORh O hhe GRIARRIANI he, ARESFADAN 2 shig'fo tens is
o s EANEAAS ARGy, ESRIE Sy IR RESHSS Pasive o

I ; :

cakaelyant iR 8L SEANAR GRY AlroF KD 1 B, LdPhirror
Un'S'in%els'tHE: Fighe/ik dd@tﬁﬁﬁidsg)g rbf12Bted: By éa‘ch]' ﬁ}iﬁ%r the P(ftzval's

ible toTavolid an I ncrease in the'tota engt h an

f easi
ancbigitRMsear Be rOilp s At Rid bi?%diﬁ’sttﬁ% O hfirror,
pr 0j ection opti cal

projection optical system In'th

syst em ahftHedprgeétion BpticAMSYledSRaIrdRig td fife RRBALApect of
i nvention, preférably, the second lens unit and the

f othd tpresqit iédtidiav ehat firgasina@ies asphiedll a¥ktdgnpreferably
20 Since in this configuration at |east one 0f optical

el eomri;_ttﬁ:es @ofisld lenisi it idoenigsah df laetianswnittingndptibsl element
fourth lens unit is a lens of aspherical shape, it is

f eand Haying a paditive refractihe mheer, adridbthe (ﬁrfsedtﬂaggng optical
and to avoid an increase in the total length of the
casystemppreferabhocentprives atpeastainesysgatme [Enertedtoreen a mirror
good i magi ng performance can be achieved 25 throughout

t htha¢ dight emexging fromt the &xgtosurfaceaerters dirsh and & heirror that
case where the object-side and i mage-side nuneri cal

apthet ightsemergingdirens th: fisgt fipfaccoes@roeixtheout of the at least
proj ection optical system according to the fourth
asPEdnUEPIS. t he present invention is preferably as

foll ows: the caéﬁdi optric projection aoptical system

i s a thrigeei wadhig copfigasatipnethendyshgmagingcaptical system

tem. f f ' the first .int di ate i '
: Zﬁqtﬁ;r)ngggégﬂlg? gglagé@lsgfuﬁlrtsmh{] ﬁlrenepés?tlsel ;Tgi%gct?ﬁeé n}%ower

comprised of the transmitting optical element, the projection optical
system can be made telecentric on the first surface side. Since the
optical system comprises at least one negative lens between the mirror
that the light emerging from the first surface enters first and the mirror
that the light emerging ﬁom the first surface enters sixth, correction for
chromatic aberration can be readily made by adjusting this negative lens
and it is easy to make such adjustment as to satisfy the Petzval's
conditfion.

In the projection optical system according to the fourth aspect of
the present invention, preferably, evéry optical element constituting the

second imaging optical system 1s a transmitting optical element to form
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- Eromereine-foom

5 the first surface, and the second internedi ate i nmage
being an inmage of the first internediate inmge, Iin an

optical path between the first surface and the secongpys.0160-00

surface. In this configuration, the projection optica
systemis the thrice imaging (three-tinme inmaging)
optical system whereby the first 10 internediate
image is an inverted inage of the first surface, the

seqaReuted ahapdiofiBe Eﬁagﬁu'féceagn ehe gécdﬂw be t he

first surface; and the image ormed on the second
surface ThifrRohfMp@ira®sh i9edee Jh ‘l‘:ﬁ@fdﬁtﬁ)all | Pathh §?#a§gﬁ@n load

where the catadi optric projection optical syste

nobetaskeoRvERE optidds Blcen@RPAoAhHE: ahd YRl 6Ifhafging optical
exposure is carried out wth scanning 15 of the first

susystem a9 thmsaseond gptidaAceenidi. sddpefitedithe Climre-side

of the first surface can be nade opposite to the

scnumeiﬂ:adilapem@ fothet ditadptioe prejdtReeoptost system can be

easy to performsuch adjustnment as to decrease a

chanuyeasen Ak tloe néduced ingagey chy bef forivedeat & heglexpdscetion rate

apparatus. It is also feasible to reduce vibration of

t henctheasticopdr surfaoej elttisomisopfensible 20 epdilgneamaestefbr coma

by the change in the center of gravity of the entire

expod sphengaterugiorand good i magi ng perfor mance can

be achieved throughout the entire reg_i on in the

exposur elnatheaprojeetign optical systamt dcairdmesteethe fourth aspect of

according to the second aspect to the fourth aspect

of thenpreseat dnveniioenproferably, dharsesond hodging wpdicah system

lens 25 surface _on the first surface side of a lens )

| ocempaisee athesdollowing cempenmenty fincorder off passags of light

the catadioptric f‘;l)]iroj,ectlon optical syste hj\s a-32 .
rfhi‘?ri sy @magmaeptiey peien; adist lens weit having a

where .a refractive i ndex of an cﬁt nosphere . in . the

caPORIN¥Bt FERACHRE cBPWER, opt $NGs\lehe Ny havingea; megative
PR Bl SINEE W5 RS 60l BoBetik e poversa
AL TCIMERL N, T TAR N TR T
T2 AU L ko DRty i Tt PBREuhA W e
positive refracting power, the second lens unit with the negative
refracting power, the third lens unit with the positive refracting power,
the aperture stop, and the fourth lens unit with the positive refracting
power constituting the second imaging optical system advantageously
function to satisfy the Petzval's condition. It is also feasible to avoid
an mcrease 1 the total length of the catadioptric projection optical
system.
In the projection optical system according to the fourth aspect of
the present invention, a mirror disposed at a position where light

emerging from the first surface is most distant from the optical axis of
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nearest to the second surface in the catadioptric
projection optical systemand the second surface, the

wavel engt h of exposure light in the nmediumis 1/n FP04-0160-00

times that in air where the refractive index of the
medium 10 is n, and thus the resol ution can be

enhanced. The projection optical systens according to

the second aspect to the fourth aspect of the present

| NYRNEARRGHRICPBR G BpREaf ERYER R oft et ix mi
optﬂ?{:}a ax@g 81&5 eVJ/ery opptﬁcg{ %Ltéwérﬂﬁﬂvﬁ ttﬁ@aat%{let SIX IHILIOTS

pr Qéjz)géfeﬁ‘h a HffroRCof 20 cBAVEYe iél‘lag@e agﬂts ggés %g)%tiﬂug?l sytop is

proj éction optical systemis 15 arrange

onp?eféfﬁtg!yedﬁgbg)é& Metwede theNfiger dFathedcb RSN sl@ip;%@ﬁnd the

i mge forhed on the second surface by the catadioptric
pr ot&sitd Qurfad®t | Padfepatsiyemd Rr@j&c%h- @?ﬂi@a}r QSR Siftisfies the
including the optical aXis. According to thi's

cofdliewimt conditione optical axis of every optical
el enment in the catadioptric projection optical system

s arrang@d< Mb/lsuw@antially on the single straight
line, and it is thus feasible to reduce the degree of

di ffi cul whend Mb aslacdistancerompan dpticabax® btivecen the mirror of
catadioptric projection optical systemand to readily
pethfeoconcaakadliape ad] thet seoundfurfaes anddt acdistamestimstween the
The exposure apparatus according to the fifth aspect

of firdtsurfzse thetsecond surfacei s an exposure appar at us

for effecting an exposure of a pattern forned on a _
mask, onkoothas ghofigueatsin,i steces Mbils & lrgeothan 8i2)dt is Baisible
FP04-0160-00 an il lum nation systemfor illum nating

t he aweid seechaniealeinterferenogr ﬁédbﬁ mamdr tofeths siopcavorshape
optical_ system accqording to _any one of the first
asiesated & the poatien masécdistant; Keompr deeneptieslemisomf the

for fgrrri ng an.inmage of the pattern formed on the

meRadioptig Pralestionantiaal sesteunsvithitbe Just anstymt, the second

B8 Rt e G5id I os e SaATact SeaZabeR 0.3 it is

RO P N R T T N
size of the catadioptric projection optical system.

In the projection optical system according to the fourth aspect of
the present mvention, preferabiy, the second lens umt and the fourth lens
umit have at least one aspherical lens.

Sice in this configuration at least one of optical elements
constituting the second lens unit and the fourth lens unit is a lens of
aspherical shape, it is feasible to readily make the aberration correction
and to avoid an increase in the total length of the catadioptric projection
optical system. Therefore, good imaging performance can be achieved

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

the object-side and image-side numerical apertures are increased.
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suitably performan exposure of a fine pattern on the
phot osensitive 10 substrate. In the exposure

apparatus according to the fifth aspect of the " FP04-0160-00
present invention, preferably, the illum nation system
supplies illumnation |ight which is s-polarized

light with respect to the second surface. This
configuration enhances the contrast of the inage

formed . e+ &t gt oReEy

a large g@gf@ %&%@gggﬁéﬁl‘lﬂ?bﬁ%}??l cu %rtlsy@eﬁwe afpect of
pr giieepidsefit ' | ' t ' tecti
B B R A A FelL o e e dlohfib projetion
pebptital BestefPid aathrieat iin r @hteti ;

wi t hout %gse of an opti calé%ggh@]{jég‘jf%% ?ﬁggﬁn@ﬁ%@%al system
( béndforeninkrtherfirspamendicdidiy iaidgerbaihgdaf imefhsdiatd emage of
20 optical axis. There is a high risk of causing a

| atlgefipdtang falid, faidetieese dopidvaerrae dingd éﬁia?@daéih%fﬁn afdge of
s-polarized light reflected by the optica pat
defHecfitstngterniodiate mnagd, inugeopticahpatbpbétvadenpiehfirst surface
deflecting mrror, it becones difficult to supply

i | hndritheasecomd swifdceof s-pol arized light with respect

to the second surface, because of this reflection

phase 25indtHif ecexfgmranenethe, prdyecdonropstesl ssysteahligrthe thrice
that the illumnation light is not s-polarized |ight
onimaginge ddhreestinfeacenagiog) t lnpiiogh gestenat i whewby- 3the  first
FP0O4- 0160- 00 pol arization in the circunferenti al

di méemedialg tmage dpeatinvorteddnmgd ofithe ditstsswifaedghe second
ilJum nation optical device. In contrast to it, this
prigbeamedinte Angge dt anereet thegpodjtbetfitsh sorface.aand the image
systens, according to the fjrst . aspect to the fourth
asé%?lﬂedofmttgé secendrurfacgeis apAnverted imageex pbkerefore, in the
ap aratﬁs according ta the. fifth aspect of the

Avhers, e saadiontas aramicilon aptigalopwstemos reepstad en the
of the pattern of the, mask onto the.photosensiti.ye .

o UBRISHIS BPBALARS apASENGH: 1 SHBOSHE 1S FRITIRASR U At FRanning

i o Bt bR e % st 16 sEPEEsgieatian of the

105 10e GERASUAR BE M8l S50 %o B’ DEartiithafSBRER of the

second surface, and it i1s easy to perform such adjustment as to decrease

a change 1n the center of gravity of the entire exposure apparatus. It is

also feasible to reduce vibration of the catadioptric projection optical

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

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

The projection optical systems according to the second aspect to

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

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

surface out of lenses in the catadioptric projection optical system has a
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present invention is an exposure nethod of effecting
an exposure of a pattern forned on a mask, onto a

phot osensitive substrate, conprising: an illumnati ORP04-0160-00

step of illum nating the mask on which the

predeterm ned pattern is forned; and an exposure step
of perform ng an 15 exposure of the pattern of the
rrask set on the first surface, onto the

?b@ﬁﬁ)%sféﬂé’&l ?%Wéf't %nﬁe&‘ Bhiatt hﬁh&%cﬁr}%gl% flfvéciﬁdex of an

ng the prOJ optical system accor

Onﬁtrﬁf)slﬁl’ib‘i'efmrtﬁb c%%z&ﬁ@?tﬁ@ pk cﬁ%ﬁr a}%h(:ﬂ%@@fétm 9§ 1t '&emedlum

present” i nvention hi s“configuration, "the exposure

| Shaehigos Fefabitvd NeISXRRESF tharP?. PRPESIH6S e&ﬁﬁ'dﬂﬁﬂ?ﬁcal path
the conpact catadioptric projection optical syste

Wi bBtwéen Y 2as MeaRist ¢ khaBssdi Surthbe r#ilthe Sfelcﬁﬁd r?utface

pattern can be suitably exposed. Embodi ments of

present Tkt comighdadiiode thesaiddies baling thé trbﬁactlve index

reference to the drawings. 25 Fig. | is a schematic

coldrgeuitiain DA Wiiatrpovsdh avtlng opticakphddbemidencthet leas located
exposure apparatus of the present invention. -35

FPAdar@36ao0thd meCond durfadee mxmsuraadmpaﬂ@tpmjﬁmmsoptlcal

areticle stage RST supporting a retic R (mask a

wasystest ank tSTesump sutinog, ﬁlevvaifasreldﬂgthS)fae)quares dmgh.t in the

an illumnation optical systemIL for illumnating the

r etiediwmAs duip piom¢ethab yn abewheré therefragsyeRatdexwiithe medium

exposure |ight EL, a 5 projection optical system PL

f ors ipernfdothins ribe aesp}lujlentclanrbeemphmweel of an image of a

pattern onh the reticle Rillumnated with the exposure

| i ght Elhe prejsctipe optfcal swt@upﬁaam@dmg/ te iee sedand aspect to

WST, a Ilqwd supply .device | for supplying_a

@n@ fousth appesttoletheaprase nawmgm preterakly confignred so

coIIectlngth l'i.qui Oflovmn t of the wafer

arkia, arb QIeal s OCENFLY APEALaP eyn@mnwlélm riged%rmmed

over.al |. operation of,the osure ar.at us
O inghaY o hE| CBLAGBEEI LRdIbaioh aRhgH System is
exangﬂged substantially on a single straight line, and so that a region of an

image formed on the second surface by the catadioptric projection
optical system 1s an off-axis regton not including the optical axis.

Accordmmg to this configuration, the optical axis of every optical
element i the catadioptric projection optical system is arranged
substantially on the single straight line, and it is thus feasible to reduce
the degree of difficulty of production in production of the catadioptric
‘projection optical system and to readily perform relative adjustment of
‘each optical member.

The exposure apparatus according to the fifth aspect of the
present invention is an exposure apparatus for effecting an exposure of a

pattern formed on a mask, onto a photosensitive substrate, comprising:
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a case where the exposure apparatus EX is a scanning
exposure apparatus for perform ng an exposure of a

pattern fornmed on the reticle 15 R onto the wafer WVyPO4-Ol6O-00

whi | e synchronously noving the reticle R and wafer

al ong a scanning direction (so called a scanning

stepper). In the description below, a direction

coinciding wwth the optical axis AX of the projection

Op"ah(iﬁhnﬁﬁﬁﬁﬁﬁ”sg&ehf‘ fgleﬁ%lﬂﬁﬂlﬁﬁ}%aﬂé_ R st bRGhE st surface:
Irecti on (s ng

the “synchronous noveien canni

di t af.¢: [ '

ol 2RQ'thEPhofRkribiRptRS) S Reth SRR Shy UL AP first aspect
i . o ‘ ) : . ‘

o NG Rt Ah R Protr D0 ARTINR Fofin b g of the
di pafthp foried ofi- el fadic! 86! ﬂféf‘gh&ofséﬁéitigesshutﬁh%%@ det on the
the X-axis, around the Y-axis, and around the Z-axis

ar ge¢lid figtaccas OX, OY, and OZ directions,

respectively. The "wafer" enconpasses a 25

sen condAeterdingl ab cio@d edoniloraioesi e exsbde apparatus
"reticle" enconpasses a nask with a device pattern to

bec@lg?jl"ﬁes qHe alongpa@ntAahdRprnt, projéctidiPHplitaPs9%em with the

reduction, or unit magnification onto the wafer. The

i | large natmericaphpedlirss yaidnthlis the expysirempdratus is able to
illTumnating the reticle R supported by the reticle

st agtaltgTpentotth ahexpogossirod’ &ifahd pdtlern bas ¢ble ophdtogensitive
exposure light froma light source 100 for supplying 5

t hsubdttated nation light in the ultraviolet region. The
iIlumnation optical systemIL has an opti cal

i nt egr atlar theoexposdrer appanagug aecordingi toathxe fdth aspeetant the
emtted fromthe |light source 100, a condenser |ens )

f opresenhdaneintpn, heprefgrebly.e theghtlhmnifatem t sysiep i caipplies
integrator, a relay Ilens system_ _a variable field

st dlymimatigar hght whaeh iis ISumﬁi/i@tZedrll&merﬂthSpEQt &0 ithe second
shape on the reticle Rwith the exposure |ight EL, and

o oWkaca e Bltisgan 18uratipRanhgnces the spnlpsk ahthe image formed
provided with an .s-polﬁrized li.ght converter 110 fo

coPR Fi RBCIOSRBSFIVG BB %F@tfeanfl?g?ﬁ“f%o%]ﬁ?&el etk of focus
i 0T p BartiqriRe the afipiscicR Rbical SYpersF aoarding o the
il azpstpie%{ té) °the ?cf)m“ltfl gz;]stpe%!tJ & 'tltlé/ 'prgggnts mvention permit the
optical path separation to be achieved without use of an optical path
deflecting mirror (bending mirror) having a fimction of deflecting the
optical axis. There 1s a high risk of causing a large phase difference
between p—pola;_-jzed light and s-polarized light reflected by the optical
path deflecting mirror, and in use of the optical path deflecting mirror, it
becomes difficult to supply illumination light of s-polarized light with
respect to the second surface, because of this reflection phase
difference; namely, there arises a problem that the illumination light is

" not s-polanized light on the second surface even through generation of
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15 polarized light converter of this type is
di scl osed, for exanple, in Japanese Patent No.

' 3246615. A predetermined illum nation area on the FP04-0160-00

reticle. Ris illumnated wth the exposure |ight EL
of a uniformillum nance distribution by the

illumnation optical systemIL. The exposure |ight EL
emtted from20 the illumnation optical systemlIL is,

o PO 0P T NN i tion NP s e opical
th%xisubf"tﬁé”il‘l’hﬁﬁn%tﬁ% t%:gF'@e@'i 2! Wl YohaR: &% & problem

excl mer laser |ight engt , or vatuum
ul haadyobedurs! @hih tight h 74 fyf @dﬂiﬂ%f
| aser ['ight (wavele((a}%%helc?gg %ﬁgéglns FS I aggr 1 g tt02t5he furst

(Waypeangithe Frth akpedihst hegsesénteifRedtigRNt i s assuned
to use the ArF excinmer laser light. -37 FP04-0160-00

The retiid ehetagostRel apparathl AR osdidRold ithd fiffk aspect of the
reticle Rand is two-dinmensionally nmovable in the

pl prsscnoinwdntion, t frefanbl g aheaptdiediton @kpblerePboitRs ta®fern of
optical systemPL, i.e.,” within the XY plane and

fi tied ynaskodmoattleephotosbasitediutatiatons pbiforiedd eVldle moving
stage RST is driven by a 5 reticle stage driving

dethec emBSIT Darsdi ctheaplrtbsersitiverosustratbe afmig ca epreslet@enined
driving device RSTD is controlled by the controller
COifectiome relatiwe tdithe psoecabnpustical eystznd an angl e of
rotation of the reticle Ron the reticle stage RST

ar e neaslhedexposueal methed bgceordasgertoi ther §iatlonastpect of the
and the result of the neasurement is fed to the

- coprasent grveptNIm, 1sTae cxposure nuithed dnfifedingem ekposure of a

reticle stage driving device RSTD on the basis of the
meBalierantormadean |a mesk; pato asphotiosersitive swbstiate,ccomprising:
positign .the reticle R supparted by the reticle stage
rem tHumgpaien: stap opfi alnmpatieg, phei smapke far which the

perfaormng a, projecti.on exposure of a pattern_ on_the.
7 eprecleteritngd pafebuies Emerbcand: 81 SxgPEUNG iep Of performing an
magni fi cati 0 onto the wafer, W and js conposgd of a
o1 SBasES oS hsopftem bf dherinask | Seh s fuS sk Roiage. onto the

Suﬁ?c%%@r?siﬁ% asul:)gt?gte set on the second surface, using the projection

optical system according to any one of the first aspect to the fourth
aspect of the present mvention.

In this configuration, the exposure is performed by the exposure
apparatus including the compact catadioptric projection optical system
with the large numerical aperture, whereby a fine pattern can be suitably
exposed.

Embodiments of the present invention will be described below
with reference to the drawings. -

Fig. 1 1s a schematic configuration diagram showing an

embodiment of the exposure apparatus of the present invention.
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barrel PK as a netal nenber. In the present
enbodi nent, the projection optical systemPL is a

reduction systemwi th the projection magnification O
2OFP04-0160—00

of 1/4 or 115, for exanple. The projection optical
system PL may be either of a 1:1 system and an

enl argi ng system An optical elenent (lens) 60 is
exposed fromthe lens barrel PK on the distal end

pL of 1 nat Tl 3o e Bipdsife Mibfghis X Bl Pl fokg RST
par PEP A Ye g lE R (FRRR R A AL S W T B A & wafer W
2 B BT gL ol RS, e (G Bymiyging he
7 Sisge ST ppoRCady ROreIR A0k o TRL! ipdlrcdily BL. a
ar P o P ot Feritfin e pR g expopure of an
st aggeof\d ggt\t#ﬁi/ Egleth\é&'Eﬁcm Redngmdrded Witht e exposure light

controller the Z-stage 51 is driven, the

waEes, dtoetls yafeheWZsapporellby stheconifeoldtee aVS0 a liquid
the position in the Z-axis direction (focus position)

anspply devitdd forsiuppbyinigna T dsteoatPdhedivaget MENs recovery
As the XY stage 52 is driven, the wafer Wis

codeviot [ Xifascallecting thesliduidnS0 flavimmgdudof ded inafsr W, and a
(the position in the directions substantially parall el

t oconteollera§eON Tarfer dbtaldy tdemtyrbpgcthicomvepall caperatisheof the
PL). Nanely, the Z-stage 51 controls the focus

pogxpaosuic appatatgs £Xf i nclination of the wafer Wto

match the surface of the wafer Ww th_the i mage pl ane

of the pFleg peesant eopbodimentsydl e descmpednesingtasf ae @xample
nmet hod and aut ol evel i ng nethod, and the XY stage 52

podi €356nyvhate e cexpastre tappatatys £ A cA | Nanatg | exposure
the Y 15 axis direction. It is needless to nention )

t RRPATRRISACE (REEEOTANAL AN KB er@tsa pattcrn dgrmedyon the reticle
arranged [ irror 54.is vi ded .on the wafer

stRgd ﬁ*heAz‘?fD adh while' synchipappalyomadngsthe geticle R and
divsvggesfea/ 31tontgh§ s?:gglilitnigo&irggt?c?ﬁ i(éc? c?aﬂed a scanning stepper). In
the description below, a direction coinciding with the optical axis AX of
the projection optical system PL is defined as a Z-axis direction, the
synchronous movement direction (scanning direction) of the reticle R
and wafer W in the plane normal fo the Z-axis direction, as an X-axis.
direction, and a direction (non-scanning direction) normal to the Z-axis
direction and the Y-axis direction as a Y-axis direction. Directions
around the X-axis, around the Y-axis, and around the Z-axis are defined
as 0X, 0Y, and 0Z directions, respectively. The "wafer" encompasses a
semiconductor wafer coated with a resist, and the "reticle” encompasses

a mask with a device pattern to be projected at an enlargement,

- 36 -



10

15

20

25

the nmoving mrror 54. The two-di nensional position and
the angle of 20 rotation of the wafer Won the wafer

stage WST are neasured in real tine by the |aser FP04-0160-00

interferoneter 55, and the result of the measurenent

is fed to the controller CONT. The controller CONT

drives the wafer stage driving device WS5TD on the

basis of the neasurenent result of the |aser

i g S Sini . F A W supported by
the&h;cg{ waf eﬁ{néflglgm%%gﬂ%% ggée%%%hbodi ment adopts

the Ii quqﬁe'i@ﬁiﬁ%ﬁiﬁhﬂﬂf]r@ﬁ systén B2idR 's@éiﬁofoqmlumiﬁ]ating
order to substantially shortéen the exposure wavel engt

sotasrdtilé LA 5%?&.!];1' m@?cﬂeﬁkw Etla?@q{sq?%ﬁ{ltﬂ}gbié%osure light

wi den the dept For t reason, ace

be Rl dihsklcors Whd agpofiiret H%hﬁ/\ﬁfoﬁ'i ,aV\Iigﬁﬁi sblifcee®d0 for sugglying
surface (Il ower face)7 of The optical elenment (Iens)

0 ntﬂdﬂﬂlmﬂfrﬁr‘tio\‘l_/ﬁ%ﬁﬂ idethefulirieidiepteédfibhon TR iIRahindYRinedptical
PLis filled with a predetermned "|liquid 50 at |east
dugystent llehps ahashthal inteprasH %Iﬂﬁnifbﬁnﬁﬂi\?\g&h@fﬂmﬁﬁnaﬂce of a
pattern of the reticle R onto the wafer As
debeambeamnatel efrothethkerlgght6@ouscex P08 da obondensdrst@is for
end side of the projection optical systemPL and the

| i qondeiistng tharexpugeack ilight dBLagbowithd eptigaltineedrater, a relay
60. This 10 prevents corrosion or the like of the |lens
balens|syBtempdevariabietfalld st@p foe defiming strallliemihdtaneaia in a
of the Iens 60 is sufficiently smaller than the |ens
baslitethapk @i thdectploRestitiothe pxposiresyshtcll Pandrsg ome Here
wafer Wand _since the liquid 50 is kept in contact )

wi the dhiginakien episcadGyaterdddcts providedovih ame-pdlauized light
50 is arranged to be locally filled on the_inmage plane .
1scanvestast 1{efqar epaventing dincacky pojarized Hight ythe light
the liquid-i.mersed. portion between the,ggr oj.ection

opiawss Mk nta polasked: Inghtway srpolarizeds light svighhrespect to the
o B o ol sipebid ot B bl e
iatizbd fght ‘cenverict el abiioftpe & inclonsdfy fk chole, in

_ gf@#%%?ﬁ@g%'iﬁgﬂgw light) such as the |

A predetermined illumination area on the reticle R is illuminated
with the exposure light EL of a uniform illuminance distribution by the
Hllumination optical system IL.. The exposure light EL emitted from
the illamination optical system IL is, for example, deep ultraviolet light
(DUV light) such as the emission lines (g-line, h-hine, and i-ling) in the
ultraviolet region from a mercury lamp and KrF excimer laser light
(wavelength 248 nm), or vacuum ultraviolet light (VUV light) such as
ArF excimer laser light (wavelength 193 nm) and F2 laser light
(wavelength 157 nm). The present embodiment is assumed to use the

ArF excimer laser light.
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(g-line, h-line, and i-line) in the ultraviolet region
emtted froma nercury lanp and the KrF exciner |aser

l'i ght (wavel ength 248 nm), for exanple. The exposuregpo4_0_160_00

apparatus EX is provided with the liquid 25 supplyin
device 1 for supplying the predetermned liquid 50 to
the space 56 between the distal end face (distal end
face of lens 60) 7 of the -40 FP04-0160-00 projection

opti cal t o s THT e NP :
recover qugel\%iﬁgg‘%ﬁagg %‘S?‘ _e%%g&%%é{: 8‘3@?@&%&% ’%crle R and is
colh@cds . e .- )

[ RRSORIL MGG bR SRR R 3o hefopticdlnds AX
I i iprl i 1

% R PRCRCh Qi B11 005, L3R SPLAE g fncly
W ibtatdisle | nathed 690 diionS PrRYirdfidle Wdde RIBAK difVen by a
storing the liquid 50, a conpression punp, and a

t ergpclatstdage ﬂﬁ%h%aui@wideoRSqu_@@H 29 atlngedrempesat UTke reticle
of the liquid 50 to be supplied to the space 56. One

engtage drivapkyddwibe RETD samiredlke b9 the nidllerdCONT.  The
supplying device | and the other end of the supply

t ubeodhenbord prediedand an sudplof roeatide of thd heticle R on the
l'iquid supplying device 1 supplies the liquid 50 to

t heetajecstagsd RST ewgmedsursdpipl yedl ubae3bandlsepahterferometer,
nozzle 4. The liquid recovery device 2 is provided

wi ahd ghe vesiilb of phenmeasuremekt iofedtothagonelleol TOGNEd The
liquid 50, and so on. One end of 15 recovery tube 6

i scontnollet €ONT' thives itheirdtiche stewyey ddevig ee2i@n® IHP on the
ot her. end of the recovery tube 6 is connected to a o
cobass tifchenmeaserement iesulti o the dasasviatsrieronieier 20 position
collects . the liquid 50 in the space 56 through the
cotheggticknRrappostest binthe egwiesiagaB8T6. For filling

the. space 56 with the_liquid 50, _the controller CONT
drives thae|prucefion epkicalyskstearPhels ore siosppgriorming a

B T TN G DRTE. M-
i&?q%g%qtls(%.'éggglg claylgg Eglétloi gﬁjtlz %véﬁ:(rzoﬁirznc? %\s/i &sm]%otsgd of a
pluréIity of optical elements (lenses), which are supported by a lens
barrel PK as a metal member. In the present embodiment, the
projection optical system PL is a reduction system with the projection
magnification  of 1/4 or 1/5, for example. The projection optical
- system PL may be either of a 1:1 system and an enlarging system. An
optical element {(lens) 60 1s exposed from the lens barrel PK on the
distal end side (wafer W side) of the projection optical system PL of the
present embodiment. This optical element 60 is detachably
(replaceably) attached to the lens barrel PK.
The wafer stage WST is a stage supporting the wafer W, and 1s

provided with a Z-stage 51 holding the wafer W through the wafer
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predet erm ned anmount per unit time through the
collection nozzle 5 and recovery tube 6 fromthe

space 56. This results in placing the liquid 50 25 inFPO4-Ol60-OO

the space 56 between the distal end.face 7 of the
projection optical systemPL and the wafer Wto form

a liquid-imersed portion- Here -41 FP04-0160-00 the
controller CANT can arbitrarily set the liquid supply

a i ' t 5 r [
aolertin X8, bk e R §f ey oI, hd’ B%ase 53
ar bi , ¢ Lqghd . .
D R e by b e ST 1 g e | rguiven by a
r eGOMB Vi56; i ' Il | ' ho

a posi itc ?ég%gl dx(rigﬂng fig‘r/]lcgg‘t}vv\%yr?stsﬁgeh ag p"itjlﬁiclg?[t g%ﬁgﬁang"hg%wafer

of Bil devisPSHEE WSTD) Gk Rifiifed BYIRE cORIdRRr CONT.  As
wafer 1nt

present enbodi nent. I n the present

e"’ﬂféjilf%m%e a9 i§hdier Nt Swafer V' REOICHYWEHE Z—sta%e 51 is
corrected Tor aberration, i.e., aberration- corrected
regpARoN a8 tdahkRtition 30 e Uakis 8ireefoRYfel H&difion) and
with an 10 outside radius (radius) Ro centered around

t hgs eptthe poshtorsinithe 83XChand &Y ditddtionR’. | N84 tiee DA Stﬁ%e 52 is
(radi us) centered around the optical axis AX, an

t wdrivenetiregatint W acaitrelled asttbehXpdisiteat ipthe MXPBcEfECtions

by a distance if Then an effective exposure region

( efthe ggosutéon magiendirectiens Brbstantisiéy 1}:iarallaeﬂ tarthgatigige plane of

shape by two arcs with a radius R of curvature spaced

15thenpichectiombpcali systemnll) wo Namelys dgnBrstagefs It bentrols the

length D parallel with the X-direction as spaced by

t hioadisspesitienHind angde tof belsabionaof ithe | wafér¥¢ rtobathtch the

in the aberration-corrected region AR of arcuate )

shewdacd of the svalenidr withh éhenmiage plahocf the prajgctign optical

area ER of the projection optical systemPL exists in

t heystemi Bh byt the metelocus ancthads ang autolevehings methedpagd the

the Y-direction of the effective imaging area ER of .

ar Siastageppositiops thevatse Wiindhg Sraxs daregtignrand imghe Y-

is D. Al'though _not shown, the illum natign area qf

arXHdiregione (It .1%!1?651%5 é@ﬂ%%@ﬁl%%‘l ﬁ@nfrﬁm%ﬁn &) stage

havi ng the size and shape optically corresponding to

th‘@aéi%?ee'@??y@ﬁ&ﬁé@lﬁegregi on ER of arcuate shape is

t hus forged not ; . ca s

movimg mirror 54 1s provided on the wafer stage WST (Z-

stage 51). An mterferometer 55 is disposed at the position opposite to
the moving mirror 54.  The two-dimensional position and the angle of
rotation of the wafer W on the wafer stage WST are measured in real
fime by the laser interferometer 55, and the result of the measurement is
fed to the controller CONT. The controller CONT drives the wafer
stage dniving device WSTD on the basis of the measurement result of
the laser interferometer 55 to position the wafer W supported by the
wafer stage WST.

The present embodiment adopts the liquid immersion method, in
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25 including the optical axis AX, on the reticle R
The exposure apparatus of the present enbodinent is

arranged -42 FP04-0160-00 so that the interior of theFP04 0160-00

projection optical systemPL is kept in an airtight
state between an optical nmenber |ocated nearest to the
reticle anong the optical nenbers formng the
projection optical systemPL (which is | ens L11 in

a5t F s BAn AR ERPHG Spofl Wiy LRnblle b s 4 fuprove
exﬂ'i@'r‘é“:§olluﬂbn ﬁl%)%gmtga]tl?hl v t eﬂ{é1 ﬂm’d }”oéﬁkd gFor this

boundary ens t and secon

1 h n
the ourth eﬁ?ac'e ﬁetv@eéénlg%lﬁgoétlhﬁaﬁe fi thwagggn%sgnﬁ the end

| eRgrthdd ( IdWéﬂ“Eac%';ntdf th%xégﬁbﬁ el%inérﬂneeﬁsg%@ 3! H?e wafer W

sevent h exanpl e) d so that the gas i

Pr gidecoHf e pRdjeeabN VIR Fyistdh PIERL FHEH Witlh aapreda:%éﬁnmed

gas such as heliumgas or "nitrogen, or the inside is

kepuidh 59 §tltiéés%ftﬂlhﬁi1%}’thtéa ool of ﬁaﬁscﬁbfﬂ%@h@ﬁhﬁge of the
the menbers such as the re |cIe R and reticle stage

Fﬁﬁeﬂﬂ@ﬁﬂﬁsﬁﬂclfﬂm betothia waf@PW. cals RRisbribet wbewet tee lens

um nation optical systemIL and the projection

op60 aglexppsé@oniRhe distal amd sitlerdfcthe Jroj@stion opticalgsystem PL
(not shown) for hernetically enclosing the reticle R

t hand rthe ilaidsi@gs @REmged in icontadt! withworly dre lees 60.  This
gas such as nitrogen or heliumgas, or kept in a
supstvants abrpswar wrnthst fke B6f ghedens barrell Pkstmadeé oof metal.
schematical ly showi ng a configuration between the
bobnwsrthel diskal gnd fabe Anwaf ghe lanst 6id is smﬁic:leuﬁ}mmllﬁr than the
the 20 present enbodi ment. Wth reference to Fig

t higns hanerl RK |ofithe iprojectiameopticalt systempPh angsthe waﬁc:rew and
surface kept toward the reticle (first _surface

C
ot $igee Wbe diguid 28 1sdeendl - eonfack withaenl YSﬁlQ)}ellSh@& as described
bo ndary. |ens has a positive refra g power.. The
2bove, tbﬁtlm%dh%eéﬁaﬁﬁ@ge 69%1%11@ ﬁ le %Mh@ pmage plane

f d th di
r erg e areg Oﬂn&q Haieth P, ngﬁﬁ’ée  fsg fig iglidripanersed

de}') Or?{o%le tw\l\e'aetne the ?)rgjsé%%onsopgcal system HJ and the wafer W is

sufficiently smaller than the wafer W. The present embodiment uses
pure water as the hquid 50. Pure water can transmit not only the ArF
excimer laser hight, but also the exposure light EL if the exposure light
EL 1s the deep ultraviolet light (DUV light) such as the emission lines
- {g-hne, h-lme, and i-line} in the ultraviolet region emitted from a
mercury lamp and the KrF excimer laser light (wavelength 248 nm), for
example.
The exposure apparatus EX is provided with the liquid
~supplying device 1 for supplying the predetermined liquid 50 to the
space 56 between the distal end face (distal end face of lens 60) 7 of the
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-43 FP04-0160-00 Fig. 4 is an illustration
schematically show ng a configuration between the

boundary | ens and the wafer in the second exanpl e of _
HgPO4 0160-00

the present enbodinent. Wth reference to Fig. 4,

boundary lens Lb in the second exanple al so has a

convex surface kept toward the reticle 5 and the
reticle-side surface Sb thereof has a positive

re i ' h I St e

{ nErEChBE GG SRtabiblidad 8 w KR cand AR recovery
ex ) Rt ~Par I j P :
GoraolcRt s Reoh TR RIE 16 Elfectie fhe liqui 30 in the
bo I igh 7N 1 -
opt %gﬁgétq ?bet V\ggﬁu?hgo\é%n g%ﬁ@nymtﬁgﬁdh@gg supplying
pl . . H -
Derorictt Roh Uorite RioPnly e e ek fiReilage plgne side
ar of the pedjeotibh dRrcarRYistsm IPD, Raith HHe tfuides 6 28id Y& provided
index larger than I.1.7In the second exanpl e 'dei oni zed
Vairgth iaS tahls Sfor Usiedings thd diqiid Sm Lan @impreskivh fpumsp, and a
exanpl e. The present "enbodi ment iS arranged so that
dutenmgeraturexiegalitor fabréyulatingsthepeaiptranae dfethecliqeid 50 to
performng a scanni ng exposure while noving the wafer

W belsapphied to théepaceséct iOne epd chtuppistiaber is tbenected to
liquid nmediumLmis continuously filled in the optical
pathie heunesupplymg douneal yandetiee otheoferichef phejsapplyotube 3 is
opt i cal@astem PL and the wafer W fromstart to end _
of cenre tmasgppkpnenzle. 4. Anthbdiqupd tsapplyahgaievice 1 supplies
configurati on is such that the wafer holder table W&

i stheohgurdi&leto ithe aspackahbethrebwgipdhsosupplyotube 3 and supply
accommodate the liquid (nmediumLm and that the wafer
wnezzledi ti oned and hel d by vacuum suction in the

center of the. inner bottom part thereof (in the.

i qui d) , T higuid recavsgy isvaes 2 1aiprevistasiwitth 3 speties pump, a

Pat ent plicatign Laid-Open. No., 10-303114, for 25
exXARE| @.A?Dlsmws ﬁphlsgteak ﬂtﬁwdt 58, A0 &R o%)neh@nd of
| ens barrel, of the rojectign optical system PL i
ArAAYERY {4b6 SalshcoRBestad; toeth Diawad |regaVery. dgvice 2 and the

R’ 18 HPthe recovery tube 6 is connected to a collection nozzle 5.

The hqud recovery device 2 collects the liquid 50 in the space 56
through the collection nozzle 5 and recovery tube 6. For filling the
space 56 with the liquid 50, the controller CONT drives the liquid
supplying device 1 to supply the hiquid 50 in a predetermined amount
per unit time through the supply tube 3 and supply nozzle 4 to the space
56, and dnives the liqud recovery device 2 to collect the hiquid 50 in a
predetermined amount per unit time through the collection nozzle 5 and
i‘ecovery tube 6 from the space 56. This results in placing the liquid 50
m the space 56 between the distal end face 7 of the projection optical

system PL and the wafer W to form a liquid-immersed portion. Here
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and, consequently, the wafer-side optical surface of
the boundary lens Lb reaches the inside of the

liquid. In this manner, an atnosphere with little u](:PO4'0160'00

absorption of the exposure light is fornmed througho
the entire optical path fromthe 5 |ight source 100
to the substrate P. As described above, the

illumnation area on the reticle R and the exposure

t nehd Rofbrofler CONTRACRHNEAT ARTIE HERIE Supeh: faunt per
and O, BIGRERESE b SPRESTAL He IRul i Sovice 1,
Co%ﬂoédnf Eles%smitréﬁ}# Eﬁ; %H@%{Lﬁﬂec(ﬁléﬁﬁ)rfj Hinduif per unit time

devi ce, | aser | eroneters, etc. to
SY K& Qo j; &lcage
the substr at‘gafst?\;\gegys\e}\%@&?)ﬂﬁ%fr}%f hgﬂgj reti cpgé%;v%%?

subst r at pig vinfsedn iIWsta010 SHRvifroth ng‘éiticﬁ{bl refiRhtween the

the scanni'ng exposure of the retic pattern iIs

pebhatARskis Andh cH¥ORGE e’pbaTcOtcAdf Aguateiliipe PR on a
to the Y-directional size of the 15 effective

expeger dnr fg Prefdhtapmhbddigrath dactiglipigsémt anfnatiment, as
anount (novenent anount) of the substrate W on the

sublséwatia Figl 12, easdpien amgll eordtted fbeabenation! .a¢eabesration-
expressed by nathematical expression (a) bel ow,

wheorectedr egies AR ssaldfgicaghin an acudio deipeobynoeirele tath an
the optical axis, z a distance (sag) along the optical
200matside fadios fradingleRo qimaedaaroamd theeoptodalthas AX, a circle
aspherical surface to a position on the aspherical

s uwtithc an ansideeradens) (eadyys)r Ra ceatired arbuadr thet opecalaaxis AX,
t he apex, K a conical coefficient, and C,, aspherical.
coaitd twiockime segmeptsiparallel ita thack-dixestporg, spackdrhy a distance
surface formed_in_aspherical shape is provided with )
meHk *Then arecifeefive sxpesuts remon f(gflechivevaraging @ea) ER is
(y2lr)/[1 + 1 - (1 + K)'y2/r2} 1121 + C4-Y4 + C6 y6 +
C33& 1k 40 & sﬁm@by1tzvmatc54wma radiug Rood qurafaéﬂwsmaced

B b e Bkt U 450 SSSHY wi
the X-direction as spaced by the distance H, so as to be substantially
mscribed in the aberration-corrected region AR of arcuate shape.

In this manner, the entire effective imaging area ER of the
projection optical system PL exists in the region off the optical axis AX.
The size along the Y-direction of the effective imaging area ER of
arcuate shape is H, and the size along the X-direction is D. Although
not shown, the illumination area of arcuate shape (i.e., the effective
illumination area) having the size and shape optically corresponding to
the effective exposure region ER of arcuate shape is thus formed not
including the optical axis AX, on the reticle R.

- The exposure apparatus of the present embodiment is arranged
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coefficients Cl6 to C20 are 0, and thus the
description thereof is omtted. In each exanple, the

projection optical systemPL is conposed of a first ppg4.0160-00

i magi ng. optical system Gl for formng an internedi ate
image 5 of the. pattern of the reticle R disposed on
t he object plane (first surface), and a second i maging
optical system & for formng a reduced i mage of the

re t n
ol AL TS RLeAchNoF M55 MR ORIGUOLE CREAF Ay Rl 77, ISRt in an
' nhﬁﬁgﬁﬂ's@ét@ Beth@en 4o ?tbeP mélhbéf Ib%@d%aﬁ?@ét' ﬁ)a*:he reticle

system Gl is a catadioptric systemincluding a first

10afifMpaitfe b@ﬁbﬁlcineiﬂbéﬂsr ferinigMLttRN T jeSE6R SptRANeem PL
reflecting mrror CM, and the sec i magi ng optical

syewhiohGs lendiladt il theshisst emd sf.[df)lnﬂséxa@q@m@,I finsHLD m%e third

is an illustration showing a | ens configuration of the

pr and diftloexapiples lepy St2ZMincherfbvrth ahd dikeh Exambles, or lens
exanpl e of the present 1.5 enbodinent. Wth ref erence

t oLBi gn the devehtle epamipde) and mb@uﬁ@dr?smsa’m Rlens L217 in the
the fi

according to the first exanple, rst i mging
opfirstadnd ge¢@mnd Etamples; denodelB of thoethird exanple, lens 136 in
conponents arranged in order fromthe reticle side
al thegfointh example, dgnsll2écin the Gifth exgdmpla Ibis ddenn the sixth
lens .L11 whose convex surface of aspherical shape is
keq‘:xamplmrom‘ lene Lidf r theascd@ntli examplc) and sb.that the gas inside
ative nmeniscus |ens L13 whose concave surface of
tgmﬁeplrcuaqztuymp@cals skgpm Pdvas deplased ewithl an maerd gas such as
f| rst concave refI ecting m rror CML. In the first
i nellig gas PE alitregen,con the inside ds lkeptiing substastially vacuum
second concave reflectln mrror CM2 for. reflecting
t hate. gHfurthennaenice the ynarhbers; sugh aviwatadicled aed mgcle stage
ransm tted by t he

meégor RCX[W dnt the BaEENG ONtiFai n@hgpﬁ%e dllynapation
'%aﬁw@i st 311 b Bt aissHOD P B ot %ﬁsanq@naﬁaenor
OB o P b R Qiefqe R4 b rotite R, the
Cgflgfxgjce: u@ ag’% étcThgrfﬂlc?citw1 av h %915’ stuc Eas nitrogen or
hehum gas, or kept in a substantially vacuum state.

Fig. 3 1s an illustration schematically showing a configuration
between the boundary lens and the wafer in the first example of the
present embodiment.  With reference to Fig. 3, the boundary lens Lb in
the first example has a convex surface kept toward the reticle (first
surface). In other words, the reticle-side surface Sb of the boundary
lens Lb has a positive refracting power. The optical path between the
‘boundary lens Lb and the wafer W is filled with a medium Lm having

the refractive index larger than 1.1. In the first example, deionized

water 1s used as the medium Lm.
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concave reflecting mrror CML constitutes a concave
reflecting mrror 5 disposed near the pupil plane of

the first imging optical system GL. On the other FP04-0160-00

hand, the second i magi ng optical system @ is

conposed of the follow ng conponents in order fromthe
reticle side along the traveling direction of |ight:
a positive nmeniscus lens L21 whose concave surface is

kept Louatd 41 AT SHRORMBALE D bt 8 M euration
as BBﬁKréé‘r?fhes g@ﬁ@mﬁleﬁp&nd %@Waf%f‘f%‘ﬁﬁé %{eéoﬁd %ﬁ-ﬁiﬁ@éi‘! %f the

meni scus I en 0ose convex sur ce o asphe

sh . _ cd . e . : _

>NERSCYE cERKIHBIE VIR 1ERIERLE o Bi02f3E W) SE4L in

re ; :

of TCSFeorfl RATPIE AN, hASh EOBMEERRRNERICI WA reticle

POShH | i /tHip8S§ER : f?&q j

k e%it“ti ttl‘é%cffgdlﬁsg&k? S{tni%g?% !S%atﬁr%‘g gati %Sgﬂ @ﬁﬁéﬁg e nlsn%_é%wer as

WS ehe PIIYE ¥xadmpld ACEIoR e ST TRE Isedbn a@enple #Ke@ifferent from

toward the reticle; a biconvex l'ens L29; "a biconvex

| efife first @xaplesh tthitea PR G pHFalled PlateZlp ivdeERhabP YPanged

surface is kept toward the reticle; an aperture stop

ASin thepoptitalvisatBberericacthe b@nsddr3U2nwds andaheavafer W and

surface 1s kept toward the reticle;, a biconvex |ens

L2ik3that thesopticdl pathi bewvsedretlse bolhdabpdens diicand the plane-

surface of aspherical shape is kept toward the wafer;

a pasilel phte ipnarsd the bptisalljzith bétasenche pdanspafabed plate Lp

kept toward the reticle; a positive nmeniscus |ens

L 2dr&d \tho veafeoWaare fillefl awethotheameldeninchin diaapee 2Be irefractive

kept toward the wafer; and a planoconvex |ens L217

( mdentalaygdrethan 1) winothe peeomd exatpie desomizddtwater is also

waf er. -47 FPQ4-0160-00 In the first exanple, all the

t rugeshas thergedamb dims aslsribedirshagample. t he refl ecting

menbers wth a power, (the first concave reflecting

mirror Chae presenhemhadiment 8 cavangesk s thatrdpmng asr exposure
) . constityting the projectjon optical system PL i

acrl\%’ she 5??@%@518&&@ mﬁglquolém CEITHRL] & SFaung eyposure while

ifi I % of th 1t .
Sprﬁg)lviﬁgc ?{Ie Xeirat%:g ?ela%lvg ttoIr ﬁ]%sgr;]r(t)jtelctqgn optical system PL, the

Iiquid medium Lin is continnously filled in the optical path between the
boundary lens Lb of the projection optical system PL and the wafer W
from start to end of the scanning exposure. Another potential
configuration is such that the wafer holder table WT is constructed in a
chamber shape so as to accommodate the liquid {medium Lm) and that
the wafer W is positioned and held by vacuum suction in the center of
the mner bottom part thereof (in the liquid), as in the technology
disclosed in Japanese Patent Application Laid-Open No. 10-303114, for
“example. In this configuration, the distal end of the lens barrel of the

projection optical system PL is arranged to reach the inside of the liquid
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1 PIPOSINg Tegion

menbers form ng the second imagi ng optical system &
are made of silica. The optical path between the

pl anoconvex lens L217 as the boundary lens Lb and thepgs_0160-00

wafer Wis filled wwth the mediumLm consisting of

deioni zed water. In the first exanple, the light from
the 10 reticle R passes through the lenses L11 to L13
to enter the first concave reflecting mrror CML. The

i ghy e%wﬂ&fffgggpmé Nﬁaffeh-;s?(?eeg)?ﬁﬁ}é%%fgﬁé '{ﬁcﬂienﬁogndary lens

mrror s viat t he secon

coppaéachéLitembidedofMhie Rquid2 to forman internediate
imge of the reticle R near the first concave

reflecting thly mantdd - an Nnldspherd ShitRCliede babsbeptiBR of the
second concave reflecting mrror CM2 travels through

t hex%@meshglhﬂis tforrhéd 7thrbRghd@ tHes Bndiré eshtic paRoderom the

of the reticle Ron the wafer W In the first exanple,

al lighhesdurass Moot itag thenkabstréleer®es) Asf delt#ibed h@bove, the
projection optical systemPL are nade of silica -

( SiihinatdnTheed ami Hge aetitky Rawel dngtdxpokuidi@egion (ie., the
exci mer laser |ight being the exposure light is

198&fiatver expesuret tegioe HRY bhvibei wafer W asg bif ¢the meewate shape
193.306 nmvaries at a rate of -1.591 x 10-6 per
waediendptghir teen de-dafectionh. prit hastbreathe positicns af ¢hofeticle R
+1.591 x 10"6 per wavel ength change of -1 pm In

ot med substdate “ﬁerajt:emeoﬁe nusfiugn thi ryticde sthge cehtradker RSTD,
index of 25 silica is -1.591 x 10-6/pm near 193. 306
nntheTRubstedte astage ediivtegy daviceletlmnilaser. interforometers, etc. to
193.306 nmvaries at a rate of -2.6 x 10-6 per -48
Freynchrenowdy waoee ésepry) tha gatelecitaga R and tharsubstrate stage
a rate of +2.6 x 10-6 per wavel ength _change of -1

VS riartu s rotinke B asbrasarate anpdo W alondhe X-direction,
nCRheTRRY, G CGRRTITE eRDOREC oy U 1oRehppalioris performbd in the
o BB eGP AT VB AL B Re o omesioa of the
LSt oL 192308, 1 %ngl grﬂm:gt 95’60369 1:%1gr it(gnai Scan amount
(movement amount) of the substrate W, on the substrate W. |
In each example, an asphenical surface is ecxpressed by
mathematical expression (a) below, where y represents a height in a
direction normal to the optical axis, z a distance (sag) along the optical
axis from a tangent plane at an. apex of the aspherical surface to a
- postiion on the aspherical surface at the height y, r a radius of curvature
at the apex, k a comical coefficient, and C, aspherical coefficients of
order n. In each example, a lens surface formed in aspherical shape is
provided with mark * on the night side to a surface number.
z = L+ {1 - A+ 0y + ey’ + ey’ + ooy’

10 12 14 16 18 0
Cipy tcepy FcCiwy tcewy tewy +Cze‘y2 (a)_
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refractive index of silica for 193.306 nm- 0.1 pm =
193.3059 rimis 1.560326259. The refractive index of

dei oni zed water for the center 10 wavel engt h of dFP04-0160-00

193.306 nmis 1.47, the refractive index of deionize

water for 193.306 nm+ 0.1 pm = 193.3061 nmis

1. 46999974, and the refractive index of deionized

water for 193.306 rim- 0.1 pm= 193.3059 umis

1. 47000086 .thd q‘ﬂlsf at(r%iza sARIVeR &d Sth\éak/h!ﬁl%rso(f)f the asg}ﬁerical

specifications o 15 projectidn optical system

acepeMdients T8 ¢ ratk (e%xaRhAs the dgﬁﬁﬁéﬁioﬁ Hlerkof is omitted.
represents the center wavel ength of the exposure

l'ight, Of @acRe®hffileOth ebtieAtdptital RGN PL is com
magni fi cation of tmt?e ’ente{T?gdijisysten(%I[,ﬁ agNAS@?n;je s composed
| Mg Q- Kt §mavai € bpﬁbﬂl?%jyitéﬁ?(}lcﬁér ,ﬁﬁﬁﬁhgrﬁ; interaBdidte image
the outside radius and inside radius of the

abef tiad patterniost Bt etcleBl divpdstd 8R the obijectPlane (first surface),
Y-directional size and X-directional size of the

ef hrdta sceondineing opeighbsystBin G2t fee foashinis aateduced image of
curvature of the are defining the effective exposure

r etlieoretielt patteac bnvibei wafirmy dispasedfomatiruahggs pbne (second
and YO the maxi mum i mage hei ght. Each surface nunber

r epurdsen)t on the lasteofdight fonf dhe ihtermddiater ahagé.e Here the
side along the traveling direction 25 of rays fromthe

r efirstlimagm g aptichksysfenh& lois & catadiepteic(dyistamn iachiding)a first
to the wafer surface being the i mage plane (second )
suednese, reflegtingdinirron CMA9ambeusaodEl coneawmeyrflgoging mirror
each surface (radius of curvature at an apex: nmin

t heM2Zaand tte sacondpmaginglopiioal aystem ©2n dooptaia system.
spaci ng_ or surface separation (nm of each surface,
anbFIFstt BRdactive index for the center wavel engt h.

Cof oot 9. 5 ThomerDuSIatAR. ShQWES 2 Aent domiganition of the
7| PRUSEST 2pUcAb FYSEm AgeoRtingriocle Lt sgmapieopfthe present
ot HoPofmeEe “HAMhEE(Cns? todkhe,s gk the PralesTion Pt pystem
Colgl\f%)écgfje{i{lg % -tﬁg Birst g)\('\éa:({lglet, tlﬁe rfle}tsi ﬁlngglinsg optical system G1 i1s

composed of the following components arranged in order from the
reticle side along the traveling direction of light: a biconvex lens L11
whose convex surface of aspherical shape is kept toward the wafer; a
biconvex lens L12; a negative meniscus lens L.13 whose concave
surface of asphencal shape s kept toward the reticle; and a first concave
reflecting mirror CM1.  In the first imaging optical system GI, a
reflecting surface of second concave reflecting mirror CM2 for
reflecting the light reflected by the first concave reflecting mirror CM1
and transmitted by the negative meniscus lens L13, toward the second

~ 1maging optical system G2 1s placed in a region not including the optical
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10 positive, and the radius of curvature of each
concave surface kept toward the reticle is negative,

regardl ess of the direction of incidence of [ight. FP04-0160-00

The notations in Table (1) also apply to Table (2)
hereinafter. [TABLE 11 Principal Specification 15
A =193.306nm [3=+114 NA=1.04 Ro=17.0mm Ri=11.5nmm
20 H=26. Om D=4.(nmm R=20.86mm YO0=17.0nm

SIo agid A‘}@b‘eﬂﬂeéﬁ thPbicoaveYaehe 312228@%1833 ?%29&59 EHREGs lens

d nOptical Menber (reticle surfac

14£43281@Hé’éf61%67tﬁé bRBAvEL Ienbl) 12" ad@2he4BicohveR0RMs 112
53471.2039135. 534231. 5603261 (L12)

4- 1
| SEpa e AR OB e e

oo oaEang, W UMD sy lins mir
disposed near the pupil plane of the first imaging optical system G1.

On the other hand, the second imaging optical system G2 is
composed of the following components in order from the reticle side
along the traveling direction of light: a positive meniscus lens L21
whose concave surface is kept toward the reticle; a biconvex lens L22; a
positive meniscus lens L.23 whose concave surface of aspherical shape
1s kept toward the wafer; a negative meniscus lens L24 whose convex
surface of asphencal shape i1s kept toward the reticle; a negative
‘meniscus lens L25 whose convex surface is kept toward the reticle; a
biconcave lens L26 whose concave surface of aspherical shape is kept
toward the reticle; a positive meniscus lens L27 whose concave surface
1s kept toward the reticle; a negative meniscus lens 1L.28 whose convex
surface of aspherical shape is kept toward the reticle; a biconvex lens
L29; a biconirex lens L210; a positive memscus lens L211 whose
convex surface is kept toward the reticle; an aperture stop AS; a positive
memniscus lens L212 whose concave surface is kept toward the reticle; a
biconvex lens 1.213; a positive meniscus lens 1.214 whose concave
surface of aspherical shape is kept toward the wafer; a positive
-meniscus lens L215 whose convex surface is kept toward the reticle; a
positive meniscus lens 1216 whose concave surface of aspherical shape
1s kept toward the wafer; and a planoconvex lens 1.217 (boundary lens

Lb) whose plane is kept toward the wafer.
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11-389. 0121543. 156991. 5603261 (L21)
12-198.921131. 00000 1513 . 3915.2756742. 010891. 5603261

(L22) 14-432.521371. 00000 15203'1677762'580391'560326#P04-0160—00

(L23) 16*515.9213318. 52516
17*356. 6702720. 000001. 5603261 (L24)
2018269. 51733285. 26014 19665. 6107935. 166061. 5603261

(L25) 20240.5593832. 43496

22255, 1765306 193b ER40bAS 35 dinitting b flsspes) and

( L ) 9 . ) .
s e L DR ORR  Batib g, poysg) (the first concave reflecting

26 piifrd?2 6ERAP. 8RS Hhd / 4ReBnd’ ConRBVR0 3R HechRR3 28dror  CM2)
(L29) 28-283. 043601. 00000

5284hitaline2afk Eﬂioﬁ6g§ﬁ@él shabt PL are arranz%ed along the
30- 8599. 873991. 00000 31667.9222552.947471. 5603761

( L3ihble 386418 £3948X 30283edtAIK2. 20093(66) the transmitting
1034-2053. 3412330. 000001. 5603261 (L212)

35michib@d 1AAMIAG0NA OLRAOINMALH{SBpARAN 4JstEA0ERS hre made of
(L213) 37-540.237261. 00000

ig%@?gg%ﬂﬁg’ gg%l.ﬁgxgggg%’ﬁ%kn(ﬂﬁlﬂamconvex lens L217 as the
boundary lens Lb and the wafer W is filled with the medium Lm
consisting of deionized water. In the first example, the light from the
reticle R passes through the Ienses L11 to L13 to enter the first concave
reflecting murror CM1. The light reflected by the first concave
reflecting mirror CM1 travels via the lens L13 and the second concave
reflecting muror CM2 to form an intermediate image of the reticie R
near the first concave reflecting mirror CM1. The hght reflected by
the second concave reflecting mirror CM2 travels through the lenses
L21 to L217 (Lb) to form a reduced image of the reticle R on the wafer
W.

In the fust example, all the transmitting members (lenses)
forming the projection optical system Pl are made of silica (SiO;).
The lasing center wavelength of the ArF excimer laser light being the
exposure light is 193.306 nm, and the refractive index of silica near
193.306 nm varies at a rate of -1.591 x 10 per wavelength change of
+1 pm, and varies at a rate of +1.591 x 10°° per wavelength change of -1
pm. In other words, the dispersion (dn/dA) of the refractive index of
silica is -1.591 x 10°/pm near 193.306 nm. The refractive index of

“deionized water near 193.306 nm varies at a rate of -2.6 x 10° per
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40118. 9265541. 836081. 5603261 (L215) 41190.401941. 00000
42151. 5289252. 425531. 5603261 (L216)

43*108.674741. 12668 204491. 5407835. 500671. 5603261 FP04-0160-00

(L217: Lb) 45a0 6.00000 1.47(Lm) (Wafer surface)
(Aspherical data) 2' surface 25 1c0 C4=-8.63025x109
C6=2.90424x 10-13 -52 (C8=5.43348x 10-17 O o=1. 65523 x
10-21 (C12=8.78237 x 10-26 Cl4=6.53360x 1030 5th

su HancURF ace ) 4 K 16
U TRREIRH Qlangtlol AC pRS IR SUTESSR) A Falk oL 126 » 107 per

10wakrel H-&aﬁ%@%ﬂl%ﬁn?“ Inl6theh vt 2R dispeflion {dn/dl) of
C4=-3.79715 x 108 C8=-9.40364x 1017 C10=2.44925x 1020

Clir2 r@ifotdve #RiexBoPAeonied Byafkd' id22 1018 A%A 1fnt0RI3 306
Cl2=-7.42012 x 1026 C,,=1.05652 x 1030 17th surface

nm.

In the first example, the refractive index of silica for the center
wavelength of 193.306 nm is 1.5603261, the refractive index of silica
for 193.306 nm + 0.1 pm = 193.306]1 nm is 1.560325941, and the
refractive index of silica for 193.306 nm - 0.1 pm = 193.3059 nm is
1.560326259. The refractive index of deionized water for the center
wavelength of 193.306 nm is 1.47, the refractive index of deionized
water for 193.306 nm + 0.1 pm = 193.3061 nm is 1.46999974, and the
refractive index of deionized water for 193.306 nm - 0.1 pm = 193.3059
nm is 1.47000026. '

Table (1) below presents values of specifications of the
projection optical system PL according to the first example. In Table
(1), A represents the center wavelength of the exposure light, B a
projection magnification (imaging magnification of the entire system),
NA the mmage-side (wafer-side) numerical aperture, Ro and Ri the
outside radius and mside radius of the aberration-corrected region AR,
H and D the Y-directional size and X-directional size of the effective
exposure regton ER, R the radius of curvature of the arc defining the
effective exposure region ER (effective imaging area) of arcuate shape,
and Y, the maximum image height. FEach surface number represents
an order of a surface from the reticle side along the traveling direction

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

the wafer surface being the image plane (second surface), r a radius of
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K=0 15 C4=6.69596x 10$% C6=1.67561 X 10-12

C8=-6.18763x 10-17 Cl10=2.65428x 10 21 Cl2==-409555x

1026 C14=3.25841 x 10-31 21st surface K=0 20 25 P04-0160-00
C4=-8.68772x 10 8 C6=-1.30306x 1012 C8=-2.65902x 10- 1}§

C12=3. 66980x 10-25 25th surface K=0 C4=-1.54049x

10-8 (C8=1.75760x 1018 Clo=-6.56830x 1021

Cl4=-5. 05595x1029 C6=7. 71505 x 1014 C10=1.713 83 X

Lo 0O A GRS AR h B8 88E am n e

1S5 S S ATSH 5 SRS P RO e
(mm) of each surface, and n the refractive index for the center
wavelength.

The surface separation d changes its sign every reflection.
Therefore, the sign of the surface separation d is negative in the optical
path from the first concave reflecting mirror CM1 to the second concave
reflecting mirror CM2, and positive in the other optical paths. The
radius of curvature of each convex surface kept toward the reticle is
posttive, and the radius of curvature of each cencave surface kept
toward the reticle is negative, regardiess of the direction of incidence of
light. The notations in Table (1) also apply to Table (2) heremafter.
[TABLE 1]

Pﬁncipal Specification
A=193 306nm

B=+}/4

NA=:1.04
Ro=17.0mm
Ri=11.5mm
H=26.0mm

D=4 .0mm
R=20.86mm
Y,=17.0mm
Specification of Optical Members

Surface
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K---O C4=8.33324x 10_g C6=1.42277 x 10-11 10
Cg--1L13452x 10-15 C10=1.18459x 10-1& Cl12=-2.83937X

10-22 Cl14=5.01735x 10-26 (Val ues corresponding to FP04-0160-00

Condition) F1=164.15mm Yo=17. Oim 15. R=20.86mm (1)F
1/Ya=9.66 (2)RJYo=1.227 Fig. 6 is a diagram show ng
the transverse. aberration in the first exanple. In
the aberration diagram Y indicates the inage height,

eaglumiZ® sotid link the gent Optigatdendch of 193. 3060
nm each dashed line 193.306 nm+ 0.1 pm = 193. 3061

nm agetedebudhed)n TOMS5UB3. 306 nm - 0.1 pm = 1933059
nm The notations in Fig. 6 also apply to Fig. 8

herlei nafl4428189 apgdards®t7 7 r orh 5663 2dde(IL ALY on di agram
of Fig. 6, though the first exanple secures the very
| aRFe i nEHL24088 nuh®bO0B@l aperture 25 (NA = 1.04) and
the relatively large effective exposure region ER the
chBomat #¢1 2080dat i 36.5342%el | 1cH603G1e@ T2y t he
exposure Iight with the. -54 FP0O4--0160-00 wavel ength
bafld of2502439% nhd2.0925pm [ Second Exanple] Fig. 7
is_an illustration showing a | ens configuration of the

pr8fect1laP.6p214al 380600 acchH803d61 ¢LiRe second
exanple of the 5 present enbodinent. Wth reference
t o6Fi 91562-862159 he 989@?64:“ on optical system PL

opt  cat?Ubss ik oS dmosed of (ER6LY of | ovi ng |-
CrBvel g #6958t -85 GOt gnd. SETHEMER | ens 31
m §$d§ﬁﬁé§mgfqi87ﬂfgg%ﬁpheri cal shape is kept

10 316283419 14420515 (CM2)

I -389.01215 4315699 - 1.5603261 (L21)

12 -198.92113  1.00000

13 391527567 42.01089  1.5603261 (1L22)

14 -432.52137 1.00000

15 203.16777 6258039 1.5603261 (1.23)

16* 51592133 18.52516

17*  356.67027  20.00000  1.5603261 (1L.24)

18  269.51733 28526014

19 665.61079 3516606 1.5603261 (L25)

20 24055938  32.43496

21* -307.83344 1500000 1.5603261 (1.26)

22 25817867 58.24284

23 -1143.34122 51.43638  1.5603261 (L27)

24 -236.25969  6.67292
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10 biconvex lens L12; a negative neniscus |ens L13
whose concave surface of aspherical shape is kept

toward the reticle; and a first concave reflecting Fp4-0160-00
a

mrror CM. In the first imaging optical system Gl,
reflecting surface of a second concave reflecting
mrror CM2 for reflecting the light reflected by the
first concave reflecting. mirror CM 15 and

tr 2gn 1067.39487he 16GHIO00e NMEMEEARG 1 @NE8)-13, toward
the second imaging optical system & Is placed in the
red@bon 064.026d9udi 7§ 88857 optical axis AX between the
bi convex | ens L12 and. the negative nmeniscus |ens
L127 Thd086 87655t he5Bi0E3Blex Mefe0I261 @MDY he bi convex
l ens L12 constitute a first lens unit having a
podBt i ve2§3k04368i ngl . p6GLO. 20 The first concave
reflecting mrror CM constitutes a concave reflecting
m 2Por @72p3d9628 ne2B.9BO7pupil 15601326 di2kMe fir st

imagi ng optical systemd. On the other hand, the

sed nd-85&8ﬁ§9%ptik800@§}stem & is conposed of the
foll owi ng conponents in order fromthe reticle side 25
al 3hg (667 DP208I i n32 ARGt 1 oh. SOOI 1 Jposi ¢ i ve
menj. sc |lens L21 whose concave surface is kept

t OR@r déjg"r{ég-ﬁg%él e;2.30802onvex | ens L22;-a -55
FPO4-0160- 00 positi nmeni scus, | ens L23 whose concave
siggace Bf asp‘ﬁiﬁﬁgég shape i@Rkpt toward the wafer;

2P 2?—?219!%8@&@"Fé}i@@@oéiiﬁ%&cﬁf@ﬁieﬁjg aee o
. . Py .
et t oadAcb ik ?f&h@&i@, a’s bf’iﬁnig%efeﬁ!ré‘émgse

S ot SHLASEEL 0. F9U8 "ﬁ?s%@ﬁéﬁf@éil ose
ﬁega?yséﬁ‘mus? ﬁe‘ﬁgﬁmgomgset cgn\r/g(? Cs(ljjrf gce of
copher LOR| SEREPE LA YSRba! URSIOE EME 2
ﬁejgﬁcwlgr) 982?1_"1'1.9660(}0 convex surface is kept
toward the reticle;

an aperture stop AS;, a positive

- TRIY scul § gRsed- 21 rheseg CoMe3¥E3syl (BaFs)S kept

toward the reticle;
41 19040194  1.00000

42 15152892 5242553 15603261 (L216)
43*  108.67474  1.12668
44 91.54078  35.50067 1.5603261 (L217:Lb)
45 o 600000 147 (Lm)
(Wafer surface)
| (Aspherical data)
2™ surface
K0

C=8.63025x107 (C¢=2.90424x107"
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bi convex | ens L213; a positive neniscus |ens L214
whose concave surface of aspherical shape is kept

toward the wafer; a positive neniscus |ens L215 V\hosppo4_0160_00

convex surface is kept toward the reticle; a 15
positive neniscus |ens L216 whose concave surface of
aspherical shape 1is kept toward the wafer; and a

pl anoconvex | ens L217 (boundary |ens Lb) whose pl ane

i s geptd338ar1d YheQuet 65528 %1 08! second exanple, a
pl ane-parallel plate Lp is disposed in the optical

R
path,b&788a7x16E° pl Qpe6sBAs0A WY L217 as the boundary
20 lens Lb and the wafer W The nedi um Lm consi sti ng
of Sdeismrfaczeedndv@fhemxfazefﬁshhmdsmﬁhctdje optical path
bet ween the boundary | ens Lb and the plane-parallel
pl &6 Lp and in the optical path between the
plane-parallel_9 plate Lp and tﬂe wafer W In the
sebard- 6H0EMNA1O,” t =00 g nenbers (I enses)
constitutin& the projection optiﬁal system PL are nmade
25Cet-GDBOCA< b0 f | (omiR d49024rA0 " Specifical Iy, the
lens L13, lens L216, and |ens L217 (Lb) are made of
f 1 GorTBel 4% he oEher2.RéAEdxs16Ad pl ane 56
Fng-OlGO-OO parallel plate Lp are nade of silica.
Na tysuﬂbﬁ¢oxinately 88% of the transmtting nenbers

form.ng the second i magi ng optical system & are nade
of Ks¥lica. Furthernore, in the second exanple all the

transm tti g IME nses, and pl ane-paralle

pl ﬂ@)'?_{zéféf%1&t hﬂ%i%&gﬁg‘? Tenbers with a power
(fhrs ve. feflecti Lrran; CML and second

co Eﬁ%@aigﬁﬁgﬁling “T$§85g§ﬁﬂ8ﬁérning the projection
Opti Cé 2FL are. ed & ong the single

op 12631742@29‘%2 I n t‘h_eﬁéé@g%élfbexanpl e, thus, the

li [ the reticle Rtravels through the I enses L
119?%5%%8@%3 to enter the first concave reflecting
mrror CML. The light reflected by the first concave
reflecting mrror CML travels via the lens * L13 and

e e S e AR R
CQER%E §AIDAUINIC, (=2 .65428x 102
C;=4.09555x10%°  (C1,=3.25841x10™
21st smface
k=0
C;=8.68772x10° (Ce=1.30306x10"2
Cs—2.65902x10"7  C;6=-6.56830x107
C1=3.66980x10%°  C;4,=-5.05595x107%
25th surface
k=0 _
Cy=-1.54049x10° Ce=7.71505%10""*
Cy=1.75760x10"* . C,=1.71383x107
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mrror CML _ The light reflected by the second concave
reflecting 15 mrror CM2 travels through the | enses
L21-L217 (Lb) and the plane parallel plate Lp to for _ _
a reduced inmage of the reticle Ron the wafer Win FP04-0160-00
the second exanple, the | asing center wavel ength of
the ArF excinmer laser |ight being the exposure |ight
is 193.306 m, and the 20 refractive index of silica
nedl,, 2994384 xno*varCgs-2a0862-at®@ of -1.591 x 10-' per
wavel engt h change of +1 pmand varies at a rate of
+139% srfad®1 per wavel ength change of -1 pm |In other
words, the dispersion (dn/dk) of the refractive index
of xksill i ca near 193.306 mm is -1.591 x 10-6/pm The
refractive index_of fluorite near 193.306 urn varies
at G3=2591874xd0" 0.08% .9048261®¢t wavel engt h change of
+1 pmand varies at a rate of +0.980 X 10-6 per

wa e eF2rifift et 'lge G =1.0I828:r1 Bther words, -57
FP04-0160-00 th 7dispersion (dnl dk) of the refractive
inﬂhxﬁbﬂ6ﬁﬂ&610%e Hear-1.98646810nfn is -0.980 x

- 10-6/pm Furthernore, the refractive index of

def#drd sedao@mt er near 193.306 urn varies at a rate of
-2.6 x 10-6per wavel ength change of +1 5 pm and
vakifs at a rate of +2.6 x 10-6 per wavel engt h change
of -1 pm. . In other words, the dispersion (dn/dk) of

t hesT 85332881 nflex| dR27deiléhi zed wat er near 193. 306

urp is -2.6 X 10-6/pm _In the second exanple, thus,
th Sf'e]f-é@g?’ﬂe&?%d 061-1§4IS|96%10fe%r t he ceﬁer

wayvel e 193. 306 is_1.5603261, the refractive
ot =-2%§307{>@92?or81@{§bjé§%4§g@+ 0.1 pm = 193. 3061
urn,i,.s 1.560325941, a the refractive index of

si { Yalges S?HE%Q%B%H@OYM%FOB = 193.3059 nmis

1.560 9. The refractive index of fluorite for the
ceﬁf@fgﬁsgp&gth of 193.306 urn is 1.5014548, the

re{,f agti i ndex of fluorite for 193.306 rim+ 0.1 pm
:%§?g%%nnm is 1.501454702, and the refractive index

of 15nf jte for 193.306 nm- 0.1 pm = 193. 3059 urn
RIS

is 1. 898.
(DF1/Y(=9.66

(2DR/Y=1.227

Fig. 6 1s a diagram showing the transverse aberration in the first
example. In the aberration diagram, Y indicates the image height, each
sohd lme the center wavelength of 193.3060 nm, each dashed line
193.306 nm + 0.1 pm = 193.3061 nm, and each chain line 193.306 nm -
0.1 pm = 193.3059 nm. The notations in Fig. 6 also apply to Fig. 8
hereinafter.  As apparent from the aberration diagram of Fig. 6, though
the first example secures the very large image-side numerical aperture
(NA = 1.04) and the relatively large effective exposure region ER, the

chromatic aberration is well corrected for the exposure light with the
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Furthernore, the refractive index of deionized water
for the center wavelength of 193.306 urn is 1.47, the

refracti ve i ndex of deionized water for 193. 306 nm +EP04-0160-00

0.1 pm= 193.3061 nmis 1.46999974, and the

refractive index of deionized water for 193.306 nmO0.1
pm = 193. 3059 20 Wit is 1.47000026. Table (2) bel ow
presents val ues of specifications of the projection

ophipailesathtiRMdbS 193 BDE Haco0d gxampl e. [ TABLE 21
(Principal Specifications) X=193.306nm 25 R=+1/4

NA{SefdhbBxanfplefl7. Om Ri=11.5mm H=26. 0nm D=4. 0nm
R=20. 86mm Yo=17. 0mm ( Specifications of Optical

Menber s) Fgur 7age abuithsitratb Ghbhdal aelBer cdidfi sttt of the
surface) 72.14497 1295.6613146. 030881. 5603261 (L11) :

2 JRSRE0R2SHICEE S4B 1 ESSHAMD 4180 LRSIty o e
( LpByseit 6fiibdtliment.  With reference to Fig. 7, in the projection optical
system PL according to the second example, the first imaging optical
system G1 1s composed of the following components in order from the
reticle side along the traveling direction of light: a biconvex lens L11
whose convex surface of aspherical shape is kept toward the wafer; a
“biconvex lens 1.12; a negative meniscus lens L13 whose concave
surface of aspherical shape is kept toward the reticle; and a first concave
reflecting murror CML. T the first 1maging optical system Gl, a
reflecting surface of a second concave reflecting mirror CM2 for
reflecting the hight reflected by the first concave reflecting mirror CM1
and transmitted by the negative meniscus lens L13, toward the second
imaging optical system G2 1s placed m the region not including the
optical axis AX between the biconvex lens L12 and the negative
memscus lens L13.  Therefore, the biconvex lens L11 and the biconvex
Iens L12 constitute a first lens unit having a positive refracting power.
The first concave reflecting mirror CM1 constitutes a concave reflecting
mirror disposed near the pupil plane of the first imaging optical system
Gl.
On the other hand, the second imaging optical system G2 is
composed of the following components in order from the reticle side
along the travelng direction of light: a positive meniscus lens 121

whose concave surface is kept toward the reticle; a biconvex lens L22; a
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1916458580 .. 7-209.52775-9.58580( CML)
8-667.19164-13. 000001. 5014548 (L13) 9*-154 -109

5788665407 .. 20102517.5275114723986( C\R) FP04-0160-00

11-357.7131841. 754961. 5603261 (L21)
12-196. 817051. 00000 138379. 5365140. 000001. 5603261

(L22) 14-454 8 8102023083 .
2515206 3006358. 078521. 5603261 (L23)

RitivEA ARBZUIORAS L 5D wWiGsePEoRORRB AR08 hisphO3e shape
(P

4) 18272.27694274. 16477

19(i‘>s7 keg? R4 @Bé%@éfe?ﬁé)%gétl% ?rﬁém%%g Jerf 99243 %ke Eonvex
521*-283. 6348415, 107511, 5603261

%E%%’fagi 82%?@ gﬁgij{%gl 55%}%’1 841s Q&iﬁgﬁﬂwﬁﬁpﬁ% P&9dé61a negative
meniscus lens L25 whose convex surface is kept toward the reticle; a
biconcave lens L26 whose concave surface of aspherical shape is kept
toward the reticle; a positive meniscus lens L27 whose concave surface
1s kept toward the reticle; a negative meniscus lens .28 whose convex
surface of aspherical shape is kept toward the reticle; a biconvex lens
L.29; a biconvex lens L210; a positive meniscus lens L1211 whose
convex surface is kept toward the reticle; an aperture stop AS; a positive
meniscus lens 1.212 whose concave surface is kept toward the reticle; a
‘biconvex lens L213; a positive meniscus lens 1214 whose concave
surface of aspherical shape is kept toward the wafer; a positive
meniscus lens L215 whose convex surface is kept toward the reticle; a
positive meniscus lens L216 whose concave surface of aspherical shape
is kept toward the wafer; and a planoconvex lens 1217 (boundary lens
Lb) whose plane is kept toward the wafer.

In the second example, a plane-parallel plate Lp is disposed in
the optical path between the planoconvex lens 1217 as the boundary
lens Lb and the wafer W. The medium Lm consisting of deionized

~water is filled in the optical path between the boundary lens Lb and the
plane-parallel platé- Lp and in the optical path between the plane-paraliel
plate Lp and the wafer W. In the second example, the transmitting
members (Ienses) constituting the projection optical system PL are made
of silica or fluorite (CaF,). Specifically, the lens L13, lens L216, and

lens 1.217 (Lb) are made of fluorite, and the other lenses and plane-
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25*788. 9795315. 540261. 5603261 (L28)
1026460. 1293518. 83954 271925. 7503856. 540511. 5603261

(L29) 28-295.068841. 00000 298612104652'505151'5603261FP04-0160—00

(L210) 30-34592.867591. 00000

1531614. 8663937. 341791. 5603261 (L211)
3239181. 664261. 00000 3300 46.27520( AS)
34-11881.9185430. 000001. 5603261 (L212)

3 : 8864 1 o
(Bt T PRES S SHERO Nty pbrSitialy 88% of

3836 (MR AR bePO IR d kd 4cond imagin %ptical system
39*2692. 152381 00000 40112. 4284343. 539151. 5603261

( LEDareinh &Y. slfidy81. 00000
42149.9135842. 415771. 5014548 (L216) -60 43* 107.28888

1. 06533 Farthermdrdl i31.t860&ecdn§0k&afipleL 0l : tHe) trdfsmitting
00 1.00000 1.47 (LM 46 00 3.00000 1.5603261 (Lp) b5

et oy e Gt tkcing
members with a power (first concave reflecting mirror CM1 and second
concave reflecting mirror CM2) forming the projection optical system
PL are arranged along the single optical axis AX. In the second
example, thus, the light from the reticle R travels through the lenses 11
to L13 to enter the first concave reflecting mirror CM1. The light
reflected by the first concave reflecting mirror CM1 travels via the lens
L13 and the second concave reflecting mirror CM2 to form an
intermediate mage of the reticle R near the first concave reflecting
miror CM1L. The light reflected by the second concave reflecting
mirror CM2 travels through the lenses L21-1L.217 (Lb) and the plane-
parallel plate Lp to form a reduced image of the reticle R on the wafer
W.

In the second example, the lasing center wavelength of the ArF
excimer laser light being the exposure light is 193.306 nm, and the
refractive index of silica near 193.306 nm varies at a rate of -1.591 x

- 107 per wavelength change of +1 pm and varies at a rate of +1.591 x
10°° per wavelength change of -1 pm. In other words, the dispersion
(dn/d)) of the refractive index of silica near 193.306 nm is -1.591 x
10%pm. The refractive index of fluorite near 193.306 nm varies at a

tate of -0.980 x 10° per wavelength change of +1 pm and varies at a

rate of +0.980 x 107 per wavelength change of -1 pm. In other words,
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C8=1, 30845x 10-16 C6=7.09690xI O " ( o~-5.52152xl O 22

C, 2=4. 46914x 10-25 Cl4=-2-07483x1 029 5th surface and

9th surface (same surface) |1C-0 15 C4=1-16631xI 0O

Cr,=6-70616xI 0" C, =-1.87976xI O"'7 O o=1.71587xl O 20FP04 -0160-00
Cly=-2-34827x] 0-24 Cl4=1-90285xl O 2" 16th surface

K---O 20 C4=-4.06017xI 0" C6=2.22513 x 10-12 25

Cg=-9. 05000x 10-17 d o--3.29839%l O 2

C afe i %ﬁl ganz fbﬁheol%%%ﬂ@ mdexlBP'ﬂlﬁjﬁtEa&@dr 193.306
92 " (Cb=1. 42455x 10-

Camr51§55}59§@ ><11)e i/f)l-ﬂl , =2.48078xl O -61
Cl2=-2. 91653x1026 Cl4=1.53981x10-31 5 10 15 21st

5132 ek fth i 0 et RALEK s e
193.306 nm varies at a rate of -2.6 x 10 per wavelength change of +1
pm, and varies at a rate of +2.6 x 10" per wavelength change of -1 pm.
In other words, the dispersion (dn/d}) of the refractive index of
deionized water near 193.306 nm is -2.6 x 10%pm. In the second
example, thus, the refractive index of silica for the center wavelength of
193.306 nm 1s 1.5603261, the refractive index of silica for 193.306 nm
+ 0.1 pm = 193.3061 nm is 1.560325941, and the refractive index of
silica for 193.306 nm - 0.1 pm = 193.3059 nm 1s 1.560326259.

The refractive mdex of fluorite for the center wavelength of
193 306 nm 1s 1.5014548, the refractive index of fluorite for 193.306
nm + 0.1 pm = 193.3061 nm 1s 1.501454702, and the refractive index of
fluorte for 193.306 nm - 0.1 pm = 193.3059 nm is 1.501454898.
Furthermore, the refractive index of deionized water for the center
wavelength of 193.306 nm 1s 1.47, the refractive index of deionized
water for 193.306 nm + 0.1 pm = 193.3061 nm is 1.46999974, and the
refractive index of detomzed water for 193.306 nm - 0.1 pm = 193.3059 |
nm 1s 1.47000026. Table (2) below presents values of specifications of
the projection optical system PL in the second example.
[TABLE 2] -
(Principal Specifications)
2=193_306nm |

p=t1/4

NA=1.04
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K ---0 C4=-1.55844x 10_g Cg=1.90600x 10-18
Q-1.32969x 10-12 C10=-4.95016x 10-21 Cl4=-4.16817x
10-29 C6=7.27672 x 10-14 C10=1 .21465 x 1023 P04-0160-00
Cl2=-7.56829x1029 Cl4=1.86889x 10-32 39th surface K=g
C4=-6.91993 x 10"11 (C8=3.31216x 10-1g Cl12=3.69991 x
10-27 43rd surface x-0 C6=780595x 10-14

C10=-1.39159x 10-22 Cl14=-401347x 10-32 20 C4=8.30019x
10. 781x 10-11 Cg=-9.26768x 10-16 Cl10=1

: O&%éﬁﬂm Cl2=-3-01514x 10-22 Cl14=5.41882x 1026
(V@ iH83$ Fifkt esponding to Condition) F1=178.98nmm 25
Y0=17. Om R=20.86mm -62 FP04-0160-00 (1) F1/Yo=10. 53

(2HER2®BmIM27
D=4.0mm
R=20.86mm
Yo=17.0mm

(Specifications of Optical Members)

Surface

Number r d n Optical member

(reticle surface) 72.14497

1 295.66131 46.03088  1.5603261 (L11)
2% 22807826  1.02581

3 847.63618  40.34103  1.5603261 (L12)
4 -207.90948 124.65407

5% -154.57886  13.00000  1.5014548 (L13)
6 -667.19164 958580 |

7 20952775 -9.58580 (CM1)

8 -667.19164 -13.00000 1.5014548 (L13)
9*  -154.57886 -109.65407

10 2517.52751 14723986 (CM2)

11 -357.71318 4175496 15603261 (121)

12 -196.81705 1.00000

13 8379.53651 40.00000  1.5603261 (L22)

14 -454.81020 | 8.23083

15 20630063 58.07852  1.5603261 (L23)
16* - 367.14898 2495516
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Fig. 8 is a diagram show ng the transverse aberration
in the second exanple. It is also apparent fromthe

aberration diagramof 5 Fig. 8, as was the case “‘thFPO4-0160-OO

the first exanple, that the second exanple also
secures the very large image-side nunerical aperture
(NA =1.04) and the relatively large effective
exposure region ER, while the chromatic aberration is

welj7+cor pegleadeBor DDOBIROSUNeS4A TPV WAL the
wavel engt h band of 193.306 nm 0.1 pm "10 1 n each

exagpl e27297de4cr phed clygve, the hi gh i mage- si de
nunerical aperture of 1.04 is secured for the ArF

exdiner 6729670 gh#9.681013 t hq 5603d6ngLas ! 193. 306
nm and the effective exposure region (still exposure

re@don) 225 7906Gat e35H3®9F8f 26.0 mm x 4.0 nm can be
secured; therefore, the scanni ng exposure of the

ci Bddi t-28% 62484 cant H&0751 per 1 56G836at(126Ih resol ution
wi thin the exposure region of rectangular shape of 26
m2® 3326037862 ex&6p1I822Next, the third exanpl e of '
the present invention will be described. Fig. 9 is an
i | 3st rEM706886tbwi fgt.6308ms cbabDgR6htIad)of the
catadioptric projection optical systemaccording to

t hd4t hi 122 7elk e &X726839he present invention. The
catadioptric projection optical systemPL1 according
t 028fie t7ﬁ8.875§énp| B5.54026npod SH08261HE21 | owi ng
optical systens in order fromthe object side (i.e.,

t h&6r et4@-i2%53i db3.8395¢i rst i nagi ng optical system

2Pd5si b 83541 rst i mging optical syst
R 21 ocal 45 6A0Fhe 176.50084r  ako60ate1dLaBond | magi ng

o 2k he 203" J0d000arer (not shown Tocat od o
opt? cal SR 2TtHG &1 52 503 hB0s el B0 hAION ¢ wi thon
0s0) SO APRY GBIy Pens L5 and twoo
giﬁ:?%ﬁ#?@ég oLis‘ifjg\]/l"’%"hngp;rrggb%g%t@#\ilnleélcentri c on
they 3918166426  1.00000

33 o 4627520 (AS)

34 -11881.91854  30.00000  1.5603261 (L212)

35 63195129  1.00000

36 146588641 39.89113  1.5603261 (1213)

37 -542.10144  1.00000

38 33645791 34.80369  1.5603261 (L214)

39* 269215238  1.00000

40 11242843 4353915 15603261 (L215)

41 189.75478  1.00000

42 14991358 4241577 15014548 (L216)

_6() -



10

15

20

25

5 reticle RL side. The second imagi ng optical system

& is conposed of after-described two reflecting

mrrors M3, M4, a lens unit with a negative - R
refracting power (first lens unit or third unit) (321,FPO4 0160-00
alens unit wth a positive refracting power (second

lens unit) &2, an aperture stop AS 1, and a |l ens

unit with a positive refracting power (third | ens

unig3f 101323888ke | ¢33t (21 functions to adj ust
the magnification and to relieve the variation due to

t he4di f f 90876 10f Bil 6O8ING! 4s5®F45348(IbEEM byxpanded
by the reflecting mrror M3, so as to suppress

ocdorrence of  AWHOO& i od.47The I(®ms) unit &2 functions
to converge the, diverging beam The lens unit Q&3
f M6t i onsot 0 CORDORHS t hd. $60G386lo(lgs) to 15 achieve
the large nunerical aperture on the wafer side. Here
thd7l ens emit GPJOGHOcomickEd of(Lie fol | owi ng
components in order of passage of rays fromthe object
SI de (wefercusfaRg) side): a plane-parallel plate L |; a
ative neniscus |lens L2 whose. concave surface of
spharagal sasmple is kept toward the object side; a 20
bi convex | ens L3; and a positive neniscus |ens L4
whéBd sutlagave surface of aspherical shape is kept
toward the wafer. The beamtransmtted by the positive
meli8cus | ens L4 travels t hrough the negative

Mﬁ@@%ﬁp‘g"e %b%ﬁ@iﬁ% B ¢ Letl ected by ¢ he
Cﬂi&ﬂﬁ OGN WA 2D Boncave | sur face kept
oSG et R ToT and i < et ect ed by
L]h fith? ex, re{h ‘E?f%& rrorﬁm&ggtl cal \F/)\natﬂ tscﬁgaratl ng

co%gx surface kept toward t he vvafer The negative
iscus lens L5 functions for satisfying the

e R R e OB IR o ™! et ret ot
L:T%gg_gl?g?gnmmem ct?oji.ailggﬁlig-zp)osi tion a shown in

C1=2.34827x10%  C1,=1.90285x107

16th surface

k=0

C=4.06017x10° Ce=2.22513x10"2

Cg=9.05000x10"" C1=3.29839x10%

C17=7.46596x10%°  C1,=1.06948x10™"

17th surface

=0

C=6.69592x10°  Ce=1.42455x10"2

Cy=-5.65516x10"7 (C;¢=2.48078x107!
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order to securely achieve the optical path separation
bet ween the beam toward the reticle RI and the beam

toward the wafer. Here the position a is |ocated on FP04-0160-00

or near a plane whose normal is the optical axis 10
AX1 where the concave reflecting mrror M is placed.
Next, the beamreflected by the convex reflecting
mrror M is incident to the concave reflecting

m I3,96-A 91653 T0# d Oy 530®1 i d  refl ecting
mrror) M3 with the concave surface kept toward the
object, to be bent into a direction toward the
optical axis AX1 of the 15 catadioptric projection
opfilstsurfsst em PL1, and is outputted fromthe.
concave reflecting mrror M3. The beam energing from
t he=foncave reflecting mirror M3 is quickly
converged, is reflected by the convex reflecting

mi G46F7.8§’é86MiO1§i eC@I:-rii.BI%%)lO%owt h reflecting

m rrorf (% vvitlil7the convex _surf%e kept toward the
wafar: 1. 8837710 r edlhy-4.860d6m10Z0 to the negative
meni scus | ens L_storrrigf. the lens unit G21. The
cofwex2.p388exl10ng Mmret. 16817&l0éves the variation of
the bheam due to field angl es expanded by the concave
re?ﬁﬂb@lﬂﬁ@cem rror M3, so as to suppress occurrence of
aberration- The negative neniscus |lens L5, concave
r ekFlct i ng mrror M, convex reflecting mrror M,

RS eI S R O
T ' 1 i
O 0%, 5 IR T or 2 TR e
SO B R0 L o R

L7%\2€glgsse concave surface of aspherical shape is kept.
to WHIESS wafer. Since the negat.i ve meniscus |ens

L6,_and the biconcave lens L7 have the |ens surfaces
of “aspheri cal shape, good inmagi ng perfornmance can be

LT LRSI o0 L e oS
he=3 83986216 Olc 1€ 39159x10%
C1=3.69991x10%7  C,=4.01347x10™>
43rd surface
=0
C=8.30019x10®  Cg=1.24781x10"
Cs—=926768x107°  C;=1.08933x10"®
Ci;=-3.01514x107  C14=5.41882x107"
(Values corresponding to Condition)
F1=178.98mm
Yo=17.0mm
R=20.86mm
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catadioptric projection optical system PL1. The |ens
unit &2 is 10 conposed of the follow ng conponents in

order of passage of rays: a positive meniscus |ens L8FP04-0160-00

whose concave surface of aspherical shape is Kkept

toward the object; a biconvex lens L9; a positive

nmeni scus lens L10 whose concave surface of asphencal

shape is kept toward the object; a biconvex |ens L11;
angijFpiyGgenoess | ens L12. The lens unit 15 Q3 is

conposed of the follow ng conponents in order of

pag2 @Y 3fl 22Ays: a positive neniscus |ens L13 whose
convex surface is kept toward the object; a positive

meni scusFign§ isld ddagsemc ohyexng uhkatensverk€pbertay@i dn the
the object; a positive. neniscus |lens L 15 whose

cosveond wxhande] st keplsd appaderithfroabjthe tabegratani diygram of
meni scus lens L16 whose concave 20 surface of

aspher 8cad veisathe daselverth thoviarst dxaenplef diat the pesbhilwxample
meni scus | ens L17 whose concave surface of aspheri cal
shalse securepthe venalatge henagd-side amheaicpl apedany €NA = 1.04)
lens L 18 with a positive refracting power whose

coandx tharfelatevaly karge ebfieativet lapobiectregitre EBys while the
unit G22, aperture_stop AS 1, and lens unit G23 )
copbrampatie abemmationhisuwiedl cosettas! for tat epposure light with the
projection optical systemPLlI is constructed to

- sawayelengik bad @ift1i%n306 non 1704 pm/ L < 0.6, where Ma

is a disgance,on -66_ FP04-0160-00 the optical axis AXl

Ibet-vveeln eachs egample, @sr d@ﬁcubefénab@mg Iélmrhl@ﬁe mmage-side

t AS 1 d L dj st bet h ticle Rl d..

¢ rBUerisal apgure 0 1.04ats Seqwred: ks thewdnl exgimen lases light

feasjbl,e to ayoi C Lcal interferepce.of the .

coHedy %%V@M@%@% Bﬁ;?%ﬂmi 00, e ¢nctive ekpesuresTegion
I [ 2. W / L Lsfj h

1 G ExpSibe Ralem e atiats ips, o gL e, 14 LRGN can be

bR B R bt e can be

S i- Ohi ALRARI interference d

s SistiGinted B et 18sdiRolFARIA 5Bt dBeShiE FEROR.A fretangular

a i ' h ' the projection optical

1%&?&?’&%&@%%%?%% ?%f]b%%glg{l:%l sygt eJm i sI furt ﬁe:r

pref er ablxCOfR! "fEExathple of the present invention will be

- described.  Fig. 9 is an illustration showing a lens configuration of the

catadioptric projection optical system according to the third example of
the present invention. The catadioptric projection optical system PLI
according to the third example is composed of the following optical
‘systems 1n order from the object side (i.e., the reticle R1 side): a first
imaging optical system G1 for forming an intermediate image of the
reticle R1 located on the first surface; and a second imaging optical
- system G2 for forming an intermediate image of the reticle Rl on a

wafer (not shown) located on the second surface.
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satisfy the condition of 0.5-< Ma/L < 0.2. Wen this
catadi optric projection optical system PLI of the

present exanple is applied to the exposure appar at US, FP04-0160-00

pure water with the refractive index of about 1.4 is
interposed in the optical path 15 between the | ens L18
and the wafer, where the refractive index of the

at nosphere in the catadioptric projection optica

syst em Pigjol S%?Iﬁlaggfé?’b\%gtﬁl s&ﬁ%ﬂ@?%@ﬂgﬁ&f)@%ﬂﬁf%hm unit

exposure [ight er-1s abou _
ti t itel . : [eTaX
can i 4 Posiive RATRERARIS, (REFIS I MGy 3ot g 11,

optaﬁ@aldegémleﬂsrmygﬁ& Wb }éﬂect&ggaﬁﬁh% IN[G, M2. The lens

projection optical system PLI and ving the

pr adat 1M Kesctifs” 6t ir@ﬂlciﬁ%wﬁie i tfﬂaﬁ@@teiﬁ%?&%ﬂ%b' ¥n the

on the single straight line, and the region o

| mpgteclé RITBRicon Thesydhrl irkgindeopté@d] a¥seh IGZ is composed of
projection optical systemPL | 1s the o0ff axis region

notftébdesaibetl novd hefleeting amitvors 1S, 1 M4 Thel@ionit iwith a
is feasible to reduce the degree of difficulty of

pr nelgative refractprp goater (firef Idnsenmiatordhéelt i) (BY1, a lens unit
FP04-0160- 00 projection optical systemPL 1 and to

r eadditl 3 pasitiveviefraetiapipeeved{sesomdriens ahite &2, apt apadture stop
menber. In the catadioptric projection optical system
PLASNYE anideatlbns ainitewatiphepositinve eefifactingt powedi(tiied lens unit)
image of the reticle Rl is forned in the 5 first

i Bng Bk ilens usitsGain fanctionsito adpmst bhe magnidmation and to
and securely achieve the optical path separation

betelisaye theevaraation elngr 0 the diferanice ofRkfickddinghes ofthe beam

toward the wafer, even in the case where the nuneri cal
apexpanded by thegeleetzng spurorc M3 os@ asitorsuppresapecurrence of
system PL1 ar j ncreased.  Since_the second i mag{ ng.. )
opRhaEtIaN, st If ¥R her22%e Aunglionmite  epnvesgenthealiverging
negative refractin &&\ger, It is feasiple to shorten

t Hesarh oy et bams: At GoHe fingtionss o reandsmsp cbe; BRam So as to
opt i,cal sfem PLI and,to readily achieve,the

AT Y e Tagee wumel i apeTtHEs paiths avalet il 11 on,

Here the lens wmit G11 i1s composed of the following
components in order of passage of rays from the object side (reticle R1
side). a plane-parallel plate L1; a negative meniscus lens L2 whose
concave surface of aspherical shape is kept toward the object side; a
biconvex lens L3; and a positive meniscus lens L4 whose concave
surface of aspherical shape is kept toward the wafer.

The beam transmitted by the positive meniscus lens 1.4 travels
through the negative meniscus lens (negative lens) L5 with the concave
surface kept toward the object, is reflected by the concave reflecting

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

surface kept toward the object, passes again through the negative
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Furthernmore, the lens unit &1 relieves the variation
due to the difference of field angles of the beam

expanded by the concave 15 reflecting mrror M3, so a P04-0160-00

to suppress occurrence of aberration. Therefore, goo
I magi ng performance can be achi eved t hroughout the
entire region in the exposure area, even in the case
where the reticle R - side and wafer-side nunerica

ap%ﬁérﬁ&%{slq’énst h& Cﬁﬁ&diisol’éﬂéé’(egglr?&te@%ggﬁnv%t%e%‘g:lcting mirror

system | are increased in or ance

re d , 7 : r
|yl ath Spoating fftor O SPoRd PERCBMR thitFo %Rl the
dr avhiéx sfiifdce kept Sowird thd!§idat | OThe ii%g\aﬁve lﬁehx%eﬁf lens L5
configuration of "the catadioptric projeCtion optica

Sy fhRdticHaclor GhiiShiRg the Pepsvdll corditibe of the present

invention. The Ccatadioptric projection optical system

PL2 of tThefbRunt Feflerdd bty the c%'in/é&%ﬂ%%ﬁngfmiﬁ& M2 forms an

following optical systens in order fromthe object

si fiterthedmte il‘hﬁ%% oftthe retidié Bi dehe gofsitfcﬁi alshiB@hnih Fig. 9, in
optical system for form ng -68 FP04-0160-00 an

I nbatereoi sdcar¢lyegshiove ted io@ki@aR%atlpsqlbadﬁOﬂ bdtovdenr gle beam
surface; and a second imaging optical system 4 for

- f otowangl abe i retielereRll atrdi thrgdeain tobeardethe | wald. onHere the

waf er (not shown) located on the second surface. The

f i pesitiomegisnipcatetd onlorayesrenpladei whosemposmdl of thee bptisal axis

unit 5 with a positive refracting power (fourth |ens

unAX bwhieire she ceircgveatiectiafgt mirrdeddl ibplhdedns L24,

and two reflecting mrrors M1, M22. The Iens unit )

G31 f uncieshghe heannikefgetedeby phe canvey seflecting mirror M2 is

telecentric on the reticle R2 side. The second. )

i migidantota ithe cangavenratleatng: snpoere dfiost field mirror or third

after-described two reflecting mrrors M3, M4, a )

| ewgie@ﬁng mEranMD witly she wencaye sutlagg kapdewardithegtobject,

lens uni,t or.third unit) 41, a ns uni.t . with

oo ey denk inter Angitsstion (ewanhathe rabtigalt ﬁxngﬁgn of the

apertuyre stop .AS2, an | ens unj,t, with .a positive

- EtadiopHat JBaiscion, ppcRksEStem BL1.Gwd i @putisdiom the

Al functigns.-to adljgusMéheJrf{ag ification and to

r STEECIRECGURE IPIEH M- ¢ J ehBeany peteiog B the goncave

ar}%h%%tiﬁé hiFoP 28 1s quickly converged, is reflected by the convex
reflecting mirror (second field mirror or fourth reflecting murror) M4
with the convex surface kept toward the wafer, and is directly incident
to the negative meniscus lens L6 forming the lens unit G21. The
convex reflecting mirror M4 relieves the variation of the beam due to
field angles expanded by the concave reflecting mirror M3, so as to
suppress occurrence of aberration. The negative meniscus lens L5,
concave reflecting mirror M1, convex reflecting mirror M2, concave
reflecting mirror M3, and convex reflecting mirror M4 constitute a

second umit.
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15 expanded by the reflecting mrror M3, so as to
suppress occurrence of aberration. The lens unit (42

functions to converge the diverging beam The |ens FP04-0160-00

unit 43 condenses the beam so as to achieve a |l arge
nunmerical aperture on the wafer side. Here the |ens
unit G31 is conposed of the follow ng 20 conponents
in order of passage of rays fromthe object side

(reticlerh ef} ‘i’ﬁﬁti @lpisggtﬁ\'rl\nﬁ@g@dl 'o?'th@'f%ll%vs}iﬁ ;ccﬁng?nents in

positive neniscus lens L ose oncave surrace

asph@dr 6flpas of Sakerh ﬁe%fa?wé ﬁfé%ié&ige%r'st %gdwﬁose convex

bi convex fens 123. The bea ransmtte

bi s@Piex ofeiiphbridal BREREH k@?@%&b&fd“ 9Bty And a biconcave

meni scus lens (negative lens) L24 with th 25 concave
SuldmCE7kwRbsé Quacavé Rarfabe astt aspler@l |shapeds Rept®ward the

concave reflecting mrror (concave reflecting mrror

or wiafest Siekckaht inegative TAENIscS 16ROB6 QHRPtHRObMAciiE fens 1.7

the concave surface of aspherical shape kept toward
t hhaveobhedéns pasfaess afaspheticgugiapd)ezoirb ﬁhlagﬁ}]g performance

nmeni scus lens L24, and is then reflected by the

cocarebe rachieaetd thyoughowtrtheapttireakgiat in gep dur@ area, while

mrror or second reflecting mrror) M2 with the

cosecexirngurthecdape anphencalalapersiapenkaht imagedsidee of the

waf er. The negative neniscus lens L24 functions for

satatathoptigct hrojPetian abpcalosystenoPL.The Bhanlensf uritt €22 is

by the convex reflecting mrror M2 forms an

i neempesidiod theelpdloaringheompoinents B2 oadert bé passagd off rhys: a

shown in Fig. 10, in order to securely achieve the )

opPoBHVe pagmseep kanst L8 whesareercavieesurfade afrasphenichl tshape is

reticle R2 and the beamtoward the wafer. Here the.

pokeRti twvard; the ebecsdacbicenvasdens IpPanepotitve menifgus lens
axi s 2 where the concave reflecting

i tical

hﬁ.«ifgfw pse icéolmaé(@e fags ol ashesecah shapeds deenfytaward the
A Lecti ' M2 is. | ' t th .

Bt 4 EIGCERIRnls T b br 0 4 BicoVeraiems 2. o henleng unit

15-kefl ecti i 3 with th f

R3S nPoRE 56, bE oYW b eRPORRRS 1 arvcor spssage of

~ toward the. o‘pti cal axi

Tays. a positive meniscus ksénéo‘ﬁ 3O\f7vht0|§ee convex surface is kept toward
the object; a positive meniscus lens L14 whose convex surface is kept
toward the object; a positive meniscus lens L15 whose convex surface is
kept toward the object; a positive meniscus lens 1.16 whose concave
surface of aspherical shape is kept toward the wafer; a positive
-meniscus lens L17 whose concave surface of aspherical shape is kept
toward the wafer; and a planoconvex lens 118 with a positive refracting
power whose convex surface is kept toward the object. The lens unit
(22, aperture stop AS1, and lens unit G23 constitute a fourth unit.

The catadioptric projection optical system PL1 is constructed to

satisfy the condition of 0.17 < Ma/L. < 0.6, where Ma is a distance on
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catadi optric projection optical systemPL2, and is
reflected by the concave reflecting mrror M3. The

beamrefl ected by the concave reflecting mrror M3 FP04-0160-00

is quickly converged, is reflected by the convex 20
reflecting mrror (second field mrror or fourth
reflecting mrror) M4 wth the convex surface of
aspherical shape kept toward the wafer, and is

ai LoD : . ' ¢ .
AR AP S0K I B e ULk ? M L hperture
rekidpy 8St handatl at iRtk b@%&%nqh%u fetidle Rhe aﬁaﬁgge wafer.
angl es expanded by the concave reflecting mrror ,

SOVWherr Mhd, SERFHEStheORAYEN RREE RTis 3RESID k&Rvold Mechanical
negative neniscus |lens L24, concave reflecting mrror

Meintegferaife RIHeCedndd cMellcRtindAirr6P M3 Pith 4He lens unit G21
FP04-0160-00 reflecting mrror "M23, and convex

r ehh@chienten® Bhitr G4 CWisdd tNMbAL SsatisiesNthelpper Theit, it is

lens unit 41 is conposed of the. foll ow ng conponents

I nfeagitslertoohvaidsangecrehsé ay the aokilckengtly ankdeins ihd®ase in the
whose concave surface 5 of aspherical shape is kept

t owvae dof liee Q:kalaihb?trmﬂ @r@jeb’ti@ﬂ%ﬁﬁeall spstehi? PIvihosBor securely
concave surface of aspherical shape is kept toward the
waieridingihe edchanfvat anteafeeehen and 28caredy taveidingaheanercase
l ens L26 have the lens surfaces of aspherical shape,

i tini thef total kneth @nacthicernnergmedin thegsizg optid projeotien optical
throughout the entire region in the exposure area,
whiystemo the pregectron optichhsystemuseiirter prpfarabhecanstriaed to
i mge side of the catadioptric projection optical

sysatisihy the comrdsioneol0 o Mal2<i @ 2conposed of the

foll owm ng_conmponents in order. of passage of rays: a

bi convexa/]}@ﬁls this7coladinptosnpecjestionaoptiedl susieneRlch) of the
shape is kept toward the object; a negative meniscus .

| e senigexample &% apphicd tosibier exposuse @nparaiapyre yeater with
object;.a posi.tive niscus. |ens. L29 whqse concave
subgabeTactive gpdex .l @boné b decintermesgd Fedhei optical path

STPRBED teolps oA, e Wareh Wheie tentolitv et of the
% %Sé% efd i}lhﬁ]g oc'a't&ﬂ"éﬁﬂ*ic projection optical system PL1 is 1.
Therefore, the wavelength of the exposure light in pure water is about
0.71 (1/1.4) times that in the atmosphere, whereby the resolution can be.
enhanced.
The optical axis AX1 of every optical element included in the
- catadioptric  projection optical system PL1 and having the
predetermined refracting power 1s placed substantially on the single
straight line, and the region of the image formed on the wafer by the
catadioptric projection optical syStem PL1 is the off-axis region not

including the optical axis AX1. Therefore, it is feasible to reduce the
degree of difficulty of production in production of the catadioptric
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réf

conmponents in order of passage of rays: a positive
meni scus | ens L31 20 whose convex surface is kept

toward the object; a positive neniscus |ens L32 V\’hOSPPOﬁl—OMO-OO

convex surface is kept toward the object; a positive
meni scus | ens L33 whose convex surface is kept toward
the object; a positive neniscus |ens L34 whose

- concave surface of aspherical shape is kept toward

oo PLOEPED GURAE SN EPT AELD |l e B8 g afiRe Riftment
wahekacRBdtiraPhRsGvex |ens L36 whose convex
surface i 5§ kept toward the object. The lens -71

FPO4- 016y QRe UntithdiBphic iﬁﬁ‘#ﬂ(ﬁl %bﬁ%aﬁ%@rste@ﬁ‘ o1, BNSE the third

unit 43 constitute a ft unit. The catadioptric

Pr ex&epld) 5iRed tikAinteed @i hnabe oTARSreHElER 1519 BPmbd in the
satisfy the condition of 0.17 < Ma/L2 < 0.6, where M

| sfidst ﬂhé@i@@?@pﬁéﬁl@%t@fﬁt (Hal it 3% feadphde Bt ANy B8d securely
reflecting mrror 3 and 5 the aperture stop” AS2,

angchigve ke dpsicahpatibsdpiration etivekhahe BRAnatswhiE the reticle

waf er . When alL2 satisfies the lower limt, it is

f eRdi dricktheobean doWare diveniater, evehdnfthe ease wifert ke numerical
concave reflecting mrror M3 with the lens unit &1

anapérheresens dhet c@dRliophien pRyééRosabpsibhbssystem PL1 are

upper limt, it is feasible to avoid an increase in

t hmcrersald. | Sigtd thadsctOndnmagingasptical systemi (32 bhstthe lens
catadi optric projection optical systemPL2_ For

S eannt eﬂrgl anth thanegatev actimgipowdrertf isrfeasibletal shorten the
securely avoiding the increase in the total |ength
antgtalnlengtl refahe icatadieplic profection optichksystem PL1 and to
optical system the projection optical systemis nore
prigadilybahicya stheuadimgtment for sajistyiagethediPetoval'sf condition.
< Ma/L2 < 0.2. 15 When the catadioptric projection

ot Ehermyre;, ethepllong fumth &2 lexighgves i theaprariadon glugeto the

expasur e appar S, pure water having the efractive

 rHeTeRCa ol el 4 anblesn r Bsseeam expangad oy (e iwoncave

between the |en 36 and the wafer, where the i
HEEhing. R MF. (396 B 9 osMapIEss | fCegence. of aberration,

TriRarbie, ond Shitiavopetimanee i Bsbirsd MyRnehqut the
PUfirdas ronbﬁlcﬁlréeesxp%%%é algéaz tven in the case where the reticle R1-
side and wafer-side numencal apertures of the catadioptric projection
optical system PL1 are increased in order to enhance the resolution.
Next, the fourth example of the present invention will be
described with reference to the drawing. Fig. 10 is an illustration
showing a lens configuration of the catadioptric projection optical
system according to the fourth example of the present invention. The
catadioptric projection optical system PL2 of the fourth example is

composed of the fdllowing optical systéms in order from the object side

(i.c., the reticle R2 side): a first imaging optical system G3 for forming
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(1/1.4) times that in the atnosphere, whereby the
resolution can be enhanced. The optical axis AX2 of

every optical elenment included in the catadioptric FP04-0160-00

projection optical system PL2 and having the 25
predeterm ned refracting power is placed substantially
on the single straight line, and the region of the

i mge forned on the wafer by the -72 FP04-0160-00 *
cabadinpiiniddialy RhBES IATTchiRld 2 1§dﬁb&rad°ﬂ'?e st ﬁ%‘fx%ce; and a

of f-axis regi on no including the optical axis

Theeehd fmaging 6pfieslsyRledn (4 T8 6&eniean ﬁﬁﬁﬁﬁ@dfﬁe image of

difficulty of production in production of the

catlgdiarivle IR2 ofrovafdri (abt Showadlosateem Mekerbfldisarface.
readily achieve relative adjustnent 5 of each optical

menber .  P$heclrst imagid @Fﬂ iRhi 5¢steiP)(¥% is ebngifsedadf a lens unit
system PL2 of the a(gf o%r h exa?rpl e forns thé

i nnathved pabitivienegfeacting g;wat (fohetiR2end unlie or ffirss tunit) G31,
i magi ng optical system G3, the optical path separation
canftbedeseabied Yermn @l 2de audetwo aeficeting détrose M2 heMiZAm The
toward the reticle R2 10 and the beamtoward the
walens, urat €18 § fundteomsafoe maleme theeopticarsystdm teleeentriesn the
of the catadioptric projection optical systemPL2 are

i noatede 8P sidienc el i secackima gimgoopigcal styistean G4/ s¢ eomBosed of
has the lens unit G41 with the negative refracting
posker-described ¢wei mfleatngs mairtans Nﬂzs M24l al lengt tnivf with a
the catadioptric projection optical systemPL2 and to )
15negaNg yelsacting powes (Fastulensemit fosrthirsk usity Gl ,tdéens unit
Petzyal's condition. Furthernore, the |lens unit 41

r eVl poshivevgliagtingpawier (scond leas pn) bt ast aperéure stop

TR ot oo S St b Bpechawet T A i
S5, e ST SR St ST a1
IR ik I SRR LI b 517 e
o B PSR, YL RS courence o
‘aberration. The lens unit G42 functions to converge the diverging
beam. The lens unit G43 condenses the beam so as to achieve a large
numerical aperture on the wafer side.
| Here the lens unit G31 is composed of the following
components in order of passage of rays from the object side (reticle R2
side): a plane-paraliel plate L21; a positive meniscus lens 122 whose
concave surface of aspherical shape is kept toward the object; and a
biconvex lens L23. The beam transmitted by the biconvex lens 123
passes through the negative meniscus lens (negative lens) 124 with the
concave surface kept toward the object, is reflected by the concave

reflecting mirror (concave reflecting mirror or first reflecting mirror)
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The catadioptric projection optical systemPL1 of the
third exanple described above is arranged so that the

light reflected by the 25 convex reflecting mrror Mipo4.0160-00

is incident to the lens unit &1, but the optical

system may al so be. arranged so that a doubl e pass

lens is -73 FP0O4-0160-00 di sposed between the convex
reflecting mrror MM and the lens unit Q1. In this
cap2 1t fgthl thdtcdirbyeCidady dfhss JesiAd Rept RBward the
mrror M passes through the double pass l'ens, iIs

r elobjedtegasies ta?ﬁirpﬂmsagh thenlepativB dnBhistas 1dvtk I PASHRS is then
agai n through the double pass lens, and 5 then enters

t heeflegted by theG@dnveX fﬁﬂfﬁ:ltin? mifer ¢8padalopithi separating mirror
projection optical system PL2 of the fourth exanple

| s oarseeond deflectim@imiri®) INMARt withethleegdpebd¥uithee efa¥phicrical
reflecting mrror M24 is incident to the |lens unit

GAshapeit kepite toplard athes ywhisn maThal segheiver neidechssdens 1.24
that a double pass lens is disposed between the

c ofivmotionsf forsatinfying the Pet@Al'sndniditoh ens 10 uni t

A1l. In the catadioptric projection optical systens

PLI, PL2The bdam refegledt by ¢hexanperseflestinghmurabdi2? forms
pure water was interposed between the |ens |ocated
neanaptermediate wmedge of el rethe cvBR eat, tharpbsitiond showm in Fig.
possi bl e to adopt a configuration wherein another

nmediPum pedernt secuselyedchieve vhe ioptical pathyeeparhtion hetwicen the
I nferposed, where the refractive index of the

at heyprievardrthersticls B2 apdithe hoeop dowiasd thptwaker. Here the
system PL1 o PL2 is 1 _ Presented bel ow are val ues )
of PapBenf ilﬁa{q on armecar 2 plangpwhpse neraadas thyoptical axis

optical ,system PLI. according to the third exanple. In
t héﬁ@vl%% e poreavsEeTlesimermistor M ds placeda

represe adi us of_a rtign where t exposure .
“1'i ght i?@ﬁ@éﬁ%jﬂe@w %Eﬁibyaﬁleefp@mge e PupoR M22 is

R The RSB AR e DREBT it b thira
S At ENCEL A, BB SElR SUR h Bu g ptic,
the ikl HthSa direction toward the optical axis AX2 of the
catadioptric projection optical system PL2, and is reflected by the
concave reflecting mirror M23. The beam reflected by the concave
reflecting murror M23 1is quickly converged, is reflected by the convex
reflecting mitror (second field mirror or fourth reflecting mirror) M24
with the convex surface of aspherical shape kept toward the wafer, and
1s directly incident to the biconcave lens 125 forming the lens unit G41.
The convex reflecting mirror M24 relieves the variation of the beam due
to the field angles expanded by the concave reflecting mirror M23, so as
to suppress occurrence of aberration. The negative meniscus lens 124,

concave reflecting mirror M21, convex reflecting mirror M22, concave
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25 AXI of the catadioptric projection optical system
PL I, Ha length along the X-direction of the

ef fective exposure region, and C a length along -74 FP04-0160-00

FP0O4- 0160.00 the Y -direction of the effective
exposure. region. In the specifications, NA
represents the nunerical aperture, d the surface
separation, n the refractive index, and 2 the center

Wa‘f@ﬂ@ﬂ%% mirkort NEF30h%d do?lvre?(erefl%_ﬂ:ﬁ’i'ﬂigf iAok ‘N@ﬁlgbonstitute a

represents the distdnce on the optical axis AXI
bekuesid ug reflecting mrror M3 and the unrepresented
wafer, and L the distance between the reticle Rl and

the waf eCheTlehl @ndt GU9SRNESmMpd-_ed RETHE i@;ﬁbi»ﬁ_ﬂg &@mpbRents in
optical nmenbers of the catadioptric projection

opbirdé of patRiveRbilrase o BioMchoe ltlaﬁs LIPS vhos¥ acmgilcgvel durface

the specifications of the optical nmenbers in Table 3

eaoff atpheticdlashapeusikept itowabé the 'objecobbdm bivdneat€dens 1.26
an order of a surface along the traveling direction

of winyse tomeaveheurbifeeof svphericabahapeordkgstl tvwam the wafer.

radi us of curvature of each surface (mm), the third
coSimge the biwoagave lapakl? Aguml tirubicanease pensal 26rhdverihe lens
of each surface, and the. fourth colum a glass

maserfacts of aspheriopt ishaperenmherfead®blddbl ackicpe egend simaging
t he aspherical coefficients of the lenses with a |ens
supédoemaficadhrmrgheait theagetizndegiba methe exipogure ares, swhile
used in the catadioptric projection optical system
PLachigving thai largexanpiarical nappgurespethecdimage side of the
coefficients of Table 4, aspherical surface nunbers in

t heatpgdieptricqepieeiiopptiea) syatemd Rk surface nunbers in

t he spec,jggi rclati ons of the .20 optical nenbers in Table
1. The séBgdensBniikid?apressrpesed pé the dellawing components in

asphgrical surface (1/ , the third colum the _
o oPRdes| 0 Ape OLABYR & aCQWX1Eras-ISZYj avhesgppenyegsurface of
coefficient, the fourth ol um .t he 4t h-arder and

CCatphrisel Shapmt: kOB ihg Cbicels adicdanive thonBeps fens L28
t he, 6t h- order an 16t.h-or? r asah ricgl oefficjents, .

¢ hWhOR (GPIYEX ih&ent foyrad, the,Abiestna popifive meniscus

SRS 52 SRR OhE e B SR AR S and
negative meniscus lens L30 whose convex surface of aspherical shape is
kept toward the wafer. The lens unit G43 is composed of the following

~components in order of passage of rays: a positive meniscus lens L31

- whose convex surface is kept toward the object; a positive meniscus
lens 1.32 whose convex surface is kept toward the object; a positive
memscus lens £33 whose convex surface i1s kept toward the object; a
positive meniscus lens L34 whose concave surface of aspherical shape
1s kept toward the wafer; a positive meniscus lens L35 whose concave
surface of aspherical shape is kept toward the wafer; and a planoconvex

lens L.36 whose convex surface is kept toward the object. The lens
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-75 FP04-0160-00 In the third and fourth exanpl es,
each aspherical surface is expressed by the

af orenentioned Eq (a). [Third Exanpl e] FP04-0160-00

(Specifications) 5 Image-side NA: 1.20 Exposure area:
A= 14 MmmB = 18 mm H=26. Omtm C=4mm | magi ng

magni fication: 1/4 Center wavel ength: 193.3 06 nm 10
Refractive index of silica: 1.5603261 Refractive

| nga @f2f é}b@ﬁ%%%o%;ﬂ@zl %ﬂﬁleng%ﬁﬁ@@aﬂsvc?oﬂg%ge e?founh unit.

liquid 1:" 1. 43664 spérsion of silica (

- 1. 591E Thé/damdiBhbERepebjentieh dptital is?@tehf’ PP ) constructed so
-0.980E - 6/pm 15 Dispersion of liquid I (dn/dX):

- 238 Bo- s4tlsin tie! sesdicion” eFP®Ndi RgMIn/Condi pienwiare M2 is a
374.65 mm 1400 mm FPO4- 0160- 00 ( TABLE. 3)

it o eyt 0 0o 3, SAOPAD3 o
4_tie6 3pOBi21 4t0pOAS 2528851 3 1thd /@itahd8 Isiween the reticle R2 and
the wafer. When M2a/L2 satisfies the lower lLimit, it is feasible to
avoid mechanical interference of the concave reflecting mirror M23
with the lens unit G41 and the lens unit G42. When M2a/L2 satisfies
the upper limit, it is feasible to avoid an increase in the total length and
an increase i the size of the catadioptric projection optical system PL2.
For securely avoiding the mechanical interference and securely avoiding
the increase in the total length and the increase in the size of the
projection optical system, the projection optical system 1s more
preferably constructed to satisfy the condition of 0.5 <M2a/L.2 < 0.2.
When the catadioptric projection optical system PL2 of this
example 1s apphied to the exposure apparatus, pure water having the
refractive index of about 1.4 is interposed in the optical path between
the lens 1.36 and the wafer, where the refractive index of the atmosphere
in the catadioptric projection optical system PL2 is 1. Therefore, the
wavelength of the exposure light in pure water becomes about 0.71
(1/1.4) times that in the atmosphere, whereby the resolution can be
enhanced.
The optical axis AX2 of every optical element included in the
catadioptric  projection optical system PL2 and having the
predetermimed refracting power is placed substantially on the single

straight lie, and the region of the image formed on the wafer by the
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6:-261-841151. 0000 7_277.3335429-0109 8: ASP2224. 5285
3:-176.6187220. 0000 10:-515.6071010. 4614

11: ASPS-10. 4614 12:-515-60710-20. 000045 FP04-0160-00

13:-176. 61872-204. 5285 14: ASP4518. 3706u6
15:-517. 39542- 241- 38074t 6 16:-652. 07494171. 3807t 6
17: ASPS20. 00001t : 5 18:171.5938241. 4743

19: - 245-9452520. 0000: #: s 20: ASP605. 1415

2RISR pU91 01 e s rson o

251 Pl %ﬁc:ﬁ@mﬁl@@ 127ReRP96: it is fea51ble to reduce the
27: 1494 6847 64535 28:-1292. 26668100 27

29dé§1%% b03¢itR4ulf 9éﬂ r@@ucﬁ@ﬂ”rﬁﬁ?r@@ﬁ@@én 38f" She catadioptric
31: 6.0869%#. z 32 596. 9008037. 1298#

331)%%2?5%% £ §Il%j35}@ﬁl BER23md to3veilily: &4f8ve relative adjustment
of cach optlcal member.

Since the catadioptric projection optical system PL2 of the
fourth example forms the intermediate image of the reticle R2 in the
first imaging optical system G3, the optical path separation can be
readily and securely aclueved between the beam toward the reticle R2
and the beam toward the wafer, even in the case where the numerical
apertures of the catadioptric projection optical system PL2 are
mereased. Since the second imaging optical system G4 has the lens
unit G41 with the negative refracting power, it is feasible to shorten the
total length of the catadioptric projection optical system PL2 and to
readily achieve the adjustient for satisfying the Petzval's condition.
Furthermore, the lens umt G41 relieves the variation due to the
difference of field angles of the beam expanded by the concave
reflecting mirror M23, so as to suppress occurrence of aberration.
Therefore, good mmaging performance can be achieved throughout the

~ entire region in the exposure area, even in the case where the reticle R2-
side and wafer-side numerical apertures of the catadioptric projection
optical system PL2 are increased in order to enhance the resolution.

The catadioptric projection optical system PL1 of the third
example described above is arranged so that the light reflected by the

convex reflecting mirror M4 is incident to the lens unit G21, but the

éptical system may also be arranged so that a double pass lens is

~73 -



10

15

20

25

36: 180. 6125561. 4605as 37: 464. 287861- 0000
38:125. 7676149. 2685 39: ASP91. 0000 40: 89-2746740- 3615us

41: ASP101. 1254 42:79. 3545137-7011i 5 43: oal. 0000n a L[FPO4~0160-00

FPO4- 0160- 00 #1:1st surface #2: Radius of curvature
#3: Surface spacing #4: Medium5 #5: silica gl ass #6:
reflecting mrror #7: aperture stop #8: pure water
#9: 2nd surface 10 (TABLE 4) (Aspherical

Co { =l ' "4 -0 1 8 :
rodbipdelrbendon B0 GRYEE FoARATink b AL S8R lens unit
13GDASBREHIS Gase e Béht pEIOARE 1P the 2oncave reflecting mirror

89E- 290. 00000E+00D. 000GOE+ODO0000T3E+00
ASRZS. 94484 & e 3p4tl FerldS-i§ - AtlebtdFby the convex

135. 09507E-17-4 32671E- 21

éb%ﬂé&ﬁrg Py 13 R Ep ke s 04010 EheGd gh Gh&dautilé - $AR0MRYS, and

. then enters the lens umit G21. Simularly, the catadioptric projection
optical system PL2 of the fourth example is arranged so that the light
reflected by the convex reflecting mirror M24 is incident to the lens unit
G41, but the optical system may also be arranged so that a double pass
lens 1s disposed between the convex reflecting mirror M24 and the lens
umt G41.

In the catadioptric projection optical systems PL1, PL2 of the
respective examples described above, pure water was interposed
between the lens located nearest to the wafer, and the wafer, and it is
also posstble to adopt a configuration wherein another medium having a
refractive index larger than 1.1 is interposed, where the refractive index
of the atmosphere in the catadioptric projection optical system PL1 or
PL2is 1.

Presented below are values of specifications of the catadioptric
projection optical system PL1 according to the third example. In the
spectfications, as shown in Fig. 11, A represents a radius of a portion
where the exposure light 1s blocked by the optical elements constituting
the catadioptric projection optical system PL1, with the center on the
optical axis AX1 of the catadioptric projection optical system PL1, B a
radius of the maximum tmage height with the center on the optical axis
AX1 of the catadioptric projection optical system PL1, H a length along

the X-direction of the effective exposure region, and C a length along
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ASP3- 0D034&9030000CCE+- 00- 1. 67447E- 09- 64951 @F- | 4- 59305
OE-19-810217E- 23

3. 215176E-27- 6. 32598E- 32D. OD[ 300E+000. ODOOOE+000- BP04-0160~00

ASP4, 0=0766300. 00000E+0CB. 08927E- 104. 69465E- 14- 6. 3975

E-192. 43900E-23 -9
28832E- 281. 58122E- 32D. 00000E+000. 00000E+000 0OOOOOE+00
ASPSO. Or 1256620. 00000E- 101. 03544E- G8- 128243E-12-3."' 372

a0 SE TSR A0S STt BRI I58 b0l fhe specifications,
ASREA. %@s@@%@@@%ﬁeﬁ@ﬂoﬁ)ﬁ&%&%Q?Tﬁ@%%@?a%@lgeﬁaration, n the
38706E- 17264276E- 21

cl)-c)%éﬁ"&@tﬁv@ﬁn@eip%.ﬁﬁam- RERRPESARRIGIIROETRPMLRRREE I the

PSEﬁe@ima%ﬁi 2K ORPPELETY) - the9 4d1ARcd 08n SO Lptickl 12281 AX1
33E- 18- 122660E- 22 3111

54betivedh 83 ey GRRPGENDY Carft 4O it SreQ8RRAERAPer, and L
ASP$- 0. 000256610- 00000E+- 00- 9. 13443E- 09-5-61174E-144.5

24 GeEdikbareH@0&LhR-1B8 reticle R1 and the wafer.
5.8fi 934E-28-7. 10478E- 337. 00000E+000. O0O000E+t 100C000E+

-00 Table 3 presents the specifications of the optical members of the
ASPS0. 004552030. OD00E+002. 66745E- 09- 3. 15468E- 137. 1631

8EcatadicpNs3praection optical system PL1 according to the third
- 222512E- - 251 68093E- 20D. 0000DE+000. 00000E+00000000E+00
Asexpopla 1111 thirogendbestdors obdtd Bpacal armeb&Es ih4l#46 233 each
E- 15202242E-18 L-1-1 o

59amrdEnanmbes 70 the dG6t coMUE+0dTatc0an Brda0od achofacemlong

#12: Aspherical surface nunber #13: Curvature 15 Fig.

12thostraveling dieotion ofapys denmdheditigebsidehthe segondecolumn a

ek 04ICHY e 10 Eapisuae (rsmy eathirdiopbuunan on-axis

oS Suttace Separation’ (i) of cach Sutace, and the fourth
column a glass material of each optical member.

Table 4 presents the aspherical coefficients of the lenses with a
lens surface of aspherical shape and the reflecting mirrors used in the
catadioptric projection optical system PL1 in the third example. In the
aspherical coefficients of Table 4, aspherical surface numbers in the first
column correspond to the surface numbers in the specifications of the
optical members im Table 1. The second column represents the
curvature of each aspherical surface ( l/inm), the third column the
conical coefficient k and the 12th-order aspherical coefficient, the fourth
column the 4th-order and 14th-order asPherical coefficients, the fifth
column the 6th-order and 16th-order aspherical coefficients, the sixth
column the 8th-order and 18th-order aspherical coefficients, and the

seventh column the 10th-order and 20th-order aspherical coefficients.
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the present exanple. In Fig. 12, Y indicates the inmage
hei ght, each dashed line the transverse aberration at

the wavel ength of 193.3063 nm 5 each solid line the FP04-0160-00

transverse aberration at the wavel ength of 193. 3060
nm and each chain line the transverse aberration at
t he wavel ength of 193.3057 nm As shown in the
transverse aberration diagramof Fig. 12, the

cat adi Oplﬂitﬁepﬂﬁ'cﬁ‘%ﬂcp’foﬁﬂhi %ﬁhn@ﬁnééﬁfggﬁk;as hetiB8l sm&faoe is

present exanple has the large n perture an

| S eRPFésR6d By the FoRRéhtioh ARG, for aberration

t hroughout the entire exposure ea though it has no

I ar[’g'ﬁjlg@)kzﬁﬂ?lee}l enment. The val ues of specifications of
the catadioptric projection optical systemPL2
ac(gp&i;iﬁgaﬁgngjwe fourth exanple will be presented

bel ow. Table 5 presents the specifications of the
optical hmapessidoNANE205 catadioptric projection
optical systemPL2 in the fourth exanple. Table 6

pr esent sEkpeswaeptreni Aa+ 1daafiif i cildrt $8ahint he | enses
with a lens surface of aspherical shape and the
reflecting mrrors uded26r) hthre (Cat ddnoptric
projection optical systemPL2 according to the. fourth
exanpl e. Inthgingpmaphifecaticonsl/4t he specifications of the
optical 20 nmenbers, and the aspherical coefficients

w | | be desterivvankiongth: 198.306 nthe sane ref erence
synbol s as those used in _the description of the

speci f i cRefraadveinddieot sidwai dpiﬁ@iﬂ%r oj ection opti cal
system PL1 in the _third exanple. [Fourth Exanple] 25
( Speci f i Bafrashieg iIndexagEfluoase NnS0145d8- 79 FP04- 0160- 00
Exposure _area:. A=z (%3. 5. omB = 17.5 nm H=26. Om C =4nm
| magi ng Refactve mdexnef hgeid Ehidi604avel ength: 193. 306

nm Dispersion of stlica (dn/dA): -1.591E - 6/pm
Daspersion of fluorite (dn/dA): -0.980E - 6/pm
Dispersion of hquid 1 (dn/dX): -2.6E - 6/pm
Values corresponding to Condition ~Ma = 374.65 mm L=
1400 mm |
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5 Refractive index of silica: 1.5603261 Refractive

i ndex of fluorite: 1.5014548 Refractive index of

liquid 1: 1.43664 Dispersion of silica (dn/dA.): _ _
-1.591E - 6/pm Dispersion of fluorite (dn/dA): FP04-0160-00
-0.980E - 6/pm 10 Dispersion of liquid 1 (dn/dk):

-2.6E 6/ pm Val ues corresponding to Condition Ma =

424.85 mm L = 1400 mm (TABLE 5) (Specifications of

(@4] TMLB/@g‘bers) FP04- 0160- 00 #2#3#d #, ca74.5841 1:

008. 0000 0033. 0000 3: ASPi 22.937535 4:

- 208p&3TikaloRAPIP iR MERERDD. 535795 o
-908. 69406202. 74806 7: --165.2050120. 0000 8:

- 6p9- 931462574 : ~Aq#4417 10- e
- 6p3.931406- 20100 T - 1654050118 pagfi0 12
ASP3476.15531#9 o4 37 - 4107999241827 79 hgorll4s
ASPATE4 9642 15c ASP528.4827#5 167 29HpsH49538.2383
177 -493,632454@p900025 25 0497 [es
4 —183.94521 1.GOC0
3 355.31617 60,7301 %5
6: —261.84115 1.6000
i 27733354 28.0109/%%
& ASP2 224.5235
& 17661872 20.0000 |#5
1o: -315.60710 104614
11: ASP2 —~10.4614 86
i2: -515.60710 ~20.0000 |25
13 —1 7661872 —204.5283
14 ASP4 SIB. 3708|486
i5: —517. 39842 —241.3807 4+
i6: —602.07494 171.3807 |#¢
i7: ASPS 20.0000]%5
i8: 171.99362 414743
1% —24594523 20).0000 =3
20 ASPS 85.1415
21: ASPY 20,3218 )#5
22 -273.72261 1.6000
23 _ 578.31684 48.6075|s5
24 —308.96420 1.6000
2% ASPg 23.1140/ %5
2. ~ -713.3012% 1.5080
2} 149496847 33.6453 j#x
zy: -1392.24648 100.2723
2% 138210341 24,7691 %%
30: —2544133:03600 92078
31 oo R T R
32: 588.90080 37.1298 s
33: 224859 28548 1.6000
34: 367.85720 4104840 ]#s
33 1341.08674 1.0000
a6 180.61255 61.4605]%s
3% 46428786 1.6000
3a: 125 78761 48 2685) 5
38 ASP9 1.0000
40: 89.27467 403613 s
a1 ASP10 1.1254
42: 78.35451 32.7011 |85
43 oo 1.0000 | *2
"3 oo
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18: ASPS69. 6638 19- ASP748. 79045 20:
21- 1036.9312780. 0000 -22: 1 0 15.6 399419. 7285 23:
533. 07 82263 -434 3# 5 24:
- 1388. 3682440. 8485# 26: ASPS1. 0000 27: 001. 00001 ? 2

-278. 0296931. 4485 25:

479.0577835. 643795 29: 1637-298361. 0000 30:
329.3281344. 1312 31: 1053.3 75301.000 32:
200. 3514857. 3982 33: 515-504411. 0000 34-
118438¢50860c552. 1 35: ASPS1. 0000 36:

81 0345557881541 d 37: ASPIOL. 0000 38:

81#7183daR IB&FMA39: Oal. 0O000US as 00 #1:1st surface

FP04- 0160- 00 #2: Radi us of curvature

#3:

Sur f ace

- 290. 432451. 0000

-2

sp#ét qufaééspb@ﬁgum #5: silica glass 5 #6: reflecting
mrror
#4: Medium
#5: silica glass
#6: reflecting mirror
#7: aperture stop
#8: pure water
#9: 2nd surface
(TABLE 4)
(Aspherical Coefficients)
12 13 I c4 5] ol 510
ci2 chd clf <18 c20
ASP) ~0DO714775] O0QQQRNEHIO) 3 TOIZIE08| 4.48586E-13] 1.904533E-i17] 68757321
~3B1072E-25%] 5.12583E-25| 0[.0000DE+00| 0.00GODE+O0| 0 QQOUQEHdD
PEFZ OD0031632] 0 O00COE00| 233442E08] —TATITIE-T3] BOABAIE T —4 32871E-21
1.56850E-25] -1.33750F90] 0.00DODE+00| _(.00D00E+O0]  D.0GO00EG0|
ASP3 | -000346003] 0 000C0E-0D] —1 57447E 08] —6 495166-14] —5 6305CE—18] -8 1C217E-23
321506827 -5 92568E-32] 0.0QQ0CE+Q0] OOD0ODE+RG]  0.00000E+0E
ASP4 -G 00076630]  DOCOOOG+»0D{ 308327E-10] 469465B-~14| ~B.3975BE-18| 2 45900F~23
-8 2B832E-28| 150122E-32] ODOOQOE+0D| G.OQODCEXID| O NODOOEHDD
A5P5 O.00125662]  D.0GUGUE-00] _100534E-08] ~1292436-12| —3.07425E-17] -BOITIIEE
390718E-25] 1 540025-30| D.DODONEFO0] 0.00000L-00] 0 00000E-00
ASPS G.00507634] 0 0CCOOER00| | 00049 08| —332807E-12] 1 98708E-17] 2 64276E-2]
1.41136E-2% —6.70515E-30{ D.OODODE+DQ| O.000DGE+CO|  0.00000E+OS
ASPT -BDB253727] D OCOOREXO3{ —3.54913E~10{ 950I12F-14| —-1.02153E-18] -1 2288DE-237
311154627 ~495394E-31] D.DODODEIGG| 0.00000E-00] 0 0GOUOEF00
ASPE__| -0D0025661]  D.0GUGOEU0] —0.13443E-00] —B611746-14] _ 4.52406E-19] ~2J90RIE33
| 585934E-28] —77D478E-33] 0.0000DEFGD| 0.00000EF00| 0.0GOODERDG
ASPS §.00458253] 0.0COO0E+08| 206 748E-08| -3.15468E-13]  7.1631BE-17]  1.41053E-21
2 22519E-25] 1 68083620 D.UDDOCEXDO| _0.0D0DGE+O0| D OODAGEFGO
ASPIO OD1117107]  DOGOGOE-0D] 245701E-07] %18793E-11] 483523F-15| 2 022426-13|
=1 585073E-23] 141579E-75] D DOGODEFB0] _D.ODODOE0] B 6ANGAEF00

#12: Aspherical surface number

#13: Curvature

Fig.
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#7: aperture stop #8: pure water #9: 2nd surface
#14: Fluorite 10 (TABLE 6) (Aspherical Coefficients)

ul2ut skc4c: ficacl0 nl12c14c16c¢18c20 FP04-0160-00

ASPI - 0. 00399454D. 0000 DE+CQ2. 22245E- 081. 47956E-J3-1. 4
7977:-171. 83527E-21
-3.79972E- 2f fi . 22409E- 310. 94000E- 0l 0. 00000E+C00. 00000E

+00

Qg@?g_ ‘{g@g 7%%%%@2 glﬁo B dridRA3AEdfifetor "488 Bl i Sgittal

gE%%éﬁigﬁ%@%%b%&é%‘%g%o%&ﬁ%%@&ﬂ5%% BPCRcR8R8ng to

o3 3 7 9
E;% gé%hgﬁg@zzogagﬁg 14 ¥ ﬁﬁﬁgaféﬁ B98kage height, each

00 Ba kX d ke €6 14908 EE b erration at the wavelength of 193.3063 nm,
ASP4- 002549+1840DO00E+COL. 50073E- 091. 95837E- -1 41. 84538

_E- ¢8ciBs8Rd iife B transverse aberration at the wavelength of 193 3060
. +31493E- 27- 1. 4%$19i E- 320. 00000E- 00D. 07000E+ . 00000

106m, and each chain line the transverse aberration at the wavelen of
ASPS-1001429291) . ODOOOE+CO- 3. 82817E-111. 565041- 132. 89

291938056880 E- RO shobvrd ol GhE-tPAnkvefsd aBetration diagram of Fig,

E- 2S0. 00000E- 00D. 0DO0OE+C00. 00000E+00

ASP2a 5 4 tatadiaB00 ProjeeBiodl ptical SsystehO BI4E- 42 - theb Ptesent

390: - 161. 33858E- 20 .

6. axapple has 3heSangs mlmommaﬁoﬂomeﬂoﬁﬂ%good

+00

AShalance fo29bacaen tibmugbolt 1the (enmEe @xposut0aEalthonghat has
.597E-172. . 02315E-22. --5-49$18;

_ om0 largg agteabelereemoor. - 00D- ODQOOE+COD. 00000F, *0Q

The values of specifications of the catadioptric projection optical
system PL2 according to the fourth example will be presented below.
Table 5 presents the specifications of the optical members of the
catadioptric projection optical system PL2 in the fourth example.
Table 6 presents the aspherical coefficients of the lenses with a lens
surface of aspherical shape and the reflecting mirrors used in the
catacioptric projection optical system PL2 according to the fourth
example.  The specifications, the specifications of the optical
members, and the aspherical coefficients will be described with use of
the same reference symbols as those used in the description of the
specifications of the catadioptric projection optical system PL1 in the
third example.

[Fourth Example]
(Specifications)
| Tmage-side NA: 1.20
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ASP$- . 40(1125790. 00000E+CO- 5. 21260E- 03- 2. 57678E- 14-4. 9
7997E-191. 15091 E-23 -9

413202E- 295. 04787E- 340. 00000E- 001 XO0DOOOE+CQOU. 00000E 04-0160-00
ASPI 0. 004C337743. 4DO0O0Et C04. 99176E- 08- 8. 39272E- 13&RD

7TE-175. 38434E- 22 --424581E '

2-64. 115054E- 300. 00O0O00E- 000. O0O0O00E+ C00. 0000017100

| 151: +i OD. 01450014D, 00000E+C02. 40785E- 074. 75050E- 115. 2

1548E- 15Ex369%kEn®8: A=13.5mm B=175mm
1. 535352E-224. 32477E- 240. 00000E- 000. O0O000E+CQ0. 00000E+

00 #12: Aspherical sHr£faee) pwmbel = #i3m Curvature 15
Fig. 13 is a transverse aberrati on di agram show ng the

-82 FPO41i9a ﬂrgO@lagnmtﬁm;e]/gberrati on in the
nmeridional direction and in the sagittal direction of
t he cat aﬁjegmrr\jvgvaeggﬂptligm?,@@hmal system PL2
according to the present exanple. In Fig. 13, Y

i ndi cat eRefiaetivengdehef gilica: daf6032khed |ine the
transverse aberration at the wavel ength of 193. 3063
nm 5 eaRbfraotive ihdareof flioriteand\bérlgé48berrati on at the
wavel engt h of 193. 3060, and each chain line the

t r ansver Refrabtive andenobhiiquid IndvB gt h of 193. 3057
nm As shown in the transverse aberration di agram of
Fig. 13Dispessioatafditbea (do/ddnoiledPiBnr @pii cal system
PL2 of the present _exanple has the | arge nunerical
aper t ur eDapgrsioncdriteenited dmida): g6 SBOLO - b4pmnce for
aberration throughout the entire exposure area though
it has kspeasigs odiqud) ] éqhe/ﬁl&aﬁt—lﬁﬁe G/pm h exanpl e of
the present invention wll scribed below with

b
r ef er enc¥aligs crREegpansivg t@ngﬁm s Mait Hd@5ammn L=

g | %F'Ha | ens configuration of the catadioptnc
M n optical system 15 according to the fifth

the present invention. The catadioptric
i optical system PL1 of the fifth exanple is

?{)ﬁri ﬁ@%}%}c@ﬁe@})ﬁgmgﬁbgﬁtf cal systens in order

sh
pr
ex
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(i.e

systemd for formng a
a second internediate i nmage of the reticle 20 R
and a second i magi ng

the retic

le R side):

first

| ocated on the first surface;

a first

i nt er medi at e

I magi ng opti cal

i mge and

optical system & for relaying the second
internmedi ate image of the reticle Rl onto a wafer
(not shown) located on the second surface. The first
i maging optical system Gl is conpaosed of a Jens unit
with a positive Jrefracting Doi/er *field | ens urfiitt)
GlL, and'after- [2& described gix refl@tbBdd{mrrors
ML M6. The lens |gpit G | fundtions to3QaQ0ectast or
di ptortrgn and dibers and to npake thezophppal system
- 8B I—I—’U43UlbU 0 1ece_ntri C on the rﬁigg e RS de.
The FeTTS Ut G T Reep l1§pa re—of—tie
| npge—ofthe—reti ged—eves re—fet+ere
R1
i nLt_he dbi ection B¢ axi el 80 her ef are.
t he_per f di mance |of tﬁéﬁééﬂt@ ilopt ri c & PPEPEecH*F on
optical $System HLI cafitBd3idbnt ai ned 4%.§A1 7/[The second
i magi ng @ptical |&ESZem & is éntirel yisadpdsed of
transm t{di:ng optji cal -gsedmanus|and | s-aPOPOSEGsof a
l eps unif;- W th @ posiE5Ye5he] T act i D{DeugH| (T1T1 ST
Ie S unifgs 21, RS Ui t rir a G5B YEss _
A R WAL e 1 AR T LA
@3’ anﬂnq;;ertur‘ #n AQ’I and a le 4 ﬁxz E\jth a
p eifi\/n‘t\-:nfra,c_t P9, wth |pr?<3‘ﬂ1&2_f‘ iidery
Sijnce t hisecan i rng2e848A0Pcal systHREBlis entirely
coamposed %f _the| trand®¥H6246| opti cal2Cd@P@nts, it is
frlee of the | oadABPBoptical phth sef.8863%n;
t heref orily: the i{ABEF- si de nunerical aFTH0Mleesof the 15
cat adi opdy-1 ¢ pr ¢] ectipgnapbashl syStem ghgpjcan. DE Set
I rge anj.a re uceam-lg@_g'w gl ghn
T o T o Telhhoa oot ot [ghadty serom
?tl f ou,c |||c. 1 CI.I+°; U|||2'$ 37;"3.22’;; 73;!\/ VL‘?{ !”tos; én The
cgnd = |t he 460029891 < 1. @S lanl e 1o
a ol d arza ncrease |ﬁ1383-3’6824 4D8£l‘85 #5

28: ASPB 1.0000

Z2i: i 1.0000 =7

29: 43905778 39.64317| #5

2% 1637.25836 1.0000

30: 329.32813 44.1312|#s

31: 1053.37530 1.0000

32: 200.35148 97.3982| #°

33: 219.00441 1.0000

4 118.38756 80.5932 1| #5

I3 ASPS 1.0000

36: 81.03425 37.8815*"

37: ASP10D 1.0000

38: 31.71932 35.7388| =»

35 i 1.0000| *2

&9 2 W)

#1:1st surface
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15

20 the tota
opti cal

as cona.

fol |l owi ng

wh

t owar

t he bi convex
refyepédignm rror M whose concave surface of
aspheri cal

is ref

shape is kept toward the object,
coﬁ\gegﬂfcgfg}gggi ng mrror M2 whose convex surf
aspherical- shape 5 is kept toward the wafer,
cof6avsfldctilgeliirog M nor
kept toward the object,

ected by

reflecting mrror

asphelnd abrfabape is kept toward the object,
Mb whose concave surface

pl ate LI

L3x2a i
#3astrckispaBex

concave reflecting mrror
ket 4t Bluardet he wafer. Since the beamis continuously

reflected b
| nt GEABRE 6)

of a

ny | ens,

M3 whose
to formthe first

a

concave surface

the convex reflecting mrror

cofifepueuwhiae is kept toward the wafer

rays

t he

suc

| ength of the catadioptric projection
system PL1. The lens units (R1-&X3 are

effective to correction for various aberrations
Here the lens unit Gl1 is conposed of the
conponents in order of passage of
the object side (reticle RL 25 side):
pl ane- par al | el

from

a positive neniscus lens L2
g9e MEcaMftgee of aspherical shape is kept
AR cBVaale O P04, 0160- 00 bi convex
|l ens L4. The beamtransmtted by
4 is reflected by the concave

| ens

ace of
and the

is

i nternedi ate
in#gea?aM@mhﬂap1reflected by the reflecting mrror M

M4 whose

t he concave
Mb whose concave surface of 10

the Petzval's condition
be readily net by adjustment of each reflecting mrror

and t he

is

the reflecting mrrors M-M w thout

can

Mi{Aspherichd Gagffistentsy hol di ng each reflecting mrror
M —Ms—canbe secured j j ch—
L £ 4, g N wb . . cl0
rgriectrng nrmnor = . Ne GOT vat urgs OF [ T T kgl CalT cag
bereadilV correctied_for by chanqging the fadius of
Bl A—g.m;sg%gﬁ_ B ES0Q0EAE | @.ngagéﬁnr 1 Z7958R— 13 A1 A 14 %.gﬁsm—m
cyrvatureor ¢c -3 7987300 U s R oozl | hooh¥i-naV P nodfosSod’ = 8hhbosEs oo
rgilected|by the fleflecting mrro Mo Tornms the
sd P2; T A ST o e e 2-2.3§S%§~13 -4, FB730E-22
. 148182y | —22X006E7 30 H.Eéﬁnagﬂﬁ P g +00 | 0.00000EF0]
cancave regilectin mrrori{vs 1s placed atjtne
pds 880 hoSe00%TH | JAIOTOET, frye] FAPECOR] 1. /ORYOE32, | <9 V8RRT—15 | FE0099E 22
) \ \ ~2 BAB8EE-28 | 6.1 3T T0E- O ODOUDES So00DE+DS | TOG0AGEDD
t e pearmm gam De
ASPY -0p025494E | D.ODOOODE+CD | 1.5G0T3E-05 | 1.85837E-14 | 1.84534cE-15 | —BE0I27E—23
1.81483F-27 | -1.4B13iF—52 | QOO00SE-00 | DORODOEYCS | 0.0000BEFO0
ASPE  B60162928 | 0OJ0006+00 | —3.82817E-11] 1.66504E-13 | —2890705-16 | 1 BB40GE-20
| -5.56465E-25 | 1.20181E-20 | O.0C00DE-08 | D.GD000EEE | 0.0000REFDD
ASFE 000531154 | O83000E+HEE | 38164BE-08 | ~1 10034E-12 | —360000--16 | 1.13858E-20
6.34523E-25 | —345540E-28 | GGOOCDEDT | D.GIO0DE+ES | 0.00008E+00
ASPT B.EN1E2503 | BODDADEXED | —2.14D04E-08 | 2.B790BE~15 | -1.325975-17 ] 2.02315E-z22
~SA498185-43 | -4 97090F-32 | 0.00D00R=00 | DOOOQDE+CO | 0.000Q0GEF(D
ASPE —2.00012579 | DOXN0EACO | ~5.21260E00 | 2 3767914 | 467667519 | T.ISDBIE-23
| -§462027-28 | 5.04787E-34 | S0000DE-00 | G.ODD0DEGS | U.OUDDREYOD
ASEG B.00&E3277 | GOOO00EYCO | 4.99178E-08 | —8.99277E-13 | BBGTBIE-17 | 4.3B434E-25
~4 24581526 | £ 5I058E-30 | CAPO0DE-00 | G.OGLO00EAEG | 0.00008EF00
AEP O.01060814 | DOJOODERED | 2.807SGE-07 | AJ8050E-31 | 5.01548E~-15 | 1.208G1E-1E
153559623 | £ 334TFE-25 | Q.0000DE-00 | D.OR00CE+CEG | 0.00000E+00

#12: Aspherical surface number
#13: Curvature

Fig. 13 1is a transverse aberration diagram showing the
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focused by this concave reflecting mrror NB;
therefore, the beamcan be set largely apart fromthe

optical axis AX | of the catadioptric projection FP04-0160-00

optical system PL1, without intervention of any |ens
between 25 the reflecting mrrors M-NM5, whereby
interference can be avoi ded between beans. Wen the
beamis continuously reflected by the four -85

FP@4n9¥&83e 08bdrehtiie tinh eheM hEABFo- ecﬁgn ioglqﬁgs R &agittal

to avoid an increase in the total [engt

CadaecaBhdfCthe! Qitsdibphic ?Péje‘éﬁbnst?/gﬁ@él‘ %stemm lagBsrding to
unit &1 is conposed of the follow ng conponents in

or ggy peéschpssameplel MAYEig. al POY indiGatBNiheCHBas@ MReid, each
whose convex 5 surface is kept toward the object; a

podhthietlinenhe ttansiene dRmiRIcaCtiRewiocuiilnes 198.3063 nm,
aspherical shape is kept toward the wafer; "a positive

mepacic yshid ditke thé thoserse aberrasionf @che watelehgtloving3.3060,
the object; a negative neniscus |ens L8 whose convex
suafidceadls chept Hrahe trhmsveabs esberratish aatneigatwaseclength of
nmeni scus | ens L9 whose convex surface of 10 aspherica
shi2.305 7Tkemt. t Awashdwrhen th¢ eransvens: hbemation tdig@eam of Fig.
conposed of a biconcave | ens L10 whose concave surface
of 13sgher catadiopthaperopckent dptival dsystenmd?le? . ofiithe present
lens unit G23 is conposed of the follow ng conponents
i nexample bis theslagze omerysal- apertienandnisegotrectsd im s good
whose pl ane of aspherical shape is kept toward the )
obbalance fon sbemation vhranghioa age leatise lexposhss areactioagh it has
surface is kept toward the object; a biconvex |ens
L1no largesypdical ¢lementi scus | ens L14 whose convex

toward the object; and a _biconvex |ens

surface is kgi%tg .
L15. Thelle rexanaple pf thenprsent gnventign corll e (dessribed
L16;. a sitjve meniscus |lens L1Y7 Se cqpvex . .

s ﬁlﬁb‘éwﬁﬁ" slfen@svtertgeﬁﬁéww oi;ﬂ%l\{]{? l%aﬁéﬁllﬁf%f@ﬂ showing
meni scus | eps L18 \NhOfe concave surface .of .aspheri gal

s tfpleTiS s CRBHEVEARI OF HBCWSPEIdIOR, PHOGRIgRPRECA]l  system
| Ao, i dBe AT ERatifle,"Of PheDboRphy kit The

| mc%?&dl%%gr\fg Xplsolj'éét?&f (i)ﬁc’ticka?pgyét%l\%a "8 h(e)f oﬁ){'ee Hah example 1s

comprised of the following optical systems i order from the object side
(1.e., the reticle R1 side): a first imaging optical system G1 for forming a
first intermediate image and a second intermediate image of the reticle
R1 located on the first surface; and a second imaging optical system G2
for relaymg the second intermediate image of the reticle R1 onto a
wafer (not shown) located on the second surface.

The first iniaging optical system G1 is composed of a lens unit
with a positive refracting power (field lens unit) G11, and after-
described six reflecting mirrors M1-M6. The lens unit G11 functions

to correct for distortion and others and to make the optical system
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The catadioptric projection optical systemPLl is
constructed to 25 satisfy the condition of 0.2 < M/ L

< 0.7, where. Mis a distance on the optical axis P04-0160-00

between the reflecting mrror M3 and the aperture sto
-86 FP04-0160-00 AS1, and L the distance between the
reticle RL and the wafer. Wien ML is smaller than
the lower Iimt, it becones difficult to place and

ke?&&%@‘m{l ‘ne(gtfﬁ‘?e i‘élt%%gf{f%ﬂfé | tyhbngnd tﬁ?ﬂﬂ &3 fﬂlﬂbhﬁns to keep

I Spensa or correction for var

abepd §Ide°613thepﬁ‘xﬁz§/g§§£ k‘;ﬁt}@@s R I@&%nggﬁ'éveﬁﬁ?%é réticle R1

pOSItIOﬂS I es elo

I . i Elac'eﬁ with fd%@ﬁtk}@ﬁbﬁh WO sired %ﬁhﬁ@% i e Eih‘é[:ﬁﬂﬁeof the

e concave reflecting mrror he le

¥ n opticfR ln@ SANhenhbRifbre Sahks E)k:?ﬁ)rfrﬁ%cb‘ PRET t]'léf ”bétadloptnc

it I1s feasible to avoid an increase in the tota

| epgdjecel oplichNSyRe@mePLD danché hin@indd Righat adi optric
proj ectl on optical 10 system PLI For nore accurately

pl ace anfhéeeporddfdetns dptida %rswml G2ayealivel3vedpdsed of
the increase in the total | ength of the catadioptric

pr tiaastittimgoppiical chrséen Fhd,ist b@cdf anleppt ugidl with a
systemis nore preferably constructed to satisfy the

copdsitivenrefradtiid powdy [(first0 16ns lunithiG21 ) ft hergxamit avith a
the first internediate image is forned 15 between the

r eh¢gativengefractimg plvan (sadomd dseahnithdGd2y nolenMhymituivith a
the first internediate image may be formed in any

oppositive pefitachiagveewet Ifthird deheamit)gGABY aor apérturedstope AS1,
reflecting mrror Md. Next, the sixth exanple of the
prasdat lens it Woth aipasitbee refractingqrowen Efaueﬁxe}eerscmrt)aGM
the drawing. Fig. 15 is an illustration 20 show ng.

| eﬁmc'@dheusggead eagbig opticekbsicmpbRi i atophbeomposed of the
opti cal .system_according to the sixt h exanpl e of the
pr@mmttmgeﬁpn@a\l clpenisatthdisopieci of pthej dead of optical path
optical . 2 of the sixth exanple JS conpri sed
ofSﬁm%a FF‘éléB?)t ithg) weeﬁ!sieq nwngeical r gpertgee  of  the

ragign dr?  einjediin ST BYSIPBE by SAshe 9eit large and a
'tﬂrtg%pgi:& '(;%téaege:i cart ebea?gnneaegto gdhllgrflt & cq:]oaé Fi‘ra.e 0 ethe wafer
located on the  second surface. The lens umts G21-G24
advantageously function for satisfying the Petzval's condition. The
configuration of the lens units G21-G24 is able to avoid an increase in
the total length of the catadioptric projection optical system PL1. The
lens umits G21-G23 are effective to correction for various aberrations
such as coma.
Here the lens umt GI11 s composed of the following
components in order of passage of rays from the object side (reticle R1
side): a plane-parallel plate L1; a positive meniscus lens L2 whose

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

-84 -



10

15

20

25

R2 | ocated on the first surface; and a second i nmagi ng
optical system &4 -87 FP04-0160-00 for relaying the

second internediate inmage of the reticle R2 onto a FP04-0160-00

waf er (not shown) | ocated on the second surface. The
first imaging optical system G3 is conposed of a |ens
unit wth a positive refracting power (field |ens
unit) &G 1, after-described 5 lens L25, and six

redk j LI Or he...| unf :
f unigEyeRTleRs 18 Andld Dl R E TR and L5 ROFE TAIpted by
Melgfe HidorRRk! Rk L@M§%@ﬂ\;&féd‘%€%&'€o&&v&% cting! Miffer M1
side. The lens unit G31 functions to keep the si'’ze o

t heyhgseanehve gﬁrf‘a@é io@a%ﬁﬁgﬁb'ﬁlci}?ég%eig Ky {ﬂ(ﬁwfara lAge object, the

reticle R is placed with devi atl ro e desire

POgLiVEX réfedthfy AHrRRIVERWVIRSe ScHtvVERCitrPAke b %&ﬁlﬁ&ﬁ@al shape
the performance of the catadioptric projection

opid kapt ewshimiddatan del i BbatNRIrdlditing! heineR NI whose
i magi ng optical system ™ is entirely conposed of

t r soacavd surfacis ket teheidnhe ¢bjdct, 3o formodedint iatermediate
lens unit with a positive refracting power (first

| efthagai t TheAkeana réBestedrivy the téﬂ@tﬁ%ﬂﬁﬂ@irll\/@ is reflected by .
refracting power (second lens unit) 2, alens unit

wi the aonvms reflsctinge fmiaatn My poese Cofvexd siigfase upikdpt toward
A3, an aperture stop AS2, and a. lens unit with a

potliet aten; d¢hie goncag: peflecting onirtdr MSsvhiose pofdanve siiface of
second i magi ng optical systemG4 is free of the |oad _
of aspheircal shapé is departaward thecabjeet,i and shemoincevy reflecting
conposed of the transmitting optical 20 el enents;

t havigbo M6 whesei congaveissisfacgrs Kepatowped the walkr. t he
catadioptric projection optical system PL2 can be set

| ar ge anvinge thsikeam i irapondmmonsly oietlsgted by hthgh reflecting
reduction rate on the wafer . | ocated on the secon'd .
suitEeEs MirMp ayishewdi mdersentionsof ary, lonsa dhe Petzgval’'s condition

- functjon far satisfying the Petzval's caondition. T
2554h @-iraafﬁix Mgt b AdRBtmens of ach reflectn ramrcMﬂivlé- A

< aegion, §o heRGRE aehisHleshkcuiey J s gan Bgsecured and it
1s easy to hold each reflecting mirror M1-M6. The curvature of field
can be readily corrected for by changing the radius of curvature of each
reflecting mirror M1-M6. The beam reflected by the reflecting mirror
M6 forms the second intermediate image.

In this case, the concave reflecting mirror M3 is placed at the
position most distant from the optical axis AX1 and the beam can be
focused by this concave reflecting mirror M3; therefore, the beam can
be set largely apart from the optical axis AX1 of the catadioptric
projection optical system PL1, without intervention of any lens between
the reflecting mirrors M1-M6, whereby interference can be avoided

between beams.  When the beam is continuously reflected by the four
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FP04- 0160-00 The lens units (41- &3 can correct for
vari ous aberrations such as coma. Here the lens unit

&31 is conposed of the following conponents in orderFP04_0160_00

of passage of rays fromthe object side (reticle R2 5
side): a plane-parallel plate L21; a positive neniscus

| ens L22 whose concave surface of aspherical shape is

kept toward the object; a biconvex lens L23; and. a

i genecing fiifro M3V, RERANEHIE ThUARAd B4 inlcbéase in the total
bi convex Tens L24 passés through the negative neniscus

| ShngthTIRE 'c‘é?adi@?ﬁﬂc prfedtidi oplieaPGsamepBar face

kept toward the object, T's 10 reflected by the concave
reflecti Mherens nitMG2 # ¢dnpbSed OTGRY Efoﬁ%\fiﬁg%mﬁf)onents in
asphencal shape kept toward the object, and passes

agardert bf Pagbadehef rﬁ?gzahl MEsifivdi mentsdusenkZb5 Whese convex

beamtransmitted by the negative neniscus lens L25 is

- r ekhdateds tkhept howeedvhy olgiebecs iprgitive maenibéas Weah L6 whose

the convex surface of aspherical shape kept toward

t heonsafeesurfice 6Pusplcridalahbpe 9t kiept esward dhewafage positive
The beamreflected by the reflecting mrror M2 is

r efdergsan kenst h?d whosavwenvekl ewtfhog 1sikopertoMiddwitichobject; a
the concave surface kept toward the object, the

conegativee imanscuy leny L& widdewcohvehesurfiveels kepf doward the
kept toward the wafer, the concave reflecting mrror
MLebyeict;h anteacoegative snetiiaces denasbfemilusk shapex kapface of
20 toward_the object, and the concave reflecting ]
m asphervab shiape 1shédept oioveard ¢he felyeck epTheolensd unite G22 1s
waf er- By adjusting the negative neniscus |ens L25, ]

i t COmppPsed pﬁlaeblp@ne@éﬂﬂanﬁ Igb@ weleser epnegvieostataes of aspherical
aberratjgon and to readily satisfy the Petzval's

cositaps srkentyioraad dhe yvalere. Thgilgns amit (Atsueemppsed of the
egﬁﬁreflecting mrror 1-ML6, it is_feasible 25 to

r ¥qwmgoeﬁ>@@pn¢ms BLPIERILPL PassagCephiTayfic convex lens

ckbhavhes: per apk Fsrbistical shapros. deb. S0 i cobiect; 2

f ﬁlieegatltvhceﬂ?e%?scc%\éelerngfifﬁ t\;vﬂgser:ﬁ croglgr[:xlvsllu?ffrjlcse sI %Ie)gl t3ward the
object; a biconvex lens L13; a positive meniscus lens Li4 whose
convex surface is kept toward the object; and a biconvex lens L15.

The lens unit G24 1s composed of: a biconvex lens L16; a
posttive meniscus lens .17 whose convex surface is kept toward the
object; a posiive meniscus lens 118 whose concave surface of
aspherical shape 1s kept toward the wafer; a positive meniscus lens 1.19
whose concave surface of aspherical shape is kept toward the wafer; and
a planoconvex lens L20 whose convex surface is kept toward the object.

The catadioptric projection optical system PL1 is constructed to

-satisfy the condition of 0.2 < Mb/LL < 0.7, where M 1is a distance on the
optical axis AX1 between the reflecting mirror M3 and the aperture stop
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position nost distant fromthe optical axis AX2, and
the beam can be focused by this concave reflecting

mrror ML3; therefore, the beamcan be set largely FP04-0160-00

apart fromthe optical axis AX2 of the catadioptric 5
projection optical system PL2, wi thout intervention of
any | ens between the four reflecting mrrors ML3- MG,
and it is feasible to avoid interference between

bea(®l  &d ¢OfHd ﬂﬁ%?deybéﬁée@lcﬂigﬁféﬁdlé Reamdothe Wafr. When

four reflecting mrrors MI3-M6, it is feasible to
avovil/Tais sagiRasRan ithe 16%ck Aimit, lieBetdmes dibcult ﬁo place and
e

catadi optric projection optical systemPL2. 10 T

| ekscpnithe Aénbes cDIPOESA @instingin®! Ithed reng onpIReNGS1-G23
in order of passage of rays: a positive nmeniscus |ens

L 2endibpaiesabbi Yo coretfien dor syakipis Alsweationd) @atibekirly, oma,
positive neniscus | ens L27 whose concave surface o

as phehew adcairae positionst  (Navaety, t WaenwaMb/L 3atslied ithe lower
meni scus | ens L28 whose convex surface is kept toward

t hiinohj dcis feastblepdsiavoid nechanical liatarfé2acehoSehe concave
concave surface of aspherical shape is kept toward

t heeflefterg mimdom MBgavith etheerdess usniteng2013028hosWhen Mb/L
convex surface is kept toward the object. The |ens
unsatisfiea the uppgiobedtoft ia fbasibhe 4o evicdd sarl fdcreaserenl the total
in the aspherical shape on the wafer side. The |ens )
uniength anidsan 2acreanp @3 dhic siza bé thelcatadinpiric prpjestionsoptical
i n order_of passage of rays: a biconvex |ens L32

f osyfbermi Rlidhe Bepmeotccaccusniedy place randkeepteashdlensal.5-L15
negati ve nisc%f I%gs,Lss whose convex surface is . .
kepad secety aNerdingjthe dncrgape @ phye fotabkengthsof the catadioptric
bi convex | ens.L35; and iconvex _lens L36.. The |ens
unProIesiIon §Iﬁlﬁ4go"‘é’§tﬁf@f§]a pithe iveieqtcns aptieal system 1s more

e lhLY BORFENCIst) B pioty fisssandbonarh ddge Ml 6.

those SRS L 25ume, 10 O OB SR ) formed

R R CTRRCRYFo 1 355 B SRS Bt Wi e

WNRRE iHRNEdiaY rﬁr?acg% ﬁliyl(i?eo ForhR@ i a}llffeopc}?éaﬁ ‘i)ta'th between the
reflecting mirror M2 and the reflecting mirror M4.

Next, the sixth example of the present invention will be
described with reference to the drawing. Fig. 15 i1s an illustration
showing a lens configuration of the catadioptric projection optical
system according to the sixth example of the present invention. The
catadioptric projection optical system PL2 of the sixth example is
comprised of the following optical systems in order from the object side
(i.e., the reticle R2 side): a first imaging optical system G3 for forming a
first mtermediate 1mage and a second intermediate image of the reticle

R2 located on the first surface; and a second 1maging optical system G4
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The catadioptric projection optical systemPL2 is
constructed to 5 satisfy the condition of 0.2 <

M2b/ L2 < 0.7, where M2b is a distance on the opti CalFP04-016O-OO

axis AX2 between the reflecting mrror M3 and the
aperture stop AS2, and L2 the distance between the
reticle R2 and the wafer. Wen M2b/L2 is smaller than
the lower Iimt, it becones difficult to place and

ke : e , ! I ht4hRg lens
(e SR S SAAhuEatela, SHRAl bELARSA, IR%ono o

Vaw&&ﬁgﬁﬁ%ﬂo@_&ﬂ Beatedi S YsyER, at an
accurate position. Nanely, when Mb/L2 satisfies the

| ower |i1he. fifst ilnagifasphical syfedy 61 ide6hpdsedlof a | :
interference SofI tge@%o?cavesﬁr/egl ecti ﬁlg mﬁ?rygr I\(/)I13a ens unit

W it hepbﬁ.ﬁ%tk@ﬁ;a‘étiﬁ@l?@ﬁ%r (Iﬂéﬁ@ Neh®Ridi®) &3l Hfic@sdescribed

the upper limt, it is feasible to avoid an 15

i nkigasR S, nartdhent atAbctigg atlirrang N 1 LEGeasEhé Nehbeunit G31
size of the catadi optric projection optical system

PLEindfmnspicacongcaidr kiistpition each otless dmbio Lidbkettha optical
nore accurate position and securely avoiding the

i nsystemmetalecenthe dmotle rdtrig R aide. heThatlenk apitrG81 functions
projection optical systemPL2, the optical systemis

notce kpep fthe adire of the timageedf tthe satickd R2 hachamgid iewen if the
of 20 0.25 < M2b/L2 < 0.6. In the sixth exanple, the

f i redtclé R2riseplased withgdeiviaticor feain e \desived hposition in the
reflecting mrror M2 and the reflecting mrror M3, )
bueptiealenxis r dire¢tionsr thaaetore, ithagperfaymbace ovfmthie i eatadipptric
opti cal _.path between the reflecting mrror M2 and

t Herojeetiart ppigalsystern Mt capbenaaitainiasl kighent h

exanpl e of the present invention will_ be described

with refEheseeond mgeng sptigg! systgm (8} is emfirely composed of
illustration 91 EPO4-0160-00, showi ng a |ens L

c dRanyBItng opptigal: plements Awhas i Q:orgpap@i tql}o@\_ lgpsiuwnit with a

RIS B ORI, RO ST HEc IER0{ 80 G et K" 8 arieh 2
F ORI YR AL POJETolecPRIoleas, TFILh iyt headshs it with 2
50 S AT 8 Gkl b Sop s,
and a lens unit with a positive refracting power (fourth lens unit) G44.
The second imaging optical system G4 is free of the load of optical path
separation because it 1s entirely composed of the transmitting optical
elements; therefore, the image-side numerical aperture. of the
catadioptric projection optical system PL2 can be set large and a
reduced image can be formed at a high reduction rate on the wafer
located on the second surface. The lens units G41-G44
advantageously function for satisfying the Petzval's condition. The
configuratton of the lens units G41-G44 effectively avoids an increase

in the total length of the catadioptric projection optical system PL2.
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first internediate i mage and a second i nternedi ate
image of the reticle R3 located on the first surface;

and a second i maging optical system G6 for relaying FP04-0160-00

the second internediate i mage of the reticle R3 onto a

waf er (not shown) | ocated on the second surface. 10

The first inmaging optical system G5 is conposed of a

lens unit wth a positive refracting power (field

| eThefrds) ufitd, GARAGAR! &in ARREdY Ridyarblis "WicrPltidiIsuch as
mrrors M21-M26. The lens unit 1 unctions to

coichfid for distortion and others and to nake the

optical systemtelecentric on the reticle R2 side.

The | ensHepét thd 1ldoancinonGIb 9 kesipdsha dfzahel follwing
i mge of the reticle R3 unchanged even if the reticle

R3 comypineaedinbiderdspaisags dir@pstihemdgr slgdcpsiict (reficle R2
in the direction of the optical-axis AX3; "t herefore,

t heidedr hoplanegarsiiclt plate da nda quisifive phomieehs dens L.22 whose
optical system PL3 can be maintai ned high. The second

i megnegveoprfagk oY shgphedical sskeapd riel keponposed dic dject; a
transmtting optical elenents, and is conposed of a

| ebrcomviex teng h23; apdsi bicoaverflensii2dg pbhebeffi tratismitted by
lens unit) G61; a lens unit- with a negative

r etheaducomvgoviens (ls24 opasdesn shnomigh) thes 2negativensnemiscus lens
with a positive refracting power (third lens unit) )
Go@egativedens ukd5swih thegoncave surfaneskepti towdrndhthe object, is
positive refracting power (fourth |ens uni t&l G64. 25

Si reflected by dbo sancavgyreficamg mronyild mvith the comcavelsyrface
constructed of the transnitting optical elenents, it

i sOf agphesical ghape kepbiowrd te olp]ssg angbpFsseg agasgotlyough the
separation; therefore, the | e-side nuneri cal .
apBegathe Fienis@is L@(Sah%ptr ea?mcﬁmmmd by the negative
system PL3 c e sef, large and a redygced. image c .
b@ﬁ@iﬁ?@éiﬁ‘?saﬂzgi%ﬁeﬁ%@&ét othe eeavesratiectipg aior M12 with

5 i SO HHEGE PRSP REHCRLRIaRR KePy Foiyarcdipoy s (e form
O g BRC BRI T bSOt bt apleting
| kB V11518 16ALALAWS The Bheh§E L LABERL HSRlor KA £ With the
co_ncave surface kept toward the object, the convex reflecting mirror
M14 with the convex surface kept toward the wafer, the concave
reflecting mirror M15 with the concave surface of aspherical shape kept
toward the object, and the concave reflecting mirror M16 with the
concave surface kept toward the wafer. By adjusting the negative
meniscus lens 125, 1t is feasible to readily correct for chromatic
aberration and to readily satisfy the Petzval's condition. By changing
the radius of curvature of each reflecting mirror M11-M16, it is feasible
to readily correct for curvature of field. The beam reflected by the

reflecting mirror M16 forms the second intermediate image.
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The lens units G61- @63 can correct for various
aberrations such as coma. 10 Here the lens unit &1

is conposed of the follow ng conponents in order of FP04-0160-00

passage of rays fromthe object side (reticle R3
side). a plane-parallel plate L51; a positive neniscus
| ens L52 whose concave surface of aspherical shape is
kept toward the object; a biconvex |lens L53; and a

bi convexp eRig dagd; thehBoREAR }éﬂ%@fﬂ%hﬁﬁ&wﬂi@ fBlaced at the

biconvex Iens L54 1's ref!ected € concave
r epbs#tionNthot rdiﬁhnﬁ’?rbm%%*bqﬁtﬁ@al%ﬂ@ WK YnldiedR Béam can be

aspherical shape kept toward the object, "'the convex

r efb@giedrtsy ik cohchPe redfledthHeniFRRVIRK 3 UhtAgBrfthe beam can
aspherical” shape kept toward the wafer, and the

cobeay& igpbBctapat MigmothdVispticsl taxikhAXDneRRe catadioptric
surface kept toward the object, to formthe first 20

i nPﬁﬁjﬁEﬁbﬂbp_tibﬁhgﬁteﬂPLQ? aitliqftl iatdroentiyn tofany lens between
reflecting mrror M3 is reflected by the convex

r efieedoungrefiactiog MRdrovist M BeVdeénvend Ruid afeastdet to avoid
toward the wafer, the convex reflecting mrror M5

wi titterfetemcedpateseenubéams. oByasphiniioasiysiedleetingpthe beam by
toward the object, and the -concave reflecting mrror
MVethewfaur refecting anireorsuM Eb-®Mképit is deasibla be avafd an increase
wafer. Since the beamis continuously reflected by the

r eftl thettota] lengthritbhetpgadioptne projestivhiopiingl wiysteonPL2.
intervention of any lens, it is feasible to readily )
sati sfy The lens unitiG41 dsregimposed bf theyfollojvieg wemparfents in
each, reflecting mrror M21-M26. In addition, a region

f oprdes| ofi Pessage rof Faysi @cppsilivei Mepisauslenpaldarwbese convex
secured, .and the cuyryvat u%]e of field 5 can be readil

conrbagets kept iopvaaths ablackea masitie @meretaewﬂeen&ew% whose

each reflecting. mrror - M26.. The beam refl egcted by . .
| t HEPIKAVE SEIAcE ot sphisFicpbshRs HskeplclcSEaghiie water. a positive

i nt diagte i .. I n thi t he .concave )
 SPEBECHR Jons L2y Whese: convis futfage 15 Pt Jgvardothengbiect; a

d'}%ﬁg% fnrlé)nr?sct:&]sele%t Lﬁ@lwﬁé'sg céégavg gd agg 0 gsrBh%%%aP %hape

is kept toward the wafer; and a negative meniscus lens 130 whose
convex surface is kept toward the object.
The lens unit G42 1s composed of a biconcave lens L31 formed
m the asphenical shape on the wafer side. The lens unit G43 is
- composed of the following components in order of passage of rays: a
biconvex lens 1.32 formed m the aspherical shape on the object side; a
negattve memiscus lens L33 whose convex surface is kept toward the
object; a biconvex lens L34; a biconvex lens L35; and a biconvex lens
1.36. The lens unit G44 is composed of a biconvex lens L37; a
positive meniscus lens .38 whose convex surface is kept toward the

object; a positive meniscus lens 139 whose concave surface of
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10 focused by this concave reflecting mrror M3,
therefore, the beam can be set largely apart fromthe

optical axis AX3 of the catadioptric projection FP04-0160-00

optical system PL3, without intervention of any |ens
between the reflecting mrrors M1 M6, and it is
feasible to avoid interference between beans. Since
the beamis continuously reflected by the four 15

refabgﬁéﬂébg s‘ﬁ'aRé% p?%%ﬁi wra?t{ﬁ%aébak el Refic@hd 187 1.40

increase Int Iengt o tric

Pr QiR @Mcant 'sﬁﬁfa(:é)b‘f‘a% Bhidal sHipe! i8Nt %\iga@ﬂ\é Wafer; and

conposed of the follow ng conponents in er of

paggslgfocinvedyiRns L4 GABYE 6 ohQBR s’uﬂ%ce% Re Hé\)éﬁrd the object
meniscus | ens L56 whose concave surface of aspheri cal

shape i sTherfatadivpiric phejeéonalical & fb‘ih@]&@lﬁ@ﬁh%ﬁ@ted to
| ens L57 whose convex surface i's kep toward the

objstesfy the voaditioe o2 SCMRH/BAS<I0EB Wwhese M2 YEX distance on
surface is kept toward the object; and a negati ve

e tiiesopicdlends K592 beoween tlog lf@ﬂedmg aferoefMASpdirl theadperture
shape Is kept toward the object. The lens unit G62 is

confpps Adfaml bk dre avstahen betwOcnhtheeretiche R dhdr flac evafer.
25 of aspherical shape is kept toward the wafer. The

| eNéhemiN2t2 iis snealleothad th‘e tdwer dinhwpwitnbecomperkifficult to
in order of passage of rays: - 94 FP04-0160- 00
b| pbmzeand kaep lcachwhbd tee &mmst%@-rIj% eonktingpte the dns units
%e is kept toward the object; a negative neniscus
1+643whuekispasable sdor acerrdctionepfort owaridusheaberrations,
object a_bi convex lens L63; a biconvex |ens L64; and
a padicularly, neeingc B fe rrcaugatenposiiaron ciamelyy fvalzen (M2b/1.2
kept toward the 5 object. The lens unjt Gg4 is
tiaﬁ loweerrlamuto\if ag feasiblsnton avoidh meshgaicalfinterference
pa e of rays: bi convex | L66; pgsitive
neﬁﬁs $he, caneawd i %mgsmleréﬁvﬁ&ls% thcthe 36%@1&50%1&43
t obj . po i meni scu ns, L68_.wh
cgﬁgﬁﬁempﬁg ﬂ@r l&&efsﬁgﬁi il lﬁe&asﬁéetm‘@ld an
t he waf er. menj scus | ens.LG9 whose nc
s ueEase i sﬁgﬁlﬁ f&éh LR TareRapin fhnars THoekateioptri
an]gjm?ec%o | Optilat sys{emi’LZ For placing and keeping each lens 1L.26-
L36 at a more accurate position and securely avoiding the increase in
the total length of the catadioptric projection optical system PL2, the
optical system 1s more preferably constructed to satisfy the condition of
0.25 <M2b/L2 <0.6.

In the sixth example, the first intermediate image is formed
between the reflecting mirror M12 and the reflecting mirror M13, but
the first ntermediate image may be formed in any optical path between

- the reflecting mirror M12 and the reflecting mirror M14.
Next, the seventh example of the present invention will be

desenibed with reference to the drawing. Fig. 16 is an illustration
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L70 whose convex surface is kept toward the object.
The catadi optric projection optical systemPL3 is

constructed to satisfy the condition of 0.2 < MJ/L3 FP04-0160-00

0.7, where M3 is a distance on 15 the optical axis
AX3 between the reflecting mrror M23 and the aperture
stop AS3, and L3 the distance between the reticle R3
and the wafer. Wen M3/L3 is smaller than the | ower

|'i ghowing HekaRegorfifhittidnd dfo thd! d@;ﬂn'e j Obpti
t he I‘grllsges L55- LG% clg%'gitut(% néhfh@éﬁlgen ugiﬁiébﬁéﬁ@n Bptlcal

Goby&iem hochrelpen s fleesdvrintl ekaalb O theprédstQiSention. The
aberrations, 20 particularly, com, at an accurate

pogatadioptrivapediectivhesptidl Lsysteat PRSI of thBesdventli example is
limt, it is feasible to avoid nmechanical interference

of cohprisedcaliviherfeflosahinaptival sgstcMBSimbidert fien #RSobject side
units G61-G63. When M3/ L3 satisfies the upper limt,

i t (i.e, theesdthlle Rdoside pi aifiest inrgirng epticabsystent 65afor forming a
| ength and an increase in the size of the catadioptric

25 fipstojntermediatepiragd andsa secdid inteomepliztei ingagendf the reticle
keepi ng each lens L55- L70 at a nore. accurate

poRi3t losateahan she first surfacs; dindga séeond imagae optiedlSsystem G6
FPQ4-0160-00 the total length of the catadioptric

pr Bjretelapmm phe cecond smeennmediate hmagepof dhe syxieR3 sonto a
nore preferably constructed to satisfy the condition

of wabero@mot shewig lacated on thet geicondesrefide. exanpl e, the

first internediate image is forned 5 between the )
ref | ecti hge HISt ynagmg apticalnsystem 6& isngomiposed ol Jens unit

but .. the first internediate: | e. may be forned in any
opWithaia PasHIVet tingh @Wﬁgﬁlﬁeﬁsrmﬁ) M2 larand after-

oGRS 1% OB SEORE s e Alle. s omit GS1
pBICLions, fo° SOTBEF £ ePT DR SUIPTaaer JO Apale dhe optical
S e BRI i EHRTES b G35 uncrions
oo KT 5 DTV i 6 rh RIS Vb Een it o
SYRARI R iE' Plablad with"8E5h80% A the desired position in the
direction of the optical-axis AX3; therefore, the performance of the
catadiopiric projection optical system PL3 can be maintained high.

The second imaging optical system G6 is entirely composed of
transmitting optical elements, and is composed of a lens unit with a
positive refracting power (first lens unit) G61; a lens unit with a
negative refracting power (second lens unit) G62; a lens unit with a
posttive refracting power (third lens unit) G63; an aperture stop AS3;
and a lens unit with a positive refracting power (fourth lens unit) G64.
Since the second mmaging optical system G6 is entirely constructed of

- the transmitting opﬁcal elements, it 1s free of the load of optical path
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~wavel ength of the exposure light in pure water is

about 0.71 (1/1.4) 15 tinmes that in the atnosphere,

whereby the resolution can be enhanced. The optical Epg4-0160-00
t he

axis AXl - AX3 of every optical elenment included in
catadi optric projection optical system PL1-PL3 and.
having the predeterm ned refracting power is arranged
substantially on the single straight line, and the

r egephrafiont Nehérepsie, f Hdredmabetdige Wah@heralt Nehetflre  of the
catadi optric projecfion optiCal systemPLI -PL3 I's the

of fcatdisptirRIipr0jdedion. bpsicHHi Hi8tdNe PN ichdl bexiset AMge and a
-AX3. Therefore, it is feasible to reduce the degree

of reldddd Wnhge afanpbedftgine at na MigH Udduetiof rdtBeon the wafer
catadioptric projection optical SystemPL1-PL3 and to

r edodtyd achn ether edetonde sadhost nenThef kagh epitscali61-Go4
el enent. 25 Since the catadioptric projection optical

syatlemmtagtomly finmtividifog savistyimgf ithé Pétavale conditivh  The
exanpl es includes the six reflecting -96 FP04-0160-00

m configuidtiodd of the 1dAGunNR IG6REG6H teffectivedgidvioedd an increase
readily and securely achieve the optical path
separthe i totalblengde roft the betadioptear projectionetptital RistBh PL3.
and the beamtoward the wafer, w thout an increase in

t hdheoleals oitigtGO bIG6hecarn tcaniienpt for cvamone abenrations such as
optical system PLI-PL3, 5 even in the case where the
re€®Blae R1- R3-si de and wafer-side nunerical apertures

of the catadioptric projection optical systemPL 1-PL3
are i ncHemetha nlessdamit o Gnhatrcecomposedolalt ithe. foHewing
catadi optric. projectjon optical system PLI-PL3 . .
aceompongnisoin @Id@r'qufnaﬁsage Sdvans Hrandhg eyerkside (reticle R3
thrice-imging opti.cal systemfor. . 10 form ng. the

£ FIEY; ArRApEdaAllc] bl 3 [ROSHEED MRS Mt hod whose

| nGORaE SHEGES 0P {#uPicBicabl Hhang rskephdodgedntie object; 2

TSI L3005 BleRLec oSS, A Beth Shmited by

R R S0 LAy e iror M2

gg%e&go&ﬁcg% SOPfRE ot aas%%{‘l%ﬁfj §h§ﬂ‘ed k%"[e {owiddfine object, the
convex reflectmg muror M22 with the convex surface of aspherical
shape kept toward the wafer, and the concave reflecting mirror M23
with the concave surface kept toward the object, to form the first
mtermediate image. The beam reflected by the reflecting mirror M23
1s reflected by the convex reflecting mirror M24 with the convex
surface kept toward the wafer, the convex reflecting mirror M25 with
the convex surface of aspherical shape kept toward the object, and the
concave reflecting mirror M26 with the concave surface kept toward the
wafer.

Since the beam is continuously reflected by the reflecting
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. of gravity o

is carried out with scanning of the reticle R1-R3 and
the wafer, the scanning direction of the reticle

R1- R3 can be opposite to that of the wafer, and it iFPO4-0160-00

feasible to readily achieve such adjustnent as to
decrease a change in the center of gravity of the
entire exposure 20 apparatus- It is also feasible to
reduce vibration of the catadioptric projection

OPhirRlrs SN/EFM?(% Iwithdut Yt Qehiien CHR28 1&’Rlst he c}g efaElble to

e entire exposure apparatus’an

ac peAUBy GORREY M Tt PA's! @oﬁﬂﬁ?&ltHﬁBHgﬁoﬁﬂjdsﬁﬁem of each

entireregion in the exposure area

Cai‘@ﬂé&ﬁi%'lﬁlrﬂﬁol\@ﬂim60pthc abdf¥st e I%Eiort gb?a I%Idl%g each

each of 5 the above exanples, puré wat el oni ze

wat@ﬂécthﬁ% iR POREAMIZS WeRnbe tslaeufe%h SarldP fid %ﬁrﬁﬁﬁf@%tf field

to the wafer, and the wafer, but another medi um 9

FP@dn BE6Ra8ly vavidtgied fisr befdhag : Em/ © the) fRdud @f&ﬁﬁv&ﬁ?@ of each

1.1 may be |nterposed wher e refractive index of

t heefddathgpheireor MR HEVIOE adiThpt besmpreflestedobyomtié ciflecting
system PL 1- PL3 is 1. Next, values of specifications

of miihrer MR6edonns ke semmtintenneﬂm@magb system PL1
according to the fifth exanple shown in Fig 14 w |

be preseht tids chse.tthe cpmeavei edlcctng, masos M2 ik do€ited at the
11 descri bed above A represents a radius of a
popositionvinest dlsnmlteﬁpm; the dptogtal dxss AXBclkad the béen can be
optical elenments constituting the catadioptric
prigoused dy thepcovedve yefl et mirwirt M23) ¢herefors, the heaen can
optl cal axis AX1 of the 10 catadioptric projection
opbe csat kygelynapart, fioma thediopsical axis mfmthe neajedioptric
hei ght with the center_on the optical axis AXl1 of the
cal)lauﬁféim Dptl%lr system; Rin3 optitheatt intesvention of anydens between
sliﬂf@o the X-direction of the effective
PR BB DHTOE M -V 2angnd, iblofegsible 19 avddtsrderence
of t he fectiv e region. .In the
sp‘é%l%wqe&l SRS,  NiNGenechees Rreontinvply reflected by the four
aper d.t he tio n the.refractive .
fecting mirrgts M dBooit drdes ﬁl_ﬁ He agl ﬁ@rmﬁr@asq i the
t I C on I.ndi cates t di st t he
OQP@Q figh g e adipuic pracBnp ttical 3y 3EHT PR3
The lens umit G61 is composed of the following components in
order of passage of rays: a biconvex lens L55; a positive meniscus lens
L56 whose concave surface of aspherical shape is kept toward the
wafer; a positive meniscus lens L57 whose convex surface is kept
toward the object; a negative meniscus lens L58 whose convex surface
1s kept toward the object; and a negative meniscus lens L59 whose
convex surface of aspherical shape is kept toward the object. The lens
~unit G62 1s composed of a biconcave lens 1.60 whose concave surface
of aspherical shape is kept toward the wafer. The lens unit G63 is

composed of the following components in order of passage of rays: a
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reflecting mrror MB and. the unrepresented wafer, and
L the distance between the reticle R1L and the wafer.

20. Table 7 presents the specifications of the opti CaPPO4—Ol60-OO

menbers of the catadioptric projection optical system

PL1 according to the fifth exanple. In the

specifications of the optical. nenbers of Table 7,

each surface nunber in the first colum is an order '

of blodiVdhakhsal 819whbSe ddi&! sidadl 'FChd al 'sh¥pe is k
fromthe object s?‘gg, t he secon %géf um ;Hg&j ad@é@ o]fs °pt

cuy@htt thbbRAENa HephaGe heMscul end m6(Qdeﬁ%§ 'E@Jn@ﬁx surface

on-axi s spacing or surface separation eac

sutig Rept to@ﬂﬁ‘dtthgfdbﬁ’éﬁtt 8 bi&Sh Ve30Rnd 1663 CPLRIINER 1Bns L64; and

gl ass materi al each optical menber.” Table 8

pr agsitivé eerASARElINeAL6 S ApfiddeCE G eodurfee isﬁﬁ?;ﬁlstoward the
e

with the Iens surface of aspherical shape an
rebbpgting mrrors used in the catadioptric
projection optical system PLI according to the fifth 5

exanpl e. The lehevastpGeéni satompetéd of ehé follbwiapl @rmponents in
aspherical surface nunbers In the first colum

coorderpuinpassage lod rays:f abecanwdelensi b66 he positive meniscus lens
speci fications of the optical nenbers of Table 7. The
sebb6iid vdmdsemeonvepr ssdacs ishdeeptr award: tht ebgéct; a positive
aspherical surface (1/nm, the third colum the
comicguscusolens i lcb& whisecandnednee satfhcerafeasplploal isbape 118 kept
coefficient, the fourth colum the 4th-order and
14tawandathe wafitte ai peditive anenisciigdens LoRewhose lkonshversurface
t he 6t h-order and 16t h-order aspherical coefficients,

t hef gspheriead] shapet sekepthtwvanst theavaler;hand deplanoconvex lens

as rical coefficients, .and the seventh colum the
1o£28<wm wewgﬁw isdient denrrd thempbiectot h- or der 15

In the fifth to,.seventh exanples, each aspherij cal

surface Tﬁe satashoptyic, projection Opaceﬁyyasab?’l@e@ eopstaicted to

satisfy the condition of 0.2 < M3/1.3 < 0.7, where M3 is a distance on
the optical axis AX3 between the reflecting mirror M23 and the aperture
stop AS3, and L3 the distance between the reticle R3 and the wafer.
When M3/L3 is smaller than the lower limit, it becomes difficult to
place and keep each of the lenses L55-1.65 constituting the lens units
G61-G63 mdispensable for correction for various aberrations,
particularly, coma, at an accurate position. Namely, when M3/L3
satisfies the lower limit, it is feasible to avoid mechanical interference.
of the concave reflecting murror M23 with the lens units G61-G63.
_When M3/L3 satisfies the upper limit, it is feasible to avoid an increase
in the total length and an increase in the size of the catadioptric
-projection optical system PL3. For placing and keeping each lens L55-

L70 at a more accurate position and securely avoiding the increase in
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[Fifth Exanple] (Specifications) Inmage-side NA® 1.20
Exposure area: A= 14 mm B= 18 mm H=26. Onm C=4mm

I magi ng magni fication: 1/4 Center wavel ength: 193. 306gppg4.-0160-00

nm Refractive index of silica: 1.5603261 Refractive
i ndex of fluorite: 1.5014548 Refractive index of
liquid 1: 1.43664 -99 FP04-0160-00 Di spersion of
silica (dn/d),): --1.591 x 10-6/pm D spersion of

f 1y itbeal (1I€ALHA of ‘the %?@oﬁﬁ@‘;ﬁbﬁlﬂd@rﬁ %gﬁ%bp@,yl%np%%, the

wat er (dei onized wat er dn/d?.7):7-2.6 106/ pm Val ues

COlpBiAPREHIBE 1s0mEed préfepibIVaconstrtt 4P tdRhti 3B 0the®dndition of
FP04-01 b0-00 (TABLE 7) (Spécifications of Qptical
Meif2s s)MiBZl 33¢#0% 00 45. 0000 | Co 8-0000 2: 00 9.4878

3. ASPI 25.3802 4:-244.04741 1.9583 5:2654. 01531

49- 2092z In his1sfenbi 24atple A ther fiZS4inbddhedidte 3hdge 1s formed
between the reflecting mirror M23 and the reflecting mirror M24, but
the first mtermediate image may be formed in any optical path between
the reflecting mirror M22 and the reflecting mirror M24.

In application of the catadioptric projection optical systems
PL1-PL3 of the fifth to seventh cxamples to the exposure apparatus,
pure water {deionized water) with the refractive index of about 1.4 is
mterposed mn the optical path between the planoconvex lens 120, L41,
or L70 and the wafer, where the refractive index of the atmosphere in
the catadioptric projection optical system PL1-PL3 is 1. Therefore, the
wavelength of the exposure light in pure water is about 0.71 (1/1.4)
times that in the atmosphere, whereby the resolution can be enhanced.

The optical axis AX1-AX3 of every optical element included in
the catadioptric projection optical system PL1-PL3 and having the
predetermined refracting power is arranged substantially on the single
straight line, and the region of the image formed on the wafer by the
catadioptric projection optical system PL1-PL3 is the off-axis region not
including the optical axis AX1-AX3. Therefore, it is feasible to reduce
the degree of difficulty of production in production of the catadioptric
projection optical system PL1-PL3 and to readily achieve relative
adjustment of each optical element.

Since the catadioptric projection optical system PL1-PL3

according to the fifth to the seventh examples includes the six reflecting
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8:-572-09259 156-205 1 9; ASP2 -136. 2051 10: ASPS

412. 6346#6 11--418.20026 -205-0204#6 12:-604. 04130

160-2153*16 13: ASP4 -211-6245 14:320. 60531 226. 8245 FP04-0160-00
15: 224- 13260 25. 2194# 16: 346. 75878 1. 0000 17-215 47

954 34.3600# 18: ASPS 1-0000 13_266-87857 19-9935#

20: 329. 19442 1.0000 21.158.43240 20. 0000# 22:115. 87410

8.4756 23: ASP6 39-3045u 5 24:99-87482 55-9109

- . 61 . i -
oS AR CAEELR, 15 RAIET) rady an

205068R 1B AcARA3HROBBLIdA. éﬂ?ﬁs@ﬂﬁﬁﬁén%eﬁ%@@@am toward
32 -2001. 40538 1.0000#% 33-711.19871 32. 6046

34 (R P&l IO 18R ahd §Be BediP v A tht wafd00dftbut an increase in
36--1731. 78793 1. 0000 37: Co 12-6063
the total length of the catadioptric projection optical system PL1-PL3,
even in the case where the reticle R1-R3-side and wafer-side numerical
apertures of the catadioptric projection optical system PL1-PL3 are
increased in order to enhance the resolution.

The catadioptric projection optical system PL1-PL3 according to
the fifth to seventh examples is a thrice-imaging optical system for
forming the first intermediate image and the second intermediate image,
m which the first intermediate image is an inverted image of the reticle
R1-R3, the second intermediate image is an erect image of the reticle
RI-R3; and the mmage formed on the wafer is an inverted image.
Therefore, in the case where the cafadioptn'c projection optical system
PL1-PL3 1s mounted on the exposure apparatus and where the exposure
1s carrted out with scanming of the reticle R1-R3 and the wafer, the
scanning direction of the reticle R1-R3 can be opposite to that of the

~wafer, and it is feasible to readily achieve such adjustment as to
decrease a change m the center of gravity of the entire exposure
apparatus. It is also feasible to reduce vibration of the catadioptric
projection optical system PL1-PL3 due to the change in the center of
gravity of the entire exposure apparatus and to achieve good imaging
performance throughout the entire region in the exposure area.

In the catadioptric projection optical system PL1, PL3 of each of
the above examples, pure water (deionized water) is interposed between

the lens located nearest to the wafer, and the wafer, but another medium
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38: 50184491 53. 3626 39:-1088-61181 1. 0000
40-1112-53858 61. 7603us 41:521-19424 1-0000

42:122-702-00 59-8433 43- ASPS 1. 0000 44:79. 97315 FP04-0160-00

39. 8326#, 4 45: ASP10 1.40140 46-84.68825 36.1715914
47_11 1-0000 3Co 0.0000 -1.01 FPO4-0160-00 #l: 1 st
surface #2: Radius of curvature (mm) #3: Surface
spacing (m) #5: silica glass 5 #6: reflecting mrror

#7 : A r " :
ha9hfy He RfBicie ﬁiag):; Hﬂl\ié%"tg?ﬁ gll-#ffnay? Be ﬁwrpag%glcge the

#14- . uorite 10 # 15: ass ‘materi a

8) réadies idhix 6Pehd hEh88hRorelihdhb3kn4dioRfaAE pbjection optical
512c14cl1l6c¢18c2D '
ASBUstenPDFOP23G0D000E+0D- 2. 87641E- 08- 1. 70437E- 112. 45

285E- 15-2. 74317E- 19

3637022 ENeXt 3 vaRRe30 5f2§§eélﬁQQQ5ﬂ90@f PRe 08FhdptHe{ PPdfection

optical system PL.1 according to the fifth example shown in Fig 14 will
be presented. In the specifications, as shown in Fig. 11 described

- above, A represents a radius of a portion where the exposure light is
blocked by the optical elements constituting the catadioptric projection
optical system PL1, with the center on the optical axis AX1 of the
catadioptric projection optical system PL1, B a radius of the maximum
mmage height with the center on the optical axis AX1 of the catadioptric
projection opfical system PL1, H a length along the X-direction of the
effective exposure region, and C a length along the Y-direction of the
effective exposure region. In the specifications, NA indicates the
numerncal aperture, d the surface separation, n the refractive index, and
A the center wavelength. Furthermore, in the specifications, M
mdicates the distance on the optical axis AX1 between the concave
reflecting mirror M3 and the unrepresented wafer, and L the distance
between the reticle R1 and the wafer.

Table 7 presents the specifications of the optical members of the
catadiopiric projection optical system PL1 according to the . fifth
example. In the specifications of the optical members of Table 7, each
surface number in the first column is an order of a surface along the
traveling direction of rays from the object side, the second column a
radius of curvature of each surface (mm), the third column an on-axis

spacing or surface separation (mm) of each surface, and the fourth
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ASP2- 0. 00205780D_00000E+0a2. 50512E- 092. D524DE- 144. 376G
| E-13-5. 55238E- 22

3. 89?749E- 2%- 1. 13016E- 300. CO000E+000. 40000E+Qa0. 1JCC10fp04-0160-00

E+00

ASPS- 4400585#324. 00000E+00- 1392554E- 091. 38659E- 13- 1698
71E-18337519E-23 -1 45573E-272 27951

E- 320. COOO0OE+000. 0OO000E+000 001100E+OGD ASP4-0 00 1

23%6&1&8%%5@?1@%%13& each opfdal0néitfer12- 3
34552E- 16&854315E- 20 - 5. 9522t OE- 243. 41#399E

2&0. 0000FEHTeCcS PréRaCOEELASHNAE R ficients of the lenses with the
ASPS0002. 03890. 00000E+0al.37544E

07136 9@ Fireel bi’-aﬁgﬁéﬁ&ﬂlﬂﬂa 488Eheé0reflecting mirrors used in the
- 3. 23126E- 246. 76214E- 290. 00011+000. 0O0000E+030. 0O0000E+0O

O catadioptric projection optical system PL1 according to the fifth
ASP60. 00588235D. 00000E+002. 41559E-. D7- 1. 03786E-11-5. 75
11ékarhple. 121 hd @spRerical 08be (Fkerfiy W1 Table 8, aspherical surface
E- 280. COOO0E+000. 00000E+000. O0O000E+OD

ASRambes 64 258 dirs0 QubIENB02062ipokd @8-the 2Zanfitle- hidmberddn the
45E-165. 60675E- 20 )

2, spéuificatants 86450 Bptical aganber0 00 Tabbo e+ 460a@E4¢0lumn
0 ASP$0. 0O0a010000. 00000E+0Oa- 1. 26430E- 001 . 649: 3

E- tepresans the- agyangs7efeaeh aspherical surface (1/mm), the third
-507100E- 271. 45898E- 310. COOODE+400. 00000E+000. 00000E+0

0 column the conical coefficient k and the 12th-order aspherical
ASPS0003457260. 170000E+0D5. 922a2E- Oa- 156540E- 121. 38582

E- eeefliciengs glee dourth column the 4th-order and 14th-order aspherical

1.49819E- 251. 10869E- 300. 11Q0000E+00Q. 0O0000E+ . 00000E+ .
oococthcients, the fifth column the 6th-order and 16%?81' er aspherical

2o s therSieh golgmmy the Sth-order and 18th-order aspherical

E--22:S.21777E-, 250, +aDD. 00000E+(a0. 00000E+0
12@06@5!@%%&9% SEUCR s ORIs He 5L OtBrfyrgt (s 2Qiforder
aspherical coefficients.

In the fifth to seventh examples, each aspherical surface is

E expressed by Eq (a) described above.

[Fifth Example]

(Specifications)
Image-side NA: 1.20
Exposurc area: A=14mm B =18 mm

H=260mm C=4mm
Imaging magnification: 1/4
Center wavelength: 193.306 nm
Refractive index of silica: 1.5603261
Refractive index of fluorite: 1.5014548
- Refractive index of liquid 1: 1.43664 -
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FP04-0160-00 Fig. 17 is a transverse aberration

di agram showi ng the transverse aberration in the

neridional direction and in the sagittal direction ofpg4_0160-00
the catadioptric projection optical system PL1

according to the present exanple. In Fig. 17, Y

i ndi cates the i mage hei ght, each 5 dashed |line the

transverse aberration at the wavel ength of 193. 3063

nm  eacin;gserd NS VERS” aherirat, on at the
mavelengtﬁﬁg?ggggég%%%aquﬁﬁngng5220hq?hgﬁﬁ line the

t ransver Sspdsioabf filofite g&u@/mv@%@&hi@f/glﬂ%- 3057

nm_As shown in the transverse aberrati on di agram of

Fig. 17Dighasiont adl pake | wakirol @sibhedoRVAes %Mﬁd??:"- 6 x
PL1 of therggesent 18 exanpl e Eas the(Fg?gg:LJﬁeri aI2
apQﬂﬁqnﬁ and is corrected in a good balance for
aberration throughout the entire exposure area though
it has Waldsraereypondiig &) SeiditioMextMbhth62449mm L=
specifications of the catadioptric projection optica
sydd8thmAn? according to the sixth exanple shown in

Fig. 15 will be 15 presented. Table 9 presents the
speci fications of the optical nenbers of the
catadioptric projection optical system PL2 according
to the sixth exanple- Table 10 presents the asphenca
coefficients of the lenses wth the | ens surface of
aspherical shape. and the reflecting mrrors used in
the catadioptric projection optical system PL2
according to the sixth 20 exanple. In the

speci fications, the specifications of the optica
menbers, and the aspherical coefficients, the
description will be given wusing the same synbols as
those in the description of the catadi optnc

projection optical system PL1 according. to the fifth
exanple. [Sixth Exanple] 25 (Specifications)

| mage-side NA: 1.20 - 103 FP04-0160-00 Exposure area:
A- 13 nmmB = 17 nm
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H=26. Otm C=4nm | magi ng magni fication: 1/4 Center

wavel ength: 193.306 nm5 Refractive index of silica:

1. 5603261 Refractive index of fluorite: 1.5014548

Refractive index of liquid 1: 1.43664 D spersion of FP04-0160-00
silica (dn/dX): -1.591 x 10-6/pm Di spersion of

fluorite (dn/d2.): -0.980 x 10~/ pm 10 D spersion of

pure water (deionized water) (dn/dA): 101/ pm Val ues

CNRMBLHLD GRS HOTAFR R 1900 non

#2#3#15 0050. 9p35 1. 3. 0000#5 2: cvv~g.|747815 .
3: ASP1M2 5506 ¥o- 184, 430531, 0000 45:088A- 8768145- 9742#5
8:1271-930261. 3973 7:374.4631538. 6008y 5 *5
8:1361 49511421771 9:-3813. 08052Z678l000u5
10} -534 07745145846 11: ASP2- 5 532848Q2] *#5
12} - ] - 4141 . - 83127 0301,
14 AQDQ@O1 202py 2654.01531 49.2062 #5
8 -158.85154 1.1545
7: 294 54453 34.3005] #S
8 -572.08259 [56.2051
g ASP? -1362051] #s
10: ASP3 412 6346] »s
11. -418.20028 =209 0204} s
12: —504.04130 160.2153] *°
13: ASP4 —-211.6245] #5
14: 320.80531 2266245
19: 22413260 75.2194] *®*
16: 346./3878 1.OGDO
i7- 21547554 34.3800] *5
18: [ASPS | D000
18. 266.87857 199385 #5
20: 322.19442 1.6000
21. 15843240 20.0000] #5
22: 11587410 #4758
23 ASPS 39304 5] ==
24: 8987482 225108
25 -412 64757 24.7282] *5
26: ASP} 94.3545
21 ASPS 57.3966] 5
28: 22716104 1.0000
29. 504.83818 20.0000] =
30. 407.86502 12.3535
31: 585.38354 43.0388)ns
3% -2001 40538 1.0000]s5
33 711.18871 32 8048| #5
34: 8598.79354 32.0466
35- 38208.93141 30.0000] =5
36 —-1731.98783 1.0000
37 o0 12.8069] #7
38: 503.944491 53.3626] #s
30: -1688611381 : 1 0000
A 18253858 §1.7803] #5
41: 92118424 1.0000
42: 122.38200 59.5433] #5
43- ASPD 1.0000
44: 79.87319 39.6326] #1
43: ASPID [.OD0G]
46- 84688248 36.1715]=n
FYE €0 |.D000 e
3 oo ¢.0000
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- 450- 43913-215- 6393# 16: - 704. 67689163. 8* 35226
ASP4- - 206. 3833x6 18: 317.07484228. 3275#6
248-6003230. 8186#5 20: 964. 0340! 5: 1, 0000

15:
17:

19: P04-0160-00

10

15

21:
24.
27:

29:
32

38

#12: Aspherical surface number

174.0732320. 0000#5 22: ASPS1. 0779 23:174.137229. 89
294. 334241. 0738 25:16117784933. 127695 28: ASPr 3. 4275
1185-57325Z0 0000# 5 28:103. 9036046. 9708

-676-67D2624. 5184 30: ASP783. 5410 31: ASPS47. 4275u5

S TSt shifd
#29 Rkl IB ST APRE
38:-1403.1194918. 9031

4043888rfage
43:-1741- M

#5: silica glass

#6: reflecting mirror

#7: aperture stop

#8: pure water
#9: 2nd surface
#14: Fluorite

?é%‘:%%“‘é’nﬂ‘h

#15: Name of glass material

Z1. 0000 33: 688. 2795720, 0000>" s

5711. 2% 66 35:883.2531840. 1774us
222-9339734. 5841# 5
72169. 4070637. 305515

0. 8461 42- 453. 3275152 3568 #5
215- 56566- 59. 393945

(TABLE 8)
(Asphenical Coefficients)
#1a %13 k < uh o cil
c12 cld clé 18 cZ

AEPT -Bo0059023]  CODBDAOE+DE| -2.B7641E-DA| -1.70433E-11 TAGABSE-10| -2 .74317E-19
2OV02EE-73| -7 78530E-28] GOO00DE+0D| DGDOODEDS|  C.00GO0E4DO

ASPZ -BoO205TE0| COBIO0EHGD| 250612603 28524DE-14] A 37807E-13} -5.A5238E-22
3.88FBE-26] -1.13016E~30| OCOOOPE+03  O0DDONE+(D|  3.BLAG0E+DD

ASP3 -DOOG3ISEZ|  DODOUOE+GD| —6 D250JE-08| 1.3065BE-13| —1O0BB21E-18] 3 37619F-23
-1 43573E-271 227051E-32{ OG.OO000DE+QB| DODOODE+3D| 0 DROGOE+DD

ASPY | -BO012323%] 04Q0000E+0R|  1.93713E-D9] 1.07185E-12] -3 345%2FE-16] 3.54313F-20
-555218F-24|  3.41B39E-28| OOOOOCEHID!  0ODODOE+DD|  0.00JD0E+HDO

ASPS 000320iBS| - DODOODE+GEE  1.32534E-07] -1 88334E-11 1.70B43E-17] 4.90288E-20
-3.23128E-24| E6.J6B14E-29) OQOOO000E+0D| OOGDODOE+Dd}  D.00OD0E+DD

ASPE 006588235 DODOOOE+HGT)  2.41559E-D1] -1.O3766E-t1| -6.75114E-17] 1.11214E-19
-3A45408E-241 3.570BIE-28{ ©O00000E+00| DODOOCEHGE|  N.OBOGOE+DD

ASPY 0.00664235] OGO00QDE+OD| 2.82150E-08) -0.25480E—12{ -1 F7RAGE-16] 5.6DH255-20
A 81540524  GO4B0E-30] OOOO0CEHQG|  DOGOOSE+SD| D.0DI0QE60

ASPE 0003000G0| 0O0O0BE+0D] -1.26430E-08) 1.§4939F-12} -§24273E-18| Z07576E-27
-5 871 00E-27 1.4%848F-21 CLUO0UDE+JD DODOCODEHDD|  0.DOOB3DER QD

ASPY 000345726; DQCO00E+GD| B59Z232F-04f -106640E-12] 1 335BZE-18| -407%66E~-21

1 43812E-2%  1L10B69F-30| GGDOOCES QD!  CUSCD00E0D| 0.00000E+00

ASPid D.03n3B0D5]  O.ODO0NE+GD| 2.42B02E-07] 4 58553E-11 162230158 ELORVZE-13
3.23067E-22( -8 21T7IE-26] OLO0DDE+OD] DOGLOADE+3S]  0.00000E+DD

#13: Curvature
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45: 659-70741. 0000 46: 134-0478458. 8510# 5 47: ASPS1. 0004
48: 96. 9960849-9011# 5 49: ASP101. 0194

50:-30-2224540. 8996#s 51: _1. 0000 uaoa FPO04-0160-00 FP04-0160-00

#1: 1st surface #2: Radius of curvature (M) #3:
Surface spacing (m) #5: silica glass 5 #6: reflecting
mrror #7: aperture stop #8:. pure water #9: 2nd
surface #14: Fluorite 10 #15: Name of glass naterial

oL e 1Rle (EPNR | G kol RO iAo 4R SHifwing the

cl2cl4cl

o HanR06as A 07 WD RRAARARI WitedRSR ‘ard -th! o Yagittal

R B SRR A S SPARER e 1

2885 S8R e btk o biate. Bed meepdeigly. coch
dashed line the transverse aberration at the wavelength of 193.3063 nm,
each solid line the transversc aberration at the wavelength of 193.3060
nm, and each chain line the transverse aberration at the wavelength of
193.3057 nm. As shown in the transverse aberration diagram of Fig.
17, the catadioptric projection optical system PL1 of the present
example has the large numerical aperture and is corrected in a good
balance for aberration throughout the entire exposure area though it has
no large optical element.

Next, the specifications of the catadioptric projection optical
system PL2 according to the sixth example shown in Fig. 15 will be
presented. Table 9 presents the specifications of the optical members
of the catadioptric projection optical system PL2 according to the sixth
example. Table 10 presents the aspherical coefficients of the lenses

- with the lens surface of asphencal shape and the reflecting mirrors used
m the catadioptric projection optical system PL2 according to the sixth
example. In the spectfications, the specifications of the optical
members, and the asphenical coefficients, the description will be given
using the same symbols as those in the description of the catadioptric
projection optical system PL1 according to the fifth example.

ISixth Example]
(Specifications)
Image-side NA: 1.20
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ASFS-0.04(32257t.CN[£E+OO-O.524CEE-091.151138E-13-3.61
655E-199. 51551E-23 317817E-274. 00617E 320. 00000
* DO0. DDOODE* DD6A0D110E+OQ

ASP4- 0. 00058501bQU3CQDE+002, 54270E- 09Ei . $1523E; - 13-t 1T 04-0160-00

08474E-1611270155-21 -7 4156-256. 45741
29D. COMD2+000. 00000E+00O. CODOOE400
ASP50. 005742704=01E+002. 63000E- 08- 1. 93073E-02. 23058E-1

27002 ETIRLSUEER: Ao 3d8Bbeo 0B B BABE+ 40000040E- 00

ASPCQ0. 0028153000M)OE+46 6E~Q8 47E-11, 4. 87397
E- 166. 78022E- 20 355@2 260 FC A rhd

ASPo. 000CJUT% UBBONER G o Bser

06- 5. 605@:‘%51:&%%&%8%&# 19?204 §gy 1 E- 20
- 1240DE- 24- 1. 61383E- 29D00D0OCE+040. 00000E+000. 0000CE400

ASPQD. Dl&%%@ﬁ@éxﬁdé@o%sﬁﬁ%ﬁ%@@ﬁ@ﬁlﬁ- 13-81
1478C - 1S3.37339E- 2

1 048R R RS 3£ 001140 5093 54G000ET 00QVODDOE+0
0 ASPS0. 40313832400900E+00421489E- 08-

07510E- LRefrdtl9d tndeix of io@®di: 3243664
- 528945E- 271. 00653E- 00. 001100E* 060. 40000E+DD0. 00060E* 0

0 Dispersion of silica (dn/dh): -1.591 ><106/E

ASP100 | t D95978313. O=4E+002. 118924E- 073. 52791E- 111. 115
311: - 111DisReSioh-df luorite (dn/dA): -0.980 x 10°/pm

-"4818, 35E-21162262E- 2i r 100D00E+000, 04QODE+DLLR. O 1DQ

E- 00 # I1Dispessibar of apursuniaiee (dmbﬁmedﬁvdiéfs) (do/dR): -2.6 x
Curvature -106- FP04-0160-00 Fig. 18 is a transverse ,
abt@T/mion di agram showing the transverse aberration

in the neridional direction and in the sagittal

di r ect i oValaes coerespondingptor Condrtagrect iMb og82ckl mm L=

system PL2 according to
1400 mm
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the present exanple. In Fig. 18, Y indicates the inmage
hei ght, each 5 dashed |line the wavel ength of 193. 3063
nm each solid Iine the wavelength of 193.3060 nm
and each chain line the wavel ength of 193. 3057 nm AgPO4'OI6O'OO
shown in the transverse aberration di agram of Fig.

18, the catadioptric projection optical system PL2 of
the present exanple has the Iarge nuneri cal aperture
rgyect berration
t hgyﬁ%%tg)t he@%‘%ﬁ?gmz‘g@%%@ area H%%% it has no
| a gc U|.JLI cat bCIICIIL : Iibzkg, t+he o|~ %l fHeatt+ons of the
cafadigptric O ectiom [optT T gsgyfSt em PL3—agcor di ng
tojthe seventlh-exanpl e ghown | @gbtig.#s 16 W [T be
preésented- Tabte 11 pregents tiagsppeci ficationps of the
optical 3menbe§P1 15 of tlhe catd@db¥peric proj egtion
optical ;'qut e Dl‘gg%?gﬁ di ng tdgf;g%! sevent h exanpl e.
hl e 1 Ny eslent s } %pher| é&! \\&Ffi el nnt: h
|TZ rses—u ‘Ituh te I—%@% t ace—of-Saiibn sh ‘Ofe ;ng
\:]wl T o.L,cI %E.ﬂmlhl?l eal—sh p .
the TRETQES TUSTU 47 15 1\% catadiopt{ic
pr pj ectg;on Opt i CahasgsT8M PL3 289 ginmg tTo the
seyent hitexanpl e. -kR.4BhBI|Speci Tlssastal[ons the
specifidat| ongse he 2 Boafesiber S nH the
aspheri®®al coeff g9 8f&] t he ‘zﬁﬁ ¥ption wi | be
gi ng—tihe 534808632 "12808Hpse in the
depet+tpiion #m%a“ geget-opt 891 Bi-eeti-on—eptica
L. 450435137 7, M2 15 Baa# ;
syptenmiEET ageordidig ;id [t ek Edgd[sexanpte—] Sevent h
Exgnpl el 25 hSecC! T1 cali onNs)zps pim0e-srde NA1 1. 20
-107 FR84- 0140- 003X re argas3?®Bd3 MM B I 17 nmm
H=26. Onlth C=4nqm | HEgD magni Be8WBlon: . 115 Cepter
(el ed8t h: 193 3¥B.03IPM Ref r a&PPPe | ndex of kil i ca:
Ml 170823 20,0000 #5
) : ASPH 10778
23 174.13728 20800285
24 204.33474 1.0788
25: 160.77848 33.1276] #5
26: ASPE 54275
2% 1185.57325 20.0000] 5
28 10390360 45.9703
28 -§756 81028 24.5184|%5
30: ASEY B53.5410
31 ASPS 47.4275( %5
Yy -311.19307 1.0000
33 688.27557 20,0000 5
34 213.04357 11.2868
35: 883.25368 40.1774| 25
36: -959.41738 1.0000
37 F222 83387 34584 | us
38: ~ 14031 19349 18.5031
32 218940708 37.3055| ¢
a0 —885.78387 1.0000
41 o 98451 #7
42 - 45837781 52.3568{ss
43 ~1F41.68058 1 .QG00
44: 21256568 99.3635| #5
45 £§58. 70874 1.00G0
44 134.64784 SR.ES10 ®5
43 ASPS 1.0004
48: 86 99508 490011 &5
48 ASPID 1.0184
50 30.22238% 408956 &5
51 oo 1.0000
#*3 oo
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Refractive index of fluorite:

liquid 1: 1.43664 Dispersion of silica
-1.591 x 10-6/pm Dispersion of fluorite

-0.980 x 106/ pm 10 Di spersion of pure water

i ndex of

(dn/ dA, ) :

(dn/ dk)

(dei oni zed water) (dn/dk):

= 508.86 mm L =

(Speci fications of Optical

a 150 st
o P2 DgRancy s Loy,
%%%%Ee PRAR i)

3943
157,

17 141 65

1.5014548 Refractive

-2.6 X 106/ pm Condition M

1400 nmm FP04-0160-00 ( TABLE 11)

Menbers) #2 #3415 Qo

8000045 2: QD 11. 6805 3: ASPi
1 ODDO 5:520. 72375 50. 6283#5
76731 37-0794# 5
ASP2 -123. 7025#6 10: ASP3
468 -201. 7192#6 12;-485. 11237
8. 6789#6 14:329.37813 221.6789i k

30. 7011#5

dg 28. 1592 16. - 3590-38387 1.1778

#7. aperture stop

#8: pure water
#9: 2nd surface
#14: Fluorite

#15: Name of glass material

47 33-4870# s 1.8: ASP5 1. 0000
#6: reflecting mirror

(Asphencal Coefficients)
#32 *13 k cd A B el16
el cld clf 18§ 220

ASHT —QO0DEA10  GOMODE+DR) -90336GE-0F 3.28394E-12| ~406402F-16 252900E-201
-0 §2294E-25 202042E-30 CO0CCOE+0G)  O.0BJ0RE4CD BOOGCOE+DD
ASPZ D.0BIA3076]_ BOLIODETC0| A 3S076E—00|  7EBISSC14]  BIAMGIE 18] —TOBAIET
 A21397F-26) —9.B8714E-31 COOBOOE+DD|  J.000GDE+CD COOGDAE+0D
ASP3 £.00032257]  S00300E+00|  -5.53400E-08 115038613 —AE1655E-19 851651 E-23
-3 I 79T FE-27 AG001FE-32 BOOBGOT+GO| ODDRODE+DD ROORROE+00

AZPa —S0BEOSSDT | GOCIDELDD; I54370E-09]  B.8I5ZIE13] -1 GIATAE-I6]  BRTG15E-21]
. —F 4541 5625 645741E~-20] DOOREOE+0D|  AUBOADE+LD BOOLLOE 20D
ASPS QDESTARTD  BOOIODELDG 26G0B0E-Q8) -1.98073E-13] -D2I058E- 16 2030 19E-20
-2 2FY2E-24 848621 E-29 BOOCOOE-00]  OGLO0GESDD COBGROE+DD
A5PE 0202B1530|  OGKI0BE+GD|  -7.98356F-08 LIS147E-11] 4 BY3STE-16 676022520
-3 55800E-24 1343602531 DOOLROSHCD| QOOGOBEHDD| BOQBAOE:Q)
ASFY? OEGEE7758)  BODJOGEYDG] —101956E-08| -~SEDEISE-T2] —HBST43FE-17 21B357E-20
—§ 246305241 1. $1352E-28 GOOGCOE+D0]  OHLOOCE+RD QO0BCRE+DT
ASPG O.0RO0RDVO|  G00JORE+DD| -1 §83B3E-0F 1302#5E-13| -Bt1475E-18 3.37339E-22
=i i5MEE-26 2.21646B=131 GODOCOE-GR}  O.0DOJBE Gl RODCBOE~0G
a5P3 OG0313892]  ©DOIACEHDD 421 GEQE—ﬁS ~BDTSIOE-tA]  S531944E-17] 4 150G4E-22
—3 28946E 27 1.80853E-30 RODGLOEYDR|  O.CCQODE+DE COOGHIOE+00
ASPIG GUDERRTEE]  BGLUOOELDD Z15924E-07 33271 E-11 L1T831E-1S 1.12987E-18
~4 91 8356~23 1 §226ZE-7 BOODEOE+0D|  U.REAGLE+DE BOORDOE400

#12: Aspherical surface number

#13: Curvature
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19: 216- 09570 28. 60534u5 20:461. 77835 E 0000

21:202. 12479 20. 218245 22:117. 79321 2. 6054 23: ASPS 20

0000 24:93, 31887 S 1.9992 25:-251. 39135 35. 2622: #5 FP04-0160-00
26: ASP7 89. 1855 27; ASPS 42. 0591 2B: -303. 336048 2. 1164

296066. 18864 28. 5148 30:4382, 5229 11. 9006 31: 81109260

45. 22731 32:-813. 38538 10D00 33:1012.41934 42.1336u 5

34:-973. 64830 21.5611 35:-32382.9741 0 29. 5159

30, - a6aohTeas b Srab fan3tass fhekatoh, (Hibral, Mddyine the

L A R0 SRRl R L e e

42 48466oft Gf the - XAUpHiE PYjection optical system PL2 according to
the present example. In Fig. 18, Y indicates the image height, each
dashed line the wavelength of 193.3063 nm, each solid line the

| wavelength of 193.3060 nm, and each chain line the wavelength of
193.3057 nm. As shown in the transverse aberration diagram of Fig.
18, the catadioptric projection optical system PL2 of the present
example has the large numerical aperture and is corrected in a good
balance for aberration throughout the entire exposure area though it has
no lérge optical element.

Next, the specifications of the catadioptric projection optical
system PL3 according to the seventh example shown in Fig. 16 will be
presented. Table 11 presents the specifications of the optical members
of the catadioptric projection optical system PL3 according to the
seventh example. Table 12 presents the aspherical coefficients of the
lenses with the lens surface of aspherical shape and the reflecting
mirrors used in the catadioptric projection optical system PL3 according
to the seventh example. In the specifications, the specifications of the
optical members, and the aspherical coefficients, the description will be
‘given using the same symbols as those in the description of the
catadioptric projection optical system PL1 according to the fifth
example. '

[Seventh Example]
(Spectfications)
- Image-side NA: 1.20
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-109 FP04-0160-00 #l: | st surface #2: Radius of

curvature (mm #3:. Surface spacing (nm 5 #5:. silica

glass #6: reflecting mrror #7. aperture stop #8:

pure water #9: 2nd surface 10 914: Fluorite #15: I\lan]éPOlL"O1‘50'OO
of glass material (TABLE 12) (Aspheri eal

Coefficients) #12813f {C446C$Ct O c12c14cl6ii 8c20

ASP1- 0. 00044760. 017000E+00- 6. 2960

4 253626 RO E50e 56 "00BEoEBo0bhAE+ 400 pocoesD

D _ _
ASP2- 0. 00T233080. 00000E200L WBes7E 888 2487E. 43- 9. 80

S7E-181. §n3 1ﬁcat10n 1/5
- 928498E- 26 ﬂ% 300 OOO({OE408(] ) M 70E+000. O COE+DO

ASPSN[DC@%%%I%QQEﬁgﬁ[ 148904 Fp09239879E- 131. 8016E- 18
- 1. 48670E- 22

7. 55922 ER2fmchvESANE Of 3ARAIVIFFRIPADC 1CE+00500000E

~+00 ASP4-0C0OV7420

s2. 25661Reﬁ98tﬁzé5ﬁ&@: b?ﬂho?ﬁ%? 750195484 720E- 20
2. 41647E- 242, 57932E- 28000000E+17600DG OE+D00. 0COCOE+90

ASP5D004R¢ 2060 9ede-0 07 1igaed T1E1 02091
E- 12325677E- 168. 73802E- 2
‘Dispersion of silica (dn/d)): -1.591 x10%/pm
Dispersion of fluorite (dn/d)): -0.980 x 10°°/pm
Duspersion of pure water (detonized water) (dn/dA): -2.6 x
10°%pm

Condition Mb = 508.86 mm L = 1400 mm
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- 211916E-25- 2. 23230E- 3D0. 00006 E+0DD_DDODCE+DOD. 0COCOE+

DD

ASPS00078125( 100000FM41. 33201E-07-2. 17158E- 11187637E-
1. 70713E-23-7. 55660E- 270. 00000E+CDO0ODOI CE+DOO00000E+00
ASP706D636190. 0000DE+003. 502

9E- 09- 5. 6029E-12- 2. 85922E-182. 57458E- 20 22600

-2 200. 00000E+00000=~- FOODQQOGQE+174
@3%1@60. 00000E+00- 1. 73328E— 082. 07225E- 13- 7. 8804

O RRARER SAOARAEIR S S o

ASPS00074421100000E+004, 54424F- 08- 8, 0813PE*13642693E-]1
75L81028F. 22 41PPR]FE- 264 377 DO i.3.01 58
1- R04. 00HO0E- 10894t 10C0. - - 000, {} 1QCCRAEH) **

A A~ A e —

P

ASP100: 089346118 00000E* 002, 17505E- 078095136 111. 39d9

2E-453 459605 BSPL 3076111+

7. p39600E-—23-1-119099E2 288 B0 1061 =+t T O

E+ FaY A\n;;. Fal 10 NI WaY I_.‘izojzg‘?ﬁ \ élk.s.:fb‘ - 110
UaaAvE-+PU L3 #LL._%W Rt [TUTOer— 11U

F q- UJ.O?I UU #1455, CU }l I'y. Lﬂa?@}gg #'S' dallovel b.U

aberratign diagram shxpaloBgal e 1T JRsHREFE averratio
i n The ngridionakpdirection and 1 npinpzERE L al
dilrectian of thHaseRt adi opiric pr o] 6642500[«epi1 cal

sylst em PI3 accar di ng-13se5546she presentiiezanple. I n Fig.
19, Y irdi cated the i48age2diei ght . esxdterdashed |ine
t wavéBenath AEPHN 93, 3063 nm eacBiEHEEE®] | ne t he
el endfth_of 193 30619873 _and eaB 47RE) '
el endPh of (103 30H¥958H] . 552 de
aqer at ﬂ Q-n di adam 7-'\389&-33 87 10 t ha TP1 ] ]

\—4

Ten) o JAIERAR o7 ., 33 0 (e

ces il ooy
pruj C Ul 1 AR rlll Kgpﬁ QyQL CITIT 1 J Cﬁ o
eX 1 raa rrre—T&t 9?13 Ggﬁbl €-od apcﬁ&aﬁ u?tnu =S
qu_l ect Eg 1T a gUUU 03 :!.Be for dUU[IdE}%I ot uugHULt
t e ent 2§.€ eXPOSUTEe dipbd gougn Tt ﬂ]’?i&? 15
' 2z 117.3933 28054
2% ASPE 200000(%5
% 9831887 31,9982
25 —251.39135 d5.2622 s
26 ASPY 58.1855
s ASP8 42.0591|*°
28 -303.33645 21164
2% BEQ6.1 8564 285148 %5
3C 43885220 119006
2 31100260 45,2273 |45
32 ~313.38538 1.00040
33 101241934 42 1336| »s
34 —4971384830 - 218611
35 -3238257310 205109} #5
35 —~175DHG 82 10000
38 oo G.3302] &y
38 3 H 59007 56.0505|#5
39 ~4589 37545 83746
40 20483419 53 7G18|*5
41: 434091 16 100040
42 12585227 57481345
4.3 -~ 1ABPY 10161
4 0258524 434772 {#5
45 A3P1D 10360
46, 85.28679 42.2456]%5
47 X7 100600 #e
#3 o0
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15

no large optical elenent. The projection optica

systens of the respective exanples described above

can be applied each to the projection exposure 15

apparatus shown in Fig_ 1 _ The projection exposure FP04-0160-00
apparatus shown in Fig_| is able to increase the

effective nunerical aperture on the wafer Wside to

1.0 or nore and to enhance the resol ution, because

pure water with the refractive index of about 1.4 for

the exposure light is interposed between the

pr gj i tical system PL and the wafer W Since
thelggﬁgggﬁggtion exposure apparatus shown in Fig. 1

hagzgp&mﬁﬁ§5pg&g%ﬁﬂ%qg??_Ln system PL consi sting of

the catadioptric proj optical system according
t oyga t f nti oned exanples, it is able to
reggiﬁgﬂggﬁgﬁgg%lriﬁgsachieve the optical path

sepsr giticarplhed ween the beam toward the reticle and
the beam toward the wafer in the projection 25 optica
sy#berefRictirav@irrop the case where the reticle-side and
waf er-side "numerical apertures are increased.

The7 ehpergureastog | magi ng - 111 FP04- 0160- 00 performance
can be achi eved throughout the entire region in the
expBspure waeea and a fine pattern can be suitably
exposed. Since the projection exposure apparatus shown
i n#%i Znd surfaes the ArF excimer laser light as the
exposure light, pure water is supplied as 5 the

| i gl dFforitei qui d i@ mrersi on exposure. Pure water is
easily available in large quantity in sem conductor
mafil$ abfame ofglags mateiiek and ot hers and has the
advant age of no adverse effect on the photoresist on
théﬂgaﬁgiﬂaﬂe (wafer) W the optical elenents
(lenses), and others. Since pure water has no adverse

ef (Asnhancal Gatbaiemts)s and contains an 10 extrenely

Iovy_marmlmf of inpurities we can also_expect the

. o | BIS : . 4 N + 1E1
agtT o ol Clreant fig thEe bulfc&i,p o1t ?fgﬁ watet :1\%/ ane—t |§£
sucrface ofl the opti cal elenqent [ ocated op the di gt al

paPy . %ﬁ% Y 1 —12] S FG17IE-16] 4. 708BGE-21
ena—Tacegr t Ol B S5 I &bt ' EDOOTOE+G0|  GOCOCOETLD

[
AEP2 —0GATB308|  OODBOGE<DU|  5.30847E-D3]  237487E-15| -8060R7E-18]  1.35214E-21
-0 2R4OBE=-26]  773795E-30] ©O0O000E+00]  GOOOCOE+0Q|  GOGOCOETDD

(5503 GRGO635]  ON0GOBE+D0] —1ASDI7E-08] 230B79E-13| FLBGTEE—T18] -1.0B670E—22

| | 1B5GZPE-37| ~100341E-30)  ©.0000BE+00]  GDUOGOE+O0|  GOGOGOE+DD

ASP4 00000242 a00o0nE+a0] 2256676090  215504E-13] -1.75777E-16]  184720E-20

TAREOTE-24]  25I030E-7H|  G.O00OGE+GD)  DODODOEIGH]|  DOGLOCDETDO

ASPE DO0a5455]  AO00ODE-00]  7.76UE7E0B] BAZUMIE-12] JO5E7TE1G]  D.77B0PE-23

2 NO16E-95| —2.25230C-30]  GOUDOGE+OE|  DOCUGDEDD|  BODUGOE+DD
ASPR LEO7BLES]  QUOCOGEHID] 1 33301F-07] —2.17150E-11]  187037F—15] —253304F—19]
- L70711E23] ~1.55G69E—27] €00000E+GE]  OODOGQOEDD]  DOLOMOELDD

ABPT LE0B3ETEL  QDODODEHN] 350799609 -SEOG29E-12| -2.839P2F-18| 25MEBE-PD| -
—2WH0BE-24]  3142NME-20]  SQ00Q0E+GL| COLADOEFOD:  DOCOQOE+DD

ABPE DEUGISTSE  QOODOOCH  —1.737P8FE-08] 207225FE—13| -7.88040F-18] 2H48G0F—2)
-Y2B7STE-2T]  3I8833E-F1| OJQUQCE+GG]  OOOGIGE+GQ|  DOROCOE+DO

ASPH GEOM48]  QUACOCEHIG|  4.5402aE-08] -898172E-13| 6428B3E-17|  594035E-P2
: -6 NIQ6EE—26] 437TI00E-20F GOQ00CE+0D]  DOCOGOES0O| LOROGQE+LD

ASP1G G:O023466G) 0.0G00BE+00]  21766DE~07) 2 YH15BE-11 1.69892E=1% 345880E=13
12396BE-23] -1.19099E~26 0OO0OGE+R0|  OOCOLOE+D0|  DODOCOE+RO

#12: Aspherical surface namber
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Pure water (water) is said to have the refractive
i ndex n of about 15 1.44 for the exposure |ight of

the wavel ength of approximately 193 DM In the case FP04-0160-00

where the ArF exciner |aser |ight (wavel ength 193 nm
Is used as a |ight source of exposure light, the

wavel ength is reduced to 1/n, i.e_, about 134 nm on
the substrate to achieve a high resol ution.
Fugtihe dhe depth of focus is increased to about

n times or about 20 1.44 times that in air. The

liquid c al n di?{%}ﬁ' g :
refractigg' i%e%elgr grglrﬂg{t}%fagﬁ . 01;6 h%lta xpl%)lsusrhé)wmg the
li t MhSTHASE int (RaTAY NA:+REH ARYah A GHI :
thg{&hls‘sféﬂgfa%geggr ent 1tn oﬁﬁwemgtigg%ﬁedir?g%téﬂ a%qtH hgle sagittal
r eldireetibd Of the i BRShit ' 1

agal nstI the pr %%(fﬁl%gﬁﬁ%%{ ?%gﬁ%?ﬁ%t%%gﬁﬁg%%? Egrdmg to
Pheieompedent cxanifle. SUnfBGE P9, WhendieaRs the M’H%@ Helight, each
F2 laser light i's used as the exposure light, The

|l dagked Tink RREAwakelerdthcat No3a(dlqimNaénfh |Solid dine the
for exanple, such as fluorinated oils and _
pewfavelunigtiat ¢t 10813080 @is, GREPEIch Whiag 16R) the ansmiength of
the F2 laser light. The present invention is also

apph3 Gs7enno tAe shiopas ui ehe apneyverds abérrhtientdibgram of Fig.
stage type provided with two stages independently 5
mo¥aplthei oatadeoptcdiprerctions optidaé segtematidly ofirthyei pyesent
their respective substrates to be processed, such as
waxampleadasiithe| lasgal numenagsnapertuRanadt isAppirecteti ona good
Lai d- OQpen No. 10-163099, Laid-Qpen No. 10- 214783, _
JPb#lanoe o obasstionthraghout th emtire expoguicdareanthosighnit has
method is applied as described 10 above, the

nune fargg opdisel elomeeftNA) of the projection optical

system PL can be 0.9 tqQ 1.3. In cases where the

numer i cal heipprajectéon Naptieal tsystems opkcthiconesprativgl examples

system PL is so | arge as descri bed, use of randomy
D %ﬁfﬂ%}@h migwt: cany bt 2OR edy eas& tedthes presectigibserposure

light can degrade _the i i ng performance by virtue
of%m?gabﬁl Q}q%mtm Figeflt ech e AXQIGHIONSENBOYE APParatus shown

il 1l um nati on. referr

ggtsﬂlfﬁ%t.j L]itslta%}]eu fo ilﬁ:?flegsrel é}eede ective numerical épgrture onenﬂe wafer

W side to 1.0 or more and to enhance the resolution, because pure water
with the refractive index of about 1.4 for the exposure light 1s interposed
between the projection optical system PL and the wafer W. Since the
projection exposure apparatus shown in Fig. 1 has the projection optical
system PL consisting of the catadioptric projection optical system
according to each of the aforementioned examples, it is able to readily
and securely achieve the optical path scparation between the beam
toward the reticle and the beam toward the wafer in the projection
optical system PL, even in the case where the reticle-side and wafer-side

numerical apertures are increased. Therefore, good 1maging

- 111 -



10

15

20

25

in those cases is such that linearly polarized
illumnation is effected in alignment with the

| ongi tudi nal direction of Iine patterns of |ine-and- FP04-0160-00

space patterns on the reticle (mask) R so that

diffracted |light of the s polarized conponent
(conponent in the polarization direction along the 20

| ongi tudi nal direction of the line patterns) is nore

e _ 0 i &l.e k :
g RRRE LA, bEPACIERIed DiiGOBROR (Bk® e tedfon in the
pr Qj | I plied on
th§k§g$?gggegkh§%%ﬁ§% ggih?ﬁe traanf§¥g%%§Pbecones

hi gher o éﬁgﬁr Ny i19

of the Ssggﬁnggﬁgﬁ%%ﬁggﬁi EQ%%htrlgg%éﬁgPﬁﬁng‘lﬁéesthe
| MPGPVekEAier IRsG AghReSd tﬁé‘%ﬁ bé‘m*ehﬁ A$Rr¥ReARY 35 rsugphed as

(gas) fills the space etvvent e projection optic
SYﬂi@”hd;ihda'T@rtH guie Singnerdida Bs@AL0- QQJI@IOI%M%F' P.,” easily
the surface of the wafer W For I's reason, the high

l rragaﬂmeenfi&rge&ﬁmtﬁyrina:c,leﬁﬁcbﬁd@@thr @mﬁ;ﬁ&ﬁmﬂg] fAdiHties and

case where the hunerical aperture (NA) of the

pr ojlest iaad let theaddwinsigroPlecideads effecd on thd phowresist on
effective to use the phase shift mask, the oblique 5

i nttiecsnbstratel (wafiat)i BV it hoptialaeldmentar (ensede and others.

dipole illumnation) in alignment with the
| oBgideyptinealaidr has tnooad wdérst ieffecp ant @rvisoreaedissaidsentains an
in Japanese Patent Application Laid-Open No.
6- ¢gisamely éow. ampoupt K)Ifylmpurmes;bwaatamalsoTwep@otpﬂmuamon of
apparatus of the aforenenti oned enbodi nent can

pr oldanmgnithe caefacees! (the nivader Wt and dibei seface ntmﬁgéhe optical

pi ckup devices, Iliquid-crystal display devices,
t helﬁmantdﬂmtgde@n therelistel cadcfaremst thel prajeation raptida system
reticle (mask) by the illum nation device

(i Plunination’ step) and perforning an exposure of a

onto, t he

bhot oser eI Weles (Gt eraig SBy 1o Bays e EFsHivpUIds n £f about
Sﬁ@@%@ﬁé@;ﬁ&@ﬁ&@wﬁ e cgliod AppeOREEgichy 193 nm.
P MR eRseE e Ghe wﬁbﬁ%‘l&?%&ﬁ Byl 163 %) is
us_ed as a hght source of exposure light, the wavelength is reduced fo
1/n, 1e, about 134 nm on the substrate to achieve a high resolution.
Furthermore, the depﬁh of focus is increased to about n times or about

1.44 times that in air.
The hqud can also be another medium having the refractive

index larger than 1.1 for the exposure light. In this case, the liquid can

- be any liquid that is transparent to the exposure light, has the refractive

index as high as possible, and is stable against the projection optical
* system PL and the photoresist on the surface of the wafer W.
Where the F, laser light is used as the exposure light, the liquid
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of the exposure apparatus of the present enbodi nent
Wi Il be described belowwth reference to the

flomchart of Fig. 9. .20 First, step 301 in Fig_ 20 1?}’04-0160-00

to forman evaporated. netal filmon each of wafers
in one lot. Next step 302 is to apply a photoresi st
onto the netal filmon each of the wafers in the |ot.
Thereafter, step 303 is to sequentially performan

S5 DS P Sl A BB e
E HM&&&%&&}& pg& tsg(}gflt’]?ﬂr\wﬁpr esen’gﬁﬂ%ﬁﬁﬂhe@' B8er light.

exposure

Step 304 e r ef.f d Nty Ofi}a 1
FPO4- - Olgggog?@s{we pﬁ%‘t%eoﬂrtg)sl?s{s gig%agﬁﬁ t%a ersélﬁ osure

thgp Pﬁamsa@fjﬂféeﬁhnsétﬁ e %% E?oxtzlﬂed Rﬁtﬁ% ﬁbgﬂ# E}&Iéﬁde‘daently

the ftesist pattern as a on each of the ers

t hghdwaibld en B WE difdctidns WhlTbScpafREl é&‘i‘?ﬁig‘ﬁlé@ré ctive
pattern on the mask, in each shOot aréa on each wafe

5 Jtsutrats @b, bé fﬂr@@é&keﬁorﬁﬁh' 89 Whfess " Qi'«”dls@l%*séériﬁs JQ[f)anese

upper layers and others, the devices such

sePateandapplicatend CE@da(DpeﬁerJC@G 16309 SEmd‘—@p&mtm 10-

devi ce production nethod described above permts us

t 02 b7 83, T R-Re2060i 505958 aat sdeynces with an extrenely
fine circuit pattern at hi gh throughput. Step 301 to

step 305Wdrem tthe pleaiindl imirhersiéh resflent iiveapped @ described
evaporation of netal on the wafers, application of the

r eabave, dhe aunirerice tagerfiire N AX pd the profeevenoppeodl, sysbeim PL

etching, but it is needless to nention that the

netamberfh? toel.So dinr casgsdvhewst thepnimerical apeese (Neh3 of the

a silicon oxide filmis fornmed on the wafer and

t hprogedtian optinal sysient Plsisappllaege andesembed, use off randomly

oxide film followed by the 15 respective steps of

xmlguzad hght eosyeationally appligd amihesoxposure hight can degrade
osure appar tus of the present. enbodi.nent can al so
UKIRAZINE; PeRfatBayes By wiws of %\W’Z@‘l&@l@l effect, and it is

E“ g fepurable o e eplediaediallugatiabion,  cRaprpTemcd sprfgaration
Ig?ilggtzl@é &%ﬁ%@r ?&'} s%feh '%Hatelxngfr y poflanzg&3 ltl]or%u?a];tlon is effected in
ahgnment with the longitudinal direction of line patterns of line-and-
spacé patterns on the reticle (mask) R so that diffracted hght of the s- -
polarized component (component in the polarization direction along the
longttudinal direction of the line patterns) is more emitted from the
patterns of the reticle (mask) R. When the liqud fills the space
between the projection optical system PL and the resist applied on the
surface of the wafer W, the transmittance becomes higher on the resist
surface for the diffracted light of the S-polarized component
contributing to improvement in contrast than in the case where air (gas)

fills the space between the projection optical system PL and the resist
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20 described below with reference to the fl owchart of
Fig. 21. In Fig. 21, pattern formng step 401 is to

execute a so-called photolithography step of FP04-0160-00

perform ng an exposure to transcribe a pattern of a
mask onto a photosensitive substrate (a gl ass
substrate coated with a resist or the 1like) by the
exposure apparatus of the present enbodi nent- This 25

RSB NOR ARNYThER S e 11O BB Prcson, the i

pre a nunber
| o
2 RERRERaARE e BaP L, BRSO 1E nd e where th

su [ : eShi
SSISHINAL DALY R LOERUCILR Bl PL cxcees
fom.a B efdehsfdicfRtiRat (&M ikeOthd ﬁ_fha%ebgﬁiw_trﬁaslé}%é Dblique
then transferred to next color fillter formng step

40ZhciBenx ilumigatinl Method {(PartiQiIETRY thé Rpd2illuinirRtion) in

forma color filter in a configura??on wherein a

nu ﬁh’?ﬂn&fm seitls tied 1omrarlidgl direofior oFditl paitéms 43 disclosed in
(Red), G (Geen), and B (Blue) are arrayed in a
mafapaneserPdtent ApphichtiotraidoOpeheNel 6-28R1 69 akict Yroperly in
sets of filters of three stripes of R G and B are

ar camdaghtion.t he direction of horizontal scan lines.

After 10 the color filter form ng step 402, cell

assenbl yThe expétre spparatus ek deaibbsreniiicsld emboeiteynt can
step 403 is to assenble a liquid crystal .= panel

(| prpduecmyetaaleveers! Jsemisonductor dendses aimage tpickbe devices,
predeterm ned pattern obtained in the pattern formng

st bguibarystale display fdemicas, othinifabn magndétec cheads, etc.) by
filter formng step 402, and so on. In the cell o
aséminating deerstiods (mrask) byathsl Blumination deerogstidmination

poured into the space between the substrate with the

- pr¥€B) andi partoamgan exposireef iantrenscipiiespattersriermgd on

step 401 and the cojor filter ohtained in the color i
£ 1 hemask; Atg the Eﬁomsgr,l&tlw@r @%swédbxiths prajeefiery optical

S SIS0, (hsrae | 300 1R sexalh e 16t T meted. Tor producing
-~ Cco onenhs ucg as an el ectric .Ci rctg)jgt a.back! [ gatf .
e EOPIRFRE dsvicsseanmbrodviehs 1 JoRRiRg 4 iRjeptermined

Cr¥ipdi pgﬁgr%l o' W4kS &' thdliile &SH ];hotosensitive substrate by use
of the exposure apparatus of the present embodiment will be described
below with reference to the flowchart of Fig. 9.

First, step 301 m Fig. 20 1s to form an evaporated metal film on

- each of wafers in one lot. Next step 302 is to apply a photoresist onto
the metal film on each of the wafers in the lot. Thereafter, step 303 is
to sequentially perform an exposure to transcribe an mmage of a pattern
on a mask into each shot areca on each of the wafers in the lot through
the projection optical system, using the exposure apparatus of the

present embodiment.  Step 304 thereafter is to perform development of
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thereby conpleting a Iiquid-crystal display device.
The production nethod of the liquid-crystal display

devi ce descri bed above permts [|iquid-crystal displ ;EPO4~O]60-OO

devices with the extrenely fine circuit pattern to

be produced at high throughput. As described above,
the projection optical systemaccording to -116
FP04-0160-00 the first aspect of the present invention

CO'BHPé rééls‘: SaSdachVer filf éfs”ﬁl { t 5ﬁ gt 305 is to
2 /qh pad e step,

bound ens W t € surface on

gﬁxfoli‘ﬁlvéféﬂlﬁ% %vﬁ’d’ﬁ%é FakGstr aﬁ%ﬁéﬂf %1@9 Iﬁ9¥1@ bn ré)‘cﬁfﬁ &t ﬂ16 wafers

transmitti ecting

ar h@’ﬂE&%ﬁ't@'lErrh'l? cﬁ‘cﬁﬁ: | ncF@*J %61’1‘1?1111@% t}?es attEHe on the

effective I magl ng area e optlca axl s,
mﬁia%k”xﬁ@ﬁch@]@éﬂaﬁ@ho?ﬁéd&@% n the boundary |ens

and thé second surface is filled wth the medi um

havi ng t ffhcffftcrCitird@gh Tofmatidhosf chba patfernédfaipper layers
result, the present |nvent|on successful'ly realizes

t hgnd abth&:ryedm donipe¢ tsuchr & S6iiiOOnARtbE evaresy Qi’@ produced
havi ng t he “excel | ent i magi ng performance as 10 wel

c oThe cdemichaduvteri dwscalpeodattion insthod d@scﬂlfe@lnalbwe permits
aberration and curvature of field and being capable

of usdousbtam the sktarigendiidter devices wage ani eietrewmeby iferd circuit
aperture while well suppressing the reflection |oss

onpatternopt hegh throdfghpas. Step B0 Iptojstep i39035 apg ite glerform the
system according to the second aspect 15 of the
prEspactivestepsiarevapbeation of mxtahon thewgelens, applichtiontof the
surface is formed in the first imaging optical
sygsesh oadhe metal filos expasitg, davelopegdt,| andintthing, but it is
securely achieve the optical path separation between

t hacedledsrie avention Heatfthesmethed anay dedse erangednthat, prior to
tovvard t he second surface even in the case where the
nuthese é&q?PSaﬁbSﬂiﬁ?p@sOﬂdet Almpisciasmad ﬁno@teu W@ ferpand thereafter

sytemarelncr d. Since the secon optic
e AEFISt iﬁr%mi’ Qipten the, esihcen ox '%ga %y the

B ot S5 G b BB

g(rjjotgf t eaﬁ)t e @M SR gfi the [r)r%as‘grll emalghdlreﬁ/e%tt Iggn also
produce a hquid-crystal display device as a microdevice by forming
predetermined patterns (circuit pattern, electrode pattern, etc.) on a plate
(glass substrate). An example of a method of this production will be

- descnibed below with reference to the flowchart of Fig. 21. In Fig. 21,
pattern forming step 401 1s to execute a so-called photolithography step
of performing an exposure to transcribe a pattern of a mask onto a
photosensitive substrate (a glass substrate coated with a resist or the
like) by the exposure apparatus of the preselit embodiment. This
photolithography step results in forming the predetermined pattern

including a number of electrodes and others on the photosensitive
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Pet zval *s condition. Furthernore, the first lens unit
relieves the 25 variation due to the difference of

field angles of the beam expanded by the first fiel dFPO4-0160-00

m nor, so as to suppress occurrence of aberration.
-117 FP04-0160-00 Therefore, good i magi ng performance

‘can be achi eved throughout the entire region in the

exposure area, even in the case where the object-side

L N e
_ . creas e

GRS TS AN o n

| Y& 10preclRBingd p_%ﬁeglg %zitn‘%l%'t St dnd E“@lehﬁi"élﬁtfgﬁed to

first iIinternediate’i m e second I nternedi a

| TRERt EStor THtdrFoMshg ¥ebO i ncrease in the total
| ength of the catadioptric projection optical system

even in Nekt cecolbefifet hf&-raﬁigﬁegs%l@ﬁiﬁftﬁfér@i@_&eccﬂbiﬁ'?ilter in
nunmerical 10 apertures of the catadioptric projection

Ophicemifigtiratiemvdlicelng TRABE b scidrefethré® derhenesspditling to
resolution. Therefore, it is feasible to readily and
seRu(Re) achi(Erecrhaamgb B q@Blugptdie Sm??éﬁ iiANa kehWeeNor in a
the beamtoward the first surface and the beam toward

t heosfigoratiosuwhacsn Sphaalithef gwtojpfdilias dpthrealtripes of R,
systemis provided with at least six mrrors and the

15Gs andn8 drermranmged hathiaditcbtoneghhovieonefl rseani lges.  After
power, the Petzval's <condition can be readily nmet and
cothee colam filter doemmey istep c402 pecelleadsemblyrestep 403 is then
through the adjustment of each mrror or each lens

f oexganyed.he Theeeadhadssamblyusicap 408 iste hsdembleha liquid crystal
projection optical systemaccording to the third )
aspangl diqudecrysal rﬂ%@e psingthetsubstiate wigh the predetermined
thrice-inaging optical system whereby the first i

i rid@teradibinm cipattgnn fevmmg ate the aotker filtes pbtained

surface, the_secand .inter Late inmage an erect | mage
of Ty i prfgtﬁf@f 3%@l,ngaﬁ@ptn382; Algeso P8 ndd the eell assembly
Therefore,. in the

‘secon urface an,inverted i mge.
o S9EP 30 dot FXamplef emff erlpsrtgf EcPPBIP oo dhe sppse distween
0 bt SubRrAE i ms el pined DAt Shraina SAPHE Pattern

forming step 401 and the color filter obtained in the color filter forming
step 402, thereby producing a liquid crystal panel (liquid crystal cell).

Module assembly step 404 thereafter is to attach each of
components such as an electric circmt, a backlight, etc. for display
operation of the assembled liquid crystal panel (liqmd crystal cell),
thereby completing a liquid-crystal display device. The production
method of the hquid-crystal display device described above permits
liquid-crystal display devices with the extremely fine circuit pattern to
be produced at high thronghput.

As described above, the projection optical system according to
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is carried out wwth scanning. of the first surface and
the second surface, -118 FP04-0160-00 t he scanni ng

direction of the first surface can be nade opposite tPPO4-0160—00

that of the second surface and it is feasible to
readi |y achi eve such adjustnent as to decrease the
change in the center of gravity of the entire
exposure apparatus. By reducing the change in the

"t TS aspePt O e pfseh” Fr@Midie FHPEREG P IRER R0 fReflecting
c ahgﬂfdf@ hd%he r&#lﬁﬁid}‘g rleﬁ? Sigd 't]%é %}?LH%EE i %Hé’ﬁf’f‘ﬁhélﬁ’fﬁce side
good i nagi ng performance t hroughout theé entire reglon

| NhhPRLHRO Hﬁiﬁveaxre%aact@gﬁggje?ghﬂs allg%efﬁﬂﬂéﬁﬁtﬁn members

appar atus anhd exposure usi ng e projection

ophhg abfleyah e Thembehe aRAzeatalon qﬁéis?fiﬂ%lgrg%ﬁ@.ﬂeaii@, and has

performthe exposure to tianscribe a attern with
hi gy effeetivé Cﬁha%ihé rgedmdthihdda {HeoBpriRhl GRis, SWhERITh the
havi ng the excell ent imaging performance and the '

| appticall pahtbottydefthe-smar]arymens ead teesfdosnd. surface is filled

consequently, high resolution. Wth use of the

expagutke anpdiuat Usavihg ediel pefesctivd lindée 1prgdretanon.1. As a

optical systemof the present invention, it 1is

f ersiolt] ¢hd prgyeat ueecigimd sntessofidly eedidey thbaelatively compact
hi gh- preci sion projection exposure through the

hi plojeetsan wptical pysteachavmghe eatellantsineaging performance as
FP04- 0160-00 CLAIMS 1. A catadioptric projection
opwietatorsgeted fof oarions abegrationsdusddas whgemaficalbfarration and
surface on a second surface, the projection optical )
syeursafwoenpf ifsildgand baagt capableedf esctingg thenilanger effective
and a boundary |ens whose surface on the first surface

si Weagasideanpoerical aperdgreawhilegvelb weppressurethe reflastion loss
a refractive i ndex of an atnosphere in an optical

pa@lhthﬂ Opﬂéﬂrﬁ%f&&‘@ﬁi on optical systemis 1, an optical

ath between the . i .
P In the projection optical system according to the second aspect

of the present invention, the. intermediate mmage of the first surface is
formed in the first imaging optical system, and 1t is thus feasible to
readily and securely achieve. the optical path separation between the
beam toward the first surface and the beam toward the second surface,
even in the case where the numerical apertures of the projection optical
system are mcreased. Smce the second imaging optical system is
provided with the first lens unit having the negative refracting power, it
' lis feasible to shorten the total length of the catadioptric projection
) optical system and to readily achieve the adjustment for satisfying the
Petzval's condition. Furthermore, the first lens unit relieves the
vartation due to the difference of field angles of the beam expanded by

the first field mirror, so as to suppress occurrence of aberration.
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boundary | ens and the second surface is filled with a
medi um having a 10 refractive index larger than 1. 1,

wherein every transmtting nmenber and every refl ecti NBP04-0160-00

menber with a refracting power constituting the
projection optical systemare arranged along a single

- optical axis, and the projection optical system having

an effective imaging area of 15 a predeterm ned shape

oot el Blod hiadihl rictoriiiite éan HeCABBLEN thifughout the
| : S . ! . | L
(SRt PO B¢ ERBOBUETAL], ERTPI 8 Blscl e MRS bject-side
o) ShATHAGENdE RAQIGI AR al ofh Gt BRI optical
M kU Qe ark intRisBHTh ¥FHEPTDL ERkARR! theessRtRRCOr ding to

Caim3, conprising: a first inmaging optical system

conpri si The piBjeBtionBsticdl %?ste%@. abe6rHing téFhe third aspect of the
i nternedi ate image of the

i _ ( irst surface; and a second

l "g%sﬁﬁt aRyEREon SYSsEST aff sa8t neixt Afirrdrs! ehdeding ¢he first
-120 FPO4-0160-00 image on the second surface, wherein

t hinternedited imaicedampthe aecond tintoratistesanagdean be formed
foll owm ng conponents in order of passage of a ray from

t heriibohe nnedase én theregal fdmdah of thefdatsdiobiigt projoction optical
of a concave shape; a second field mrror; a first _

| esgstemm, even mpths case wherediss objeet-sedmand emlagessde nanterical
having a negative refracting power; a second |ens unit

- haspertozs pafsthel catadafptact progeqtoe opticab systeapare unereased in

stop; and ) o ) )
order to enhance the resolution. Therefore, it is feasible to readily and

securely achieve the optical path separation between the beam toward
the first surface and the beam toward the second surface. Since the
projection optical system 1s provided with at least six mirrors and the
second lens umit having the negative refracting power, the Petzval's
condition can be readily met and correction for aberration can be readily
made, through the adjustment of each mirror or each lens forming the
second lens umt, or the hke.

The projection optical system according to the third aspect of the
present invention is the thrice-imaging optical sysfem, whereby the first
mtermediate tmage 1s an mnverted image of the first surface, the second .
mtermediate 1mage an erect image of the first surface, and the image
formed on the second surface an inverted image. Therefore, in the
case where the catadioptric projection optical system of the present
mvention 1s mounted on the exposure apparatus and where the exposure

1s carried out with scanning of the first surface and the second surface,

-118 -



10

15

athird lens unit having a positive refracting power.
5. The projection optical systemaccording to Caim 4,

wherein the first imging optical systemconprises a FP04-0160-00

fourth lens wunit having a positive refracting power,
a negative lens, a concave 15 mrror, and an opti cal
path separating mrror, and wherein the first inmaging
optical systemis arranged as follows: |ight

" ELARLE Q84 L AT S8, R AR o
agonif, (RcbRl, Rerfite BE1 RIS RasHIE! 6 rABLO AR, such

ophﬂﬁ@kmEﬁf %s&g%eféa@s {He" 51%;%5 g mbgls&%tleﬁfdfegfa@gtmf the

the optical pat separating mTror 1s reflecte

t henfite Skpbbtited aBphfadis. an P/‘P@dlﬁﬁﬁgrlﬂe EhSlgE W "hE" center of

and thereafter directly enters the first lens unit In

t h?,_réﬁﬁ_,ﬂ'ﬁif theefitif® plokard agﬁﬁfzﬁﬁ?; f isTHeadibR €§tredice the

opti cal” system according to aim3, 25 conprising: a

f 1 vibratioh N the Rat&BbpHks pedicearnr optidsl $YsteRPahdSioXachieve

mrrors, for -121 FP04-0160-00 formng a first

i npeoddtiaat 'Pﬁaﬂﬁnmﬂe&hﬁ(ﬁcglﬂﬁltithb%mﬁ’éi@ fori ifRdR: ekposure

thg fi rstag?ﬁ% ace; and a second inmagi ng optical syst eI?n

f oargael ayi ng the second internediate i mage onto the

second surface. 5 7. The projection optical system

accor di njctordihglynthic expesweiernpgpaeatusraid expesuredneathed using

image is formed between a mrror that |ight emerging

f rthe prejekcitiont optechhsystethens thec gmeseartd imveritiororarehable to

the light emerging fromthe first surface enters o

f operfarmothe efpesird tat transershe si fngi patters wath heglf iprecision,

I magi ng. optical system 10 4. The projection optical .

sydrengh cihsr projgctionanptioak systent kavingl the excellpnt amaging

an exit pupil of the projection optical systemhas no
performance and the large’ effective mmage-side” numencal aperture,

consequently, high resolution. With use of the exposure apparatus
equipped with the projection optical system of the present invention, it
is feasible to produce good microdevices by the high-precision
projection exposure through the high-resolution projection optical

system.
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shield area. 9. The projection optical system

according to any one of 15 Clains Ito S, wherein

every effective imging area of the projection optic _ _
systemexists in a region off the optical axis. 10. aﬁPOdL 0160-00
The projection optical systemaccording. to any one of

Clains | to 10, 20 the projection optical system

conprising: a first imging optical system conprising

at least two reflecting m'p]g gm&or formng an

internmedi ate image of the first sSurface; and a second

i magi ng opti gal o T ' i LWBge Rfmi

t he second s%r g’éagﬂ tﬁ{@h icﬁgowo?ﬂ)ﬁage%twlomthe g a

| nhehitRdl ifidd OPETs ke Jhe RoBhekifReopti cal

system accozfgi ng to al mel%, - wherein the’ first

i magi ng i prsjecto® R@ﬂl'cﬁp §leni® Sonfprisingt atl RASt tweZeflectin
FP04- 0160- Ogﬁﬁnit havi ng gypgg?t [ \]/]g)ref actll%ng power ; £

a fiif®lrs F fid aBdundaly 18y wioS8 Qeefhcel ¢h it ARt cRfadeaille has

between the first I ens unit and the internedi ate

i namjﬁmﬁfm&ﬁw@végfl ecting mrror disposed in an
optical path between the first reflecting mrror and

t he i nt ewhesdint wher@aaefiactize intex @if%@ﬁﬂ@%p@é ¢ ah optical
system according to Claim1l, wherein the first

r epathcodf g projetionsoptica navanrsf 1 esh iopgicat padi between the
di sposed near a pupil plane of the first imaging
opbowdaryylensrandathe sdvendi surfacd eafilledngithegaiddien hasing a
is disposed in a round-trip optical path forned by

t hefrastioveviaderflaeeritman dilror. 10 13. The projection

opti cal Si'/lSt emaccording to laim12, wherein said at
| east orwharynt ievery etrandirgftosed membbe badk-cwvedy reflecting
front optical path, and the boundary | ens are nade of

f |membes. with aHefipctngcpovier oponstifutings then progentitimpptical
to any one of Cains 11 to 13, satisfyi r:ig t he

f o¥ystsanrge asrangedatong a single optical axis, an

the projectron optical system having an effective imaging area of
- a predetermined shape not including said optical axis.

2. The projection optical system according to Claim 1,

wherein said at least two reflecting mirrors comprise at least one
concave reflecting muror.

| 3. The projection optical system according to Claim 1 or 2,

the projection optical system having an even number of
reflecting mirrors.

4. The projection optical system according to Claim 3,
comprising:

a fust mmaging optical system comprising two mirrors, for
forming an intermediate image of the first surface; and

a second 1maging optical system for forming the intermediate
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.15 5<F1/YC<15, where F1 is a focal length of the
first lens unit and YO a maxi num i mage hei ght on the

second surface. 15. The projection optical system FP04-0160-00

according to any one of Cains 11 to 14, 20 wherein
the first Iens unit has at |east two positive | enses.
16. The projection optical system according to any one
of Cdainms 10 to 15, wherein the second i mgi ng

opg#&gglﬁéﬁeg&@g%ﬁnﬁ??tri c system conposed of only

ap ing menbers. 25 17. The

proj ecti [ il aanyl :

wher ei n %109? %?1 (rig%e%‘f%ﬁ]eﬁl?%%nhgmﬂgﬁc%%ﬁ&?gr S’ omprises the
co 1 7 :
oot Ravi CombAea iR Ry ifshale QEALRY fetRthaintormediate

ophhagé sfkstem according to any one of Cainms | to
17, erein the effective imging area has an arcuate

shape, 5aifitst fieRl @erbOBf ARIdHAveshapem sati sfying the
following condition: 1.05 < RYO < 12, where Ris a

radi us of seesvdfielEntfroan arc defining the effective
i magi ng area, and YO -a maxi num i mage hei ght on the

second sarfigedens hfhit Aovapasingpht ileaszrniz@qie@ﬁv@plém@b, and
system for formng a 10 reduced i mage of a first

suhfamg Dnegatbecrefthting powerf he projection optical
system conprising: at least two reflecting mrrors and
a transna secomyl lemshant havikg apositiveateifraetingswer;ar ea
of an arcuate shape not including an optical axis of
t he projacaperfurepstopadndystem 15 the proj ection
optical system satisfying the follow ng condition:
1. 05 < R Hordlers unit having a positive refracting power.
5. 'The projection optical system according to Claim 4,
wherein the first imaging optical system comprises a fourth lens
unit having a positive refracting power, a negative lens, a concave
marror, and an optical path separating mirror, and
wherein the first imaging optical system is arranged as follows:
light traveling in the first 1imaging optical system passes through the
fourth lens unit and the negative lens, is then reflected by the concave
mirror, and passes again through the negative lens to be guided to the
optical path separating mirror; the light reflected by the optical path
separating mirror is reflected by the first field mirror and the second
ficld narror and thereafter directly enters the first lens unit in the second
1maging optical system. \
6. The projection optical system according to Claim 3,
comprising:

a first imaging optical system comprising at least six mirrors, for
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where Ris a radius of curvature of an arc defi ni ng
the effective imaging area, and YO a naxi mnum i nage

hei ght on the second surface. 20. The projection )
t]gPO4 0160-00

optical system according to any one of 20 Cains |

19, conprising. a light transmtting optical nenber

wth a substantially null refracting power, disposed

in an optical path between the boundary |ens and the
segongd: f : - cat:ad) i W=To% M AN

Sy PR s MRSE iteimoltii (RLRPARA T RO ABblE Brage of
a f.ac the projection optical system
coﬁ%ﬁggn%ﬂap%Z%@Pm- 0160-00 a first imgi ng opti cal
syst em COMBEL S Grhding! Gl §Qbtend OfdF RelAthg th

i nter rredlgat e (?image %@nf@he I:{‘%lfrstgu??gcg;p and-a %ecoendsecond
| MRgteRfe ik ﬁﬁh%ébﬁt@mé &cdiR] Shrfdcd he Internediate

i mge on the second surface, 5 wherein the second

| magi ng ppt MR prRy&dtesA 6piTeAl é%;%%elhftﬁ:cowﬂrﬂrgotw Othim 6,
conmponents in order of passage of a ray fromthe

i nt er necdiviefeini thB $rsb iftermadidte Sinaoesk FofinetiBetHeen a mirror
concave shape; a second field mrror; 10 a first lens

unthat dpiwensdmingfrone ¢ firvOsndaes enerd edssrl and a mirror that
havi ng a negative refracting power; a second |lens unit
hatlienfight pasdrgine frahr dad ifirgt pevace endérsafirirthir eustodsaid at
and a third lens unit having a positive refracting

poleast sikanitPorsTinethpriaiseanagmgpepiicall sysyehiem accor di ng

to Caim?2l1, which is the catadioptric projection

opti cal 8ystldre groprtiong apical adystdm avberdkng tcheny one of
first imaging optical systemconprises a fourth |ens
unflatmsvl bg7a positive refracting power, a negative

.lens, a concave

wherein an exit pupil of the projection optical system has no
shield area.

9. The projection optical system according to any one of
Claims I 10 8,

wherein every effective imaging area of the projection optical
system exists in a region off the optical axis.

10. The projection optical system according to any one of
Clamns 1 to 10,

the projection optical system comprising: a first imaging optical -
system compnsing at least two reflecting mirrors, for forming an
intermediate image of the first surface; and a second imaging optical
system for forming a final image on the second surface on the basis of a
beam from the intermediate image.

11. The protection optical system according to Claim 10,

wherein the first imaging optical system 'c.omprises: a first lens
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mrror, and an optical path separating mrror, and 20

wherein the first imaging optical systemis arranged

as follows: light traveling in the first imging

opti cal system passes through the fourth [ens unit FP04-0160-00
and the negative lens, is then reflected by the

concave mrror, and passes again through the negative

|l ens to be guided to the optical path separating

cefhavifle 4 ddiHive Eh ARG o ary 8 MRt oY Byiffer disposed
G 113, Gptftal bilfh BEGRCkh tHe fild 18h< Dftfe e Si&dédihte image;
di rect! ' SRS 1) e

" afid e SCcH R, AN UIsBUSKER aBhpdof path betypen the

wWhersi ieflebfnkihitor afd theidibfhe@iatPithgek] ght entering
|'§ ﬁEeng

the first fi mrror, so as to the light into

a directign q%é%]%jéé’[ﬁ)ﬁ@bﬁéﬁl'sl Xerh é?fcorgiifgﬂ‘_lé_)hglaim 11,

catadi optric projecCtion optical” system

proj ect i ghepdih thal Sy $EABREBEE MBAY%ist P cof¥a®d eefdécting mirror
Clains 21 to 23, wherein the second field mrror has a

codigpossd apar a papilihlangofithe Hironimasineadptiof tsgftem, and
according to any one of 10 Clains 21 to 24, wherein

sai d twowiierginrat least mef hegitiverdgnnds dipposed i s kemd-trip
are a mrror of a concave shape and a mrror of a
cooptzalgimbdomhed byathe cardagegeflettingmieroof i nci dence
of light fromthe first surface, and wherein the
second f12I dThkrprojedtion dpticHsystem megondingpoi Chlim 12,
systemis 15 a mrror of a convex shape. 26_ The
pr oj ect i whermpinisen] atlesseonanegrtivedenodmppseden dhe back-and-
Cains 21 to 25, wherein the aperture stop i s di sposed
befragtaptieal pathsand itlet boundanyt lens ase dnadeeof Suonde.
surface, 20. the projection optical systemsatisfying
the fol | b ndheopsaiecapn optical system "according to any one of
Clamms 11 to 13, satisfying the following condition:
5<FIY0 <15,
where F1 1s a focal length of the first lens unit and Y0 a
maxmnum image height on the second surface.
- 15. The projection optical system according to any one of
Claims 11 to 14,
wherein the first lens unit has at least two positive lenses.
16. The projection optical system according to any one of
Clamms 10to 15,
wheremn the second imaging optical system is a dioptric system
composed of only a phurality of transmitting members.
17.  The projection optical system according to Claim 16,

wherein 70% or more of the transmitting members constituting
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0.17 < ML < 0.6, where Mis a distance on an opti cal

axis between the first field mrror and the second

surface, and L a distance between the first surface

and the second surface. 25 27. The projection optical FP04-0160-00
system according to any one. of Clains 21 to 26, -

126 FPO04-0160-00 wherein the first lens unit in the

second i magi ng optical system has at |east one

as i : : ' |.C1 . PLOL i on optical
sy?ﬁhg?né(ﬁﬁoqrd ]{rngér“%nﬁs(ﬁ)glnﬁl sﬁ%t%gi g’?& {adaﬂer@?élggé'f ace on a
second sygfa tRE; 2B G i.cal

conpri si Eg Z\ﬂ}ei ﬁgtsjeﬁﬁll gpggglsgggﬁﬁﬁa%c%g%ﬁmp%wﬁ onc of
beiwsins 1he 1f rst surface and the second surface and
having a positive refracting power; a second unit

di sposedwhardif tABldkRtive %g{hcgglﬁx%‘é?% hh8%n'd Eﬁéte@}‘x'agre,

and the second surface an rising at least fo

m rrors; thepyjédtidiophédl HistRasadisfyingdthe Fﬂ);ll@@&ing doRdition:

bet ween the sécond unit and the seécond surface,

conpri si h@s5at {/4ap«& 0 negative | enses, and having a
negati ve refracting power; and a fourth unit disposed

in an opiwhest Ro&l & rhdibwesicumatirei sllanaré defindog ke effective

second surface, conprising at |east three positive

| eftaggingearda, drid Ydva ngdnnosiifiage lidgheohithg spoved surface.

wherein an internediate image is formed in the second

uni t andl9whek edatadwopape rpra)ectsdo opticadr syditded fon forming a

fourth unit. 29. The projection optical system o

acoohdedgimagcClodi an {28t sunfaeeeon a hsecendosutfans,tthe projection

conprises the followi ng conmponents in 20 order of

i nopident sy stefn [cogiprisingm the first surface: a first

reflecting mrror of a _concave shape; a second

ref | ect i atgleast hup refleatingnvestoshapd; a dransimitting member; and

reflecting mirraor of a concave shape; and a fourth )

r e4 gEkechye imagipgarea of an arcuate shape not mcluding an optical
axis of the projection optical system,

the projection optical system satisfying the following condition:

1.05<R/YO <12,

where R is a radius of curvature of an arc defining the effective
tmaging area, and Y0 a maximum image height on the second surface.

20. The projection optical system according to any one of
Claims 1 to 19, comprising:

a light transmitting optical member with a substantially null
refracting power, disposed in an optical path between the boundary lens
and the second surface.

21. A catadioptric projection optical system for forming an
image of a first surface on a second surface, the projection optical

“system comprising;:
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convex shape. 30. The projection optical system

according to any one of .25 Clains 28 and 29, wherein

the second unit conprises at |east one negative |ens,

-127 FP04-0160-00 and wherein an optical el enent FP04-0160-00
| ocated nearest to the third unit in an optical path

of the second unit is the fourth reflecting mrror or

a double pass lens through which |ight passes tw ce.

of 5 a B R mRp el YR DA, | BHROR. for
i KohirR R Hiephl Ak, FAEE It Tsy § A 0 7O
or oy cct | oS oee: Gotal, SERt R Bihe i interediate
B o B T <0 sposed between Che

third rafHep&hi MBe Mbédddid %ﬂ’agihgyi RAH SHtERC LoniPlses the

projection optical system satis g theTollown
cofistidwiip coRpbhey/ th<dtder of pavbscColVd rhy frord ithé dePmediate
on an optical axis between the third reflecting

m fih@ge sitfe:t he second surface, and L a distance

between the first surface and the second surface. 33.

The pr o] girstoficidnhieat of i Worwageshnpeng to any one of
Clainms 28 to 32, 20 wherein the third unit conpri ses

at | easta seeombfibkl igabr)] ens. 34. A catadioptric
projection optical systemfor formng an inmage of a

first suaffase lons anmetcondpissinfaat, leastetwoonegitivn lenses and
optical systemconprising: a first inmaging optical
sybawangeonpgatsientgfeactinggsewsi;x mirrors, for

a second lens unit having a positive refracting power;

an aperture stop; and

a third lens umit having a positive refracting power.

22.  The projection optical system according to Claim 21,
which is the catadioptric projection optical system according to Claim 1,

wheremn the first imaging optical system comprises a fourth lens
unit having a positive refracting power, a negative lens, a concave |
mitror, and an optical path separating mirror, and

wherein the first imaging optical system is arranged as follows:
hight traveling in the first imagmg optical system passes through the
fourth lens umt and the negative lens, is then reflected by the concave
mirror, and passes again through the negative lens to be guided to the
optical path separating murror; the light reflected by the optical path
separating mirror is reflected by the first field mirror and the second

field mirror and thereafter directly enters the first lens unit in the second
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25 formng a first internedi ate i nage and a second
internmedi ate image of the first surface; and - 128

FP04-0160- 00 a second i magi ng optical system for FP04-0160-00

rel aying the second internedirate inmage onto the
second surface. 35. The projection optical system
according to Claim34, wherein the first internediate
image is formed between a mrror 5 that |ight

e [ t jrst surface enters second and a
mnﬁ%?ﬁ%g?ﬂ%e%%ht emerging fromthe first surface
enters fogrthy -0fc: sah g t, Si ] !

the f1rsto] mcr St IGEpPLEL] ek £0CRIn21 or 22,
opti cal i i j j

OPLI oAl SHSHGR REGHSHION s b ot B BSnicr (I st field
| effirrokOsd Bk o HRAAIthe 4tk itf info o diReetdd t8\WaRPICBDtical axis of
el enent” and having a positive refracting power, an

mﬁi@bﬂa_&ﬁiﬁlﬁﬁ)rbﬁ%ﬁbn%ﬁiéﬁlrs efnare arranged so as
to contindously reflect light transmtted by the

field | eps urflie pfojettionPbpiiest is?@teﬁﬁ)tétﬁﬁkdﬁl\g?tﬁnﬁny one of
according to Caim34 or 35, 15 wherein the first

i malaings 2ptd @8l systemconprises a field lens unit
conprised of a transmtting optical elenment and having

a positiwherahithe seoendfiotd miand hidzer eonvéhshdpe. st

i magi ng optical system conprises at |east one

negat i ve2$ enTheepregeotion noptical shsten igivordinggr 6o rgny one of
fromthe first surface 20 enters first and a mrror

t h&lamdse21 tgBY, emerging fromthe first surface enters
sixth, out of said at least six mnors. 38. The

proj ect i whetpnisaul tepsnemoescooths figsttimagngooptical system are
Cains 34 to 37, wherein every optical el enent )
conguirran 0hg aomeave shbapeiandya nyirros obpt cenvexs ghaparwihich are
a transmtting optical _elenment to forma reduced inmage

of amrpRged 18t okdarf at dnerdanve ofcbipght Jtomatle first surface, and

wherein the second field mirror in the second imaging optical system is
a murror of a convex shape.

26. The projection optical system according to any one of
Claims 21 t0 25, |

wherein the aperture stop is disposed between the first field
mirror and the second surface, |

the projection optical system satisfying the following condition:

0.17<M/L<0.6,

where M is a distance on an optical axis between the first field
mirror and the second surface, and L a distance between the first surface
and the second surface. |

27. The projection optical system according to any one of

Clamms 21 to 26, .
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-129 FP04-0160-00 39. The projection optical system
according to any one of Cains 34 to 38, wherein the

second i magi ng optical system conprises the follow NEP04-0160-00

conponents in order of passage of |ight energing from
the 5 first imaging optical system a first lens unit
having a positive refracting power; a second |ens unit
havi ng a negative refracting power; a third lens unit

havi ng auﬂﬂ:?%ﬁxi e fifh ﬁ@ﬁ#1 LAG RONR Sec%?ldaﬁﬁéé rﬁ‘:‘%ﬂr%’% system

and a fourt ens unit having a positive r

powas at st SHE aRPRESES118Rs OPt i cal system according to
Calm39, 10 anf?@?n a ?nﬁrror di sposed at a position

where |igBt %“Ha@éidi@})tﬁé qub?élﬁi(fﬂ opticalshakan! for"Siming an

distant fromthe optical "axis of the catadioptric
Pr @ingeé | O a0Pr$iC I faySi@iNa QetoRd ditacRt theapiojebtion optical

mrrors is a mrror of a concave shape, and wherein

t heyapai éovprisimp |1 s di sposed between the mrror of
the 15 concave shape and the second surface, the

cat adi opj drspunitedisposed it agadpidvd tith dssaie@nndiet first surface
Caim6 satisfying the followng condition: 0.2 <

Moahd thé sdconthsuréaddand havitigs posiiveredimotipig pavesxi s
between the mrror of 20 the concave shape and the

second sarsteomed amdt dispoded tinrme optitakepatht betvederf ithies first unit
surface and the second surface. 41. The projection
opand e syexmehsiatamr atich gotnpr Fing at Bhso fourOmirmahsr ei n
the second lens unit and the fourth lens unit have at _
| east one thisgheni disposedsn apoptival pathj befwaem thet seind unit
system according to any one of Clains 34 to 41, -130
and the second surface, comprising at least two negative lenses, and
having a negative refracting power; and
a fourth unit disposed in an optical path between the third unit
and the second surface, comprising at least three positive lenses, and.
having a positive refracting power,
wheremn an mtermediate image 1s formed in the second unit and
wherein an aperture stop 1s provided in the fourth unit.
29. The projection optical system according to Claim 28,
wherein the second unit comprises the following components in
order of incidence of hight frorm the first surface: a first reflecting mirror
of a concave shape; a second reflecting mirror of a convex shape; a third
reflecting muror of a concave shape; and a fourth reflecting mirror of a
convex shape.
30. The projection optical system according to any one of
Claims 28 and 29, '

wherein the second unit comprises at least one negative lens,
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FP04-0160-00 the catadi optric projection optical
system being a thrice-imaging optical systemfor

formng the first intermedi ate i mage bei ng an FP04-0160-00

internedi ate i mage of the first surface, and the
second internedi ate image being an inmage of the first
internmedi ate image, in an optical path 5 between the
first surface and the second surface. 43. The

pr g%lﬁs%.g%ilg%?ﬁ%ﬁvaéﬁéﬂfwa%d}%FEP@S’%W% ?ﬁgtlﬁfdr unit in an

d _ erern a lens surrace on
Su
SUOpIE B e oot i 106 B g e cf ool

10papd lep8IthfOtHEWhIES lighPBasdesGvié€f racting pover, and
vvhgrei n, where a refr_agthi _ge irS1 e_>% of an atnosphere in

the cat3agi oftfd $rojctidnt bpficAPkSRMm SY&IRHS té. aly one of
medi um having a refractive: index larger than 1.1 i

I NCHaipes28 th30an optical path between the |ens

nearest to the second surface, and the second surface.

15 44. Thhersin) 81 ithitd oRsflcutings yisirRin aagRitdi ight @nédting the
one of Cains 21 to 43, which is the catadioptric

pr thiat téflertmy immalorsys hemd baadahdilipht intean ireiodl toward the
CGaims 1 to 14, wherein an optical axis of every

opoptiedl alie ok the vatadieptriermdgsation opticaledyséemi ng power

. in the catadioptric projection optical 20 systemis

ar r anged3Zubdhaenprajectionnoptisilngysteat ramicopbding me, amncbne of
wherein a region of an inmage formed on the second

sutiaros By to Bhe catadioptric projection optical system

is an off-axis region not including the optical axis_
45. An ewhorane thppaperture f stopefis ecispagedn botpesur dheof third
a 25 pattern forned on a nask, onto a photosensitive
sutsdlacting mimer angdke secondhgipdacs,us conprisi ng: - 131
FP04-0160-00 an jllum nation systemfor illumnating_, .

t he nasKkhe@rometioncopticalsystem satisfying the following condition:

0.17 <Ma/L < 0.6,

where Ma is a distance on an optical axis between the third
reflecting muror and the second surface, and L a distance between the
first surface and the second surface.

33. The projection optical system according to any one of
Claims 28 to 32,

wherein the third unit comprises at least one aspherical lens.

34. A catadioptric projection optical system for forming an
mmage of a first surface on a second surface, the projection optical
system comprising:

a first imaging optical system comprising at least six mirrors, for
forming a first intermediate image and a sechd intermediate image of

the first surface; and
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surface; and the projection optical system as set
forth in any one of Clains 1 to 44, for formng an

i mge of the pattern formed on the mask, on the 5 FP04-0160-00

phot osensitive substrate set on the second surface.

46. The exposure apparatus according to C ai m 46,

wherein the illum nation system supplies illum nation

light which is s-polarized light with respect to the
second syrf 4; | qﬁﬁ&%gxr r af.u di

to d ai m548@§®%7§nﬁ%&%1er el n tﬁgﬁgir}gj g%rt isrgga‘i@lg%oglﬂbgesecond
of jAibEmealAELR dnk& Qurth phot osensitive

su strateg Eftg pgg%ornemﬁ%{&mvi n%@t he mask and the

phot osengkt i %@g&ﬁ&é@éﬁ HEADs Pt thORRIP 'g‘@da im 34
direction relative'to tﬁg lp?%?ygcﬁhon opﬁﬂ a syas%?lem’

48. An ewpReshatheeiRe thefmetiRe ihiPeaR RRRIBG&wWRIen® mirror

pattern 15 fornmed on a nask, onto a photosensitive

- SUlsitai erh&@IeX PRSTH " Be FREN QS &O BRICrS s88ndAnd a mirror that

iI'lum nation step of illum nating the mask on which
t hehe ﬁrf@d Sirérging dredt tRy firks shfho® ntéRd f@irtlex oas ﬁwfesaid at

step of perform ng an exposure of the pattern of the

20lemss ixsirrots inhiheffirss imagifopticsindyaténe
phot osensitive substrate set on the second surface,

usi ng theé. pfitheguioienicmpdpied] sysmmcesrdial tbaClaim 3 or 35,
any one of Cains | to 44.
wherein the first imaging optical system comprises a field lens
unit comprised of a transmitting optical element and having a positive
refracting power, and
wherem said at least six mirrors are arranged so as to
continuously reflect ight transmitted by the field lens unit.
37. The projection optical system according to Claim 34 or 35,
wherein the first imaging optical system comprises a field lens
unit comprised of a transmitting optical element and having a positive
refracting power, and |
wherein the first imaging optical system comprises at least one
negative lens between a mirror that light emerging from the first surface
enters first and a muror that the light emerging from the first surface
enters sixth, out of said at least six mirrors.
38. The projection optical system according to any one of
Claims 34 to 37,
wherein every optical element constituting the second imaging

optical system is a transmitting optical element to form a reduced image

of the first surface on the second surface.
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39. The projection optical system according to any one of
Claims 34 to 38,

wherein the second imaging optical system comprises the
following components in order of passage of light emerging from the
first imaging optical system: a first lens unit having a positive refracting
power; a second lens unit having a negative refracting power; a third
lens unit having a positive refracting power; an aperture stop; and a
fourth lens unit having a positive refracting power.

40. The projection optical system according to Claim 39,

wherein a mirror disposed at a position where light emerging
from the first surface is most distant from the optical axis of the
catadioptric projection optical system, out of the at least six mirrors 1s a
marror of a concave shape, and

wherein the aperture stop 1s disposed between the mirror of the
concave shape and the second surface,

the catadioptric projection optical system according to Claim 6
satistying the following condition:

0.2<Mb/L<0.7,

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

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

- ﬁrst surface and the second surface.

41. The projection optical system according to Claim 39 or 40,
~ wherein the second lens unit and the fourth lens unit have at

least one aspherical lens.

42. The projection optical system.according to any one of

Claims 34 to 41,
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the catadioptric projection optical system being a thrice-imaging
optical system for forming the first intermediate image being an
mtermediate tmage of the first surface, and the second intermediate
mmage bemng an image of the first intermediate image, in an optical path
between the first surface and the second surface.

43. The projection optical system according to any one of
Claims 21 to 42,

wherein a lens surface on the first surface side of a lens located
nearest to the second surface out of lenses in the catadioptric projection
optical system has a positive refracting power, and

wherein, where a refractive index of an atmosphere in the
catadioptric projection optical system is 1, a medium having a refractive
mdex larger than 1.1 is mterposed in an optical path between the lens
nearest to the second surface, and the second surface.

44. The projection optical system according to any one of
Claims 21 to 43, which is the catadioptric projection optical system
according to aﬁy one of Claims 1 to 14,

whereln an optical axis of every optical element with a
predetermined refracting power in the catadioptric projection optical
system 1s arranged substantially on a single straight line, and

wherein a region of an image formed on the second surface by
the catadioptric projection optical system is an off-axis region not
including the optical axis.

45. An exposure apparatus for effecting an exposure of a

pattern formed on a mask, onto a photosensitive substrate, the exposure

- .apparatus comprising;
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an illumination system for illuminating the mask set on the first
surface; and

the projection optical system as set forth in any one of Claims 1
to 44, for forming an 1mage of the pattern formed on the mask, on the
photosensitive substrate set on the second surface.

46. The exposure apparatus according to Claim 46,

wherein the illumination system supplies illumination light
which is s-polarized light with respect to the second surface.

47. The exposure apparatus according to Claim 46 or 47,

wherein the projection exposure of the pattern of the mask onto
the photosensitive substrate is performed while moving the mask and
the photosensitive substrate along a predetermined direction relative to
the projection optical system.

48. An exposure method of effecting an exposure of a pattern
formed on a mask, onto a photosensitive substrate, the exposure method
comprising:

an illumination step of illuminating the mask on which the
predetermined pattern is formed; and |

an exposure step of performing an exposure of the pattern of the
mask set on the first surface, onto the photosensitive substrate set on the
second surface, using the projection optical system as set forth in any

one of Clamns 1 to 44.
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